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Abstract. We give a lattice reduction algorithm that achieves root
Hermite factor k*/*) in time &*/8+t°(*) and polynomial memory. This im-
proves on the previously best known enumeration-based algorithms which
achieve the same quality, but in time kF/(2e)totk) A cost of kF/3H0R) was
previously mentioned as potentially achievable (Hanrot-Stehlé’10) or as a
heuristic lower bound (Nguyen’10) for enumeration algorithms. We prove
the complexity and quality of our algorithm under a heuristic assump-
tion and provide empirical evidence from simulation and implementation
experiments attesting to its performance for practical and cryptographic
parameter sizes. Our work also suggests potential avenues for achieving
costs below k*/8+t°(®) for the same root Hermite factor, based on the
geometry of SDBKZ-reduced bases.

1 Introduction

The cost of (strong) lattice reduction has received renewed attention in recent
years due to its relevance in cryptography. Indeed, lattice-based constructions are
presumed to achieve security against quantum adversaries and enable powerful
functionalities such as computation on encrypted data. Concrete parameters
for such schemes are derived from the difficulty of finding relatively short non-
zero vectors in a lattice: the parameters are chosen based on extrapolations of
the cost of the BKZ algorithm [SE94] and its variants [CN11,AWHT16,MW16].
These algorithms make repeated calls to an oracle that solves the Shortest Vector
Problem (SVP), i.e. that finds a shortest non-zero vector in any lattice. Concretely,
BKZ with block size k finds relatively short vectors in lattices of dimensions n > k
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using a k-dimensional SVP solver. The cost of this SVP solver is the dominating
component of the cost of BKZ and its variants.

The SVP solver can be instantiated with enumeration-based algorithms, whose
asymptotically most efficient variant is Kannan’s algorithm [Kan83]. It has a
worst-case complexity of k¥/(2e)+o(k) where k is the dimension of the lattice
under consideration [HS07]. This bound is sharp, up to the o(k) term in the
exponent [HS08]. If called on an n-dimensional lattice, then BKZ with block size k
outputs a vector of norm ~ (k'/(2k))" . Vol(ﬁ)l/" in time ~ k*/(2¢) when n is
sufficiently large compared to k. The k'/(2%) term is called the root Hermite factor
and quantifies the strength of BKZ. The trade-off between root Hermite factor
and running-time achieved by BKZ has remained the best known for enumeration-
based SVP solvers since the seminal work of Schnorr and Euchner almost 30 years
ago. (The analysis of Kannan’s algorithm and hence BKZ was improved in [HS07],
but not the algorithm itself.) Other algorithms, such as [GN08a,MW16,ALNS19],
achieve the same asymptotic trade-off with milder conditions on n/k.

We note that while lattice reduction libraries, such as FPLLL [dt19a], the
Progressive BKZ Library (PBKZ) [AWHT18] and NTL [Shol8], implement BKZ
with an enumeration-based SVP solver, they do not rely on Kannan’s algorithm:
NTL implements enumeration with LLL preprocessing; FPLLL and PBKZ implement
enumeration with stronger preprocessing (typically BKZ with a smaller block
size) but not with sufficiently strong preprocessing to satisfy the conditions
of [Kan83,HS07]. Hence, the running-times of these implementations is not
established by the theorems in these works.

It has been suggested that the running-time achieved by BKZ for the same
output quality might potentially be improved. In [HS10], it was argued that
the same root Hermite factor would be achieved by BKZ in time ~ k¥/8 if the
Gram—Schmidt norms of so-called HKZ-reduced bases were decreasing geomet-
rically. In [Ngul0], the same quantity was suggested as a cost lower bound for
enumeration-based lattice reduction algorithms. On this basis, several works have
speculatively assumed this cost [ANS18,ACD™18]. However, so far, no lattice
reduction algorithm achieving root Hermite factor £'/(3) in time ~ k*/8 was
known.

Contributions. Our main contribution is an enumeration-based lattice reduc-
tion algorithm that runs in time k*/8 and achieves root Hermite factor k%k(l*‘o(l)),
where k is a cost parameter akin to the “block size” of the BKZ algorithm (the
notion of “block size” for our algorithm is less straightforward, see below). It
uses polynomial memory and can be quantumly accelerated to time k*/1¢ us-
ing [ANS18]. Our analysis relies on a strengthened version of the Gaussian
Heuristic.

To estimate the cost of lattice reduction algorithms, the literature typi-
cally relies on concrete experiments and simulations that extrapolate them (see,
e.g. [CN11,Chel3,MW16,BSW18]). Indeed, the data given in [Chel3] is very
broadly appealed to. However, this data only covers up to block size of 250
(below cryptographically relevant block sizes) and no source code is available.



As an intermediate contribution, we reproduce and extend the data in [Chel3]
using publicly available tools such as [dt19a,dt19b] (see Section 2.5). Using this
extended dataset, we then argue that BKZ as implemented in public lattice
reduction libraries has running-time closely matching k*/(2¢) (Figure 2). Our
cost improvement hence required a different algorithm and not just an improved
analysis of the state-of-the-art.

In Section 4 we propose a variant of our improved lattice reduction algorithm
that works well in practice. We run simulations and conduct concrete experiments
to verify its efficiency, while we leave as a future work to formally analyse
it. The simulations suggest that it achieves root Hermite factors = k2r in
time k*/8, at least up to k ~ 1,000 (which covers cryptographic parameters).
Our implementation of this algorithm beats FPLLL’s SVP enumeration from
dimension & 100 onward. We consider the difference between these two variants
as similar to the difference between Kannan’s algorithm and what is routinely
implemented in practice such as in FPLLL and PBKZ. We will refer to the former
as the “asymptotic variant” and the latter as the “practical variant”. Since our
results rely on empirical evidence and simulations, we provide the source code
used to produce our figures and the data being plotted as an attachment to the
electronic version of the full version of this work.

Key idea. Our new algorithms decouple the preprocessing context from the
enumeration context: they preprocess a projected sublattice of larger dimen-
sion than they aim to enumerate over (as a result, the notion of “block size”
is less obvious than in prior works). More concretely, assume that the basis
of the preprocessed projected sublattice is SDBKZ-reduced. Then, as shown
in [MW16] under the Gaussian Heuristic, the first Gram—Schmidt norms ||b; |
satisfy Schnorr’s Geometric Series Assumption (GSA) [Sch03]: ||b7]/||bj 1]l =
for some common r, for all i’s corresponding to the start of the basis. On that
“GSA part” of the lattice basis, the enumeration runs faster than on a typical
preprocessed BKZ block of the same dimension. To achieve SDBKZ-reducedness
at a low cost, our algorithms call themselves recursively.

As a side contribution, we show in the full version of this work that the bases
output by BKZ do not satisfy the GSA (under the Gaussian Heuristic), contrarily
to a common belief (see e.g. [YD17,ANS18 BSW18]). This is why we use SDBKZ
in the asymptotic algorithm. Nevertheless, for handlable dimensions, BKZ seems
to deviate only slightly from the GSA and as it is a little simpler to implement
than SDBKZ, it seems to remain preferable in practice. This is why we use BKZ
as preprocessing in the practical algorithm.

To illustrate the idea of our new algorithms, we consider a BKZ-reduced
(resp. SDBKZ-reduced) basis with block size k, in a lattice of dimension n =
[(1+¢)- k] for various k and c¢. We choose n > k to demonstrate the impact of
the GSA region on the enumeration cost. We then estimate the enumeration cost
(without pruning) for re-checking that the first basis vector is a shortest non-zero
vector in the very first block of size k. For the implementation of this simulation,
see simu_c_cost.py, attached to the electronic version of the full version of this



work. We consider ¢ for ¢ = 0 to 1 with a step size of 0.01. For each ¢, we take k
from k = 100 to 50,000 with a step size of 10. Then for each fixed ¢, we fit the
coeflicients ag, a1, as of ag klogk + a1 k + as over all k on the enumeration cost
of the first block of size k. The result is plotted in Figure 1. The x-axis denotes
the value of ¢ and the y-axis denotes the interpolated constant in front of the
klogk term.

Let us make several remarks about Figure 1. First, we stress that all leading
constants in Figure 1 are hypothetical (they do not correspond to efficient
algorithms) as they assume an already (SD)BKZ-reduced basis with block size k,
i.e. this ignores the preprocessing cost. With that in mind, for ¢ = 0, the
simulations show the interpolated constant for both BKZ and SDBKZ is close
to 1/(2e), which corresponds to [HS07]. For ¢ = 1, the interpolated constant
is close to 1/8. This illustrates the impact of enumeration in the GSA region
(corresponding to Theorem 1). As noted above, in the following section we will
describe an algorithm that achieve the corresponding cost of k*/8(1+e(D) Tt ig
worth noting that for certain ¢ around 0.3, the ag of the re-examination cost can
be below 0.125. We stress that we do not know how to construct an algorithm that
achieves a cost of k% *(1+e(1) with aq < 0.125. However, our practical variant of
the algorithm seems to achieve cost k%12°"* using the region corresponding to
those ¢ ~ 0.3.

Fig. 1: Interpolated dominating constant ag on klog k.
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Discussion. At first sight, the endeavour in this work might appear point-
less since lattice sieving algorithms asymptotically outperform lattice enumer-
ation. Indeed, the fastest SVP solver currently known [BDGL16] has a cost of
20-292n+0(n) where n is the lattice dimension.® Furthermore, a sieving implemen-
tation [ADH'19] now dominates the Darmstadt SVP Challenge’s Hall of Fame,
indicating that the crossover between enumeration and sieving is well below

5 When using this algorithm as the SVP subroutine in BKZ, we thus obtain a running
time of 20-292k+°(k) for root Hermite factor &/ (2%,



cryptographic parameter sizes. However, the study of enumeration algorithms is
still relevant to cryptography.

Sieving algorithms have a memory cost that grows exponentially with the
lattice dimension n. For dimensions that are currently handlable, the space
requirement remains moderate. The impact of this memory cost is unclear for
cryptographically relevant dimensions. For instance, it has yet to be established
how well sieving algorithms parallelise in non-uniform memory access architec-
tures. Especially, the exponential memory requirement might present a serious
obstacle in some scenarios. In contrast, the memory cost of enumeration grows
as a small polynomial in the dimension.

Comparing sieving and enumeration for cryptographically relevant dimensions
becomes even more complex in the context of quantum computations. Quantum
computations asymptotically enable a quadratic speed-up for enumeration, and
much less for sieving [Laal5, Sec. 14.2.10] even assuming free quantum-accessible
RAM, which would a priori favour enumeration. However, deciding on how to
compare parallelisable classical operations with strictly sequential Grover itera-
tions is unclear and establishing the significant lower-order terms in the quantum
costs of these algorithms is an ongoing research programme (see e.g. [AGPS19)])

Further, recent advances in sieving algorithms [LM18 Ducl18, ADH™19] apply
lessons learned from enumeration algorithms to the sieving context: while sieving
algorithms are fairly oblivious to the Gram—Schmidt norms of the basis at
hand, the cost of enumeration algorithms critically depend on their limited
decrease. Current sieving strategies employ a simple form of enumeration (Babai’s
lifting [Bab86]) to exploit the lattice shape by sieving in a projected sublattice
and lifting candidates for short vectors to the full lattice. Here, more sophisticated
hybrid algorithms permitting flexible trade-offs between memory consumption
and running time seem plausible.

Finally, as illustrated in Figure 1, our work suggests potential avenues for
designing faster enumeration algorithms based on further techniques relying on
the graph of Gram—Schmidt norms.

Open problems. It would be interesting to remove the heuristics utilised in our
analysis to produce a fully proved variant, and to extend the technique to other
lattice reduction algorithms such as slide reduction [GN08a|. Further, establishing
lower bounds on the root Hermite factor achievable in time k*/3T°() for a given
dimension of the lattice is an interesting open problem suggested by this work.

2 Preliminaries

Matrices are denoted in bold uppercase and vectors are denoted in bold lowercase.
By Bjy;.;) we refer to the submatrix spanned by the columns b;,...,b; 1 of B.
We let matrix indices start with index 0. We let m;(-) denote the orthogonal
projection onto the linear subspace (b, ..., bi_l)L (this depends on a matrix B

/2 1 (2m)"/2
I(1+n/2) ~ Vnm \ n

that will always being clear from context). We let v,, =



denote the volume of the n-dimensional unit ball. We let the logarithm to base 2
be denoted by log and the natural logarithm be denoted by In.

Below, we may refer to the cost or enumeration parameter & of our algorithms
as a “block size”.

2.1 Lattices

Let B € Q™*" be a full column rank matrix. The lattice £ generated by B is
L(B)={B x|z € Z"} and the matrix B is called a basis of £(B). As soon
as n > 2, any given lattice £ admits infinitely many bases, and full column rank
matrices B, B’ € Q™*" span the same lattice if and only if there exists U € Z"*"
such that B’ = B’ - U and |det(U)| = 1. The Euclidean norm of a shortest
non-zero vector in £ is denoted by A1 (L) and called the minimum of £. The task
of finding a shortest non-zero vector of £ from an arbitrary basis of £ is called
the Shortest Vector Problem (SVP).

We let B* = (bg,...,b;,_;) denote the Gram-Schmidt orthogonalisation
of B where b; = m;(b;). We write pja) for the slope of the log||b;||’s with
i = a,...,b—1, under a mean-squared linear interpolation. We let m;(B;;)
denote the local block (m;(b;),...,mi(b;—1)) and let 7;(Lf;.5)) denote the lattice
generated by m;(B;.;)). We will also write m(£) if the index 7 and L are clear
from the context. The volume of a lattice £ with basis B is defined as Vol(L) =

I, IIb; ||; it does not depend on the choice of basis of £. Minkowski’s convex

body theorem states that A\(£) < 2-vn /™ - Vol(£)Y™. We define the root

Hermite factor of a basis B of a lattice £ as rhf(B) = (Hbo||/Vol(£)1/")1/("_1).
The normalization by the (n — 1)-th root is justified by the fact that the lattice
reduction algorithms we consider in this work achieve root Hermite factors that
are bounded independently of the lattice dimension n. Given as input an arbitrary
basis of L, the task of finding a non-zero vector of £ of norm < ~ - Vol(ﬁ)l/" is
called Hermite-SVP with parameter v (y-HSVP).

Lattice reduction algorithms and their analyses often rely on heuristic as-
sumptions. Let £ be an n-dimensional lattice and S a measurable set in the
real span of £. The Gaussian Heuristic states that the number of lattice points
in §is [LNS| = Vol(S)/ Vol(£). If S is an n-ball of radius 7, then the latter
is & vy, - ™/ Vol(L). By setting v, - ™ & Vol(L), we see that A1(L) is close to
GH(L) := vy, /™ Vol(£)"/™. Asymptotically, we have GH(L) ~ /3 Vol(£)M™.

2.2 Enumeration and Kannan’s algorithm

The Enum algorithm [Kan83,FP83] is an SVP solver. It takes as input a basis
matrix B of a lattice £ and consists in enumerating all (x;, ..., 7, 1) € Z"~* such
that [|m; (3,5, ;- bj)|| < A for every i < n, where A is an a priori upper bound
on or estimate of A; (L) (such as ||b1]| and GH(L), respectively). It may be viewed
as a depth-first search of an optimal leaf in a tree indexed by tuples (x;, ..., Zn—1),
where the singletons xz,_1 lie at the top and the full tuples (zg,...,x,_1) are
the leaves. The running-time of Enum is essentially the number of tree nodes



(up to a small polynomial factor), and its space cost is polynomial. As argued
in [HS07], the tree size can be estimated as max;, (v; - A"/ [1;5,: 167]]), under
the Gaussian Heuristic. In [ANS18], it was showed that a quadratic speedup can
be obtained quantumly using Montanaro’s quantum backtracking algorithm (and
the space cost remains polynomial). We will rely on the following (classical) cost
bound, derived from [HS07, Subsection 4.1]. It is obtained by optimising the
tree size max; ., (v; - A%/ [1;5,; [1b]]])- We can replace A by twice the Gaussian

Heuristic GH(L) = vy, /™ - Vol(£)"/™, where Vol(£) = L.
bounds ||b}|| € ¢-67¢-[1/2,2], this optimisation problem boils down to maximising
§m1/2=/2 for § < n. The maximum is 6"/ (for i = n/2). The other terms are
absorbed in the 2°(") factor.

|67 ]| By using the

Theorem 1. Let B be a basis matriz of an n-dimensional rational lattice L.
Assume that there exist ¢ > 0 and § > 1 such that |b]|| € c- 5% [1/2,2], for

all i < n. Then, given B as input (with A =2 - o Vol(E)l/”), the Enum

7L2
algorithm returns a shortest non-zero vector of £ within §°s - 20 . poly(size(B))
bit operations. Its space cost is poly(size(B)).

Kannan’s algorithm [Kan83] relies on recursive calls to Enum to improve the
quality of the Gram—Schmidt orthogonalisation of B, so that calling Enum on
the preprocessed B is less expensive. Its cost bound was lowered in [HS07] and
that cost upper bound was later showed to be sharp in the worst case, up to
lower-order terms [HSO08].

Theorem 2. Let B be a basis matriz of an n-dimensional rational lattice L.
Given B as input, Kannan’s algorithm returns a shortest non-zero vector of L
within n3e 1M . poly(size(B)) bit operations. Its space cost is poly(size(B)).

In practice, enumeration is accelerated using two main techniques. The first
one, inspired from Kannan’s algorithm, consists in preprocessing the basis with
a strong lattice reduction algorithm, such as BKZ (see next subsection). Note
that BKZ uses an SVP solver in a lower dimension, so these algorithms can be
viewed as calling themselves recursively, in an intertwined manner. The second
one is tree pruning [SE94,GNR10]. The justifying observation is that some tree
nodes are much more unlikely than others to have leaves in their subtrees, and
are hence discarded. More concretely, one considers the strengthened conditioned
|7 (32 5525 - b)) < ti - A, for some pruning coefficients ¢; € (0,1). These
coefficients can be used to extract a refined estimated enumeration cost as well
as an estimated success probability (see, e.g. [Chel3, Sec. 3.3]). By making the
probability extremely small, the cost-over-probability ratio can be lowered and
the probability can be boosted by re-randomising the basis and repeating the
pruned enumeration. This strategy is called extreme pruning [GNR10].

2.3 Lattice reduction

Given a basis matrix B € Q™*" of a lattice £, the LLL algorithm [LLJL82]
outputs in polynomial time a basis C' of £ whose Gram—Schmidt norms cannot



decrease too fast: ||cf|| > ||ef_;||/2 for every i < n. In particular, we have
rhf(C) < 2. A lattice basis B is size-reduced if it satisfies |y, ;| < 1/2 for
J < i < n where p; ; = (b;,b})/(b},b;). A lattice basis B is HKZ-reduced if
it is size-reduced and satisfies ||b;] = A1(mi(L[i.))), for all i < n. A basis B
is BKZ-k reduced for block size k > 2 if it is size-reduced and further satisfies

167 [ = A (i (Liicmin(itk,n)) ) for all i < n.

The Schnorr-Euchner BKZ algorithm [SE94] is the lattice reduction algo-
rithm that is commonly used in practice, to obtain bases of better quality than
those output by LLL (there exist algorithms that admit better analyses, such
as [GN08a,MW16,ALNS19], but BKZ remains the best in terms of practical
performance reported in the current literature). BKZ inputs a block size k and a
basis matrix B of a lattice £, and outputs a basis which is “close” to being BKZ-k
reduced, up to algorithm parameters. The BKZ algorithm calls an SVP solver in
dimensions < k on projected sublattices of the working basis of an n-dimensional
input lattice. A BKZ sweep consists in SVP solver calls for 7;(Li.min(i+k,n)))
for ¢ from 0 to n — 2. BKZ proceeds by repeating such sweeps, and typically
a small number of sweeps suffices. At each execution of the SVP solver, if we
have Ay (7 (Limin(i+k,n)))) < 0 - [|bj || where § < 1 is a relaxing parameter that
is close to 1, then BKZ updates the block 7;(B i:min(i+k,n))) by inserting the
vector found by the SVP solver at index . It then removes the created linear
dependency, e.g. using a ged computation (see, e.g. [GN08a]). Whether there was
an insertion or not, BKZ finally calls LLL on the local block m; (B[i:min(i+k,n)))~
The procedure terminates when no change occurs at all during a sweep or after
certain termination condition is fulfilled. The higher k, the better the BKZ
output quality, but the higher the cost: for large n, BKZ achieves root Hermite
factor essentially k/(2%) (see [HPS11]) using an SVP-solver in dimensions < k a
polynomially bounded number of times.

Schnorr [Sch03] introduced a heuristic on the shape of the Gram—-Schmidt
norms of BKZ-reduced bases, called the Geometric Series Assumption (GSA). The
GSA asserts that the Gram—Schmidt norms {||b] || }i<n of a BKZ-reduced basis
behave as a geometric series, i.e., there exists > 1 such that ||b[|/||bj,|| ~ r for
all i < n—1. In this situation, the root Hermite factor is y/r. It was experimentally
observed [CN11] that the GSA is a good first approximation to the shape of
the Gram-Schmidt norms of BKZ. However, as observed in [CN11] and studied
in [YD17], the GSA does not provide an exact fit to the experiments of BKZ for
the last k indices; similarly, as observed in [YD17] and studied in [BSW18], the
GSA also does not fit for the very few first indices (the latter phenomenon seems
to vanish for large k, as opposed to the former).

We will use the self-dual BKZ algorithm (SDBKZ) from [MW16]. SDBKZ
proceeds similarly to BKZ, except that it intertwines forward and backward
sweeps (for choosing the inputs to the SVP solver), whereas BKZ uses only
forward sweeps. Further, it only invokes the SVP solver in dimension exactly k,
so that a forward sweep consists in considering m;(Lj;.;+x)) for 7 from 0 to n — k
and a backward sweep consists in considering (the duals of) 7;(L[;;;4x)) for i
from n — k down to 0. We assume that the final sweep is a forward sweep. We use



SDBKZ in the theoretical analysis rather than BKZ because, under the Gaussian
Heuristic and after polynomially many sweeps, the first n — k Gram—Schmidt
norms of the basis (almost) decrease geometrically, i.e. satisfy the GSA. This
may not be necessary for our result to hold, but this simplifies the computations
significantly. We adapt [MW16] by allowing SDBKZ to rely on a y-HSVP solver O
rather than on an exact SVP solver (which in particular is a vk-HSVP solver).
We let SDBKZ® denote the modified algorithm. The analysis of [MW16] can
be readily adapted. We will rely on the following heuristic assumption, which
extends the Gaussian Heuristic.

Heuristic 1 Let O be a v-HSVP solver in dimension k. During the SDBKZ®
execution, each call to O for a projected k-dimensional sublattice w(L) of the

input lattice L returns a vector of norm ~ =y - (Vol(w(ﬁ)))%.

The SDBKZ® algorithm makes the Gram-Schmidt norms converge to a fix-
point, very fast in terms of the number of HSVP calls [MW16, Subsection 4.2].
That fix-point is described in [MW16, Corollary 2]. Adapting these results leads
to the following.

Theorem 3 (Under Heuristic 1). Let O be a v-HSVP solver in dimension k.
Given as input a basis of an n-dimensional rational lattice L, SDBKZ® outputs
a basis B of L such that, for alli < n —k, we have

n—1—

* 21 1
167 || =~~~ = - (VoL L) ™.

The number of calls to O is < poly(n) and the bit-size of the output basis is
< poly(size(B)).

2.4 Simulating lattice reduction

To understand the behaviour of lattice reduction algorithms in practice, a useful
approach is to conduct simulations. The underlying idea is to model the practical
behaviour of the evolution of the Gram—Schmidt norms during the algorithm
execution, without running a costly lattice reduction. Note that this requires
only the Gram—Schmidt norms and not the full basis. Chen and Nguyen first
provided a BKZ simulator [CN11] based on the Gaussian Heuristic and with an
experiment-driven modification for the blocks at the end of the basis. It relies on
the assumption that each SVP solver call in the projected blocks (except the ones
at the end of the basis) finds a vector whose norm corresponds to the Gaussian
Heuristic applied to that local block. The remaining Gram—Schmidt norms of
the block are updated to keep the determinant of the block constant. (Note that
in the original [CN11] simulator, these Gram—Schmidt norms are not updated
to keep the determinant of the block constant, but are adjusted at the end of
the sweep to keep the global determinant constant; our variant helps for taking
enumeration costs into account.)

We extend this simulator in two ways: first, we adapt it to estimate the cost
and not only the evolution of the Gram—Schmidt norms; second, we adapt it to



other reduction algorithms, such as SDBKZ. To estimate the cost, we use the
estimates of the full enumeration cost, or the estimated cost of an enumeration
with (extreme) pruning. The full enumeration cost estimate is used in Section 3 to
model our first algorithm for which we can heuristically analyse the quality/cost
trade-off. The pruned enumeration cost estimate is used in Section 4, which aims
to provide a more precise study for practical and cryptographic dimensions. To
find the enumeration cost with pruning, we make use of FPyLLL’s pruning module
which numerically optimises pruning parameters for a time/success probability
trade-off using a gradient descent.

In small block sizes, the enumeration cost is dominated by calls to LLL. In
our code, we simply assume that one LLL call in dimension k costs the equivalent
of visiting k3 nodes. This is an oversimplification but avoids completely ignoring
this polynomial factor. We will compare our concrete estimates with empirical
evidence from timing experiments with the implementation in FPLLL, to measure
the effect of this imprecision. This assumption enables us to bootstrap our cost
estimates. BKZ in block size up to, say, 40 only requires LLL preprocessing,
allowing us to estimate the cost of preprocessing with block size up to 40, which
in turn enables us to estimate the cost (including preprocessing) for larger block
sizes etc. To extend the simulation to SDBKZ, we simply run the simulation on
the Gram—Schmidt norms of the dual basis 1/||b, ||, ..., 1/]|b]]|. Our simulation
source code is available as simu.py, as an attachment to the electronic version of
the full version of this work.

We give pseudocode for our costed simulation in Algorithm 1. For BKZ
simulation, we call Algorithm 1 with d = k, ¢ = 0 and with tail(z,y, z) simply
outputting x. For our simulations we prepared Gram—Schmidt shapes for LLL-
reduced lattices in increasing dimensions d on which we then estimate the cost of
running the algorithm in question for increasingly heavy preprocessing parameters
k', selecting the least expensive one. In our search, we initialise co = 23 and then
iteratively compute ¢;j4+1 given ca,...,c;. When we instantiate Algorithm 1 we
either manually pick some small ¢ (Section 4) or pick ¢ = oo (Section 3.3) which
means to run the algorithm until no more changes are made to the basis.

2.5 State-of-the-art enumeration-based SVP solving in practice

To the best of our knowledge, there is no extrapolated running-time for state-
of-the-art lattice reduction implementations. Furthermore, the simulation data
in [CN11,Chel3] is only available up to a block size of 250. The purpose of this
section is to fill this gap by providing extended simulations (and the source code
used to produce them) and by reporting running times using the state-of-the-art
FPyLLL [dt19b] and FPLLL [dt19a] libraries.

First, in Figure 2 we reproduce the data from [Chel3, Table 5.2] for the
estimated cost of solving SVP up to dimension 250, using enumeration.

We then also computed the expected cost (expressed as the number of visited
enumeration nodes) up to dimension 500 for Figure 2, see cost.py, attached
to the electronic copy of the full version of this work, and Algorithm 1. We
note that the preprocessing strategy adopted in our code is to always run two

10



Algorithm 1: Costed simulation algorithm

Data: Gram—Schmidt profile ¢; = log ||bj|| for i = 0,...,d — 1.

Data: Block size k > 2.

Data: Preprocessing block size k' > 2.

Data: Preprocessing sweep count t.

Data: Overshooting parameter ¢ > 0.

Data: Configuration flags.

Data: Cost estimates c¢; for solving (approx-)SVP in dimensions j = 2,...,k’,
including preprocessing cost estimates.

Result: Cost estimate for (approx-)SVP in dimension k.

1 if SDBKZ flag is set in flags then

© 0 N o

10
11
12
13
14
15
16

17
18
19
20

(£;), < output of [CN11] style simulator for SDBKZ on (¢;), for block
‘ size k' and < t sweeps;
else
(¢;), < output of [CN11] style simulator for BKZ on (¢;), for block size k'

and <t sweeps;

end

// account for early termination

t < number of preprocessing sweeps actually performed;

Cp + d3, // (estimated) cost of LLL

for0<i<d—-1do

k* « tail(min(k’,d — 1), c,d — i);

Cp + Cp+t-cix;

end

if full enumeration cost flag is set in flags then

C. + full enumeration cost for £o, ..., k_1;

Pe < 15

else

(t:i); < < optimised pruning coefficients for (¢;),_, and preprocessing
cost Chp;

Ce,pe + pruned enumeration cost and success probability, given (¢;)

i<k’
end

C < 1/pe - (Cp + Ce);

return C;

11




sweeps of preprocessing but that preprocessing proceeds recursively, e.g. pre-
processing block size 80 with block size 60 may trigger a preprocessing with block
size 40, if previously we found that preprocessing to be most efficient for solving
SVP-60, as outlined above. This approach matches that of the FPLLL/FPyLLL
strategizer [dt17] which selects the default preprocessing and pruning strategies
used in FPLLL/FPyLLL. Thus, the simulation approach resembles that of the actual
implementation.

In Figure 2, we also fitted the coefficients a1, as of 1/(2e)n logn + a; -n+ as
to dimensions n from 150 to 249.7

Furthermore, we plot the chosen preprocessing block sizes and success prob-
ability of a single enumeration (FPLLL uses extreme pruning) in Figure 3. This
highlights that, even in dimension 500, preprocessing is still well below the n—o(n)
required for Kannan’s algorithm [Kan83,MW15].

Fig. 2: Expected number of nodes visited during enumeration in dimension n.

\ I T
e [Chel3]
300 |—— 1/(2e)nlog(n) —0.995n + 16.25 |
- - - our simulation

200

log(#nodes)

100

| | | | | | | |
100 150 200 250 300 350 400 450 500
n

Figure 4 plots the running-times of FPLLL in terms of enumeration nodes,
timed using call.py, available as an attachment to the electronic version of the
full version of this work. Concretely, running-time in seconds is first converted to
CPU cycles by multiplying with the clock speed 2.6 GHz® and we then convert
from cycles to nodes by assuming visiting a node takes about 64 clock cycles.’
Figure 4 illustrates that our simulation is reasonably accurate. We note that for

" Throughout this work, we fit curves to simulation data. For this, we use SciPy’s
scipy.optimize.curve_fit function [VGO™20] which implements a non-linear least-
square fit. To prevent overfitting, we err on the side of fewer parameters and fit on a
subset of the available data, using the remaining data to check the accuracy of the
fit.

8 CPU: Intel(R) Xeon(R) CPU E5-2690 v4 @ 2.60GHz, machine: “atomkohle”.

9 We note that [CN11] mentions 200 cycles per node, whereas [dt17]’s set_mdc.py
reports 64 cycles per node on our test machine in dimension 55.

12



running the timing experiments with FPLLL we relied on FPLLL’S own (recursive
call and pruning) strategies, not those produced by our simulator.

Fig. 3: Reduction strategies used for Figure 2.

(a) Preprocessing block sizes used in our simulations.

] ] T T T T T T T
400 - | — 0.87n — 20.32

simulation | i B

200 |- N
or S . | | | | | | | | \ i
0 50 100 150 200 250 300 350 400 450 500
n
(b) Success probability of a single enumeration (in log scale).
T T T T T T T T T T
O - |
_50 1 .
—— —0.157 4 7.92 F
------ simulation

; ; ; | | | | | | | |
0 50 100 150 200 250 300 350 400 450 500
n

The largest computational results known for finding short vectors in un-
structured lattices is the Darmstadt SVP Challenge [SG10]. This challenge asks
contestants to find a vector at most 1.05 times larger than the Gaussian Heuris-
tic. Thus, the challenge does not require to solve SVP exactly but the easier
(0.254+/n)-HSVP problem. The strategy we used for SVP can be adapted to
this problem as well, see chal.py, attached to the electronic version of the full
version of document. To validate our simulation methodology against this data,
we compare our estimates with various entries from the Hall of Fame for [SG10]
and the literature in Figure 5.

We conclude this section by interpreting our simulation results in the context
of BKZ. The quality output by BKZ in practice has been studied in the litera-
ture [GNO8b,Chel3,AGVW17,YD17,BSW18]. Thus, our simulations imply that
the running time of BKZ as implemented in [dt19a] achieves root Hermite factor
k/(2k) is bounded by k*/(2€)+o(k) Indeed, this bound is tight, i.e. BKZ does not
achieve a lower running time. To see this, consider the sandpile model of BKZ’s
behaviour [HPS11]. It implies that even if we start with a GSA line, this line from

13



Fig. 4: Number of nodes visited during enumeration in dimension n.
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our simulations, the estimate for the number of visited nodes includes the cost of
LLL (expressed as a number of nodes), whereas actually “visited nodes” does not.
The “running-time” (converted from seconds to a number of nodes), on the other hand,

contains all operations as it literally is the cputime.

Fig.5: Darmstadt SVP Challenge.

I [ [ I
801 | — (0.2541/d)-HSVP sim |
------ SVP sim
- - - HoF:FK15
Z 60| |*+e HOFKTIT i
< - - G6K
2 - = FPLLL: time .-
Ri5 -
<Yo]
< a0f |
20 i ! ! ! ! ! N
60 80 100 120 140 160 180
d

“HoF” stands for Hall of Fame [SG10]. Core hours are translated to #nodes by
multiplying by 3600 - 2 - 107, which assumes each core has a 2Ghz CPU and that one
enumeration node costs 64 clock cycles to process. Except for GGK [ADH19] which is
a sieving implementation, all entries are for variants of lattice-point enumeration. We
translate G6K timings to #nodes in the same way as for other timings, ignoring that it
is not an enumeration implementation. In other words, #nodes is merely a unit of time

here.
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index i onward deteriorates as we perform updates on indices < i. Furthermore,
extreme pruning, which involves rerandomising local blocks, destroys the GSA
shape. Thus, we can conclude that in practice BKZ

1
— achieves root Hermite factor ~ (ﬁ (m k)%)m_l) [Chel3]
— in time poly(d) . 21/(2 e) klog k—0.995k+16.25 ~ poly(d) . 21/(26) klog k—k+16

where the unit of time is the number of nodes visited during enumeration. We
note that a similar conclusion was already drawn in [APS15] and discussed
in [ABD™16]. However, that conclusion was drawn for the unpublished imple-
mentation and limited data in [Chel3].

3 Reaching root Hermite factor K3k (o) in time ks

This section contains our main contribution: a lattice reduction algorithm that
achieves root Hermite factor &2r 1+o() in time k5. We start by a quality running-
time trade-off boosting theorem, based on SDBKZ. We then give and analyze the
main algorithm, FastEnum, and finally propose a simulator for that algorithm.

3.1 A boosting theorem

We first show that SDBKZ allows to obtain a reduction from a v'-HSVP solver in
dimension n’ to a v-HSVP solver in dimension n achieving a larger root Hermite
factor. This reduction is not polynomial-time, but we will later aim at making it
no more costly than the cost of our v-HSVP solver.

Theorem 4 (Under Heuristic 1). Let O be a v-HSVP solver in dimension n.
Assume we are given as input a basis B of an n’-dimensional lattice L, withn' > n.
We first call SDBKZ® on B: let C denote the output basis. Then we call the
Enum algorithm on the sublattice basis made of the first n' —n vectors of C. This
provides a ' -HSVP solver in dimension n', with

v <Vl —n oy

(",*")2 ’
The total cost is bounded by poly(n’) calls to © and v 3—1 200" =7).poly(size(B))
bit operations.

n'—1-2i

Proof. By Theorem 3, we have ||c}|| € vy »-T - (Vol(ﬁ))n% -[1/2,2], for all i <
n' — n. Also, the number of calls to O is < poly(n’) and the bit-size of C
is < poly(size(B)).

By Theorem 1 (with “§ = ’yn%l”), the cost of the call to Enum is bounded as

('n/f'n)2 (7;'—77,)2

yat=1 . 20(n"=n) . poly (size(C)), which, by the above is < 4 3ti-1 . 20(n'=n) .
poly(size(B)). Further, by Minkowski’s theorem, the vector output by Enum has
norm bounded from above by:

n'—n—1 1

V= T (T (vel(e)) ™ )T = Vil (Vol(£)
=0
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This completes the proof of the theorem. a

Note that the result is not interesting if n’ — n is chosen too small, as such
a choice results in an increased root Hermite factor. Also, if n’ — n is chosen
too large, then the cost grows very fast. We consider the following instructive
application of Theorem 4. By Theorem 2, Kannan’s algorithm finds a shortest
non-zero of £ in time nz<(1+°() . poly(size(B)), when given as input a basis
B of an n-dimensional lattice £. In particular, it solves v-HSVP with v = /n
and provides a root Hermite factor < n2=. We want to achieve a similar root
Hermite factor, but for a lower cost. Now, for a cost parameter k, we would
like to restrict the cost to k¥ - poly(size(B)) (ideally, while still achieving root
Hermite factor k2% ). We hence choose an integer ko := $(1+o(1))k. This indeed

provides a cost bounded as k# - poly(size(B)), but this only solves vo-HSVP
with 79 = ©@(Vko) in dimension kg, i.e. only provides a root Hermite factor

1
~ Vg o = ke (o) ~ k%, which is much more than k2. So far, we have
not done anything but a change of variable. Now, let us see how Theorem 4 can
help. We use it with O being Kannan’s algorithm in dimension “n = ky”. We
set “n’ = k1" with k1 = ko + [V/kok]. This value is chosen so that the total

cost bound of Theorem 4 remains k# - poly(size(B)). The achieved root Hermite

1
. —— T (1+0(1)) . .
factor is < kF(e/4+Ve /D ~ kU Overall, for a similar cost bound, we have

decreased the achieved root Hermite factor.

3.2 The FastEnum Algorithm

We iterate the process above to obtain the FastEnum algorithm, described in
Algorithm 2. For this reason, we define kg = 2o - £ with 2o = $(1 + o(1)) and,
for all 4 > 1:

b= o] with =i [ W
{2

We first study the sequence of x;’s.
Lemma 1. We havei+1— Vi <z; <i+1 foralli> 1.

Proof. The upper bound can be readily proved using an induction based on (1).
It may be numerically checked that the lower bound holds for i € {1,2,3}. We
show by induction to prove that 1 — % < % — % for i > 4, which is a stronger
statement. It may be numerically checked that the latter holds for ¢ = 4. Now,
assume it holds for some ¢ — 1 > 4 and that we aim at proving it for i. We have

x;, 1, Ti—1 Ti—1
5= (0= 5 - )
] z<(Z ) z—1+ }
1 . Ti—1 1 —1 Ti—1 1—1
—(a-n(1-7) — (1= /7= ) vy )
z<(l ) i —1 + ) 1—1 * 1
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Now, note that /%=t > 0.2 (using our induction hypothesis). Using the bound

1 -Vt < $(1—t)+ 1(1—¢)? which holds for all ¢ > 0.2, we can bound 1 — £
from above by:

om0 s P 0- ) 0 1))

It now suffices to observe that the right hand side is smaller than % — %, when

1 — %=L is replaced by \/% — Z_% This may be checked with a computer algebra
software. O

The FastEnum algorithm (Algorithm 2) consists in calling the process de-
scribed in Theorergl 4 several times, to improve the root Hermite factor while
staying within a ks cost bound.

Algorithm 2: The FastEnum algorithm.

Data: A cost parameter k and a level i > 0.
Data: A basis matrix B € Q" " with k; defined as in (1).
Result: A short non-zero vector of L(B).

1 if i =0 then

2 ‘ b < output of Kannan’s enumeration algorithm on B;

3 else

4 C «+ output of SDBKZ® on B with O being FastEnum for i — 1;
5 b < Enum (C[O:ki—ki,l)) with k;_1 defined as in (1);

6 end

7 return b;

Theorem 5 (Under Heuristic 1). Let k > 4 tending to infinity, and i <
2°(k) 10" The FastEnum algorithm with parameters k and i solves ~;-HSVP
in dimension k;, with v; < k5 (Fo) | For > 1, the corresponding root
i+1 o
Hermite factor is below f G- vor (o)

. Further, FastEnum runs in time
;& Ao +i-0() . poly (size(B)).

For constant values of i (as a function of k), the root Hermite factor is
not quite kﬁ(l‘“’(l)), but it is so for any choice of i = w(1). For i satisfying
both i = w(1) and i = o(k), FastEnum reaches a root Hermite factor kzr(1+o(1)
in time k&) . poly(size(B)).

ki—1
Proof. For 79 = @(vk) and, by Theorem 4, we have v; < \/k; — k;_1 ~'yik_i{1_1
for all ¢ > 1. Using the definition of the k;’s and the bounds of Lemma 1, we

10 We stress that in this theorem, all asymptotic notations are with respect to k only.
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obtain, for i > 1:
k(i—y/iTT)41
7 < (14 22) YT < V)

Using k > 4, we see that the latter is < v/2k %Jr’“

we get, for ¢ > 1:

By unfolding the recursion,

%S\/ﬁHE;;éHZ;;(Hﬁ).vyé;é(Hﬁ)‘

Now, note that we have (using the bound Z % <In(4) + 1, and the inequal-

ities 1 + = < exp(z) <1+ 2z for z € [0,1])

- 8 <« 8 8 16
1I+——) < — | < —(In(é) +1) | < 14+—(In(i)+1).

N+ <o | X e < exp (F ) + 1) <1+ mi)+1)

As i < 2°() the latter is < 1+ o(1). Overall, this gives v; < k= (1+°(1)_ The
claim on the root Hermite factor follows from the lower bound of Lemma 1.

We now consider the run-time of the algorithm, and in particular the term
(ki—ki_1)?
71-4({”‘171) -20(ki=ki=1) from Theorem 4. Recall that by definition of the k;’s, we
have k; — k;_1 <1+ Bioik lk . Using the upper bound of Lemma 1, we obtain
that k; — k;—1 < O(k), and hence that 20(ki—ki-1) < 20(k) We also have

(i —ki_1)? ki 1k
ii(fi—1fl) < k§(1+0(1))m < L& (1+o(1)

Further, the number of recursive calls is bounded as poly(]] i<i k;). By Lemma 1,

this is < k9 To complete the proof, it may be shown using standard tech-
niques that all bases occurring during the algorithm have bit-sizes bounded as
poly(size(B)) (where the bound is independent from ¢). O

3.3 Simulation of asymptotic behaviour

In this subsection, we instantiate the FastEnum algorithm as described in Al-
gorithm 2 and confirm its asymptotic behaviour via simulations. Note that the
FastEnum algorithm requires SDBKZ subroutines. To simulate this subroutine,
we use the costed simulation of Algorithm 1 with flags: SDBKZ and full enumer-
ation cost. We also omit the cost of LLL in the simulation as the enumeration
cost dominates in the parameter range considered in this subsection.

To compare the simulation with the theorems, we consider two scenarios. In
the first one, called “Theoretical” we numerically compute the k;’s, v;’s and the
slope of the Gram—Schmidt log-norms of the enumeration block (i.e. the first
k; — k;_1 vectors) according to Theorem 5. Here the index ¢ denotes the recursion
level. Similarly, k; and ~; are defined in the same way as in (1) and Theorem 5,
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respectively. In the second one, called “Simulated” we still set the k;’s according
to (1). However, at the i-th level, we first run an SDBKZ simulation on a lattice
of dimension k;, using the ~;_1-HSVP (simulated) oracle from the previous
level. Here, the Hermite factor ~;_1 is computed from the simulated basis at the
(¢ — 1)-th level. The initial vy, is computed from a simulated HKZ-reduced basis
of dimension ky. During the SDBKZ simulation, for each HSVP call, we assume
that the same Hermite factor v;_; is achieved. We let the simulated SDBKZ run
until no change occurs to the basis or if it has already achieved the theoretical
root Hermite factor at the same level, as guided by the proof of Theorem 5. After
the simulated SDBKZ preprocessing, we simulate an enumeration in the first
block of dimension k; — k;_1. The enumeration cost is estimated using the full
enumeration cost model (see Section 2.4), since here we are only interested in the
asymptotic behaviour (we defer to Section 4 for the concrete behaviour). For a
fixed cost parameter k, we consider [Ink| recursion levels i =0,...,([lnk] —1).
For the implementation used for these experiments, we refer to simu_asym.py
attached to the electronic version of the full version of this work. This simulation
algorithm is an instantiation of Algorithm 1.

Using the simulator described above, we computed the achieved simulated
root Hermite factors for various cost parameters k from 100 to 2,999. The results
are plotted in Figure 6. We also computed the theoretical root Hermite factors
as established by Theorem 5. More precisely, we used the proof of Theorem 5
to update the root H/ermite factors recursively, replacing the term /n’ —n of
Theorem 4 by v;,l_/fln - (which corresponds to using the Gaussian Heuristic).
It can be observed that the theoretical and simulated root Hermite factors agree
closely.

Fig. 6: Simulated and theoretical root Hermite factors for k = 100 to 2,999 after
In k levels of recursion.
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Parameter k

Figure 7 shows the number of nodes visited during the simulation from k£ = 100
to 2,999, as well as a curve fit. As an example of the output, Figure 8 plots the
Gram—Schmidt log-norms of the (simulated) reduced basis for & = 1,000 right
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Fig.7: Number of nodes in full enumeration visited during simulation, and a fit.
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after 7 levels of recursion. Note that last Gram—Schmidt norms of the basis have
the shape of those of an HKZ-reduced basis, since we use Kannan’s algorithm
at level 0. Also, the successive segments correspond to levels of recursion, their
lengths decrease and their respective (negative) slopes decrease with the indices

of the Gram—Schmidt norms.

Fig. 8: Gram-Schmidt log-norms of simulated experiments with £ = 1,000 after
7 ~ In k recursion levels.

20 Simulated Gram—Schmidt norms
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Index 4

Finally, we plot the Gram—Schmidt log-norms slope for £ = 1,000 during the
first 20 recursion levels. At level i, we compute the slope for the enumeration
region (i.e. the first block of size k; — k;—1). It can be observed that the simulated

slope is indeed increasing.

4 A practical variant

It can be observed that, in our analysis of Algorithm 2, the dimension of the lattice
is relatively large. It is thus interesting to investigate algorithms that require
smaller dimensions. In this subsection, we describe a practical strategy that works
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Fig.9: Simulated and theoretical Gram—Schmidt log-norms slope of enumeration
region, for kK = 1,000 and during the first 20 iterations.

107°
T

T 45| R |
i o °
+~ ® ®

]

15 . ]
T :

£ o Theoretical slope

= o - Simulated slope

S 550 ! ! ! ! ! ! ! \ \ \ ]

0 2 4 6 8 10 12 14 16 18 20
Recursive level ¢

with dimensions d = O(k) where the hidden constants are small. As mentioned in
the introduction, practical implementations of lattice reduction algorithms often
deviate from the asymptotically efficient variants, e.g. by applying much weaker
preprocessing than required asymptotically. In this section, we use numerically
optimised preprocessing and enumeration strategies to parameterise Algorithm 3,
which we view as a practical variant of Algorithm 2, working with dimensions d =
[(1+4¢)- k] for some small constant ¢ > 0. It differs from Algorithm 2 in two
respects. First, it applies BKZ preprocessing instead of SDBKZ preprocessing.
This is merely an artefact of the latter seemingly not providing an advantage in the
parameter ranges we considered. Second, the algorithm adapts the enumeration
dimension based on the “space available” for preprocessing. This is to enforce
that it stays within d dimensions, instead of requiring = ¢k dimensions where 1%
is the number of recursion levels.
We use the following functions in Algorithm 3:

— The function pre(k) returns a preprocessing cost parameter for a given k.

— The function tail(k, ¢, d) returns a new cost parameter k* such that enumera-
tion in dimension k* after preprocessing with pre(k*) in dimension d costs at
most as much as enumeration in dimension k after preprocessing in dimension
[(1+4¢)-k]. In particular, if d > [(1 + ¢) - k] then k* = k.

— Preprocessing (Step 4) calls Algorithm 4, perhaps restricted to a small number
of while loops. Algorithm 4 is simply the BKZ algorithm where the SVP
oracle is replaced by Algorithm 3.

We plot the output of our simulations for Algorithm 3 in Figure 10. These
simulations are instantiations of Algorithm 1 with d > k, ¢ > 0 and tail(z, y, 2)
matching those used in Algorithm 3. These were produced using blck. py, attached
to the electronic version of the full version of this work. Our strategy finding
strategy follows the same blueprint as described in Section 2.4. Through such
simulation experiments we manually established that ¢ = 0.25, four sweeps of
preprocessing and using BKZ over SDBKZ seems to provide the best performance,
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Algorithm 3: Solving Approx-HSVP with preprocessing dimension
larger than enumeration dimension.

Data: A basis matrix B € R**?,
Data: Cost parameter £ > 2 and an overshooting parameter ¢ > 0.
Result: A short vector b.
k™ + tail(k, ¢, d);
k' + pre(k*);
if k' > 2 then
| run Algorithm 4 on B with parameter ';
else
‘ run LLL on B;
end
b < Enum (Bjp.+));
return b;

© 0 N O o W N

which is why we report data on these choices.'! We also fitted the coefficients
ag,ay, a2 of ag - klogk + ay - k + as to points from 100 to 249. Furthermore, we
plot the data from Figure 2 to provide a reference point for the performance of
the new algorithm and also provide some data on the hypothetical performance
of Algorithm 3 assuming the cost of all preprocessing costs is only as much as
LLL regardless of the choice of k¥’. This can be considered the best case scenario
for Algorithm 3 and thus a rough lower bound on its running time.!?

In Figure 11 we give the preprocessing cost parameters and probabilities
of success of a single enumeration selected by our optimisation. In particular,
these figures suggest that the success probability per enumeration does not drop
exponentially fast in Figure 11b. This is consistent with the second order term in
the time complexity which is closer to 1/2 (corresponding to standard pruning)
than 1 (corresponding to extreme pruning). Similarly, in contrast to Figure 3a
the preprocessing cost parameter (or “block size”) &’ in Figure 11a does not seem
to follow an affine function of &, i.e. it seems to grow faster for larger dimensions.

We also give experimental data comparing our implementation of Algorithm 3,
impl.py, attached to the electronic version of the full version of document, with
our simulations in Figure 12. We note that our implementation of Algorithm 3 is
faster than FPyLLL’s SVP solver from dimension 82 onward. As in Section 2.5, we

' The choice ¢ = 0.25 may be interpreted a posteriori as consistent with Figure 1
where the minimum for BKZ is attained at ¢ ~ 0.30. We note, however, that Figure 1
considers BKZ-reduced bases for block size k, whereas here the algorithm encounters
BKZ-reduced bases for block sizes k' < k.

12 We note that this data only extends until & = 323. Computing pruning parameters
requires increasing precision in increasing dimension and become more “brittle” the
cheaper the preprocessing is compared to the enumeration cost. In other words, our
simulation code simply crashed with a floating-point error in dimension 324. Since the
trend is clear in the data already, we did not push it further using higher precision.
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Algorithm 4: BKZ with Algorithm 3 as Approx-HSVP oracle.

Data: A basis matrix B € R4,
Data: Cost parameter £ > 2 and an overshooting parameter ¢ > 0.
Result: A reduced basis of L(B).

1 B+ LLL(B);

2 while change was made in previous iteration do

3 for0<k<d—1do
4 e+ min(d,x+ [(1+¢) - k]);
5 v+ output of Algorithm 3 on (7(Biu.c)), k, ¢);
6 if ||v|| < ||b%|| then
7 insert v at index k;
8 call LLL to remove linear dependencies;
9 record that a change was made;
10 end
11 end
12 end

13 return B,

do not use the strategies produced by our simulation to run the implementation
but rely on a variant of FPLLL’s strategizer [dt17] to optimise these strategies.

Fig. 10: Cost of one call to Alg. 3 with enumeration dimension k, ¢ = 1/4,
d=[(1+c¢)-k] and four preprocessing sweeps.
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Comparing Figures 2 and 10 is meaningless without taking the obtained root
Hermite factors into account. First, Algorithm 3 is not an SVP solver but an
Approx-HSVP solver. Second, if d < [(1+ ¢) - k| then Algorithm 3 will reduce
the enumeration dimension, further decreasing the quality of the output.

Since we are interested in running Algorithm 3 as a subroutine of Algorithm 4,
we compare the latter against plain BKZ. For this comparison we consider the
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Fig. 11: Reduction strategies used for Figure 10.

(a) Preprocessing cost parameters used in our simulations.
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case d = 2k, which corresponds to a typical setting encountered in cryptographic
applications.

In Figure 13, we plot the slope of the Gram—Schmidt log-norms as predicted by
our simulations for BKZ on the one hand, and a self-dual variant of Algorithm 4.
This variant first runs Algorithm 4 on the dual basis, followed by running
Algorithm 4 on the original basis. Each run is capped at half the number of
sweeps as used for BKZ. The rationale for this strategy is that it handles the
quality degradation as the BKZ index i surpasses d — [(1 + ¢) - k] where k* < k.
As Figure 13 illustrates, the obtained quality of the two algorithms is very close.
Indeed our SD variant slightly outperforms BKZ, but we note that the ratio of
the two is increasing, i.e. the quality advantage will invert as d increases.
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University.
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Fig. 12: Number of nodes visited during one Approx-HSVP call with enumeration
dimension k, ¢ =1/4, d = [(1 4+ ¢) - k] and four sweeps of preprocessing.
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Four sweeps of Algorithm 4 on the dual, followed by four sweeps of Algorithm 4 on the
primal lattice in dimension d = 2 k, using ¢ = 0.25 and four preprocessing sweeps.
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#!/usr/bin/env python
# -*- coding: utf-8 -*-
"""
Estimate the cost of enumeration using Pruner/Simulator

Supported integer matrix types
------------------------------

- qary :: q-ary lattice with `q ≈ 2^{30}`
- qary-lv :: q-ary lattice with `q ≈ 2^{10⋅d}`


"""

import logging
import pickle
from math import log
from multiprocessing import Pool

import begin
from fpylll import BKZ, FPLLL, GSO, IntegerMatrix, LLL, Pruning
from fpylll.fplll.bkz_param import Strategy, dump_strategies_json
from fpylll.tools.bkz_simulator import simulate as bkz_simulate_fplll
from fpylll.util import gaussian_heuristic


def sample_matrix(d, lattice_type="qary", seed=None):
    """
    Sample a matrix in dimension `d`.

    :param d: lattice dimension
    :param lattice_type: see module level documentation
    :param seed: optional random seed
    :returns: LLL-reduced integer matrix

    .. note :: This function seeds the FPLLL RNG, i.e. it is deterministic.

    """

    if seed is None:
        FPLLL.set_random_seed(d)
    else:
        FPLLL.set_random_seed(seed)

    if lattice_type == "qary":
        A = IntegerMatrix.random(d, "qary", bits=30, k=d // 2, int_type="long")
    elif lattice_type == "qary-lv":
        A = IntegerMatrix.random(d, "qary", bits=10 * d, k=d // 2)
    else:
        raise ValueError("Lattice type '%s' not supported." % lattice_type)

    A = LLL.reduction(A)
    return A


def sample_r(d, lattice_type="qary", run_lll=False):
    """
    Sample squared Gram-Schmidt norms of an LLL reduced lattice in dimension d.

    :param d: lattice dimension
    :param lattice_type: see module level documentation
    :param run_lll: if ``True`` sample a matrix and run LLL

    """
    if run_lll:
        A = sample_matrix(d=d, lattice_type=lattice_type)

        if d < 160:
            M = GSO.Mat(A, float_type="d")
        elif d < 320:
            M = GSO.Mat(A, float_type="dd")
        else:
            M = GSO.Mat(A, float_type="qd")
        M.update_gso()

        return M.r()
    else:
        if lattice_type == "qary":
            q = 2 ** 30
        elif lattice_type == "qary-lv":
            q = 2 ** (10 * d)
        else:
            raise ValueError("Lattice type '%s' not supported." % lattice_type)
        return [1.0219 ** (2 * (d - 2 * i - 1)) * q for i in range(d)]


def lll_cost(d):
    """
    Cost of LLL in dimension `d` in enumeration nodes.

    :param d: lattice dimension

    .. note:: We are ignoring the bit-size of the input here.

    """
    return d ** 3


def _pruner_precision(d, greedy):
    """
    Required precision for pruner in dimension `d`.
    """
    if d < 126:
        return "d"
    elif d < 150:
        return "ld"
    elif d < 248:
        return "dd"
    elif d < 342:
        return "qd"
    else:
        return round(0.75 * d)


def _block_sizes(block_size, strategies):
    """
    Return list of block sizes run for a given enumeration.

    :param block_size: target, top-level block size
    :param strategies: preprocessing strategies

    EXAMPLE::

        >>> from fpylll import load_strategies_json, BKZ
        >>> strategies = load_strategies_json(BKZ.DEFAULT_STRATEGY)
        >>> from cost import _block_sizes
        >>> _block_sizes(80, strategies)
        [80, 58, 40]

    """
    block_size_list = []

    for block_size in strategies[block_size].preprocessing_block_sizes:
        block_size_list.extend(_block_sizes(block_size, strategies))
        block_size_list.append(block_size)

    return block_size_list


def preprocess(
    r,
    preproc_block_size,
    strategies,
    costs,
    max_loops=1,
    bkz_simulate=bkz_simulate_fplll,
):
    """
    Simulate preprocessing algorithm.

    :param r: squared Gram-Schmidt norms
    :param block_size: preprocessing block size
    :param strategies: strategies computed so far to establish recursive preprocessing
    :param costs: enumeration cost per dimension
    :param max_loops: number of loops to run during preprocessing (FPyLLL uses 1)
    :returns: new basis shape and preprocessing cost

    """
    d = len(r)

    for _ in range(max_loops):
        for preproc_block_size_ in _block_sizes(preproc_block_size, strategies):
            r = bkz_simulate(
                r,
                BKZ.EasyParam(
                    preproc_block_size_, strategies=strategies, max_loops=1
                ),
            )[0]
        r = bkz_simulate(
            r,
            BKZ.EasyParam(
                preproc_block_size, strategies=strategies, max_loops=1
            ),
        )[0]

    # we first run LLL
    cost = lll_cost(d)

    # And then roughly d x preprocessing, recursive calls are included in total cost
    for kappa in range(d - 3):
        cost += (
            max_loops * costs[min(d - kappa, preproc_block_size)]["total cost"]
        )
    return r, cost


def pruning_coefficients(
    r,
    preprocessing_cost,
    radius_bound=1,
    target_success_probability=0.51,
    float_type="d",
    greedy=False,
):
    """
    Compute pruning coefficients for r.

    :param r: squared Gram-Schmidt norms
    :param preprocessing_cost: cost of achieving basis of quality similar to r
    :param radius_bound: compute pruning parameters for `GH^(i/radius_bound)` for `i in -radius_bound, …, radius_bound`
    :param target_success_probability: target success probability of enumeration
    :param float_type: floating point type to use
    :param greedy: use Greedy pruning strategy
    :returns: tuple of ``Pruning`` objects.

    """
    d = len(r)
    gh = gaussian_heuristic(r)
    r = [r_ / gh for r_ in r]
    gh_margin = min(2.0, (1.0 + 3.0 / d)) ** 2

    pruning_coefficients_ = []
    for i in range(-radius_bound, radius_bound + 1):
        pruning = Pruning.run(
            gh_margin ** (1.0 * i / radius_bound),
            preprocessing_cost,
            [r],
            target_success_probability,
            float_type=float_type,
            flags=Pruning.HALF if greedy else Pruning.GRADIENT | Pruning.HALF,
        )
        pruning_coefficients_.append(pruning)
    return tuple(pruning_coefficients_)


def enumeration_cost(
    r,
    preproc,
    strategies,
    costs,
    gh_factor=1.00,
    preproc_loops=1,
    target_success_probability=0.51,
    float_type="d",
    greedy=False,
):
    """
    Cost of enumeration on `r` using ``strategies``.

    :param r: squared Gram-Schmidt vectors
    :param strategies: prepcomputed strategies
    :param costs: precomputed costs for smaller dimensions
    :param gh_factor: target GH_FACTOR * GH
    :param max_loops: number of preprocessing loops
    :param float_type: float type to use in pruner
    :param greedy: use Greedy pruning strategy.

    """
    d = len(r)

    if preproc is None:
        preproc_cost = lll_cost(d)
    else:
        r, preproc_cost = preprocess(
            r, preproc, strategies, costs, max_loops=preproc_loops
        )

    gh = gaussian_heuristic(r)

    target_norm = min(gh_factor * gh, r[0])

    pc = pruning_coefficients(
        r, preproc_cost, float_type=float_type, greedy=greedy
    )
    strategy = Strategy(
        d,
        preprocessing_block_sizes=[preproc] * preproc_loops
        if preproc > 2
        else [],
        pruning_parameters=pc,
    )
    pr = strategy.get_pruning(target_norm, gh)

    pruner = Pruning.Pruner(
        target_norm,
        preproc_cost,
        [r],
        target=target_success_probability,
        float_type=float_type,
        flags=Pruning.HALF if greedy else Pruning.GRADIENT | Pruning.HALF,
    )

    cost = {
        "total cost": preproc_cost + pruner.repeated_enum_cost(pr.coefficients),
        "single enum": pruner.single_enum_cost(pr.coefficients),
        "preprocessing": preproc_cost,
        "probability": pruner.measure_metric(pr.coefficients),
    }
    return cost, strategy


def cost_kernel(arg0, preproc=None, strategies=None, costs=None, opts=None):
    """
    Compute pruning coefficients after preprocessing and return estimated cost.

    :param arg0: either a tuple containing all arguments or r (squared Gram-Schmidt vectors)
    :param preproc: preprocessing parameters
    :param strategies: reduction strategies
    :param costs: precomputed costs for smaller dimensions
    :param opts: passed through to `enumeration_cost`

    :returns: cost and strategy

    ..  note :: the unusual arrangement with ``arg0`` is to support ``Pool.map`` which only
        supports one input parameter.
    """

    if (
        preproc is None
        and strategies is None
        and costs is None
        and opts is None
    ):
        r, preproc, strategies, costs, opts = arg0
    else:
        r = arg0

    float_type = opts["float_type"]

    if isinstance(float_type, int):
        FPLLL.set_precision(float_type)
        opts["float_type"] = "mpfr"

    try:
        cost, strategy = enumeration_cost(r, preproc, strategies, costs, **opts)
        return cost, strategy
    except RuntimeError:
        return None, None


def _prepare_parameters(
    dump_filename, strategies_and_costs, lower_limit, lattice_type, greedy=False
):
    if dump_filename is None:
        dump_filename = "../data/fplll-simulations,{lattice_type}{g}.sobj".format(
            lattice_type=lattice_type, g=",g" if greedy else ""
        )

    if strategies_and_costs is not None:
        try:
            strategies, costs = strategies_and_costs
        except ValueError:
            strategies, costs = pickle.load(open(strategies_and_costs, "rb"))
    else:
        costs, strategies = [], []
        for i in range(3):
            strategies.append(Strategy(i, [], []))
            costs.append({"total cost": 0.0})

    if lower_limit is None:
        lower_limit = len(strategies)
    else:
        strategies = strategies[:lower_limit]
        costs = costs[:lower_limit]

    return dump_filename, strategies, costs, lower_limit


@begin.subcommand  # noqa
@begin.convert(
    upper_limit=int, lower_limit=int, ncores=int, greedy=bool, preproc_loops=int
)  # noqa
def strategize(
    upper_limit: "compute up to this dimension (inclusive)",
    lower_limit: """compute starting at this dimension,
               if ``None`` lowest unknown dimension is chosen.""" = None,
    strategies_and_costs: "previously computed strategies and costs to extend" = None,
    lattice_type: "one of 'qary' or 'qary-lv'" = "qary",
    dump_filename: """results are regularly written to this filename, if ``None``
               then ``../data/fplll-estimates-{lattice_type}.sobj`` is used.""" = None,
    ncores: "number of cores to use in parallel" = 4,
    greedy: "use Greedy pruning strategy" = False,
    preproc_loops: "number of preprocessing tours" = 2,
):
    """Estimate cost of enumeration.
    """

    dump_filename, strategies, costs, lower_limit = _prepare_parameters(
        dump_filename,
        strategies_and_costs,
        lower_limit,
        lattice_type,
        greedy=greedy,
    )

    if ncores > 1:
        workers = Pool(ncores)

    for d in range(lower_limit, upper_limit + 1):
        r = sample_r(d, lattice_type=lattice_type)

        float_type = _pruner_precision(d, greedy)

        try:
            start = strategies[d - 1].preprocessing_block_sizes[-1]
        except IndexError:
            start = 2

        if d < 60:
            stop = d
        else:
            stop = start + max(8, ncores)

        best = None

        for giant_step in range(start, stop, ncores):
            jobs, results = [], []
            for baby_step in range(giant_step, min(stop, giant_step + ncores)):
                opts = {
                    "greedy": greedy,
                    "float_type": float_type,
                    "preproc_loops": preproc_loops,
                }
                jobs.append((r, baby_step, strategies, costs, opts))

            if ncores == 1:
                for job in jobs:
                    results.append(cost_kernel(job))
            else:
                results = workers.map(cost_kernel, jobs)

            do_break = False
            for cost, strategy in results:
                if best is None or cost["total cost"] < best[0]["total cost"]:
                    best = cost, strategy
                if cost["total cost"] > 1.1 * best[0]["total cost"]:
                    do_break = True
                    break
            if do_break:
                break

        costs.append(best[0])
        strategies.append(best[1])
        logging.info(
            "%3d :: %5.1f %s"
            % (d, log(costs[-1]["total cost"], 2), strategies[-1])
        )
        pickle.dump((strategies, costs), open(dump_filename, "wb"))
        dump_strategies_json(
            dump_filename.replace(".sobj", "-strategies.json"), strategies
        )

    return strategies, costs


@begin.subcommand  # noqa
@begin.convert(upper_limit=int, lower_limit=int, ncores=int, greedy=bool)
def extend(
    upper_limit: "compute up to this dimension (inclusive)",
    strategies_and_costs: "extend previously computed data",
    lower_limit: """compute starting at this dimension,
           if ``None`` lowest unknown dimension is chosen.""" = None,
    preprocessing: "function for selecting preprocessing block size" = "0.8605 * d - 14.04",
    lattice_type: "one of 'qary', 'qary-lv' or 'block'" = "qary",
    dump_filename: """results are regularly written to this filename, if ``None``
           then ``../data/fplll-estimates-{lattice_type}.sobj`` is used.""" = None,
    ncores: "number of cores to use in parallel" = 4,
    greedy: "use Greedy pruning strategy" = False,
):
    """Estimate cost of enumeration for fixed preprocessing block size as a function of the dimension.
    """

    dump_filename, strategies, costs, lower_limit = _prepare_parameters(
        dump_filename,
        strategies_and_costs,
        lower_limit,
        lattice_type,
        greedy=greedy,
    )

    preprocessing = eval("lambda d: round({})".format(preprocessing))

    if ncores > 1:
        workers = Pool(ncores)

    for step in range(lower_limit, upper_limit + 1, ncores):
        jobs, results = [], []
        for i, d in enumerate(range(step, min(step + ncores, upper_limit + 1))):
            float_type = _pruner_precision(d, greedy)
            r = sample_r(d, lattice_type=lattice_type)
            preproc = preprocessing(d)
            jobs.append(
                (
                    r,
                    preproc - 1,
                    strategies + [None] * i,
                    costs,
                    float_type,
                    greedy,
                )
            )
            jobs.append(
                (
                    r,
                    preproc + 0,
                    strategies + [None] * i,
                    costs,
                    float_type,
                    greedy,
                )
            )
            jobs.append(
                (
                    r,
                    preproc + 1,
                    strategies + [None] * i,
                    costs,
                    float_type,
                    greedy,
                )
            )

        if ncores == 1:
            for job in jobs:
                results.append(cost_kernel(job))
        else:
            results = workers.map(cost_kernel, jobs)

        for cost, strategy in results:
            try:
                if (
                    costs[strategy.block_size]["total cost"]
                    > cost["total cost"]
                ):
                    strategies[strategy.block_size] = strategy
                    costs[strategy.block_size] = cost
            except IndexError:
                strategies.append(strategy)
                costs.append(cost)

        for d in range(len(jobs) // 3)[::-1]:
            print(
                "%3d :: %5.1f %s"
                % (
                    strategies[-d - 1].block_size,
                    log(costs[-d - 1]["total cost"], 2),
                    strategies[-d - 1],
                )
            )

        pickle.dump((strategies, costs), open(dump_filename, "wb"))
        dump_strategies_json(
            dump_filename.replace(".sobj", "-strategies.json"), strategies
        )

    return strategies, costs


@begin.start
@begin.logging
def main():
    pass



#!/usr/bin/env python
# -*- coding: utf-8 -*-
"""
Run SVP, oSVP or HSVP_{1.05} reduction and record statistics.

"""
from collections import OrderedDict
from fpylll import FPLLL, BKZ, GSO, Pruning, Enumeration, EnumerationError, load_strategies_json
from fpylll.algorithms.bkz2 import BKZReduction as BKZ2
from fpylll.tools.bkz_stats import BKZTreeTracer
from fpylll.util import gaussian_heuristic
from multiprocessing import Queue, Process, active_children
import begin
import logging
import pickle
import os
from math import log, ceil
from impl import BKZReduction as OBKZ

# Verbose logging

logging.basicConfig(level=logging.DEBUG,
                    format='%(name)s: %(message)s',
                    datefmt='%Y/%m/%d %H:%M:%S %Z')

# define a Handler which writes INFO messages or higher to the sys.stderr
logger = logging.getLogger(__name__)


def chunk_iterator(lst, step):
    """Return up to ``step`` entries from ``lst`` each time this function is called.

    :param lst: a list
    :param step: number of elements to return

    """
    for i in range(0, len(lst), step):
        yield tuple(lst[j] for j in range(i, min(i+step, len(lst))))


def svp_time(seed, params, return_queue=None):
    """Run SVP reduction on ``A`` using ``params``.

    :param seed: random seed for matrix creation
    :param params: BKZ parameters
    :param return_queue: if not ``None``, the result is put on this queue.

    """
    from cost import sample_matrix

    A = sample_matrix(params.block_size, seed=seed)
    M = GSO.Mat(A)
    bkz = BKZ2(M)
    tracer = BKZTreeTracer(bkz, start_clocks=True)

    with tracer.context(("tour", 0)):
        bkz.svp_reduction(0, params.block_size, params, tracer)
        bkz.M.update_gso()

    tracer.exit()

    tracer.trace.data["|A_0|"] = A[0].norm()
    ppbs = params.strategies[params.block_size].preprocessing_block_sizes
    tracer.trace.data["preprocessing_block_size"] = ppbs[0] if ppbs else 2

    if return_queue:
        return_queue.put(tracer.trace)
    else:
        return tracer.trace


def osvp_time(seed, params, return_queue=None):
    """Run oSVP reduction on ``A`` using ``params``.

    :param seed: random seed for matrix creation
    :param params: BKZ parameters
    :param return_queue: if not ``None``, the result is put on this queue.

    """
    from cost import sample_matrix

    A = sample_matrix(ceil(params.block_size *(1 + params["c"])), seed=seed)
    M = GSO.Mat(A)
    bkz = OBKZ(M, c=params["c"])
    tracer = BKZTreeTracer(bkz, start_clocks=True)

    with tracer.context(("tour", 0)):
        bkz.svp_reduction(0, params.block_size, params, tracer)
        bkz.M.update_gso()

    tracer.exit()

    tracer.trace.data["|A_0|"] = A[0].norm()
    ppbs = params.strategies[params.block_size].preprocessing_block_sizes
    tracer.trace.data["preprocessing_block_size"] = ppbs[0] if ppbs else 2

    if return_queue:
        return_queue.put(tracer.trace)
    else:
        return tracer.trace


def approx_svp_time(seed, params, return_queue=None, progressive=False):
    """Run Approx-SVP_{1.05} reduction on ``A`` using ``params``.

    :param seed: random seed for matrix creation
    :param params: BKZ preprocessing parameters, preprocessing block size is ignored
    :param return_queue: if not ``None``, the result is put on this queue.
    :param progressive: run Progressive-BKZ

    """
    from chal import load_svp_challenge
    from fpylll.algorithms.bkz import BKZReduction as BKZBase

    FPLLL.set_random_seed(seed)
    A = load_svp_challenge(params.block_size, seed=seed)
    M = GSO.Mat(A)
    M.update_gso()

    gh = gaussian_heuristic(M.r())
    target_norm = 1.05**2 * gh

    nodes_per_second = 2.0 * 10**9 / 100.0

    self = BKZ2(M)
    tracer = BKZTreeTracer(self, start_clocks=True)

    rerandomize = False
    preproc_cost = None
    with tracer.context(("tour", 0)):
        while M.get_r(0, 0) > target_norm:
            with tracer.context("preprocessing"):
                if rerandomize:
                    self.randomize_block(1, params.block_size,
                                         density=params.rerandomization_density, tracer=tracer)
                with tracer.context("reduction"):
                    BKZBase.svp_preprocessing(self, 0, params.block_size, params, tracer)  # LLL
                    preproc = round(0.9878*params.block_size - 24.12)  # curve fitted to chal.py output
                    prepar = params.__class__(block_size=preproc, strategies=params.strategies, flags=BKZ.GH_BND)
                    self.tour(prepar, 0, params.block_size, tracer=tracer)

            if preproc_cost is None:
                preproc_cost = float(tracer.trace.find("preprocessing")["walltime"])
                preproc_cost *= nodes_per_second

            with tracer.context("pruner"):
                step_target = M.get_r(0, 0)*0.99 if progressive else target_norm
                pruner = Pruning.Pruner(step_target, preproc_cost, [M.r()],
                                        target=1, metric=Pruning.EXPECTED_SOLUTIONS)
                coefficients = pruner.optimize_coefficients([1.]*M.d)
            try:
                enum_obj = Enumeration(self.M)
                with tracer.context("enumeration", enum_obj=enum_obj, full=True):
                    max_dist, solution = enum_obj.enumerate(0, params.block_size, target_norm, 0,
                                                            pruning=coefficients)[0]
                with tracer.context("postprocessing"):
                    self.svp_postprocessing(0, params.block_size, solution, tracer=tracer)
                rerandomize = False
            except EnumerationError:
                rerandomize = True

            self.M.update_gso()
            logger.debug("r_0: %7.2f, target: %7.2f, preproc: %3d"%(log(M.get_r(0, 0), 2),
                                                                    log(target_norm, 2), preproc))

    tracer.exit()
    tracer.trace.data["|A_0|"] = A[0].norm()
    tracer.trace.data["preprocessing_block_size"] = preproc

    if return_queue:
        return_queue.put(tracer.trace)
    else:
        return tracer.trace


@begin.start(auto_convert=True)
@begin.logging
@begin.convert(max_block_size=int, lower_bound=int, step_size=int, c=float)
def call(max_block_size: "compute up to this block size",
         strategies: "BKZ strategies",
         dump_filename: """results are stored in this filename, if ``None``
         then ``data/fplll-estimates-{lattice_type}.sobj`` is used.""" = None,
         npexp: "number of experiments to run parallel" = 4,
         ncores: "number of cores to use per experiment" = 1,
         algorithm: "one of SVP, oSVP or HSVP1.05" = "SVP",
         progressive: "use Progressive-BKZ in Approx-SVP" = False,
         lower_bound: "Start experiment in this dimension" = None,
         step_size: "Increment dimension by this much each iteration" = 2,
         c: "Overshooting parameter (for oSVP)" = 0.25,
         samples=48):
    """
Run (Approx-)SVP reduction and record statistics.

    """
    results = OrderedDict()

    FPLLL.set_threads(ncores)

    if dump_filename is None:
        dump_filename = "../data/fplll-observations,{lattice_type},[{strategies}].sobj".format(
            strategies=os.path.basename(strategies),
            lattice_type="svp-challenge" if algorithm == "HSVP1.05" is False else "qary")

    if isinstance(strategies, str):
        if strategies.endswith(".json"):
            strategies = load_strategies_json(bytes(strategies, "ascii"))
        elif strategies.endswith(".sobj"):
            strategies = pickle.load(open(strategies, "rb"))

    if algorithm.lower() == "svp":
        target = svp_time
        lower_bound = lower_bound if lower_bound else 20
    elif algorithm.lower() == "hsvp1.05":
        target = approx_svp_time
        lower_bound = lower_bound if lower_bound else 60
    elif algorithm.lower() == "osvp":
        target = osvp_time
        lower_bound = lower_bound if lower_bound else 20
    else:
        raise ValueError("Algorithm '%s' not known."%algorithm)

    for block_size in range(lower_bound, max_block_size+1, step_size):
        return_queue = Queue()
        result = OrderedDict([("total time", None)])

        traces = []
        # 2. run `k` processes in parallel
        for chunk in chunk_iterator(range(samples), npexp):
            processes = []
            for i in chunk:
                seed = i
                param = BKZ.Param(block_size=block_size, strategies=list(strategies), flags=BKZ.VERBOSE|BKZ.GH_BND)
                param["c"] = c
                if npexp > 1:
                    process = Process(target=target, args=(seed, param, return_queue))
                    processes.append(process)
                    process.start()
                else:
                    traces.append(target(seed, param, None))

            active_children()

            if npexp > 1:
                for process in processes:
                    traces.append(return_queue.get())

        preprocessing_block_size =  sum([trace.data["preprocessing_block_size"] for trace in traces])/samples
        total_time = sum([float(trace.data["walltime"]) for trace in traces])/samples
        length     = sum([trace.data["|A_0|"] for trace in traces])/samples
        enum_nodes = sum([sum([float(enum["#enum"]) for enum in trace.find_all("enumeration")])
                          for trace in traces])/samples

        logger.info("= block size: %3d, m: %3d, t: %10.3fs, log(#enum): %6.1f |A_0| = 2^%.1f",
                    block_size, samples, total_time, log(enum_nodes, 2), log(length, 2))

        result["total time"] = total_time
        result["betaprime"] = preprocessing_block_size
        result["length"] = length
        result["#enum"] = enum_nodes
        result["traces"] = traces

        results[block_size] = result

        if results[block_size]["total time"] > 1.0 and samples > max(8, npexp):
            samples //= 2
            if samples < npexp:
                samples = npexp

        pickle.dump(results, open(dump_filename, "wb"))

    return results



		d		betaprime		total cost		preprocessing		single enum		probability

		3		2		28		27		1		1.0

		4		2		66		64		2		0.5115806393178025

		5		2		128		125		3		0.9652140048491866

		6		2		220		216		4		0.5322080215725113

		7		2		349		343		6		0.9700440157282773

		8		2		519		512		7		0.5393848042664944

		9		2		741		729		12		0.9553922311963401

		10		2		1012		1000		12		0.5155018194391705

		11		2		1353		1331		22		0.9409538707767322

		12		2		1750		1728		22		0.5224313496568553

		13		2		2237		2197		40		0.9266540177228327

		14		2		2788		2744		44		0.5501279716216393

		15		2		3441		3375		66		0.9074334253317268

		16		2		4185		4096		89		0.557188454287342

		17		2		5007		4913		94		0.8195343847317704

		18		2		6009		5832		177		0.5115990332026059

		19		2		6991		6859		132		0.6580084304038848

		20		2		8145		8000		145		0.5148942161864154

		21		2		9433		9261		172		0.5305973879085457

		22		2		10843		10648		195		0.5278240093349961

		23		2		12396		12167		229		0.5105052197036978

		24		2		14201		13824		377		0.5101567555598414

		25		2		16062		15625		437		0.5319823363790719

		26		2		17969		17576		393		0.5103965988921155

		27		2		20448		19683		703		0.5089501167817525

		28		2		22674		21952		722		0.5209955415465095

		29		2		25636		24389		1247		0.5251010457135513

		30		2		28368		27000		1368		0.5505012485883791

		31		2		32374		29791		2583		0.5377129455392855

		32		2		35580		32768		2565		0.5075673899507066

		33		2		41846		35937		5909		0.5412051867157436

		34		2		45797		39304		6275		0.5083329740393888

		35		2		52777		42875		9902		0.5729146149380723

		36		2		56203		46656		9547		0.5150315753004108

		37		2		66784		50653		16131		0.5168112561889576

		38		3		74795		56848		17947		0.5306438705456459

		39		3		96082		61352		31853		0.4994206173932439

		40		3		104943		66089		38295		0.5081361303771793

		41		3		145930		71067		73278		0.5061880512605785

		42		6		165131		90726		73314		0.5076859069774188

		43		7		238568		106174		130780		0.5076286815120462

		44		10		268909		160062		104918		0.5048668500098956

		45		10		390580		168027		216382		0.5044468384133235

		46		14		445418		298116		145553		0.5086245426210673

		47		14		614388		310179		304209		0.5105939478988396

		48		16		681033		416012		265020		0.5186248209179327

		49		18		946051		549811		396240		0.513358244632682

		50		18		1055017		569180		475964		0.5067181213631597

		51		20		1427086		727532		699554		0.5100343479443766

		52		20		1630859		751779		832973		0.5000175242682849

		53		20		2511049		776338		970728		0.391229621983681

		54		20		2899854		801216		977873		0.35444646959291914

		55		20		4600468		826417		1113563		0.25978446059783256

		56		20		5341933		851948		1123465		0.23186693866409627

		57		20		8769885		877816		1320625		0.16374610951166632

		58		20		10272505		904025		1324277		0.14336142476720337

		59		20		17497969		930582		1568076		0.09684785591648762

		60		20		20725852		957494		1631049		0.0852398783515029

		61		20		36618624		984765		1900131		0.054649266986950426

		62		20		43977167		1012402		1939916		0.04676070074325661

		63		20		80993970		1040411		2247192		0.028540198201952537

		64		27		42018932		2067852		3250086		0.08632645750628114

		65		33		37691236		3618322		4803567		0.14733957703153708

		66		38		30401437		5734287		6376051		0.24735466643721812

		67		38		46187754		5897144		7158649		0.18261175372164487

		68		38		52145079		6060404		7285481		0.1668762016783005

		69		42		75608276		11527984		13422055		0.20974447300671378

		70		42		84698621		11872736		13694336		0.19372575752102764

		71		42		129355998		12217908		15479712		0.14164885629796953

		72		42		146032146		12563507		15830518		0.12951214945037934

		73		42		229373399		12909537		17588809		0.09049034994199294

		74		42		261411316		13256005		17770727		0.0811818132389666

		75		42		423583973		13602917		20551145		0.05589531216198568

		76		42		488593919		13950279		21517764		0.05046562273168641

		77		42		817868054		14298098		24204449		0.03302455252172503

		78		42		956118432		14646378		24671241		0.02890838226938429

		79		42		1656694454		14995126		27739600		0.018232721656741033

		80		42		1964532022		15344348		28743937		0.01588162726037591

		81		48		2098800518		53039820		79421749		0.04402320750208451

		82		48		2416038753		54421813		81908517		0.03945298057942125

		83		52		3926490960		119363294		168994365		0.051039134432647716

		84		52		4504143159		122645929		175810737		0.04616872744731947

		85		52		7312896212		125929069		197314163		0.03103942535424399

		86		52		8437989571		129212718		200599922		0.027497320786364497

		87		52		14106423639		132496883		231666274		0.018246894413790907

		88		52		16468443746		135781570		236702860		0.016005133011362898

		89		54		27989738039		232194777		405050192		0.01610973085259658

		90		54		32846690467		238018516		411802445		0.014013409191890194

		91		56		56418784442		423073734		728582351		0.014455847509583996

		92		56		66421309874		433782717		750006578		0.01263315325679887

		93		56		114988804112		444492252		838182755		0.007925687065386327

		94		56		136558045688		455202345		860470196		0.006849227038640125

		95		58		236161281063		847492374		1612345321		0.007402661756017419

		96		58		282455289495		868064745		1645499159		0.006327979683579892

		97		60		497342812716		1697543028		3213030756		0.00701859926798694

		98		60		594556922123		1739023252		3241725373		0.005958086114922609

		99		62		1055513761769		3579389523		6660672452		0.006896668770041016

		100		66		548354786681		2774617737		4792134586		0.009795232235695806

		101		66		914319837968		2835450913		5305981953		0.006331793284645847

		102		68		1078803978934		4449912286		7851915197		0.008101482682261525

		103		68		1809190146358		4554233964		8574233869		0.005163080067231899

		104		72		2193013007827		11121557983		18878396053		0.009711016143681658

		105		72		3615282928341		11413655036		20791496227		0.006334414889426906

		106		72		4271552645727		11705752720		21557690822		0.005539599231794565

		107		74		7412731489177		20010317091		36795506637		0.005451683994176403

		108		74		8793134672333		20533174392		37860142644		0.004726000401207281

		109		76		15459790375453		36828794681		68364915034		0.004842115982169836

		110		76		18095525047758		37806018491		69743240258		0.004230761155467787

		111		78		32604072334317		71233458056		131948806529		0.0044355919274692585

		112		78		38771038850137		73145732216		137146583199		0.0038617010668011305

		113		82		64245136892805		174196251036		303861510739		0.005294080896696901

		114		82		75525502199200		179028367189		317635872683		0.0046800836185283455

		115		82		127513567106898		183860484027		353766980033		0.003003133984241243

		116		82		151922774734369		188692601554		367999373183		0.0026105209874205814

		117		82		259669643027729		193524719778		399038346660		0.0016265318017648406

		118		82		312601527073652		198356838703		418353206061		0.0014063291041257352

		119		84		545034619285550		356553379972		748822368522		0.0014456871629001957

		120		84		654232586671771		365561709132		765984826349		0.0012330337297988218

		121		84		1156795138783702		374570039011		846775165307		0.0007528718143248701

		122		84		1393020869777656		383578369616		873479848412		0.0006435178387979574

		123		86		2460873555138546		697176534367		1569994381431		0.0006569840987500473

		124		86		2989746554462416		714052559266		1632393033656		0.0005597023698317864

		125		86		5359425364509669		730928584909		1780712528668		0.0003342484194324743

		126		88		6512869080834813		1385516905059		3163985279774		0.0004981795846497856

		127		90		11736898164982932		2686243179962		6040486796878		0.0005302560471273994

		128		90		14260524990342138		2751936609665		6305570237676		0.00045297827413180963

		129		90		25883032406896976		2817630040136		6889605026059		0.0002675006823371038

		130		90		31502314926174352		2883323471381		7086154585694		0.00022572701042273662

		131		92		56836176810184704		5682130643880		13773968466751		0.00024416335609855195

		132		92		70251181302981456		5814973315504		14422813871785		0.00020547896407167938

		133		94		127225999954526544		11655889841572		28103705618149		0.00022290523777135338

		134		94		157272258575120160		11929005986415		29232945005702		0.00018668347821871874

		135		96		287219695585427456		24073108107341		57891326426461		0.00020354930454485995

		136		96		352684766799054720		24638018741412		59778292883171		0.0001707281727725275

		137		100		517766704582949056		48011386418722		112844498118950		0.00022159364857458465

		138		100		638816462307092352		49108096048804		118424190663061		0.0001870614908434237

		139		102		1146003166470478848		91250874393453		219182293928828		0.00019321593344257516

		140		102		1405391849262341632		93408482409701		220598783931852		0.00015937135150222517

		141		102		2543928140894955520		95566090426789		242911015641829		9.490879227797204e-05

		142		102		3150160337830030336		97723698444723		254651612569876		7.979176708786565e-05

		143		106		5762772614952360960		351292353431288		829142345074920		0.00014611047450213587

		144		106		7137454667862882304		359835458784520		866028934630930		0.00012251099321599487

		145		106		12958780130115540992		368378564138615		931222084965284		7.153735209290974e-05

		146		106		16134480911140868096		376921669493581		976337994560684		5.9829551163928915e-05

		147		108		29794223618543665152		753473694664772		1902117555527220		6.357962277045938e-05

		148		108		37220445460910858240		771059964074706		1967894071287109		5.249215179846781e-05

		149		110		68439865832381259776		1546170774925746		3984311860364643		5.7642653352840676e-05

		150		110		85486330394293256192		1582361825088312		4044312418391962		4.6951286775524766e-05

		151		110		157876704651920605184		1618552875251778		4419243133748202		2.7280797159059675e-05

		152		114		198536955637256486912		6296949489096636		15146775174680604		7.704504812992021e-05

		153		114		360919494655000379392		6448000493564805		16258871062396250		4.487865311984858e-05

		154		114		450853454772610859008		6599051498033892		17005902821396188		3.734756137887009e-05

		155		116		836023450256010248192		12965860435132784		33120583725101804		3.9323195264570954e-05

		156		116		1050133457063825113088		13269705984674062		34231561801043116		3.226682964623427e-05

		157		116		1927347171956994080768		13573551534216278		36696188351251440		1.8605667018816783e-05

		158		116		2437775385284208230400		13877397083759434		38015555638382312		1.5184971991819618e-05

		159		118		4551898044090855981056		27893751566390104		74970563978776352		1.6120232881134415e-05

		160		120		5729739044885367881728		56997567692083176		145392178970809408		2.5197113348098996e-05

		161		120		10625419060510181031936		58306032865504000		158010391106262048		1.4522549691699127e-05

		162		120		13594397452118970597376		59614498038925792		164572195877591008		1.176386175783839e-05

		163		122		25307189425362591285248		123986304097466864		339940788973947840		1.3076923336086771e-05

		164		122		32234238547495340736512		126772345837102384		348428858452876416		1.0516238591296909e-05

		165		122		60868085066017112326144		129558387576738864		372984775293454656		5.889589804251091e-06

		166		124		76531112864737025589248		271798543569987424		752359302345399040		9.546175013843371e-06

		167		124		143776791555718439239680		277778036678995424		806043633045191296		5.3773768315864635e-06

		168		124		185602367548823078699008		283757529788004416		843027470152288256		4.3307109897797995e-06

		169		126		349726592385402636599296		604511162837879808		1743784416660967680		4.78989134055002e-06

		170		126		444610971153441956560896		617536900999635584		1793417049217666816		3.86821404613602e-06

		171		130		840890187376486437093376		2794359786809349632		7398859435216449536		8.64714615549119e-06

		172		130		1078944840661933618102272		2857364416661787136		7749775762159493120		7.012940272761998e-06

		173		130		2058121425057612723912704		2920369046514225152		8479251344576252928		3.9511283268751746e-06

		174		130		2642272228848474911670272		2983373676366664192		8736072146576706560		3.1639632158376954e-06

		175		132		5041258602289068576342016		6506946271146146816		18891584091989975040		3.593945016217111e-06

		176		132		6468541606553976446124032		6647448633752202240		19564658396623839232		2.8906634173608554e-06

		177		138		12095811254135966046093312		54455000514651389952		138729780306183716864		1.1392998271568104e-05

		178		138		15429811168487803373748224		55732633439265660928		143446845186002059264		9.208408515537056e-06

		179		138		28534834631234494631247872		57010266363879940096		153057460672701890560		5.251524951493517e-06

		180		138		36421962312574243153379328		58287899288494219264		158174778278637535232		4.239565625910181e-06

		181		138		68508390291074385184817152		59565532213108498432		167309889584785653760		2.3623583162603784e-06

		182		138		89769675392168751878111232		60843165137722777600		174363396896928038912		1.8690545234030243e-06

		183		140		169045875119141995272994816		130593805522725896192		372609587870605246464		2.1234455019235345e-06

		184		140		220832331651125342864670720		133404589221250695168		390888873713437704192		1.6936123596278462e-06

		185		140		422107235609376599511662592		136215372919775494144		414949010761665871872		9.314525670770615e-07

		186		140		544389730125546581007532032		139026156618300260352		428189388050650103808		7.43259786933457e-07

		187		142		1036458270025869574226837504		304632713848317804544		911363422520476041216		8.369177704880692e-07

		188		142		1353593939097851623217561600		310933034523977973760		943001555767667195904		6.608287596445946e-07

		189		142		2632147207686139775354404864		317233355199638142976		1006325286433294647296		3.5870343289093314e-07

		190		144		3464468826770514866817990656		703564567452630515712		2177906571840491880448		5.933078365382912e-07

		191		146		6697977277660433807390539776		1557208542094436335616		4688301833340666249216		6.651609074861493e-07

		192		146		8680837571415190149963710464		1589477503916718161920		4813925822548809875456		5.262010497928683e-07

		193		146		16935281907327332956913008640		1621746465739000250368		5167237064463967322112		2.859663024281151e-07

		194		146		22190372810234814380856311808		1654015427561282076672		5310368011776324272128		2.2388274554658572e-07

		195		148		42936184589960198681891176448		3737856471576284233728		12031289575293484793856		2.6199153926516917e-07

		196		150		55899511174612525122886565888		8411729386978998747136		25350381089257301213184		4.3084799899562123e-07

		197		152		107846491765735647924562427904		19128140318635479531520		57104684575946178560000		5.042413757766283e-07

		198		152		143537378238112306674639306752		19525214229909991325696		60031304314677282996224		3.953787024754199e-07

		199		154		277444873561219896277070774272		43460171139672510038016		129193996873425953488896		4.439181105627328e-07

		200		154		362788475312536074952676212736		44361878049217727954944		133168495104344257986560		3.4907737786057247e-07

		201		154		705283892324959148800372375552		45263584958762945871872		140716592308238709424128		1.8810712617513284e-07

		202		154		920955251144105839638733651968		46165291868308163788800		145963635267093544304640		1.48818455903937e-07

		203		156		1802934366524949203640718983168		105368218988776727248896		326122304096128932511744		1.7072373554084436e-07

		204		158		2383828683189169156480074514432		239661254585406566957056		717707205493751281614848		2.864881149572865e-07

		205		158		4635176072362588304912876044288		244536805355974975029248		767793512958557325099008		1.5579681365643218e-07

		206		158		6062787530102653250647674060800		249412356126543383101440		795115836889836877250560		1.2289957711471489e-07

		207		158		11922979211109266334977439563776		254287906897111791173632		828791605818097374593024		6.480046725276454e-08

		208		160		15776576540354780545699777871872		586004141626206950785024		1838686405713843483312128		1.0963421822495804e-07

		209		162		30911105061512537591792378314752		1362262186841654545088512		4262339737678490401505280		1.2980153520313967e-07

		210		162		41242011759062606693512136097792		1389450981745892398202880		4365517964810427201224704		9.954185243005819e-08

		211		164		80804119912027870126228230897664		3229490105752743435042816		10045314077965580379357184		1.1719179085771671e-07

		212		164		108302227273898396721842613125120		3293958582847733873246208		10224898104073226182197248		8.90441010793006e-08

		213		164		211679404110192400448305097605120		3358427059942724311449600		10873517510029271107633152		4.796099961867006e-08

		214		166		278984477037638150713810115100672		7821256913164443928494080		24294457922186465867988992		8.211833460955068e-08

		215		166		549668966632311212491943140392960		7974319138893917644128256		25671397749088291957768192		4.36647678922928e-08

		216		166		730841496200712964710711615815680		8127381364623391359762432		26355659832233433663275008		3.365774013293267e-08

		217		168		1457603271244962995505604409163776		19322060416143417711525888		62016149048352590065041408		3.9806854575213226e-08

		218		168		1962199308517999558857324780060672		19693265151241067627020288		63455035976522536914518016		3.022823937034906e-08

		219		170		3803396640244320887481429439545344		46293578696473783637639168		147867251497485574250430464		3.6416029414766814e-08

		220		170		5138709399760956830420626699190272		47182800638780667953414144		152939108882643877892194304		2.7780699127027753e-08

		221		172		10070660309913528762192991625412608		112297967964382941467901952		358618771127444136311914496		3.335713717771657e-08

		222		174		13614322903168260176205026269593600		269620294856779336628830208		831422862124434238145036288		5.7691373673954635e-08

		223		174		27146142722525589389812327249870848		274904839314476293968363520		861285393331914886648692736		2.985695504701225e-08

		224		178		36080034569134591475014107408629760		1513575633651136745359540224		4425704237383994084717232128		1.1742739251538711e-07

		225		178		69683547832966358002946708919549952		1544435255988112270502658048		4652704455462901969892409344		6.344006462896414e-08

		226		178		93010312477671960321134230239182848		1575294878325087795645775872		4749216906192102316845301760		4.850633809049661e-08

		227		178		184869733494561680950602441424896000		1606154500662063320788893696		5086473304083971954744229888		2.5824590873962278e-08

		228		178		244317540365492821431793262098644992		1637014122999038845932011520		5250681049737204954174586880		2.0110453479724033e-08

		229		180		485929310914070337185261351715471360		3793298906670150198249914368		12107952533587620741349638144		2.3343222038384563e-08

		230		180		656494379972106629963999659784404992		3866142831295298590067392512		12426245481758777147492663296		1.770338578373076e-08

		231		182		1315143706936119344838866453741436928		9337930919836891395322281984		29310058068092929399312089088		2.096313747072232e-08

		232		182		1754605806878033279595284206710685696		9517470270621228692920074240		30331220994823747524681007104		1.6200823629202805e-08

		233		182		3498683442773854833547440290531377152		9697009621405565990517866496		32272758989097341933716504576		8.557255920447151e-09

		234		182		4780238362254041416468531565771620352		9876548972189903288115658752		32957383013870291940049682432		6.3920621036860676e-09

		235		184		9399647078527400612207726802409357312		23845156973359686279000752128		79322040078498290595648241664		7.829475675697653e-09

		236		184		12720835293449768573929439009408286720		24286821636661935590340558848		81105979262148627256854970368		5.910141963775233e-09

		237		186		25754496076892445737547525889433010176		58781005549220523669622620160		195031088690744735058781798400		7.030105648001708e-09

		238		186		35232764580376460870884970039926063104		59869785009471619305538846720		204632127354143740506912325632		5.355310923509638e-09

		239		188		70127300350605601346100772390052036608		146099939282642825832992604160		478404123515705127565902479360		6.352588785451065e-09

		240		188		95978220238864019123075205414174851072		148807127160838520833090519040		505913137085844710616041783296		4.8661521832012704e-09

		241		188		192074749507163109292684114653253468160		151514315039034215833188433920		521483467074464451104381861888		2.4994586380786572e-09

		242		188		262572439465065006041656824280251367424		154221502917229910833286348800		552899926121598461473034600448		1.9210888723269506e-09

		243		188		531317252353080847248037530605545586688		156928690795425605833384263680		568916407296183646250409656320		9.745241977267393e-10

		244		192		735562552148552627177396460329610772480		953791326688906382670278164480		3219961125283981898954819239936		4.047712636975209e-09

		245		194		1511460677535239324302637996695959371776		2392653555340802109334423076864		7733849289296347977868753502208		4.779310344567051e-09

		246		196		2047559755485796237767018647345646534656		5916858037687243548807617576960		18525186818736514779482016448512		8.515370473011308e-09

		247		196		4128615542148526984923625953358400978944		6028657060036468950897111597056		19659253919233291213516027461632		4.438405123734684e-09

		248		196		5708659544929936396085312544033480900608		6140456082385694352986605617152		20143271682841340499836006301696		3.2843952377906703e-09

		249		198		11463038493589482818933325077662593449984		15470487240521154259585828126720		50217862647804649311280478289920		4.08781467131275e-09

		250		198		15810561729751081022901056758696961376256		15757561996997379471069432250368		51618508759785305661167491874816		3.0399117544622844e-09

		251		198		31662610141482963497089063900432809590784		16044636753473604682553036374016		53399199410069495402042140655616		1.5645505054995497e-09

		252		198		43187932554351694690063243270506917396480		16331711509949829894036640497664		56412159106841896817786812891136		1.2015354486297939e-09

		253		200		88161732567496446623149929502301141073920		40565719741110012313033282420736		140945033015522483679028276363264		1.4686720787081352e-09

		254		202		119570024932184231522387020919162110214144		101141965763906242491500497731584		329690497667303636343757767442432		2.5703288868757806e-09

		255		202		247094320034408063129796338410048737771520		102983876266194454452252941746176		345556944458595353434954066296832		1.294916629086311e-09

		256		204		333261835852213216277938410810988652658688		261654328796020902033654949085184		858223221577903630187310807515136		2.3971077336095203e-09

		257		204		673051642379871687740036978440312700534784		266421986162399234154165610479616		914065335916273626908153209683968		1.2511677340852578e-09

		258		204		925710433223359194872281682712581772410880		271189643528777566274676271874048		928489239297468361041866848731136		9.244692135288919e-10

		259		206		1894895977622190172141528980670214609829888		677787551140158843784717773307904		2287838989723753316917341981769728		1.1164356166323447e-09

		260		206		2613760355407399993531254050354739017678848		689913126200364132271614611947520		2424439834450919602464865482964992		8.499720832291093e-10

		261		206		5341833923611231281707152211846611741966336		702038701260569420758511450587136		2487030564081297107590072024170496		4.258691368755186e-10

		262		206		7400524057324669282441806668561489154015232		714164276320774709245408289226752		2478565449346478224786852912562176		3.0775298800942835e-10
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		d		betaprime		total cost		preprocessing		single enum		probability

		3		2		28		27		1		1.0

		4		2		67		64		3		0.9849122498461097

		5		2		128		125		3		0.9849122498461097

		6		2		221		216		5		0.9700440157282773

		7		2		349		343		6		0.9700440157282773

		8		2		521		512		9		0.9553922311963401

		9		2		741		729		12		0.9553922311963401

		10		2		1016		1000		16		0.9409538707767322

		11		2		1353		1331		22		0.9409538707767322

		12		2		1758		1728		30		0.9267259494496697

		13		2		2238		2197		41		0.9267259494496697

		14		2		2802		2744		58		0.9127055221327641

		15		2		3455		3375		80		0.9127055221327641

		16		2		4210		4096		114		0.8988896831710534

		17		2		5075		4913		162		0.8988896831710534

		18		2		6065		5832		233		0.8852755658336039

		19		2		7197		6859		338		0.8852755658336039

		20		2		8497		8000		497		0.8718603418164662

		21		2		9999		9261		738		0.8718603418164662

		22		2		11755		10648		1107		0.8586412207515879

		23		2		13711		12167		1544		0.8586406150122996

		24		2		15780		13824		1956		0.8455841471474115

		25		2		17991		15625		2366		0.8445764624512333

		26		2		20427		17576		2851		0.8306462211808623

		27		2		22846		19683		3163		0.8163004915151575

		28		2		25471		21952		3519		0.7957731437408732

		29		2		28347		24389		3958		0.746259119188332

		30		2		31291		27000		4291		0.714182481609771

		31		2		34489		29791		4698		0.6013113517296197

		32		2		37864		32768		5096		0.57307274947906

		33		3		49063		37631		5916		0.4690794804771981

		34		5		56132		47123		6910		0.4967472803700531

		35		7		76276		63959		9872		0.49866644329055565

		36		7		89284		68438		10464		0.4676205507972112

		37		10		128894		111618		17277		0.5336602382061582

		38		10		140440		117869		18051		0.49862032723610517

		39		12		201194		166567		28180		0.4986711814299569

		40		12		234538		174764		29001		0.46192330595110026

		41		14		316096		242589		39315		0.4706936381233206

		42		14		369544		253359		39679		0.4320179153107852

		43		16		456125		344537		61719		0.47025439060624175

		44		16		530991		358633		62644		0.43218340540605626

		45		16		842202		372993		61882		0.3081196382054837

		46		20		827965		630590		111929		0.47256628092414815

		47		20		1222630		654072		111754		0.3603439494777201

		48		20		1443336		677836		112507		0.32336036595880613

		49		20		2113805		701888		121380		0.24257417574254456

		50		20		2561366		726234		116947		0.20929383142190447

		51		20		4914257		750880		112541		0.11779738423599113

		52		20		5118457		775832		122804		0.1177159078119976

		53		20		10604093		801096		118538		0.059990042227716665

		54		20		13363733		826678		118302		0.049191453977773796

		55		20		25222442		852584		128797		0.027374097836079237

		56		20		32824521		878820		123946		0.02155658561176901

		57		20		96151247		905391		123345		0.007603185447541274

		58		20		90364952		932305		134004		0.008382225805972896

		59		20		311536611		959567		128623		0.0024886143934797233

		60		20		423842610		987183		127671		0.001874600293171727

		61		20		1323548286		1015159		138412		0.0006215447928269321

		62		20		1723566183		1043501		136177		0.0004881263079704791

		63		20		10737162624		1072215		131226		7.99503983585954e-05

		64		20		8420622400		1101307		141959		0.00010531732358850843

		65		20		55594086766		1130783		139331		1.6297214928556567e-05

		66		20		82553735997		1160649		136142		1.1205555031496732e-05

		67		20		316668130304		1190911		144588		3.0084391149175655e-06

		68		20		496800346378		1221575		141581		1.9573378350877048e-06

		69		20		3699926531335		1252647		138024		2.6812295840101407e-07

		70		20		3267851281952		1284133		149509		3.1295428444766574e-07

		71		20		26057954160715		1316039		145197		4.000209620849694e-08

		72		20		23761318721871		1348371		158310		4.523280004364841e-08

		73		20		199424435013235		1381135		154295		5.49229845498434e-09

		74		20		378979904985082		1414337		149691		2.943953316996792e-09

		75		20		1703914500036477		1447983		158315		6.724823116382314e-10

		76		27		1810975220350		2994246		366295		1.3237284482075425e-06

		77		34		47518053466		6125617		890148		0.00010531642735297552

		78		41		5440567613		27080791		5175136		0.004220363441769972

		79		42		6360492243		31793555		6515600		0.0042872795528906375

		80		42		7618328303		32551604		6627349		0.0036618400096987817

		81		47		7070960014		95384390		23729613		0.01194483751946172

		82		47		8328723643		97849578		23631589		0.01035084228846661

		83		48		13177873832		116206024		29978974		0.007882116167831502

		84		48		15751103990		119113612		29399997		0.006703446298131854

		85		50		27112392486		203860814		49651853		0.006647935915938921

		86		50		31100943293		209005477		55829798		0.006056008690704388

		87		50		54548026582		214150655		54199605		0.0035031904949025246

		88		52		65391837585		413226863		112503607		0.005718701584429926

		89		52		114473814872		423487273		110260944		0.003320556156398097

		90		52		139272207497		433748217		109394032		0.0027780993228891694

		91		52		248480600916		444009701		110492692		0.0015906253680528209

		92		52		307180246537		454271732		109360462		0.0013080396584314417

		93		54		573443730855		1135127679		283800747		0.0017635551455795538

		94		54		677162208435		1161881371		319804911		0.0015596503633223337

		95		54		1248701544964		1188635628		314116185		0.0008581136398693803

		96		56		1566747745212		2834892543		766004370		0.001638167255998958

		97		56		2864416248207		2900569523		758798264		0.0009109082871508235

		98		56		3582207106801		2966247085		760909163		0.0007419392482367241

		99		56		6771186571326		3031925235		759759382		0.0003993772161462094

		100		56		8370302955212		3097603978		831760403		0.0003348197045794813

		101		56		16422187506867		3163283322		822426927		0.00017311700084837733

		102		58		19853335775172		8534255499		2282624987		0.0003885856395310963

		103		58		39065221572165		8715016923		2238145871		0.00019999006290751035

		104		58		49971397830706		8895778964		2289173564		0.00015965428300235203

		105		58		97769484564478		9076541630		2465106501		8.420712028487649e-05

		106		58		129879368524588		9257304925		2396769146		6.400682776458693e-05

		107		60		268395146904505		41894267339		10993277336		0.00014055646321213614

		108		60		350360285184082		42741987229		11103127322		0.00010962515627320624

		109		60		705991959635313		43589707766		12029434513		5.619723216209227e-05

		110		60		937514992388062		44437428958		11861247679		4.2836429088269095e-05

		111		62		1886192519092994		177056919469		46160955657		8.44164758185647e-05

		112		62		2458170516383649		180504089132		51768276116		6.740211086361788e-05

		113		62		5093985730403253		183951259468		51155264790		3.292322765506498e-05

		114		62		6960900987594620		187398430481		49642881773		2.4291588120297266e-05

		115		62		15143794405532626		190845602179		48950052059		1.1295533496106056e-05

		116		62		20298572441821472		194292774567		53945533994		8.723766052015639e-06

		117		62		45426113064696448		197739947650		52545655821		3.930357326756882e-06

		118		62		65446046318353904		201187121436		50606912810		2.744504973502602e-06

		119		62		151458759777286400		204634295929		51393704907		1.2058558768694499e-06

		120		62		207757920477078944		208081471137		55449167105		9.048486130223667e-07

		121		64		391199287334605824		1006414361108		262500234623		2.3138565602975084e-06

		122		64		545992391043074176		1023255650195		285812222029		1.710321675976166e-06

		123		64		1291401649013625856		1040096940015		278915312605		7.286012840572505e-07

		124		64		1926329456672370432		1056938230572		268383512748		4.907872231948341e-07

		125		68		3656359040366359552		58584935675009		16478081132127		1.4644569078342445e-05

		126		68		5127187458843361280		59578536415016		16656297028192		1.0606560013951857e-05

		127		68		11533629446399901696		60572137155778		17789680337490		4.8466320615267525e-06

		128		68		16804280737094346752		61565737897303		17214303636619		3.344245475594299e-06

		129		68		38666487038436106240		62559338639596		17109386643870		1.4697904784179016e-06

		130		68		57228627636243283968		63552939382662		18390953901134		1.0214230123481408e-06

		131		68		139179987295935299584		64546540126509		17485064637838		4.204428014140909e-07

		132		68		207374555537135239168		65540140871141		17718708143698		2.864029386372126e-07

		133		68		499459423539061194752		66533741616566		19780536791575		1.2327783625169218e-07

		134		70		596351238066151358464		434170216357325		123242872915587		6.667722087057082e-07

		135		70		1434601712239163736064		440705918975500		136455427389715		2.869910994282202e-07

		136		70		2243201191720336490496		447241621594484		128426503160005		1.8306550307469852e-07

		137		72		4312907872653774159872		3204495232041108		923031178143305		6.826877790602395e-07

		138		72		6578005976308084899840		3252017869541568		1011904660361734		4.623996947321677e-07

		139		72		16107918305693284696064		3299540507042857		980101214727488		1.8952676535488377e-07

		140		72		25529778803758971486208		3347063144544979		960767539496291		1.2036885921071025e-07

		141		72		65519440315146420879360		3394585782047942		1025995378359023		4.812954726224729e-08

		142		79		4147836046824043446272		4684703489249363		1531004465150722		1.0689844420972334e-06

		143		86		1108460394076084764672		4687667895474212		1584056345199232		4.03616112855971e-06

		144		93		434385468314269908992		4745619229477492		1570600295949406		1.037247203555449e-05

		145		100		241095111711147786240		5490616683722285		1784240819901655		2.1524546460040317e-05

		146		106		225446334895449702400		15833560891331768		5007455100648696		6.594228397089233e-05

		147		106		410828298026292543488		16093319628445332		5060894113988114		3.673086525729529e-05

		148		106		512743393723531788288		16353078365559776		5198253149314526		2.998265728138228e-05

		149		106		944035845184881557504		16612837102675110		5347022998752771		1.659357941857754e-05

		150		106		1196251909054147854336		16872595839791336		5521455511127926		1.3353949311060332e-05

		151		106		2237144751257335103488		17132354576908464		5658723158709832		7.267278374521234e-06

		152		106		2843444661975052713984		17392113314026496		5793596745097824		5.816703869575271e-06

		153		108		5374744652899141287936		38213147940578696		12622471470405560		6.747010958355327e-06

		154		108		6945608430298097254400		38913868511017544		12998192241319338		5.3316227613188145e-06

		155		108		13067232574413685653504		39614589081457320		13077291580680440		2.8764845875379727e-06

		156		108		16686869954295217782784		40315309651898024		13636685457440822		2.3064005043842715e-06

		157		110		32228051553002857693184		98094145462824336		32698184543161424		2.8950108491117652e-06

		158		110		42541716938518465347584		99969175447674896		33736734394726916		2.2420108011144113e-06

		159		112		79733570616930500345856		249724490789512608		82094606560773152		2.968671322655114e-06

		160		112		106167127521428307443712		254640831822356224		84918768323199792		2.2815397950725494e-06

		161		112		204450361951039118114816		259557172855200800		89010424066095584		1.2161900942870753e-06

		162		112		269306204011156582957056		264473513888046336		90769420544021248		9.409823629889719e-07

		163		114		531802814005157646303232		724934532470029312		243874625023711424		1.2995408008686467e-06

		164		114		689316702916643523657728		738856334445298816		249558533829236960		1.022875656239241e-06

		165		116		1375281344093016293376000		2102911068679127296		708571607554514816		1.458297531712312e-06

		166		116		1825909775698779810299904		2143508213562852352		729926793559914624		1.122598398290709e-06

		167		118		3782106864519799539499008		6749107827345577984		2213749751319608576		1.690499045531392e-06

		168		118		5012534242269482308337664		6879999919982369792		2288721654106398720		1.3048294382864873e-06

		169		120		10432744227373777873272832		21414104855409512448		7146641403161652224		1.9528692358905855e-06

		170		120		13758282762854145686765568		21829620696363757568		7149851903598198784		1.5025485633294472e-06

		171		122		27042091414540489509044224		56435466327632617472		18593164340006981632		1.979196486282808e-06

		172		122		35524494350571703149527040		57527451109718859776		19232053466272251904		1.5413686467302025e-06

		173		122		68017655556222695319273472		58619435891805102080		19567580960288690176		8.200029298437091e-07

		174		124		101678655333185758412406784		201996619884020498432		65829251086447992832		1.8789919566433278e-06

		175		124		192340143496760663706959872		205849278797365346304		67882370623401771008		1.0152136665506314e-06

		176		126		260773694614161629378510848		539649513099538530304		172886631146181722112		1.9491501395254577e-06

		177		126		495887013943314386729828352		549903888017225351168		176343878320677224448		1.0447309114780545e-06

		178		126		661891364506210409400762368		560158262934912040960		185887040004747755520		8.040460229411724e-07

		179		126		1268824918561230728351186944		570412637852598861824		188566244077875298304		4.267077174263571e-07
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		d		betaprime		total time		total cost

		20		2		0.000652603805065155		299

		21		2		0.0006483793258666992		581

		22		2		0.0006520822644233704		668

		23		2		0.000679943710565567		1016

		24		2		0.0007007420063018799		1066

		25		2		0.0007454417645931244		2521

		26		2		0.0007270611822605133		1535

		27		2		0.000759173184633255		1919

		28		2		0.0008949935436248779		4235

		29		2		0.000996079295873642		3613

		30		2		0.0010612532496452332		7939

		31		2		0.001071792095899582		4760

		32		2		0.0011094249784946442		5589

		33		2		0.0011587627232074738		7538

		34		2		0.0013403110206127167		11941

		35		2		0.0014098063111305237		13188

		36		2		0.001407124102115631		14197

		37		2		0.0020367763936519623		35855

		38		2		0.0022366903722286224		42003

		39		2		0.003386329859495163		84286

		40		2		0.0023851729929447174		41308

		41		2		0.004686243832111359		126128

		42		2		0.007843758910894394		248630

		43		2		0.00757208839058876		234263

		44		2		0.009732525795698166		311255

		45		2		0.021104149520397186		740027

		46		2		0.022083811461925507		780445

		47		16		0.02880701795220375		415701

		48		22		0.028999563306570053		329011

		49		30		0.03399860858917236		384989

		50		26		0.03736111894249916		512849

		51		30		0.04530274122953415		711716

		52		30		0.0504990853369236		838118

		53		36		0.07008174061775208		1420814

		54		36		0.08474799245595932		1871230

		55		36		0.11356257647275925		2874002

		56		36		0.12943287193775177		3258293

		57		36		0.18596112355589867		4232906

		58		36		0.19373289123177528		4235908

		59		40		0.4215168431401253		11494654

		60		38		0.36882850155234337		9573255

		61		36		0.5253873467445374		13327832

		62		40		0.5876305177807808		15129544

		63		40		0.8927010931074619		24101302

		64		40		0.9634522870182991		24949577

		65		40		1.594275001436472		43528002

		66		42		1.8194912746548653		53400607

		67		44		2.663832724094391		74816220

		68		40		3.9750048965215683		103957396

		69		50		4.608595013618469		94278302

		70		48		4.919469580054283		94607494

		71		48		7.179761976003647		148696195

		72		54		8.687813803553581		196291735

		73		52		12.086233258247375		259003119

		74		56		13.877753958106041		333682387

		75		52		17.340231001377106		379089803

		76		56		20.825552240014076		504580992

		77		54		30.89311219751835		730041816

		78		56		33.08939418196678		803199167

		79		56		46.944620832800865		1082337857

		80		58		60.94048768281937		1259305958

		81		58		81.76213882863522		1670780150

		82		58		95.57223972678185		2183645535

		83		58		151.00932595133781		3310574563

		84		60		185.13901016116142		4458250178

		85		62		266.11382146179676		6077511872

		86		62		353.7394719719887		8439576441

		87		64		540.5686945468187		13420646846

		88		64		629.9136705696583		14563540972

		89		62		1020.2117089182138		22685150800

		90		64		1250.8037571012974		29022450880

		91		66		1930.592603057623		48848412346

		92		66		2195.6768797039986		55351054819

		93		66		3674.3936294168234		93473898065

		94		66		4848.463070347905		119291252933

		95		72		7204.959591090679		156959389940

		96		72		8074.830259531736		181635301081

		97		72		13560.667105406523		299374008968

		98		76		14281.70617172122		338514922705




#!/usr/bin/env python
# -*- coding: utf-8 -*-
from collections import OrderedDict
from fpylll import IntegerMatrix, GSO, Pruning, LLL
from fpylll.fplll.bkz_param import Strategy
from fpylll.fplll.pruner import svp_probability
from fpylll.util import gaussian_heuristic
from math import log
from multiprocessing import Pool
import begin
import logging
import pickle
import os


def cost_kernel(
    arg0, preproc=None, strategies=None, costs=None, float_type=None
):
    """
    Compute pruning coefficients after preprocessing and return estimated cost.

    :param arg0: either a tuple containing all arguments or r (squared Gram-Schmidt vectors)
    :param preproc: preprocessing parameters
    :param strategies: reduction strategies
    :param costs: precomputed costs for smaller dimensions
    :param float_type: float type to use in pruner

    :returns: cost and strategy

    ..  note :: the unusual arrangement with ``arg0`` is to support ``Pool.map`` which only
        supports one input parameter.
    """
    from cost import preprocess

    if (
        preproc is None
        and strategies is None
        and costs is None
        and float_type is None
    ):
        r, preproc, strategies, costs, float_type = arg0
    else:
        r = arg0

    d = len(r)

    r, preproc_cost = preprocess(r, preproc, strategies, costs, max_loops=1)

    gh = gaussian_heuristic(r)
    target_norm = 1.05 ** 2 * gh

    pruner = Pruning.Pruner(
        target_norm,
        preproc_cost,
        [r],
        target=1,
        metric=Pruning.EXPECTED_SOLUTIONS,
        float_type=float_type,
    )
    coefficients = pruner.optimize_coefficients([1.0] * d)
    cost = {
        "total cost": preproc_cost + pruner.repeated_enum_cost(coefficients),
        "single enum": pruner.single_enum_cost(coefficients),
        "preprocessing block size": preproc,
        "preprocessing": preproc_cost,
        "probability": svp_probability(coefficients, float_type=float_type),
    }
    return cost


def load_svp_challenge(d, seed=0):
    """
    Load SVP Challenge matrix in dimension `d` and ``seed``

    :param d: dimension
    :param seed: random seed

    """
    filename = os.path.join("data", "svp-challenge", "%03d-%d.txt" % (d, seed))

    if os.path.isfile(filename) is False:
        import requests

        logging.debug(
            "Did not find '{filename}', downloading ...".format(
                filename=filename
            )
        )
        r = requests.post(
            "https://www.latticechallenge.org/svp-challenge/generator.php",
            data={"dimension": d, "seed": seed, "sent": "True"},
        )
        logging.debug("%s %s" % (r.status_code, r.reason))
        fn = open(filename, "w")
        fn.write(r.text)
        fn.close()

    A = IntegerMatrix.from_file(filename)
    LLL.reduction(A)
    return A


def load_svp_challenge_r(d, seed=0):
    """
    Load SVP Challenge in dimension `d` and ``seed``

    :param d: dimension
    :param seed: random seed

    """
    A = load_svp_challenge(d, seed=seed)
    if d < 160:
        M = GSO.Mat(A, float_type="d")
    elif d < 320:
        M = GSO.Mat(A, float_type="dd")
    else:
        M = GSO.Mat(A, float_type="qd")
    M.update_gso()
    return M.r()


@begin.start  # noqa
@begin.logging
@begin.convert(upper_limit=int, lower_limit=int, ncores=int)  # noqa
def svp_challenge(
    upper_limit: "compute up to this dimension (inclusive)",
    strategies_and_costs: "previously computed strategies and costs to extend",
    lower_limit: """compute starting at this dimension,
                  if ``None`` lowest unknown dimension is chosen.""" = None,
    dump_filename: """results are regularly written to this filename, if ``None``
                  then ``data/fplll-estimates-{lattice_type}.sobj`` is used.""" = None,
    ncores: "number of cores to use in parallel" = 4,
):

    from cost import _pruner_precision

    if dump_filename is None:
        dump_filename = os.path.join(
            "data", "fplll-simulations,svp-challenge.sobj"
        )

    if strategies_and_costs is not None:
        try:
            strategies, costs = strategies_and_costs
        except ValueError:
            strategies, costs = pickle.load(open(strategies_and_costs, "rb"))
    else:
        costs, strategies = [], []
        for i in range(3):
            strategies.append(Strategy(i, [], []))
            costs.append({"total cost": 0.0})

    if ncores > 1:
        workers = Pool(ncores)

    scc = OrderedDict()

    for d in range(lower_limit, upper_limit + 1):
        try:
            r = load_svp_challenge_r(d, seed=0)
        except FileNotFoundError:
            continue

        float_type, precision = _pruner_precision(d)

        try:
            start = max(strategies[d].preprocessing_block_sizes[0] - 16, 2)
        except (KeyError, IndexError):
            start = 2

        stop = d
        best = None
        for giant_step in range(start, stop, ncores):
            jobs, results = [], []
            for baby_step in range(giant_step, min(stop, giant_step + ncores)):
                jobs.append((r, baby_step, strategies, costs, float_type))

            if ncores == 1:
                for job in jobs:
                    results.append(cost_kernel(job))
            else:
                results = workers.map(cost_kernel, jobs)

            do_break = False
            for cost in results:
                if best is None or cost["total cost"] < best["total cost"]:
                    best = cost
                if cost["total cost"] > 2 * best["total cost"]:
                    do_break = True
                    break
            if do_break:
                break

        scc[d] = best
        logging.info(
            "%3d :: %5.1f, %3d"
            % (d, log(best["total cost"], 2), best["preprocessing block size"])
        )
        pickle.dump(scc, open(dump_filename, "wb"))



		d		betaprime		total cost		preprocessing		single enum		probability

		80		56		180921446		89478054		61587043		0.029327927847318448

		82		56		288284359		95457669		137244938		0.022359318371907674

		84		58		470602309		144144361		210519309		0.018964291881502348

		86		62		797153864		328171535		357529676		0.02152674218236239

		88		64		1375662592		546753457		786811638		0.02019811635336057

		90		64		2293212242		584301272		897426595		0.012177214585535558

		92		64		4305815359		621851248		1054699454		0.006573194611344249

		94		70		7653282729		2612239445		3950824226		0.013338258020536228

		96		70		14355109835		2793968240		4561632251		0.007217031369720803

		98		74		23916663052		7160710904		11178559593		0.009823877557278822

		100		74		42212708747		7658208367		12780045110		0.0056295701807442915

		102		76		77259403363		12970741311		22211283321		0.00480678529082668

		104		76		144581872107		13815275669		25772372622		0.0026020478430402593

		106		78		269609600005		22737922850		42830921918		0.0020939391803352593

		108		82		519845346857		66649466257		118553050601		0.002815685094787479

		110		82		983587940559		71024306716		136192625962		0.0014982285710042143

		112		86		1873133056153		212282113151		382051900887		0.0020774399044206546

		114		86		3595270029363		226278188974		436936511596		0.0010872256941942449

		116		90		7001119596868		698942082453		1273055179919		0.0015209471434617973

		118		90		13664859842595		745158395891		1483218610559		0.0007931369586707235

		120		90		27246368001480		791374712161		1687861368029		0.0003993547572616112

		122		96		54675608119657		5030064873106		9148485894333		0.0010557108297068762

		124		98		107156642819374		9639930992063		18412049307967		0.0009527625017141168

		126		98		209271757290412		10284791989591		20284166119345		0.00048686206707938205

		128		98		417483587977514		10929652990143		23378622345310		0.0002469122066300162

		130		102		854232383917650		37357493040378		79216635440474		0.00036816358382024656

		132		102		1726298196586792		39700980459226		83902975329986		0.000178047859761803

		134		104		3602744241978078		75780862577309		175482508529013		0.00015372929465098234

		136		104		7603299652893097		80254453002883		182335832770678		7.068789469193562e-05

		138		108		16023288676484508		300340219257724		635669794481839		0.00010945965798374268

		140		110		33265956294849116		639807431518846		1380688820379500		0.00010285862262208672

		142		110		69687823227232832		677908892830396		1549941915235660		4.9270791269909615e-05

		144		114		146168709097962688		2608939981828816		5978216518627824		8.099862479563859e-05

		146		114		309464167515699136		2764158947858988		6107699225324447		3.6556397045854575e-05

		148		114		669973851882790528		2919377913892664		7127995760213216		1.712146811156645e-05

		150		120		1465836460832930560		23413903625459076		50831558423689096		5.3399847512086974e-05

		152		120		3109744057868458496		24812266241499220		57067849850537400		2.523623178990333e-05

		154		120		6824696940974003200		26210628857543012		64606736626321712		1.1515936903162654e-05

		156		124		14672323583577260032		117023826096455472		266496949963085824		2.0801728269297897e-05

		158		126		32380487990476161024		240810466670524288		554127049442710464		1.771442288994814e-05

		160		128		69954080456014946304		497610146658793280		1136213369491429248		1.5303230874942935e-05

		162		128		152703451787486494720		525639344125478848		1309221607973206784		7.095079934392011e-06

		164		128		337900316896316030976		553668541592168320		1415606917124899072		3.1322295567197424e-06

		166		130		766425034291142721536		1173191603611251968		3313506901888997376		2.7597207275709586e-06

		168		134		1720772186739161956352		5321906712300260352		12854795198562172928		4.697816529211486e-06

		170		134		3881900272128222035968		5606807472757577728		14259585961419591680		2.0535672574746377e-06

		172		136		8953402899763536330752		12337980769287090176		31897484326410711040		1.8007058609723608e-06

		174		138		20487102695599392161792		27733444690975711232		70126866115019431936		1.5937320947267098e-06

		176		142		47325818027992288329728		133850579650311815168		359010980261228052480		3.0969692308463034e-06

		178		142		107534219875055977889792		141034972867773267968		369836695790355677184		1.303843915993547e-06

		180		146		245540232683630649933824		689393803323636187136		1808439253230770454528		2.485910856301937e-06

		182		146		555030622396132536352768		726450246016236126208		2029424385170312265728		1.0927621804911831e-06

		184		148		1281695823267798840246272		1607287247781806211072		4061020063786339401728		9.117938295650439e-07

		186		148		3042034298312970179969024		1689177513699771416576		4479039921066354409472		3.7902473168666163e-07

		188		152		7172251113155210099294208		8622765877486696792064		21632822398843516616704		7.220718958628782e-07

		190		154		16578532694886759295614976		20025152971426163064832		54767846322418088935424		6.834297404834943e-07

		192		154		38964119108172105585262592		21047930275228918218752		56001187404703101616128		2.775436829061306e-07

		194		158		92022153972088649564553216		108351446807057667194880		260666228415927360159744		5.163555340081897e-07

		196		158		214776124983550549482799104		113887693099256887902208		287905569632828449095680		2.1849981080229447e-07

		198		158		516115125575918262471884800		119423939391456108609536		374352380598034636996608		9.8123501029236e-08




		d		betaprime		total time		total cost

		60		35		0.10622637500000003		1350467

		62		37		0.5242511249999999		6846042

		64		39		0.664369875		9879044

		66		41		0.797877625		17143169

		68		43		0.6636268750000001		15569532

		70		45		1.8999614999999999		50736244

		72		47		2.132681		31652813

		74		49		2.570065625		40905829

		76		51		5.719641500000001		88645604

		78		53		10.763420375		198877887

		80		55		12.71961375		250185582

		82		57		23.103716875000003		498819608

		84		59		28.442104		588019189

		86		61		54.49724099999999		1120892107

		88		63		131.13432962500002		2591755362

		90		65		162.992626		3378297277

		92		67		329.1824365		6364552742

		94		69		733.170424875		13748359951

		96		71		1488.74844225		27991141530

		98		73		2186.53564475		42232071498

		100		75		4538.160172125		82494387834

		102		77		4412.165239624999		88814479146

		104		79		11581.250554625		240705455396

		106		81		18904.089948499997		426664967607

		108		83		30437.791090374998		665558807819

		110		85		97158.67818325001		2013966913639




		d		CN		AN		FK15		KT17		G6K

		123		nan		nan		nan		nan		4

		124		7200		nan		nan		nan		23

		125		19200		nan		nan		nan		47

		126		nan		2280		1440		nan		19

		127		nan		nan		nan		nan		85

		128		nan		nan		1920		nan		94

		129		nan		nan		nan		nan		33

		130		nan		3900		5952		nan		nan

		131		nan		nan		nan		nan		41

		132		nan		nan		43200		nan		nan

		133		nan		nan		nan		nan		71

		134		nan		nan		nan		158016		nan

		135		nan		nan		nan		nan		277

		136		nan		nan		nan		nan		354

		137		nan		nan		nan		nan		362

		138		nan		nan		nan		1680000		nan

		139		nan		nan		nan		nan		380

		140		nan		nan		nan		600000		nan

		141		nan		nan		nan		nan		190

		142		nan		nan		nan		840000		nan

		143		nan		nan		nan		nan		669

		144		nan		nan		nan		840000		nan

		145		nan		nan		nan		nan		1496

		146		nan		nan		nan		1536000		nan

		147		nan		nan		nan		nan		4790

		148		nan		nan		nan		5388000		nan

		149		nan		nan		nan		nan		4660

		150		nan		nan		nan		4350912		nan

		151		nan		nan		nan		nan		10980

		152		nan		nan		nan		nan		nan

		153		nan		nan		nan		nan		21864

		154		nan		nan		nan		nan		nan

		155		nan		nan		nan		nan		25344




		d		betaprime		total cost		preprocessing		single enum		probability

		3		2		28		27		1		1.0

		4		3		126		125		1		0.5115806393178025

		5		3		217		216		1		0.9849122498461097

		6		3		344		343		1		0.5173043032836402

		7		3		513		512		1		0.9700440157282773

		8		3		1002		1000		2		0.5270831288266767

		9		4		1333		1331		2		0.9553922311963401

		10		4		1730		1728		2		0.5445100346540713

		11		4		2199		2197		2		0.9409538707767322

		12		4		3378		3375		3		0.5261011959615552

		13		4		4100		4096		4		0.9267259494496697

		14		4		4917		4913		4		0.5379710063759356

		15		4		5837		5832		5		0.9127055221327641

		16		4		8007		8000		7		0.5488783562101347

		17		4		9271		9261		10		0.8988896831710534

		18		4		10659		10648		11		0.5751690335200941

		19		7		12182		12167		15		0.8852755658336039

		20		7		15646		15625		21		0.5374455615564763

		21		7		17607		17576		31		0.8718603418164662

		22		8		19716		19683		33		0.5896824500448873

		23		8		22000		21952		48		0.8586412207515879

		24		8		27070		27000		70		0.55905157437599

		25		8		29900		29791		109		0.8456154497215116

		26		8		32885		32768		117		0.5300228701158601

		27		8		36129		35937		192		0.8327803127796929

		28		8		43053		42875		178		0.5657460852156185

		29		8		47106		46656		450		0.8201331304798151

		30		16		50907		50653		254		0.5127534291248033

		31		16		55866		54872		994		0.8059849785339585

		32		21		64493		64000		493		0.5158311811577984

		33		22		70303		68921		1382		0.7416805842535954

		34		22		74769		74088		681		0.5155148167318157

		35		34		81060		79507		1553		0.5870360617575423

		36		35		92327		91125		1202		0.5177232644323924

		37		35		99250		97336		1914		0.513367184242467

		38		36		105491		103823		1668		0.5161772793892263

		39		38		112939		110592		2347		0.5119647720117251

		40		39		130522		125000		4570		0.5074432374973724

		41		40		141062		132651		8411		0.515312098841997

		42		41		149290		140608		8682		0.529721657483528

		43		42		155296		148877		6419		0.5101985471355692

		44		43		180061		166375		13686		0.5221466640787938

		45		44		196743		175616		21127		0.5224908102218352

		46		44		207772		185193		21775		0.5086453278523335

		47		46		236861		195112		41749		0.5375161933792774

		48		46		261965		216000		45965		0.5329506657236186

		49		48		256152		226981		29110		0.5099164430978019

		50		49		268229		238328		29901		0.5106648533352737

		51		49		304155		250047		54108		0.5253360838773845

		52		51		337035		274625		62410		0.5575056778542407

		53		52		370846		287496		78886		0.5057749542614304

		54		52		391496		300763		90733		0.5234606253883182

		55		54		459220		314432		144788		0.5136257655490021

		56		55		489302		343000		140371		0.5057450300356023

		57		56		609181		357911		251270		0.5106643797897045

		58		56		638685		373248		260251		0.5071536166533315

		59		58		846371		389017		403399		0.48720276922990463

		60		59		886206		421875		420746		0.49250388281827173

		61		60		1203266		438976		464172		0.414580450862635

		62		60		1277174		456533		474333		0.40543421115571227

		63		62		1744413		474552		536173		0.3385492875316124

		64		63		1798122		512000		549265		0.34362590606195215

		65		64		2464328		531441		608914		0.2811474228466025

		66		64		2612629		551368		618040		0.2733381989408915

		67		66		3618257		571787		669427		0.21706764574377177

		68		67		3708357		614125		705470		0.22418478774709358

		69		68		5141849		636056		793072		0.17985067135673663

		70		68		5449035		658503		796835		0.17347306188033834

		71		70		7662188		681472		883336		0.1355688961259945

		72		71		7752649		729000		914349		0.1403333813263643

		73		72		10955044		753571		1042365		0.1103653294499451

		74		72		11589445		778688		1048128		0.10635228085352727

		75		74		16518508		804357		1165095		0.08153413757104776

		76		75		16673689		857375		1195569		0.08408437084646443

		77		76		23809209		884736		1296907		0.06327396012951512

		78		76		25322027		912673		1347089		0.061676044424503654

		79		78		36543012		941192		1412703		0.04491026470064668

		80		79		36514162		1000000		1465113		0.04701781004832901

		81		80		53203619		1030301		1690272		0.0358199417231454

		82		80		56535146		1061208		1633772		0.033433092494959044

		83		82		82989127		1092727		1882360		0.025248746775411543

		84		83		82914695		1157625		1938825		0.026288338387342684

		85		84		122106483		1191016		2145665		0.019304236233642844

		86		84		130647718		1225043		2142097		0.018216958638006805

		87		86		194556101		1259712		2410820		0.01336803550116639

		88		87		191707586		1331000		2444829		0.013951738142793556

		89		88		286346990		1367631		2808565		0.01034984164948829

		90		88		307250359		1404928		2740922		0.009579333164986185

		91		90		462255230		1442897		3064627		0.006931850453808835

		92		91		454481832		1520875		3058397		0.007161807565686977

		93		92		686949972		1560896		3349216		0.005085833665530326

		94		92		743536646		1601613		3417604		0.004803866586765272

		95		94		1130763951		1643032		3757763		0.003401329327483922

		96		95		1111221382		1728000		3842478		0.0035695889306012717

		97		96		1702141983		1771561		4147402		0.002477501283199003

		98		96		1845310426		1815848		4254949		0.0023440633250296746

		99		98		2861969216		1860867		4621800		0.0016145091104320562

		100		99		2749676280		1953125		4717052		0.0017289509809252932

		101		100		4296289225		2000376		5192753		0.0011936241658795557

		102		100		4628344417		2048383		5221614		0.0011198706444450984

		103		102		7265842390		2097152		5578200		0.0007532711430893983

		104		103		7120298244		2197000		5720754		0.0007929287524778506

		105		104		11287087976		2248091		6199432		0.000533745375038508

		106		104		12241751954		2299968		6260946		0.0004987361275881914

		107		106		19450061688		2352637		6781950		0.00033496372141172324

		108		107		18956682368		2460375		7001206		0.00035598085537541166

		109		108		30272442514		2515456		7666546		0.00023990329220814155

		110		108		32698658643		2571353		7581908		0.0002214777614398518

		111		110		52575440362		2628072		8353033		0.00014898184760655383

		112		111		51946162049		2744000		8723642		0.0001574668283695663

		113		112		83064363513		2803221		9423143		0.00010499348808589455

		114		112		92341771207		2863288		9574608		9.607943758231721e-05

		115		114		151280072512		2924207		10496682		6.328319966109133e-05

		116		115		142063887210		3048625		10317597		6.711397859617624e-05

		117		116		231656687533		3112136		11225197		4.4148559713314926e-05

		118		116		254675268624		3176523		11498596		4.1104420034529705e-05

		119		118		412816598167		3241792		12357517		2.6955348186591645e-05

		120		119		399276552594		3375000		12350694		2.809522400271099e-05

		121		120		643635004303		3442951		13359291		1.8621991456852266e-05

		122		120		718451649019		3511808		13515626		1.6906378720753736e-05

		123		122		1175184113530		3581577		14695218		1.109415743174107e-05

		124		123		1129422881833		3723875		14917922		1.1774195239126272e-05

		125		124		1840415619032		3796416		15696307		7.555401540765175e-06

		126		124		2053360912001		3869893		16005091		6.9046647251629175e-06

		127		126		3381837115182		3944312		16941990		4.405655297735486e-06

		128		127		3261420457518		4096000		17381528		4.697632993517034e-06

		129		128		5398107274153		4173281		18631920		3.0136605281371656e-06

		130		128		6102603966027		4251528		18972262		2.714687968804951e-06

		131		130		9971848808944		4330747		19865815		1.73093277349235e-06

		132		131		9598073047405		4492125		20173796		1.833223811777795e-06

		133		132		15928138922268		4574296		21594218		1.1719696748871055e-06

		134		132		17914190135797		4657463		21846451		1.0553953976633426e-06

		135		134		29884876341221		4741632		22676943		6.54479228275189e-07

		136		135		28885357305262		4913000		23848647		7.102945094423927e-07

		137		136		47825922264008		5000211		24544438		4.4067456152349576e-07

		138		136		54415247076072		5088448		25801415		4.0494672506242295e-07

		139		138		90729851845953		5177717		26203648		2.4673125946896816e-07

		140		139		87038241405439		5359375		27577183		2.69942113104714e-07

		141		140		145859812905384		5451776		27954235		1.6337722812689803e-07

		142		140		166553272677167		5545233		28915727		1.4759673834486814e-07

		143		142		281032594136492		5639752		30342462		9.133427091298705e-08

		144		143		267637192669056		5832000		30860704		9.779931903553542e-08

		145		144		451965774395583		5929741		31258436		5.86951107030621e-08

		146		144		516346895919576		6028568		32949453		5.38493913484253e-08

		147		146		878842294499117		6128487		32759467		3.156506866274654e-08

		148		147		835449882835229		6331625		35616475		3.5817434991337995e-08

		149		148		1424367325881706		6434856		37267911		2.18871655632522e-08

		150		148		1627906571934731		6539203		37810000		1.9433853813760785e-08

		151		150		2798316187713425		6644672		37683176		1.1300104500002224e-08

		152		151		2635793082804922		6859000		40442904		1.2801766541748745e-08

		153		152		4489019598346338		6967871		40948391		7.614370884265478e-09

		154		152		5233181197652136		7077888		40461839		6.480276070206578e-09

		155		154		8861745891156704		7189057		45062201		4.2061044921942936e-09

		156		155		8473774733122231		7414875		46043213		4.500275561725361e-09

		157		156		14599896874544986		7529536		46567158		2.6431604883132986e-09

		158		156		16903861861706688		7645373		47725299		2.3366650199283716e-09

		159		158		28994515467961608		7762392		50509197		1.4336515253825133e-09

		160		159		27717386881056640		8000000		49855245		1.4889943468038748e-09

		161		160		47039385053227528		8120601		53027962		9.273148561055413e-10

		162		160		55680842072128024		8242408		53628724		7.926562085420746e-10

		163		162		95954381767006224		8365427		57321841		4.883362710843696e-10

		164		163		91216656884745968		8615125		57403058		5.16287977747288e-10

		165		164		156028459212356960		8741816		60826224		3.1805962723460746e-10

		166		164		184546827254674560		8869743		62437993		2.756339184705908e-10

		167		166		319498052664188480		8998912		63189399		1.6117633076247769e-10

		168		167		299388673243915904		9261000		65284161		1.776178826779523e-10

		169		168		521109874241380544		9393931		67222570		1.0488070798828375e-10

		170		168		622408700164995584		9528128		67485757		8.826651451020644e-11

		171		170		1066452797164232064		9663597		72140654		5.471883354194694e-11

		172		171		1019330723712514816		9938375		72721793		5.784738969244449e-11

		173		172		1788308655788365568		10077696		78137450		3.518870415701415e-11

		174		172		2124116471346508288		10218313		76413474		2.9093873241997058e-11

		175		174		3664959779789999616		10360232		83658409		1.8299842542841045e-11

		176		175		3438509831831783936		10648000		82964173		1.9420689971901922e-11

		177		176		6054185075964999680		10793861		87629269		1.15969577736107e-11

		178		176		7299449140457581568		10941048		88031779		9.672271677490563e-12

		179		178		12779472918709471232		11089567		90823420		5.688780629370209e-12

		180		179		11973885239880720384		11390625		93080711		6.223929324781713e-12

		181		180		20602621980675129344		11543176		96523450		3.741723533921906e-12

		182		180		24610805198898884608		11697083		97600164		3.1680060173210922e-12

		183		182		44595944358084558848		11852352		103919069		1.851861896662887e-12

		184		183		41296668838789480448		12167000		105578789		2.0339157510927135e-12

		185		184		71644350746792550400		12326391		113480546		1.2526369935494865e-12

		186		184		84542317314904522752		12487168		111247526		1.0440467304645483e-12

		187		186		152573954127205597184		12649337		112370919		5.845243126402648e-13

		188		187		141672088422748651520		12977875		112435768		6.314850688958328e-13

		189		188		249868093652452802560		13144256		119515142		3.787300940456201e-13

		190		188		293859587682270871552		13312053		118609410		3.2024192707156657e-13

		191		190		551130211560682618880		13481272		125912058		1.8042236494844013e-13

		192		191		510731106588923330560		13824000		135401775		2.0842707319857012e-13

		193		192		913220573065332523008		13997521		138709263		1.1928483732199394e-13

		194		192		1144900507677126295552		14172488		141809956		9.718753538813038e-14

		195		194		1972950365196825133056		14348907		146539676		5.817168781348426e-14

		196		195		1853127480817584701440		14706125		143452017		6.088199229854788e-14

		197		196		3321050849296544432128		14886936		159755765		3.75126298092627e-14

		198		196		4056370784409583878144		15069223		154934492		2.989670759112028e-14

		199		198		7014607142953088450560		15252992		162783367		1.8105392679785756e-14

		200		199		6655541266518321922048		15625000		162987430		1.9143921144057565e-14

		201		200		11845155901746414878720		15813251		167484307		1.1038714350154906e-14

		202		200		14229823680229513625600		16003008		173736185		9.511743457087035e-15

		203		202		26321651530658415116288		16194277		188761512		5.554559855817582e-15

		204		203		24411570558680512331776		16581375		182278813		5.811051472503928e-15

		205		204		43291514409214449549312		16777216		195024734		3.4900349293885803e-15

		206		204		53068897106752431980544		16974593		199185799		2.9056189140520734e-15

		207		206		94947387001049905627136		17173512		198244967		1.6184621026182574e-15

		208		207		91533471753996402163712		17576000		216697451		1.8257686166245982e-15

		209		208		158493356064717701906432		17779581		179593560		8.88340758836744e-16

		210		208		202301141737333978038272		17984728		214131950		8.184847833490008e-16

		211		210		351708064020477874536448		18191447		232452412		5.083669857307165e-16

		212		211		336965241976168004976640		18609625		228411646		5.229399780312547e-16

		213		212		591658856787345852596224		18821096		258204989		3.3400417184136385e-16

		214		212		738513210253541256462336		19034163		249302358		2.591935043722778e-16

		215		214		1306256074199428725997568		19248832		195462565		1.172544602586354e-16

		216		215		1260391140807577570377728		19683000		266465064		1.619526533891219e-16

		217		216		2215517323831889568464896		19902511		277368464		9.571498911603377e-17

		218		216		2728843237604742752370688		20123648		267105438		7.50848687208708e-17

		219		218		4994675639471084538953728		20346417		287024337		4.389932568770754e-17

		220		219		4651232829263250653708288		20796875		278742219		4.593968668378582e-17

		221		220		8361578374864196251680768		21024576		293541091		2.6836486275081823e-17

		222		220		10619003133255337279225856		21253933		305837213		2.1972913051750344e-17

		223		222		18754369919136196349394944		21484952		233283294		9.69048282382859e-18

		224		223		17945185388604260261822464		21952000		331674009		1.405720078637286e-17

		225		224		32223180900428916748976128		22188041		305024093		7.243752258832027e-18

		226		224		40221054895357488495853568		22425768		331397695		6.275318443149336e-18

		227		226		73073368978214492768829440		22665187		240882580		2.572780929640285e-18

		228		227		69197863811570921394667520		23149125		351404142		3.861210683893486e-18

		229		228		121613543819202480289349632		23393656		274018679		1.7445347721689588e-18

		230		228		155951750452209397559984128		23639903		367241095		1.7879563092054725e-18

		231		230		283695568399380368366501888		23887872		393829992		1.0503477117812207e-18

		232		231		263258750396095837660774400		24389000		234738284		7.021548889335657e-19

		233		232		475604688823072118617931776		24642171		308769010		5.000767114251931e-19

		234		232		607312243100886101892530176		24897088		297822178		3.790665429870638e-19

		235		234		1097979224351624592757882880		25153757		265401858		1.8877207420184066e-19

		236		235		1041305494768951879574487040		25672375		300332595		2.233308186793652e-19

		237		236		1885779256455853404923625472		25934336		288370579		1.1889481500309066e-19

		238		236		2409945773498220590313504768		26198073		292734383		9.440479279638462e-20

		239		238		4347907414063184941888307200		26463592		284391083		5.10011198724135e-20

		240		239		4094373143153162121717481472		27000000		289792708		5.519380743528837e-20

		241		240		7458695383236546993680547840		27270901		315350555		3.2768328083948984e-20

		242		240		9536220259567647638666870784		27543608		354383144		2.856974759059648e-20

		243		242		16934580042469963646267031552		27818127		316133664		1.448857728184798e-20

		244		243		16313017444598444308549337088		28372625		314950147		1.5013118331339407e-20

		245		244		30551882851931082358521856000		28652616		342821174		8.673468278835776e-21

		246		244		38130360136137839827732135936		28934443		340166882		6.905216416411436e-21

		247		246		68661184192027788284272836608		29218112		339010812		3.825684990145206e-21

		248		247		64554977019515370836294893568		29791000		344582133		4.136923980188485e-21

		249		248		119960878983893137809760845824		30080231		370552496		2.3823709316547943e-21

		250		248		154407765572216080273642618880		30371328		366503056		1.833523699015894e-21

		251		250		275955430051299836773168840704		30664297		372542261		1.0422964070123245e-21

		252		251		267930459698896376418982166528		31255875		364683462		1.0541663766560802e-21

		253		252		498041196792448512961831501824		31554496		388474618		6.016123230853348e-22

		254		252		615299948622400374955097194496		31855013		393704836		4.933741200735694e-22

		255		254		1170080579510588527838243061760		32157432		400553507		2.638060190727661e-22

		256		255		1110081888900875821233012211712		32768000		460698725		3.171067253095739e-22

		257		256		1998011249931848613657564938240		33076161		428460865		1.6478254867026593e-22

		258		256		2567724739547575204190925881344		33386248		439069368		1.3125478584213966e-22

		259		258		4667465696358556191065362137088		33698267		440303510		7.244383498122045e-23

		260		259		4457961269487188846504094728192		34328125		439590537		7.58350743910085e-23

		261		260		8351102828965174610468290953216		34645976		455213978		4.184376012840772e-23

		262		260		10608988045186526627352239144960		34965783		462263132		3.34337440601355e-23

		263		262		19626092096840193221126898319360		35287552		475512303		1.8566050611623618e-23

		264		263		18156073199618829100096266698752		35937000		465272703		1.9692467720758904e-23

		265		264		34060811855538190222554352844800		36264691		499456314		1.1219829994692667e-23

		266		264		44316193526869869499299712204800		36594368		496511399		8.581308746870692e-24

		267		266		81399068255926928151525764104192		36926037		516447031		4.84954710890961e-24

		268		267		76581929774945412880330985046016		37595375		507693893		5.079292718000011e-24

		269		268		145974298807541296645557605892096		37933056		524222437		2.7471517994055332e-24

		270		268		185629543303926109991841451474944		38272753		533802021		2.1984080155374834e-24

		271		270		346321451090167987510569424912384		38614472		558091364		1.2290894471747298e-24

		272		271		318470982443810372995932724658176		39304000		557552993		1.3369125996624995e-24

		273		272		602695820538532558755824373071872		39651821		588803308		7.438385673719756e-25

		274		272		785373544062817159026457532432384		40001688		577666937		5.6102455682117695e-25

		275		274		1436596213460291777562230518710272		40353607		593725125		3.148553423440882e-25

		276		275		1356529434375988037357331397214208		41063625		603247669		3.388200636089873e-25

		277		276		2600170682535918775536843801755648		41421736		591022418		1.7350936590599815e-25

		278		276		3343861928562536426992304698425344		41781923		618395568		1.4083641881593655e-25

		279		278		6221227577422849348610014385799168		42144192		633464579		7.746790081950905e-26

		280		279		5665467772124714509340722757369856		42875000		792599112		1.0519614409907387e-25

		281		280		10899201657606024209376787562496000		43243551		646459425		4.514087878385051e-26

		282		280		14374319971063686836265348673568768		43614208		657557012		3.4796805135154964e-26

		283		282		26788521260632010749615284504494080		43986977		666516634		1.8919957043732846e-26

		284		283		25203849872314500521894487479287808		44738875		671697976		2.0277463553630192e-26

		285		284		48235775315433685744884954270007296		45118016		705359152		1.1098666918727521e-26

		286		284		61410736626734404911390051599908864		45499293		705977746		8.729191200990011e-27

		287		286		116624709890509780525808304961617920		45882712		738644755		4.798662145323936e-27

		288		287		111518822944859897389117621808398336		46656000		731040008		4.974670153790813e-27

		289		288		203648299849516191012556472062050304		47045881		745332368		2.7755838651346056e-27

		290		288		267818254402748134302141725364191232		47437928		743556875		2.106861816083865e-27

		291		290		507406692327129742210222329849446400		47832147		777491452		1.1603010083493963e-27

		292		291		472647545042328434995251309172490240		48627125		776927421		1.2459796917467293e-27

		293		292		900002094171189202030020053281275904		49027896		807423908		6.788315297041678e-28

		294		292		1154334742629930761773383319759618048		49430863		951939651		6.18821835228346e-28

		295		294		2222839223839987751601738224511221760		49836032		823107742		2.801436723847099e-28

		296		295		2102281351201128826423964076584468480		50653000		839217385		3.0195241909470083e-28

		297		296		3824418890483340879313858234482163712		51064811		876189451		1.729561386127625e-28

		298		296		5281006378228804348261604601794396160		51478848		865683631		1.2388883944253679e-28

		299		298		9856189511537955164445632922604535808		51895117		892047534		6.831863202845967e-29

		300		299		9035901814508971048067505851188903936		52734375		940187879		7.838741420899396e-29

		301		300		17539523834669546970699606237701472256		53157376		929608118		3.997005058618168e-29

		302		300		22663102270227825516143700303727820800		53582633		1129109209		3.7226725765376636e-29

		303		302		42759123739643308508452090525891166208		54010152		1012179327		1.7787224775719735e-29

		304		303		40961035515278735408948640966124765184		54872000		940782800		1.7339655382168394e-29

		305		304		77438549234484923374192548572553019392		55306341		973627264		9.478349983355525e-30

		306		304		103590840401596229953380546976516407296		55742968		1044336598		7.575395972646366e-30

		307		306		195369468144240776512937387564300500992		56181887		1014972234		3.911090507614301e-30

		308		307		182749581548676584651880714991952723968		57066625		1024231416		4.2207693691026695e-30

		309		308		346025291246196801256040289284676124672		57512456		1065488492		2.315127305770126e-30

		310		308		467804513191775698044529422306910404608		57960603		1085298430		1.7433429560266154e-30

		311		310		859155661688382744715330763134433492992		58411072		1164024043		1.0149778337819823e-30

		312		311		819455293639973417676305548805616435200		59319000		1115241064		1.0224746810501727e-30

		313		312		1546469292927609058458218467218031640576		59776471		1170062615		5.672958253290729e-31

		314		312		2091319602810278249902735723668436942848		60236288		1169274776		4.193866774396053e-31

		315		314		3887792019335202841001106524863807356928		60698457		1255628173		2.4152563947497714e-31

		316		315		3633019268788084579790779981003036295168		61629875		1234322273		2.544625422896737e-31

		317		316		7182262188573089091619799063688288141312		62099136		1263000921		1.3161034114764186e-31

		318		316		9469066832021697562085829855612124528640		62570773		1258582392		9.952875807952614e-32

		319		318		18035145434540307449044117607783010926592		63044792		1347743251		5.580135163196686e-32

		320		319		17031274830521888102934084596263402078208		64000000		1316232747		5.781063865496676e-32

		321		320		31476566633176948230889129360763125760000		64481201		1324799038		3.148510173563921e-32

		322		320		45306910544076418229931274415684043407360		64964808		1473639409		2.422507145575987e-32

		323		322		79558066984792930806913280275694982529024		65450827		1594265653		1.4881690941045125e-32




		d		betaprime		total cost		preprocessing		single enum		probability

		3		2		28		27		1		1.0

		4		2		127		125		2		0.5115806393178025

		5		2		219		216		3		0.9849122498461097

		6		2		347		343		4		0.5314140349004942

		7		2		519		512		7		0.9700440157282773

		8		2		1007		1000		7		0.5390961855413969

		9		2		1344		1331		13		0.9553922311963401

		10		2		1741		1728		13		0.5153929179824572

		11		2		2220		2197		23		0.9409538707767322

		12		2		3399		3375		24		0.5224136401429256

		13		2		4141		4096		45		0.9267259494496697

		14		2		4961		4913		48		0.5501338217774857

		15		2		5919		5832		87		0.9127055221327641

		16		2		8097		8000		97		0.5571972599592702

		17		2		9418		9261		157		0.898563945412092

		18		2		10840		10648		192		0.5116063941532359

		19		2		12387		12167		220		0.8676583582841998

		20		2		15888		15625		263		0.5369047109624507

		21		2		17886		17576		310		0.7875330715640899

		22		2		20684		19683		1001		0.5920087140656126

		23		2		22322		21952		370		0.5103008264251034

		24		2		29285		27000		2285		0.5609232233274936

		25		2		30310		29791		519		0.5201666778988355

		26		2		33319		32768		551		0.5229198695593411

		27		2		36675		35937		738		0.518447261019227

		28		2		43623		42875		748		0.5115616248495962

		29		2		49545		46656		2889		0.510772088998416

		30		2		51968		50653		1315		0.5103497130603025

		31		2		57500		54872		2550		0.5095276957455211

		32		2		67146		64000		3146		0.5509069495192616

		33		3		74110		73106		1004		0.6848012493837479

		34		3		79046		78386		660		0.5105776003534432

		35		3		85057		83919		1139		0.5168619920682903

		36		3		97020		95763		1257		0.51049907031197

		37		3		104876		102087		2789		0.5394009467863274

		38		3		110192		108687		1505		0.5110657709756443

		39		3		121124		115569		5555		0.5102909951562464

		40		3		133084		130203		2881		0.512086274833672

		41		3		145512		137967		6544		0.5075908602299296

		42		3		154116		146038		7959		0.5097282517573304

		43		3		173994		154420		18747		0.5083356796430074

		44		3		194938		172144		22101		0.5087554361969152

		45		3		218971		181498		34528		0.5052764581435857

		46		3		234323		191188		43135		0.5271144566891386

		47		4		276859		222235		54624		0.5294036163188816

		48		4		311246		244138		66892		0.5097571546882063

		49		5		376315		275584		100731		0.5234308946172226

		50		5		407851		287808		120043		0.5103840563092782

		51		7		525262		367978		130176		0.49162527678394147

		52		7		615348		396705		218642		0.5166693311392163

		53		7		855832		411651		443148		0.509577946072761

		54		7		1018546		426992		470407		0.4666104990133886

		55		10		1455990		725209		724326		0.508447923595826

		56		11		1845426		881981		890587		0.4960038111134478

		57		11		2821430		905773		1031239		0.3872144217160364

		58		11		3323967		929992		1045707		0.345576591379937

		59		11		5245461		954643		1200526		0.2540445927736508

		60		15		6820128		1895560		2052610		0.3383099275219745

		61		15		10736760		1936336		2343909		0.24751883044380796

		62		19		12526968		3476645		3694155		0.3352486417696413

		63		26		17637153		7928767		7555029		0.4654101604217453

		64		27		20950048		8948083		8283486		0.443860194880518

		65		31		29848951		13141613		12332268		0.45599215065209947

		66		31		33479912		13391539		12098013		0.41905596615443436

		67		38		47450367		22944524		20447814		0.4791759978064737

		68		40		53946634		27693259		23630653		0.4927082394291909

		69		42		75161709		31479486		28408858		0.4335646894726359

		70		42		82542751		32118398		28613710		0.4083607681731115

		71		42		118009629		32757832		31872704		0.3234044229493677

		72		46		132679014		46430015		41491588		0.3766899864013049

		73		46		188703472		47391878		45337655		0.2956941554086589

		74		46		208321378		48354287		46224695		0.27665177443546

		75		46		302529110		49317248		51507735		0.211592922345914

		76		48		342028110		63616353		62992743		0.23207397887475356

		77		50		501392466		79065851		81593212		0.20433392198974035

		78		50		557437212		80725193		83587494		0.18963474782865852

		79		50		826695203		82385116		93093361		0.14051270046434697

		80		50		933917968		85706733		95746140		0.12942227899340877

		81		50		1418634225		87368439		106287872		0.09278758913888147

		82		50		1591935806		89030751		109145777		0.08497448796596917

		83		52		2461506500		125627667		158348000		0.07900139774489105

		84		52		2832087850		130615347		165682925		0.07191502763284054

		85		52		4432339746		133110129		181579047		0.049385559616559244

		86		52		5046524486		135605547		188866951		0.044829775097423114

		87		52		8097298201		138101607		210876214		0.030276203889632754

		88		54		9417426301		214777435		301839824		0.03837686029152995

		89		54		15188281231		218888249		335058023		0.025681730432005858

		90		54		17538068059		222999729		346516147		0.022898458187718157

		91		56		28887432366		379966325		581757204		0.023469135402091893

		92		56		34007363696		394807709		612894442		0.020916059355748168

		93		56		56520589950		402229433		689714088		0.013686957287294257

		94		58		65595609578		684482801		1058252800		0.01877372330674298

		95		58		109775676967		697820088		1180013142		0.012128481223602435

		96		58		130239569412		724496792		1222405054		0.010606941888878453

		97		60		222423539044		1421781018		2369448787		0.012085491513536974

		98		60		261962194398		1449105816		2461592472		0.010592729682788684

		99		64		428402403212		4149550229		6357537519		0.01734360759994148

		100		66		497524809665		6576144033		9439517669		0.02270156953259065

		101		68		799346495213		10443505970		14842481518		0.022312929397587094

		102		70		929556938761		15504210603		21148602097		0.02773577952181067

		103		70		1483293541209		15834430378		23108711356		0.018554358749934805

		104		72		1719041672792		25456188880		34415651213		0.02453889190198357

		105		74		2781740710521		38460083768		53685212689		0.023352753301404648

		106		74		3191628766878		39293421158		53947587709		0.020624323226767716

		107		76		5163529559771		62860517252		86436836463		0.02041441460476649

		108		76		6048573115351		65596849868		93171640776		0.018550444246689307

		109		76		9765493848827		66965017388		101734053803		0.012247512518266524

		110		78		11458568158201		104572651215		149546639255		0.015695642985762138

		111		80		18580387949226		170616511719		234795679647		0.015444332619054616

		112		80		21605320760042		178087971388		254156083935		0.014170186547170551

		113		80		35536177943022		181823702480		281564067811		0.009258872651343017

		114		80		41716227030821		185559434417		296681044903		0.00821243221308115

		115		82		69722730508765		302170441361		469335138345		0.007862386096176201

		116		82		81754316916827		314906052223		501516093908		0.007098403826660791

		117		84		135114209236450		544280618772		834794116034		0.007254530180829774

		118		84		159401772044752		555609034561		883451443976		0.006419346407877749

		119		84		268879534300437		566937451232		973721792436		0.004079098287302648

		120		86		319237837082206		985699900621		1592131393060		0.005743709985461569

		121		88		533880193877032		1787338001026		2826720348792		0.006146159381133404

		122		88		639105681548475		1825007775086		2907867308110		0.005268759134478464

		123		88		1075937489403764		1862677550059		3208086950512		0.0033562876015658686

		124		88		1280586285112984		1938017102763		3358405373903		0.0029460211740534674

		125		90		2201109648788212		3456154411761		6009526570454		0.003062998690549418

		126		92		2628672344665866		6523924162261		10452598933608		0.004596368971597054

		127		92		4442528313545472		6659953691463		11311994678184		0.0028816488682320515

		128		92		5342038376697011		6932012752718		11948912848072		0.002518091479105585

		129		92		9308772507883722		7068042284782		13219177762426		0.0015534424758916693

		130		94		11168066832000790		13079522571343		22855018302093		0.002292653242882477

		131		96		19128583191995176		25338240778167		42811625535844		0.002538242113069885

		132		96		22886567831150340		26380157494838		45172173818815		0.002227724714817001

		133		96		39796996214245408		26901115854655		49437259914756		0.001367408013554856

		134		96		48013233848096976		27422074215468		50724942110593		0.001160384567235602

		135		100		82466323375093760		96853766592727		162436622711326		0.0022403993248252463

		136		100		98994637271506816		100833965241416		170099078344530		0.0019504239924481256

		137		104		169380229018454176		322876696691173		502410498955561		0.0034696883180561537

		138		104		203178202341551232		329752863470577		518295497600825		0.0029730329051096236

		139		104		346452913175089920		336629030251014		562037170905023		0.001848651505868421

		140		104		416082122819966208		350381363815007		599466848802508		0.0016271372313030547

		141		108		716830569469804160		1135759837302529		1768017980385312		0.002885506974801391

		142		108		861109580099781120		1159954129857388		1830839705806091		0.002474530214479151

		143		108		1474126554569756416		1184148422413310		1993261095664515		0.0015364101901088664

		144		108		1761223838505901824		1232537007528362		2103891246875436		0.0013504435109073743

		145		108		3059072336612611072		1256731300087505		2302824341356440		0.000829713973472301

		146		112		3692213098301031424		4140296141269700		6406408348014499		0.002035589575926472

		147		112		6339345040659452928		4226717424409786		7117407470223745		0.0012757102409375976

		148		112		7586148347672128512		4399559990693259		7553391033681390		0.0011233429425574776

		149		112		13198320668676071424		4485981273836658		8178905005480853		0.0006842843115980065

		150		112		16200546673009862656		4572402556981184		8440428142432239		0.0005728227931042158

		151		116		27880508704768204800		15920949510097854		26926346521197412		0.0010956889687591394

		152		116		33450909325174755328		16574984045646798		28242658781628284		0.0009552920395650864

		153		116		58630450435084959744		16902001313422978		31367351588152740		0.0005871151967107877

		154		116		72188392441153060864		17229018581200302		31790422464761616		0.000484282080777382

		155		120		125715333276568354816		61929223394079224		104587530025577552		0.0009444242311258244

		156		120		150704409193376186368		64483126090962688		109349686172137440		0.0008224883070424829

		157		120		263681971776871628800		65760077439406176		117531890569776544		0.0004957445199890294

		158		120		323263108708163518464		67037028787850832		122999083550080800		0.0004192678203893807

		159		124		571579939688175108096		247826199616111456		414357882406920640		0.0008260853337892483

		160		124		687631447861852766208		258070889897252928		436137370463700416		0.0007199134208516618

		161		124		1208588433452012929024		263193235037825472		475902905522073600		0.0004361444731056911

		162		124		1500509969250621063168		268315580178399232		490571539623127168		0.0003607136310405057

		163		128		2665952567626905419776		1030818507611815040		1696965805226044416		0.0007296283857204371

		164		128		3205551384649641492480		1073554814625640832		1783206074240354048		0.0006355294872673266

		165		128		5653986628414586486784		1094922968132555648		1948054496061217280		0.00038385145459841777

		166		128		7005821082087448379392		1116291121639471616		2011073994319311616		0.00031838529218470993

		167		128		12572802982543989145600		1137659275146388992		2185507590278109952		0.0001885305324274626

		168		128		15352735930327905599488		1180395582160227328		2295051497694480640		0.00016147021816364962

		169		132		27076019047415343480832		4682694225266080768		8358399149923605504		0.00034352407976087276

		170		132		33175972251978103259136		4774240496590817280		8494410363899645952		0.00028526188888954756

		171		132		59659847032688097624064		4865786767915554816		9257152242971217920		0.00016885303724145184

		172		132		73014162386083314139136		5048879310565031936		9711249178362744832		0.00014419636559198298

		173		136		129322567948577131200512		20231879220883472384		35504458758140604416		0.00030739722991756534

		174		136		161757342549883312144384		20627857769969639424		36875501332413575168		0.00025355766503294615

		175		136		289977158778906080182272		21023836319055810560		39136853009701298176		0.00014798560563389492

		176		136		353073952160782431027200		21815793417228152832		41274984447810732032		0.00012746035427483687

		177		140		617508637730816938475520		85120011567465725952		148240642630591348736		0.00026954337183888235

		178		140		772262263116137614016512		86784340058745733120		153591504322374762496		0.00022201401585876803

		179		140		1381068902013893966036992		88448668550025740288		165330527597039321088		0.00013107347233606414

		180		144		1685896564934059984158720		353326351745683816448		575491149227600838656		0.00039293138902424946

		181		144		2971869867569318625017856		360371247099707588608		622053753130000580608		0.0002357876253845075

		182		144		3731571110602640833118208		367416142453731295232		649952195788932251648		0.00019446742400592838

		183		144		6714560956483151872393216		374461037807755001856		702616928273369268224		0.00011442140351164473

		184		148		8160557554121553108533248		1520627513997852672000		2474696564686856912896		0.00034918770342004356

		185		148		14384547999918809816236032		1550972107388541468672		2672891560653667958784		0.00020944538012862966

		186		148		18032582642292309348057088		1581316700779230003200		2753151666457774915584		0.00017145228240147736

		187		148		32289119195457445066440704		1611661294169918799872		2962233515625916399616		0.00010104402305386771

		188		148		39359700883423514788364288		1672350480951296131072		3122620466687109496832		8.68996280259017e-05

		189		152		71378192304862860708675584		6829012115824929931264		11754402413168679714816		0.0001857044191140799

		190		152		88850327102866170365083648		6962815753125629001728		12047531840744944828416		0.00015261614587599366

		191		152		160997343674235073245216768		7096619390426328072192		13033815578725731794944		8.919031086209303e-05

		192		152		195048219858343941705302016		7364226665027727261696		13638023114525090250752		7.680858178387959e-05

		193		152		356460638226915925164032000		7498030302328426332160		14511607542565709021184		4.404477027359053e-05

		194		152		453025258019650680832131072		7631833939629125402624		14988500411634786762752		3.5618158843850986e-05

		195		156		806075792113389958470828032		31929171461044332134400		58540824001997468336128		8.005968957290636e-05

		196		156		982247841701014656618856448		33134806734591343198208		60657186947834792902656		6.811338920421202e-05

		197		156		1790645028424857632511098880		33737624371364848730112		65322530632766377164800		3.9462403233441106e-05

		198		156		2277230993596574413459816448		34340442008138354262016		67199816124346100875264		3.180730456881272e-05

		199		156		4240586667977245662912708608		34943259644911859793920		71343110923585704689664		1.7879293282715753e-05

		200		160		4967982167365715413205778432		150994048398138179321856		276495920161220250828800		6.138117080136556e-05

		201		160		9092266966165185073671831552		153744574189585404264448		293140347179316782563328		3.506053235292526e-05

		202		160		11552180456266149829785157632		156495099981032864088064		302436559762085231198208		2.833873747791679e-05

		203		160		21493429372571741358949138432		159245625772480256802816		324442066875351440556032		1.6053082356634913e-05

		204		164		25591216817520965280623230976		703079490613236014776320		1286862015760714371694592		5.546767046492189e-05

		205		164		46542064252580458177209827328		715901696151834618494976		1368072594157976955125760		3.1940549019975847e-05

		206		164		60074287525754297713843765248		728723901690433222213632		1405408744769292859342848		2.5341357460195687e-05

		207		164		111283354355055648651956191232		741546107229031825932288		1500356345038346137894912		1.4370966626013864e-05

		208		168		133154317418626838230298787840		3360021684387935110037504		5977975593755051034673152		5.002536022233447e-05

		209		168		244511962620850435919492153344		3421432628109246522720256		6432509505093479671267328		2.8747908286714644e-05

		210		168		314774162921495461150473584640		3482843571830557935403008		6701726369263053428490240		2.3080286885042458e-05

		211		168		585320928347928367135413239808		3544254515551869348085760		7086996350800530478465024		1.295657154234121e-05

		212		168		721720349989553165758520885248		3667076402994492173451264		7432787941885020506947584		1.0971068712378505e-05

		213		168		1362521823348075902598123618304		3728487346715803586134016		7980416597200092176318464		6.130191510370612e-06

		214		172		1649783491310731171725513326592		16558536831637703146602496		31954770799337864112898048		2.0976449197441007e-05

		215		172		3053657400770366953491840106496		16850593481182035362971648		33736673817254705647058944		1.1817372905845274e-05

		216		172		3790969355386706597371413790720		17434706780270699795709952		34910189773179328323911680		9.84973464328914e-06

		217		176		6814765924626276495562737975296		78631247046163969377042432		147607546137361054246633472		2.368173882435588e-05

		218		176		8764320685811541817650852134912		80043542854807106885779456		152384962384521015108567040		1.8917755954156432e-05

		219		176		16177465565713305360271685976064		81455838663450244394516480		160792793668083610770472960		1.0681964430332951e-05

		220		176		20176730435138769022780102934528		84280430280736502232121344		168749027643935716469112832		8.945836326857673e-06

		221		180		36234320833822468397059314548736		375518369764836868634968064		693847337170504636396732416		2.1052523127021747e-05

		222		180		46878652474205879736379644051456		382261956024573091391733760		712367976328881107256737792		1.665678501879891e-05

		223		184		86596032657996492612024129290240		1719253707988446554957545472		3007847755151912132684021760		3.893956271646089e-05

		224		184		107017234716646928211098994737152		1784538168421419211754045440		3123910370146097709038174208		3.271794439109128e-05

		225		184		195594571810421663675887883649024		1817180398637905540152295424		3324631384707107845042077696		1.8752445090527724e-05

		226		184		250209817398594875632002587951104		1849822628854391868550545408		3424688723145501734827196416		1.503755460382748e-05

		227		184		469347334303608861411706933346304		1882464859070878196948795392		3719289870582549808649601024		8.513937984381743e-06

		228		184		581596351185641378997177872809984		1947749319503850853745295360		3852626016309366118965837824		7.114354085055604e-06

		229		184		1090862668022829463840731265236992		1980391549720337182143545344		4096751148999374822336102400		3.9740295234717745e-06

		230		184		1441375633558586076912051210420224		2013033779936823510541795328		4158175859620213949858840576		3.0541830174856587e-06

		231		188		2520633220334090185738268818014208		9079617701141160457750446080		17612166631335857645393281024		7.553859598529216e-06

		232		188		3148216431760719012989626681917440		9394495308208549194532651008		18269515576814310122793730048		6.26832927175612e-06

		233		188		6002221378887622175558353415045120		9551934111742243562923753472		19358289794087034686755831808		3.435906183788657e-06

		234		188		7939152613191081306959302247841792		9709372915275937931314855936		19876719480659846347232378880		2.6583703159362194e-06

		235		192		13954750824400266096574941597007872		44970268227571170665123807232		86730292910162945003340431360		6.732349825195089e-06

		236		192		17514002242031624295876412305309696		46530653986437930445103431680		89889827828049586151881703424		5.5564264351555035e-06

		237		196		31922177173272487632689146959495168		218483484565178177174997303296		393624083452008500241406885888		1.3678386543775204e-05

		238		196		41778317998549343771588499037224960		222412475931982241299030867968		407710625056335461811522371584		1.0759069461792988e-05

		239		196		77681248548099772106583231868960768		226341467298786305423064432640		428308292710964016964092035072		6.011655810434117e-06

		240		196		96940038233775519133206442330292224		234199450032394433671131561984		459370923114191753655904894976		5.1037434518563445e-06

		241		196		180957163995200347666262043589083136		238128441399198497795165126656		482467271186215544790030745600		2.840650954782931e-06

		242		196		240955586125140168541720810442719232		242057432766002561919198691328		494622888890146136274952519680		2.18094238963773e-06

		243		196		453879771772657542967995499798331392		245986424132806626043232256000		519273692580542843424532856832		1.2027367688948277e-06

		244		200		545271237882221394656502260879589376		1185386685861753916528785358848		2287675778845216417963772477440		4.543615946045855e-06

		245		200		1030434020790262015776703302667862016		1205258614531216764987468939264		2463410122705208305106324291584		2.5397464138888642e-06

		246		200		1363498045357964670465734093599408128		1225130543200679613446152519680		2495679175698371463437696892928		1.9466376364854975e-06

		247		200		2589778886878781116591847448390926336		1245002471870142461904836100096		2580764541072343513077091663872		1.0538000157412611e-06

		248		204		3036173996537177701082000396579241984		6099345180365739711224906514432		11578722822987262870398854758400		4.153458152776357e-06

		249		204		5765332506182853343998765215164399616		6201710047635823396425538994176		12295240826302814794942622203904		2.2886421067229084e-06

		250		204		7653607405738203288124223060946452480		6304074914905907081626171473920		12762163887095172758752095895552		1.7770557732910927e-06

		251		204		14679333743527360632553912151067066368		6406439782175990766826803953664		13470558666167107111521586511872		9.659326515833606e-07

		252		204		18625157538319054456809153638392922112		6611169516716158137228068913152		14259025226766982108111156805632		7.99335259283676e-07

		253		204		35856166223382756765072601463660740608		6713534383986241822428701392896		14953376489752201253227157520384		4.3105793895829176e-07

		254		208		44331927965263631813463579506935595008		32776389234908279021897114451968		64919162791041334756496675700736		1.5720285470151975e-06

		255		208		84954246098911694885645389095690567680		33309006504582787078505751379968		68538349243803218676896533315584		8.551987931579132e-07

		256		208		106548673816127546832341421701604573184		34374241043931803191723025235968		73512695388795096428773573132288		7.223093770802251e-07

		257		208		206699535834883964616224226511545171968		34906858313606311248331662163968		78484687863997327854655300960256		3.913304913742981e-07

		258		212		255549449894332094077502343994918567936		177191535629390363456900937285632		361601542414468708345145643237376		1.5040051658883183e-06

		259		212		488404736462991895774375901592161353728		180078417029348582312384508461056		376566558834118641769431036854272		8.130192851475478e-07

		260		212		623139694289450949132043381218377465856		185852179829265020023351650811904		386575157618694468589382134661120		6.55295830030589e-07

		261		212		1221786064151283859820599502564614995968		188739061229223238878835221987328		414315436670644865825511286243328		3.520982890120933e-07

		262		212		1638018516148523351292072014566142246912		191625942629181457734318793162752		434542329996714155976313165316096		2.7269350240155485e-07

		263		212		3223719238466495325826913600137915793408		194512824029139676589802364338176		456900677140106178668004754063360		1.4414583906219368e-07

		264		212		4136779204429028149318154846439190036480		200286586829056114300769506689024		458903307561332646129662206935040		1.1367128562817442e-07

		265		212		8281264496612947149736864354621968089088		203173468229014333156253077864448		506100731781199934305989239504896		6.109702881755035e-08

		266		218		9306039805903650028828684612391917322240		2220166324435582612679451113160704		4586252575077013901538293018787840		5.217425449986374e-07

		267		220		16595414975741523113019373076433350950912		5032322393531793754408118189555712		10212143025596445706396021725069312		6.552794341340359e-07

		268		220		20885438197821308068555622466569300344832		5193736237012904663195096411275264		10754221664843962512758409424535552		5.447082687458706e-07

		269		220		40958021777170725622905135403796401225728		5274443158753455217672190943035392		11600926245941602272497493390393344		2.939116827751433e-07

		270		224		50698095949573235254454840792036052828160		26270336339120961680281210372227072		51842982502468692825013689662832640		1.0990964368919723e-06

		271		224		98177998761949920582943733483362507030528		26698405277987550329874328844238848		55530854554758532516057140183433216		5.974680325370279e-07

		272		224		122471206675089044922851453049366808363008		27554543155720727629060565788262400		56221509602600056220275757813858304		4.879646807083753e-07

		273		224		241289463466653138925440750351539121422336		27982612094587316278653684260274176		59231747461444722113560662511714304		2.57841120354138e-07

		274		224		322463320179247252243330249794399535890432		28410681033453904928246802732285952		63768072722669788144488346210533376		2.0391682661989682e-07

		275		228		576617885000285649549318378973217687601152		144978111964408575089306031760605184		297988323372005998638088329296347136		5.480058434163004e-07

		276		228		744620010042107688065213252570602910253056		149630882773893707850665711653355520		307051637027067963440781163665293312		4.3750416136863345e-07

		277		228		1440195478384612558144244296473052650143744		151957268178636274231345551599730688		325719430638905316805091674109771776		2.366002284735216e-07

		278		228		1940889308714538549192716091122681257132032		154283653583378840612025391546105856		335188284882304516783690687369445376		1.7989934791678442e-07

		279		232		3436765001212858120397796509434717803642880		785509713641971666397748389665046528		1635983800271907268420069125313789952		5.026155969159223e-07

		280		232		4293489483661786586658630613457754113703936		810695445096057312432886979290464256		1678005666276874280909434871403773952		4.13489842813584e-07

		281		232		8566279772901245948078924592616943988506624		823288310823100135450456274103173120		1743324789696622231713422299960967168		2.1373256773748e-07

		282		232		11527865218802997589859365835785005854359552		835881176550142958468025568915881984		1849869291296669434029913263153610752		1.6619552705864982e-07

		283		232		22480053454218519661373002061784555263623168		848474042277185781485594863728590848		1943987850246249312115222190089043968		8.861199079142869e-08

		284		232		29795782057459551568633606193641070006370304		873659773731271427520733453354008576		1681168862181435237980365218008530944		6.116592817476152e-08

		285		232		58964619126238299667664646779556790158753792		886252639458314250538302748166717440		2105961103953387455659330806256500736		3.619959445789751e-08

		286		232		80647127760845866268154232541332480089653248		898845505185357073555872042979426304		2163818720752124020543383917020839936		2.7090253716968554e-08

		287		236		138118492550536002098696544838699925934964736		4717006796449050726565686593003192320		10467345873383913831693095156433551360		7.842364660779289e-08

		288		240		161561212309736363355359309016664741660065792		24920253375251878032325157214723506176		51043960708398597256057036858648952832		3.354088133953725e-07

		289		240		316130701057907439985400756014754951078084608		25308013528186978042822646728574894080		52757269522982199265014835194009485312		1.7615453298425046e-07

		290		240		429434272480282130515088287375644641273577472		25695773681122078053320136242426281984		55493185664271696942143071164674605056		1.3486611305137943e-07

		291		240		846135746555281676724005491665372495508144128		26083533834057178063817625756277669888		59717181238695845632549142603757518848		7.233582615134796e-08

		292		244		1004380498813542645565489697685787567028436992		140301601771868917747759081289630613504		285311830030045110964445082435868164096		3.022870797718605e-07

		293		244		1918248714240246052549702948344460555101143040		142482686723397809524491099099558313984		306307948192181715589636949006912323584		1.6689427184582806e-07

		294		244		2620114209838455396770712512180946925623705600		144663771674926701301223116909486014464		297517939417750463403352626519550722048		1.2038797921784783e-07

		295		244		5191784767933402372285043746909675404543393792		146844856626455593077955134719413714944		336194703352175627879759013192633679872		6.636950873709242e-08

		296		244		6745819390176985989178331150657816154232324096		151207026529513376631419170339269115904		340267484173131007383172929532301672448		5.197193368449482e-08

		297		246		13493656284516384625441308362738529387717591040		365643654179707659900412216616207515648		835147297272037224700455254844514500608		6.34805011579471e-08

		298		248		15973352022847633235105443623939519857467326464		806639513348555460912378999149720240128		1687283884200588669832785268194437758976		1.1137548802538609e-07

		299		248		32307121102295645944738870062583363280144695296		818784209334704126854225413474407677952		1802717554349589013902292065059092824064		5.788345947480485e-08

		300		248		41204976638186963671683287838558061671126925312		843073601307001458737918242123782553600		1864339323171330880921593805755484471296		4.687134463905173e-08

		301		248		81776559139285675494677329814051419260142485504		855218297293150124679764656448469991424		1985805102071402057539607941751609753600		2.478269713976634e-08

		302		248		113054916917328913265676618059717302511487418368		867362993279298790621611070773157429248		2017889580372446782177944932768064471040		1.8205263754098376e-08

		303		252		206178585931529536865609327247488999009875394560		4996283643079358554730936012846026194944		10568465234670831772723746191664738205696		5.385191443455404e-08

		304		256		240113533983789157798930746407446119407572484096		27344565641899719045508273172364902006784		51018705864030734464393828063474339545088		2.328083032554023e-07

		305		256		483432690513129084872882522525917517129508192256		27770760337164228628374729051856732946432		55477206644882805111998681860067196665856		1.2284010872788048e-07

		306		260		638473496672813126406362221422362901912100012032		152306353392087931958722602146836198195200		284520741492331548844143783552916649934848		4.880554709629542e-07

		307		260		1228485840722257983388375098579492263317114716160		154798912169245743311037148263142049972224		265519173107941428712229156301296143171584		2.4406778855438604e-07

		308		260		1549559144748968874084052059547242621498659176448		159784029723561366015666240495753753526272		330934638701431133427650791140475644411904		2.2590558659667414e-07

		309		260		3049515703794022289231160542955732158165788131328		162276588500719177367980786612059605303296		351788954523810174160916538769165879607296		1.202514140108757e-07

		310		260		4123589302462118595529026397574983917118181867520		164769147277876988720295332728365457080320		351959253583615424899703336168107234295808		8.939011703289542e-08

		311		260		8154255941600820109798048691827736491765088124928		167261706055034800072609878844671308857344		317543124390007777705495219166373212061696		4.241165185192901e-08

		312		262		10716394545263658259306029287992075166632718106624		431218501166450389359928692620346378944512		825456018182317930773770913346981719965696		8.365207031101924e-08

		313		264		19976398196880572725154665236529274471842848964608		1073257937079211487272865411690167210606592		2216871849185005457740753040574529929216000		1.1748932681096898e-07

		314		264		27165518890670733098411618584683846201392647634944		1089805053896927570855918360324823777804288		2216168536804936074792326352029050029998080		8.681283789859378e-08

		315		264		54084203803618319568145461619310150023154684133376		1106352170714643654438971308959480345001984		2302907183294072722993432500160298227859456		4.49668212197121e-08

		316		264		69564702676638851312457854545258466469616744923136		1139446404350075821605077206228793479397376		2500554461878161743058592924039135960760320		3.7326317247513e-08

		317		268		126153619874568353142429749082226561236341287288832		5466486719328387382336745389612188873785344		11290364347655631822720908926352279983882240		9.475350192392114e-08

		318		268		168250493341922750998907261603203826944646303449088		5550028472119673040152856383827935571738624		10014558155434535233564608132552470814523392		6.59908659923685e-08

		319		268		330400664666501273717983829898595116146818732261376		5633570224910951889298751308452170324508672		10312830699934461211323413673155266942599168		3.442899586006715e-08

		320		268		432523828321739903522053394060055505776536503451648		5800653730493519491110855440742839023042560		12584353103823278274844064200405889214054400		3.032189559576261e-08

		321		270		853472714641111226881650300865058586057491062194176		13641107658152392804319518174486310546309120		28035305042077599050724782668109476838506496		3.483399445469159e-08

		322		274		1150610567015307019675584373135975177968238393819136		81067625159988127505126842562336327909507072		153794116364303096381261160637793443826892800		1.4560841833752696e-07

		323		276		2030184012979586033100922287114026780024291274522624		184910773568891010441771174383576101414764544		352208132967516308723849187296663602794070016		1.8872854536779514e-07

		324		276		2626162437198639073845678208984760764169063195738112		190867733649227873184232919689521199595913216		365170554524331902290652040054940638723964928		1.510378089912575e-07

		325		276		5144349432455076060183642194042409205042037093564416		193846213689396284748423163776409350300499968		396432380577167404873449464167674162723160064		8.185197318578161e-08

		326		276		6989611545498581131489455958878383110421976868454400		196824693729564696312613407863297501005086720		374914228167768568221918322403605079304175616		5.835086560627387e-08

		327		280		13490710796041887750286325232459718140825167640657920		1068748249835486865423041735432189628213362688		1815868538198377147340595197350965161540714496		1.5253020663546525e-07

		328		280		16792945738839702204400461896662030436337373010722816		1103096165704781281910314708877879151035416576		2171149404451224326173998504721307602325078016		1.390871252873919e-07

		329		280		32974617493323502750304764129435377654625423469838336		1120270123639428490153951195600723912446443520		2159971639604855647261159864942670892039667712		7.096246109512577e-08

		330		280		45717766650931017099920321833086285180594415812476928		1137444081574075698397587682323568673857470464		2267222000233342686007793034753352882636980224		5.312416334222352e-08

		331		280		87508884087363425250556844871915752186858869796896768		1154618039508722906641224169046413435268497408		2499760643810021409305817009418667351410212864		2.9789553510661252e-08

		332		284		116227751330221576141018540024989550815633523834093568		7598587886852917844302279333876907018664542208		14659569045283196254660472404713546629855051776		1.3660982412239372e-07

		333		284		232505051245115555699192042520083324210637419128553472		7717771015082755931734569987254964908374097920		15468681611485480763819050049618618621997613056		7.113846647436675e-08

		334		284		317462958374680894966190954440149969033496570391166976		7836954143312594019166860640633022798083653632		17024419935220369697531813958610665909340078080		5.586433770675328e-08

		335		284		613314214946251151772907383686332428573028189330210816		7956137271542432106599151294011080687793209344		16846827762037909814850782660299957100974440448		2.88484950117662e-08

		336		284		797032634977691573604278370597544657390841186675064832		8194503528002108281463732600767196467212320768		17509307256711258104095758841911064845640269824		2.300509355040843e-08

		337		290		1591916403964381646997772566044152295437120478294048768		106358094887389930204217705493399155189573746688		200605982577763076767120074415982404060477128704		1.375529359686781e-07

		338		292		2029101694013214631456741554660265234801853184883032064		245932657553736882605868555280250605090828713984		434253063315700192381853965642030437708603588608		2.3912569347141136e-07

		339		292		3913854045369596468481261701710364091435699185924440064		249950179548991060160208815326255463590810091520		489006202369032771825455045055018098164739604480		1.3468422955445977e-07

		340		292		5013651112596539592723953240451554716209739340586156032		257985223539499415268889335418265180590772846592		412722240297607964915250034647961735729539710976		9.542927111455286e-08

		341		292		9677110793130452972044822078288430830875526429151330304		262002745534753592823229595464270039090754224128		525908026844962237679245979784095787208134361088		5.8080976525671726e-08

		342		292		12972116469831342256083307994082170447210357627251851264		266020267530007770377569855510274897590735601664		522370386878818705944477184600264682603462787072		4.335440358116566e-08

		343		292		26152021245559930102295320904182141406828409852644032512		270037789525261947931910115556279756090716979200		573640958394101378527822194701779453975759683584		2.301306379559429e-08

		344		292		34107791717915615796841947397649212696650310751531040768		278072833515770303040590635648289473090679734272		560827415843421988696538386073301203236776050688		1.7545240058934378e-08

		345		296		68909807256454182630894255206287855915868485518356381696		1748790060554036779691682412213397126856262549504		2874700896672722313203804505295965671857269506048		4.7862079554760474e-08

		346		296		91088186113939376088856844347133970229191799150273888256		1775773338114744607024540515818923453776496951296		3534144338871378673633720964224880186264471470080		4.158419727473356e-08

		347		296		179576482950782428298877670551473957471481618710992519168		1802756615675452434357398619424449780696731353088		3747715503924435680214288676392925270580240842752		2.2048703457560328e-08

		348		296		244934532096666593069327397197071607082953155257407897600		1856723170796868089023114826635502434537200156672		3003249056653403271249651620579958872440121065472		1.4154233742899202e-08

		349		296		463128413262863379980146157436683959524764698463596183552		1883706448357575916355972930241028761457434558464		4053903169994450534261419522954449314523541143552		9.145612782213344e-09

		350		296		651007326889190163357994167957070657885125416897304592384		1910689725918283743688831033846555088377668960256		4278227792150636664766844248677244366165832105984		6.781588194596334e-09

		351		296		1285834856939479535080622477232513143469008410919707869184		1937673003478991571021689137452081415297903362048		4337807886962145915157578694873170053784540282880		3.4814840783177105e-09

		352		296		1731832438628122254625095808846164415642092894509726695424		1991639558600407225687405344663134069138372165632		4795027400890704970517504520626582632553609428992		2.7954598839151687e-09

		353		296		3448461836525276549154266735226598743236933516346873872384		2018622836161115053020263448268660396058606567424		4772590616446424622054379943307932043299814113280		1.4048325256944295e-09

		354		296		4888196139138168553413868854899773365026997792024175837184		2045606113721822880353121551874186722978840969216		4733663706822819120365856341274859972643759587328		9.89320237227031e-10

		355		296		10094557964019512249395696751953716738328847103864621498368		2072589391282530707685979655479713049899075371008		5289670563278739466467146829331104722079212109824		5.202671905460657e-10

		356		296		13691196227982901515928999785931590637958618853916111011840		2126555946403946362351695862690765703739544174592		5034513954965239350329562258320599951995595390976		3.7311191259027095e-10

		357		300		23378306549601647537309617583846097362951310916728085544960		12353183084994624607241388457443894719301009014784		28684732726537021459258597226273053528413366648832		1.2522033006300456e-09

		358		302		35267377140295477263597945791691842131012356110735353315328		32837979075152105927379007846814559194955525390336		60113113504838536957761232616005389594306845605888		1.8801129197649382e-09

		359		304		57268791368486453420066021765848119996188354417752050499584		69499571272350784027960731380244396925795788914688		151197892949445431616101953831348471924713983049728		2.749045464013302e-09

		360		304		85630331792239640387572422664150070097197803239195398897664		71420479544221090150943996866115976651623916109824		134266281127146212588860285530929077205834062102528		1.7134889526422323e-09

		361		304		156840459629350536632617689268834145166873796659202150629376		72380933680156243212435629609051766514537979707392		155947512194848273299015909479816977574164202258432		1.038495242646661e-09

		362		308		194551534894198623800069072767496893347676029128826228310016		440194585316620340290163773593385959709571301769216		953647742247233206222990878393318148758753979138048		5.110714063944422e-09

		363		308		414676471163620806092344560841495448954203212529687966253056		446392821895616227469167913534937094389182679220224		721837968451964615447252939257400828503212731400192		2.009656588746378e-09

		364		312		568907201727759907190887834228131980177081842159786135650304		2946190677033296731333983630235594380448159846367232		5090094725134685307627542949059028797576241253187584		1.007665792293479e-08

		365		312		1001265646355059499682998792873318070751768895926927840247808		2989056255214351457832551201014459994663624644755456		6136482050131734707871877456074184383680913392795648		6.501473139996662e-09

		366		312		1410298765589857690612405404139306624778705064320996221124608		3031921833395400535112136685900865767699083251679232		6357134011909965520483580507511734819040764807348224		4.74912272635967e-09

		367		312		2824226444268085659407031652267813896896670508707659051433984		3074787411576454596996706364221794930011017909895168		6876240394317262655888474338414840832171957907619840		2.5134544629329437e-09

		368		312		3668488118790293225166936320060263460948870340552020302233600		3160518567938563385379843613321589706538417366499328		7032000657511093324949359627531343584412540791160832		1.9819697390367275e-09

		369		316		6961669609788217728760635842080086753749644733237839198683136		19420549725388880697663112199282387228063104071892992		41374281112382708806810392351500072759450293294333952		6.229538035760339e-09

		370		320		9382124296680365066688553314193255565661458408257605337088000		113876333487024704559692416953269932879522884539645952		222373600841985302545783714391889725620789904890920960		2.5566049041909262e-08

		371		320		18691452422444348852744747467535779650243395981918652571058176		115606428800311654204570662142641108124076078450868224		235298398795426167744213366453038934567066745750683648		1.339210630011617e-08

		372		320		24266736696595255573857924054676084437202186533789572574216192		119066619426885553494327152521383458613182466273312768		246141712338598347796343176502190894495803075740041216		1.0735737745690876e-08

		373		320		53196036022036381390459395362640901951879349608305477113872384		120796714740172503139205397710754633857735660184535040		348719046896797831436619957340271110798059819916853248		6.296127304059151e-09

		374		320		68423483731446508195097887605936801405533779340498734470397952		122526810053459452784083642900125809102288854095757312		253263087569691489254585094418576004528610376308228096		3.917802283525582e-09

		375		320		135038817900636567534632170988539505792275059079330097979719680		124256905366746402428961888089496984346842048006979584		275251365213463629862302966035327768252963706091077632		2.1104241295527904e-09

		376		320		179512964249521184631537813662876491836780393761043190894297088		127717095993320301718718378468239334835948435829424128		291333050233707309724112309563620327113461477813518336		1.665224435610591e-09

		377		320		350091655896530637870484867403022508524609257612290112213745664		129447191306607251363596623657610510080501629740646400		268191746282397339716404277005643762289548009429532672		8.102326537989564e-10

		378		320		513515914638976406338405673191280841984737456352795498177888256		131177286619894201008474868846981685325054823651868672		306846370022828704420974342920921873841163212620300288		6.084799270113664e-10

		379		322		1074796309749146536442395358042734687011228445392955198272438272		339069355171222264834951535666015185619817581911212032		772544722342413917574896859507596326106576169811836928		7.377860996284207e-10

		380		324		1244823063258982448134555851851422451856855462572605842275696640		777670235462514711414876826074979899756525592760025088		1824349784512225313571384450253265594166861524816101376		1.4910959982221042e-09

		381		324		2502907259322567320842438330324800874498718651672979918882340864		788174885211309299611731437748899892504571292271247360		1824097530131753153603871760751720098485576418142978048		7.445198886038778e-10

		382		324		3459575369077799738440495695051798804485803679740946839551082496		798679534960103717667402588953588153565313275898363904		1792494362671043954801840283991352879150032551025836032		5.34289157384399e-10

		383		324		7313904482768918614108367729293733503099926148263256737315815424		809184184708898305864257200627508146313358975409586176		1923836882129104716203624927160890422582649041593565184		2.6656080564477237e-10

		384		324		9368059324646003187175942641538771481144832558394240512976486400		830193484206487482257966423975348131809450374432030720		1985648409198263282080661683300024910047335930717536256		2.144179951381234e-10

		385		328		17478433797401286144272683832865368155630019163142487069983506432		5037548016566921989190619416575785925397634266211287040		11462189203505139947277161589996218880236576920156766208		6.734062003732281e-10

		386		328		25155649532547672289216166436623723707847356666384040581511774208		5104719799522280542796446073458586449612028184428019712		13043003187535513218326515664549878098824237800512028672		5.146230129326661e-10

		387		328		51865265550736932977276290624073408761638756524321065620320813056		5171891582477639096402272730341386973826422102644752384		12907249336797947270536254426573397234326283338970562560		2.48658770164138e-10

		388		328		68072699709006766991396490105666354967912364057643473274939637760		5306235148388356203613926044106988022255209939078217728		10778333548650119982477724461552564644603901334863740928		1.6855399190381547e-10

		389		330		139978156123654726214421905134968365212666086525506205011738099712		14016079794665578676880480799725301947528988083542294528		33573653414727599669192438256332483589638704820849213440		2.425244894277158e-10

		390		332		186222861783867261152103636680345008557322789166800770972864479232		35205897521603864332616860728838461901426251599160803328		104040676850043096766562462929144817062342663614859575296		5.334013624177311e-10

		391		332		376960937417599730581986793244807340649610124407407055165783539712		35670808526924749701404425856357645580408615257134596096		94180624094924821811388481162114198014155148013743374336		2.4572706531533324e-10

		392		332		492962837083142635743588388454455757213453489689129319627292147712		36600630537566520438979556111396012938373342573082181632		94209500565746972882355960897874153957625373655023222784		1.8929092687612738e-10

		393		332		1046087634750347244219101585854235786699487483560602729242825850880		37065541542887405807767121238915196617355706231055974400		90970084359032297886166440805026673772085698595152461824		8.731027529951206e-11

		394		332		1466300374783643596338381463419888011874174334505405154152465563648		37530452548208291176554686366434380296338069889029767168		97342717996391809624472883526022398936831324285990600704		6.561531507260815e-11

		395		336		2680200524885626082971577664290925375809268724027308136829221339136		244701914359156116272639106566889108067430498039960174592		470612257336919128615873842458646711855444954569439707136		1.9038474151099505e-10

		396		338		3538356807126662080139179860880042110219367269921976659551809699840		615461265133012109537140382060124159604900885710921269248		1487628432443613105841387876348682431783587373155761520640		4.239930796755252e-10

		397		338		7356702002026057918678456874755371990514614423654907429472081805312		623577671909064966701837880595011366690609868723380551680		1443775109608351842654844675956824923702602366491675328512		2.0046290774652128e-10

		398		340		9333399297886717915040005389462057370509585955174648297851480702976		1522555143600073638145613924500588772689598606579534397440		3061706557209904888900850459193139475717701452452583178240		3.503742275808665e-10

		399		342		19409012117902956593152726398289635687020699166735998185908520091648		3828342329970858033164546195582215371801361135226429898752		11262369265696023536214468051866237572182416280393481191424		5.546370601647038e-10

		400		344		24566492268208427659135783304937269023189867717378088984219152809984		10059324501157575569541685493180957154343510881401583960064		15220678180134246539648009718797899202060264895779897868288		7.340684569347254e-10

		401		344		50141000567463147197326520179831943818070677203604873102808250843136		10195755668029237510055337692210074125386715109211735326720		17814143980825137870046784507594515130871893726466641231872		3.9849341943435226e-10

		402		344		68809126216229002121226391065036519740486725824765817060833726824448		10332186834900899450568989891239191096429919337021886693376		18457714876444555251712550420938306298968236757118959484928		2.984672860136223e-10

		403		344		134441929955967375594138566121345984251788289805773111471138297348096		10468618001772561391082642090268308067473123564832038060032		21606399917007472183314202880319996531744568335126283419648		1.701902854383026e-10

		404		346		192305699369000499782177699789311038708387564932642827630136117952512		27566681212750690261504572090532453573210178559566808088576		55338677962498916176953404721003394069843505593431252533248		3.075339361083169e-10

		405		347		371202892661418752966790067975218754959225265879803598613116534915072		53780016190673045772149528310036845453799344191803140079616		126427250250820175835565059320244063240141845514642136236032		3.46308813400703e-10

		406		348		490744201572217113434698025181048819146760995086718259114379340414976		74039746208293853881428130054203754419571718027824766910464		170964227226062282138982996491095250599640593554479670886400		3.561398308688728e-10

		407		352		936588670371477202857559330914752715504629819623194247398183336411136		495716265304808144494220884561824941303367809174719336284160		1104802733431896998195896976258732950986019952982873320980480		1.219030385180548e-09

		408		352		1257290089056533177532615763202130352393446976882641414545444242980864		509570924813833175495491497542824217775835449870655726551040		1097575736931440869696818141750296857016592639454355904266240		9.118483478194232e-10

		409		354		2756355914773054453208568732867983385126363330611577239473483778359296		1395689546044768917790570238237390586454592501356544135266304		2858060431894155121252691968709829565216115065714395930689536		1.1008781746536823e-09

		410		356		3687977225706971641631845196190161627434602053350531251422828678873088		3855202818123868515708368919598478372672790455479367953809408		8956657667546977837235984379585010837905462011710748844097536		2.4781441615000054e-09

		411		356		7464965194735364547092795695681869502271507068453159961051383086448640		3909967603035800355929909503313747721349666793702828210651136		7982650176757364198022043032047685743762528799661498027737088		1.1364550716120424e-09

		412		357		10966927863257115899091004250119393798695732618785136613461318426427392		6654391180339955148927699226058932710400036284308078704197632		13739989306061270983511054588984434349813075090013195092361216		1.3265637565098613e-09

		413		360		18641358473401214606207297064858333323963973602874066218999891319848960		23829215192466620814601674418403658959398016739328885325299712		39802957371608005967565391612740064814897799168222180537270272		2.4350158371497153e-09

		414		360		27594740073879623190927462197646794350706191433530144732047815332593664		24171736519635579465354944903182751805929681042879112944812032		34934681833985684703521051158295620536320915668344412347301888		1.5279562974790625e-09

		415		360		60277699627119556827361933548372118759156103313246853672443097145933824		24514257846804538116108215387961844652461345346429340564324352		32469522207464068769776751024540585796997986371462734207254528		6.743683543051422e-10

		416		362		69612388266932477367356537977383061903940653099595565364152345932333056		55302385282333258303990361729502751986875741466970690179563520		119830047448430425867611093860216235514441833422879849699082240		1.7946619021464998e-09

		417		362		151176141657497367272128401685949457998897326975404852111763594746527744		56080591421910051104334002932245380803551856862210520638291968		82682445175065872577323574077281992312923573762696406322118656		6.547765770464295e-10

		418		362		194353622337456913830938885140694156500290340007008736339127077640863744		56858797561486843904677644134988009620227972257450351097020416		98916726342112972361176255670433005599487639436504605137043456		5.717539562292108e-10

		419		364		385338677092052207505597718299697503839303253281732317348791212044189696		162779156849101388199937777300995681631871112268828611180494848		345102499632685943557027610789996193240344601546893596263710720		9.402049264041027e-10

		420		364		511208212112465118165954405193082732524683524442032561849479860750123008		167330414462923473880079497151640202235574629528835013988057088		387056775635993863372088369529335873051343036711058916469899264		7.736026737727621e-10

		421		364		1028438977982106859483649311204197906906764708778483454795420634036830208		169606043269834516720150357076962462537426388158838215391838208		376578704549126339594774737071273464809046867210728032989872128		3.7884681238716394e-10

		422		364		1514560953204691906221728965370074798580124550246942233496763963258437632		171881672076745559560221217002284722839278146788841416795619328		332809421904741625693441206415391347662320488048683935661555712		2.3770673243614416e-10

		423		364		3249744640793000782843448913086604124754396841119123484156227590989807616		174157300883656602400292076927606983141129905418844618199400448		459666030166237557852817280356559188098946516544905413589467136		1.391302554765595e-10

		424		368		3658614255457871828397152010759534792880903692286019000303034251108941824		1081650655703958521038890324749497576753583437653391847660191744		2439778153119768168531961145228956403639930044894708927123423232		6.866017212208475e-10

		425		368		8198187431342485428770179553142330851272283416740563259352165267506462720		1096324608179119639704145747203263150382512079934784746324754432		1687706045273728439478198256553891301338463437150790544441475072		2.4224720047931994e-10

		426		368		11165822116249031620249927738621297989944501625276406638877797249194131456		1110998560654280758369401169657028724011440722216177644989317120		2788760023136700437984312684009748321157158713722868266409394176		2.491435309632589e-10

		427		372		22031702550809079357833952942350931387215007661296925690685431487802638336		6964656239498215695107985433300103675853572626999817440998719488		9463970345191242131530619274227677890054448086708264195005087744		5.319316063760873e-10

		428		372		31605701395146041189784212562521730285693360709933277602516306918608207872		7158790133070976917604177827104620861778471716360935465130393600		22109886592489506411513285004926976802353648741695826651527512064		6.606025600435045e-10

		429		372		53696343198658766572077215996402141348040430249921027792234524620210831360		7255857079857357528852274024006879454740921261041494477196230656		13466702632272932878904680574294002714259741006518486335553011712		2.752968780473056e-10

		430		372		88063084752489113543898685062807702353303502973237093316171958808949555200		7352924026643738140100370220909138047703370805722053489262067712		11253274866971046324796972056362097163789190506614492295736590336		1.5071843021272928e-10

		431		372		169837430405123917309317963224078583959748078332667864392478984586041229312		7449990973430118751348466417811396640665820350402612501327904768		13678601679348070884763169965057478988003098578944744762227294208		8.874415470869283e-11

		432		376		220681647622778503502098301961131952571884502459634350106542027141032181760		52875134442696049296194090784277602583218109071045173644995067904		120077184447955402476518172451354646971330228529022149738276847616		5.590655978117301e-10

		433		378		457965252712012608717707114175734497619972067786254014524576997547593170944		146524670195800082550390006235363565410592984398673689693325885440		299228235769386883089962898441065573560227347289275983597993459712		6.943273174065181e-10

		434		380		692924312297360398202124563048161739177084119859973585726235608928242106368		353167420162510162184209267366905576663507564824561880858930184192		445070944883536959996034674141812218113400623338026623659356979200		8.217683199529016e-10

		435		384		1231215619634912054779639134591533332919566423953821460261796917083853815808		2496475470415323925363807830079934163108639395779272332097875869696		4689735091293915221976351861003835858332105392744811729887657197568		4.1635944232963325e-09

		436		386		1826913515733606976368764226017890186277926597772416048664822593403440070656		6589097549652727902833894115577170864555512657418174291007105925120		11679009508678067727131115931146522530295689456714846901856781729792		7.13309741434763e-09

		437		386		4624437301085246744118311519646845859074443312372642697639986714358375776256		6689720147782918358150496808379198846797328849478427308383946145792		7494910936752365996115064752667120089878492177561496248191742377984		2.188072693793843e-09

		438		386		4984310456768202528763070623160638404654697454264942911115607238743039148032		6790342745913096092556848173002226784166361079011277240523932303360		13867308865449756143674715779580428413147760598331192293245386227712		2.956503927034377e-09

		439		386		10733058131441433708345055946420621310188060707771301034678348283568120135680		6890965344043285799584612552381960646121542920334624194063310520320		9098525946239972437177221550998999899746884588600295035681269350400		1.0627075408887927e-09

		440		386		13147932735531969474017519074357163562249306648857972998588138368451748036608		7092210540303666710217817937986016610605175304455130228816990961664		11898903881881514691297235865944473300881213508812013252091196735488		1.0303756194419234e-09

		441		388		26143932155853826876576611147679413541231392106436688710844982941758840111104		18937856509424967707912007175664794653489572223240487328163607609344		42783731351068647656525328330649418375212405346071060490002005753856		1.684103503648704e-09

		442		388		41066904038094460257182151666917603364258846162987267346033786315013225447424		19210147308260993934052650033487379188038758034892041899446221406208		62927508457925745995691278901453861841873337497451597158889266610176		1.4267666107767952e-09

		443		388		83542338738639501462981914654807626121750768548003690921375218466312717074432		19482438107097020160193292891309963722587943846543596470728835203072		67381917787265953743984635349758588999292559304462431275175104217088		7.417158706637021e-10

		444		388		100497942770954645367770590102035472325774196703447585355305863882326402924544		20027019704769072612474578606955132791686315469846705613294062796800		47216164773572088648395273286054372237367943421606523619223078436864		4.773024877337506e-10

		445		388		193277902235602488191611386115362897546328123146391223427544265903993142640640		20299310503605098838615221464777717326235501281498260184576676593664		44952308257439759781434995244329161839881414379041172396633229361152		2.408306091022715e-10

		446		388		292260394594460023349277229412960499269124726877888158917632717931258163757056		20571601302441125064755864322600301860784687093149814755859290390528		37500722557194723157319164651385930732870645251599312538636801540096		1.417430704854882e-10

		447		388		644570135993516458262177219698103354815869765525101022336134760022807960092672		20843892101277151290896507180422886395333872904801369327141904187392		77439818022223641953292450696846612221237759203256322026635012341760		1.0877120995514559e-10

		448		388		841475023618428575109881543219470757135159628394176369484479381174146310340608		21388473698949203743177792896068055464432244528104478469707131781120		69856361531995029824952605835152607107127666330095970731574085812224		7.735166362868735e-11

		449		388		1541142537688146685252447965083626922297836200111867149845936082570359571742720		21660764497785229969318435753890639998981430339756033040989745577984		47525282146251106370120801810788825763934129691931411572435284131840		3.202420114200038e-11

		450		392		2325308898891584630954975072721350318697096677332351550388640436945032314880000		149109838106465445710656525239371343894871934885869440909428039614464		218964878430840248392453769913676112413183772021189754357290736025600		1.1291663567053442e-10

		451		392		4958990751411802764021659848728753326605657966272146846064604089849285777031168		151081689454798016253630878793189166923725748844625958187937208205312		226148842212935341161491240031518553964063854781946542689459156025344		5.426454110349409e-11

		452		392		6096272510560939618120774090927529670528552659287533374710990236247267014082560		155025392151463157339579585900824812981433376762138992744955545387008		406378994463273167815627526304899388417884452713595032245984221462528		6.56922333341584e-11

		453		392		15414046138439082696525927239715837140149883224455809972240689717679249378246656		156997243499795727882553939454642636010287190720895510023464713977856		212812564673647840887980121575365583288991043469967199382774478798848		1.711450600477894e-11

		454		392		17922945409448228682704210281289456408303122697914309455464958860598198145122304		158969094848128298425528293008460459039141004679652027301973882568704		394163087056006168049159473308202306976228952145592907389444764467200		2.201517501305249e-11

		455		392		45004127156692663936675266803810676082365602874958050934788117660297504684507136		160940946196460868968502646562278282067994818638408544580483051159552		682069596751473968995453664343462603451188832469688802036604702031872		1.336236283827099e-11

		456		392		49902416832667915286896968612948899563022148256450046590019116338625707289608192		164884648893126010054451353669913928125702446555921579137501388341248		417365128034810325052631711449102635569513961804277592216479744393216		8.323200346773428e-12

		457		392		101743552486469280753607277469581693075506314725483839599792161713260142935408640		166856500241458580597425707223731751154556260514678096416010556932096		415031154868006008096571706489160516608286622025517544944848540270592		4.079762141035648e-12

		458		392		180214287417554347630359549657562483853372325979241294963036605845352569100042240		168828351589791151140400060777549574183410074473434613694519725522944		273592950208033341317229059436335973247813725501033669640236367347712		1.7512550783532472e-12

		459		396		336078157314279709456118992875460395869830114804713981184624205422145048288428032		1156588275822059927075292824312890789242991181756802684791427061252096		1504753538172386391343044345680574144302037402986158049694864908484608		5.648888043729227e-12

		460		396		388166194364353914860149184606391256910122522141190469213156386708876313984237568		1184895130279073175825920611140904302426401521469016509982243970613248		2928483106726521775934291915131777265443608527334531655302982292996096		7.559333983113896e-12

		461		396		798590739408875309588284773500561918603006968347231830257920598689012029702799360		1199048557507579800201234504554911059018106691325123422577652425293824		2692696763267045151179829672158469674403100044939722478332093791207424		3.4763439534402243e-12

		462		397		1337405561120742120490943996532067806268497174257944508902770601703600291571564544		2435072447103891656194547480638218666353952996960908538979620906598400		5351371511668544997267514471721631968379701780956629066916620287344640		4.1531597343503825e-12

		463		400		2224289678274653127487034482356356206750820748873660948814460570683726397488234496		8034466301479116612528443096265327643350386789654316815589370627096576		21171288469851261148945046258060070850763211309727077226540369872683008		9.366550631826082e-12

		464		400		3184785954855679840187405303825516802510135084974601919674483532299595281099390976		8230998239624785063446970881973902505050314598007324271303471566684160		13431270394382928812129372890519364982261552917630939198487283365838848		4.852061369349918e-12

		465		403		6375954432826862614099719950073536386814695476458956060636051747316079690774478848		42925968092651215753103074084721377796978396987069670517245487567863808		77646996718653246153737060198275725984519047034547550528022136729108480		1.3489856590848225e-11

		466		404		8546298831819368253272528299497383381318123863045526959929242029570553736635351040		61823544511513294645027999801068473752667655981735281743993333807579136		157711181601838042944165876296226157424435184697196861419472596865384448		1.832431504426994e-11

		467		408		17946333367454989431563519945996648240676874872492535248299983653079592704568983552		385648826822161943990868889006861265732771497688131243873009145852461056		1324184977411379756565988989360614447291460995377277132282491333414748160		6.796428705094413e-11

		468		408		22352708263845764628210253082091011316553770538496602264581763947056169329383964672		395707147534614235463554009832588900643818535058448496707937776917544960		607820496804538540791959082779351555352964469008292153553855772333441024		3.202593279122606e-11

		469		409		51814991753117716729600856656388249473920127781542801715386428964101047139340124160		844459792302928804557932170284471443529871089619240561586155364376641536		2017927046424730947505816028918068569292167464463327491570802374043762688		3.9407192037335686e-11

		470		410		69704119997431700376144998467463624051511179123824195289170110487931054185712189440		1142270547657552832166587332171222438701718504415888053113209633640546304		2421246111248668055861964672292867262220116715357087088614277240611405824		3.6468923345241875e-11

		471		412		136393165184487203922203767877781640611096362224169633861972430677030206473045540864		3342195764282903753783764069686147102519967581679408050211779203181838336		8837561767760686232294050997978139310652815426522104785120438009058033664		6.370134938821301e-11

		472		416		199250164136926111820913095272760538528066806184640876766874764047151248712228929536		20571167351254162537257540485096188988811385209374196682385875026313216000		74747953259961410592756306834570005891899396203938857884431467702223110144		3.4125886060630706e-10

		473		416		360757825671403827356264845021200321224408722617638076592851978196479143775469305856		20849616904321891171690676636586191082282421232715338173051534753285537792		50878169394327406520024846421504971570801285064590572947431654212159668224		1.4183201213995877e-10

		474		416		509217030504451235004134463210628089161898364933132609335877546368912222175014944768		21128066457389619806123812788076193175753457256056479663717194480257859584		37096941486694954180380690972133514479079688603171943130764887508492746752		8.156601291543066e-11

		475		418		1090662464315146705290266110387351083607009912613709921361175381641349447434406723584		57265021130396448015843349517306754641985649314560124468754103138657501184		92172059175472218491333483632586636753922544943502457896320875750009864192		9.773961052437504e-11

		476		418		1470719174419876389749341626879501175579502401689958195245057621739057484431223685120		58819850109096095283954262134247579229382773549793598728324206540240191488		90644019520703067090918519379703220335861738992209965958490471183979380736		7.249516868530709e-11

		477		420		3092459486841180292509863577374623494062120870030411820334920691167904528640663093248		152666677511284777929674996382160598295051478271670058907049613757276749824		231938200861852105133101676228057609533830921417459137888239147822325170176		8.871833180672582e-11

		478		420		3715869267780442992834032541280113561155491903498711425086902608550224926063659581440		154711510359734635656106804771260095046992339716084132109667026247262142464		357701353853523521648078676173326195039848861722277741787284459224098144256		9.836989217703488e-11

		479		422		8335550755136571352084813577979496158390117043965465624830057458922202758327109156864		443877789689414910369908033006936622411981120812981600491443592547440525312		965910743558471939670165974791648379892355296014735257944940218043825389568		1.2064859558835135e-10

		480		422		12659237054241405730945108729318771187410728736421326254230297531754925657469757685760		455994277315052991727532843371123674514301936281935339264341372624510648320		596390050110064076438307852652174974517019967939732428097067457616612950016		5.930201312557971e-11

		481		424		23966635241168825515720846316009233298541713017148480106686840507204484459710585503744		1096961616094118436670069489133611504254398107429657602884388787400659173376		2878441863806217707198948944977615055649438988687710387204539605109427929088		1.1832506306999273e-10

		482		424		36057376420623980561200101254156437451883670779105532992286503631438621216808372273152		1111596073115949986754675451043457281783815954275465839909155369045440069632		1683881568598718000767086270154730707109130401483641787497196777055683870720		5.530501273757026e-11

		483		424		63688444510179543517610540733962127180946616597476547965980340385529657620980167606272		1126230530137781536839281412953303059313233801121274076933921950690220965888		2695804065997515979500139988119930932990695546236979654869557795593130082304		4.2809146486891656e-11

		484		426		99013776020285453716721491475386166062617346575645444555575111191227552798415192588288		3368526350518204580000581832427061971464007608258334676638546923734335225856		4821846162305136691086818431110104536705685813870987838756614467396827086848		5.900796382442598e-11

		485		428		181396668870309692794521810727769518764101557451972196334258612486231589537523752239104		9394368974596413651657312785791370946775317977781449164687551389377908178944		16316527560973772875647059662454688088177926816565907222810988336415892307968		1.0110916189460874e-10

		486		428		272207644175400467303273261350217276852174016385010060543341165577439974142364016967680		9520791780176997163597869155826658428995991407023875000452650392792751669248		13796586948655008671011770076808687791851048873050341773108407830763379097600		6.1105739890914e-11

		487		428		623009935423372341078056954553909151648075181810285943433963861937716202304764488187904		9647214585757580675538425525861945911216664836266300836217749396207595159552		33447101726204447130826982654841905515148349935932346319939872236658548015104		4.934323509246304e-11

		488		428		799535967568440561663508200121380530753952248261689126964149152667772941559706681344000		9900060196918747699419538265932520875658011694751152507747947403037282140160		15261405558876526467445977160887920530484906803682688717200519366580379844608		2.2449182405282256e-11

		489		430		1657895593823785592476469714715493161269837706442478601804359546500872454914489014288384		26815186882852234429813294075435884849628389807441659370084308741827659300864		53284911889011764675903329621837682748185926754287220439342769212298887168000		3.4465014980292916e-11

		490		436		2131118504486955271463419183802385537522506015944913729554096237855232897419226866778112		513599087131129343252015027634695796110107053837386721816547936612031775375360		909833996137080490626732029884235935098020840858004013428257150698674808946688		4.764661505076634e-10

		491		436		6576872264144735447934327071994374169292154059580266362089649284058251425183119674703872		520906741194063792047684659905640938900725960663590218799846146161952394575872		809318065583178143205636610869179221469257061536125169523239405276706115682304		1.4428069735687818e-10

		492		436		6849109126409793116431532197356400676523393903522122331701715985344045825140719095906304		535522049319932689639023924447531224481963774315997212766442565261793632976896		1832051132396412357429110285146116245393917856034835824363427066342202394279936		2.465879915679073e-10

		493		436		12290059345855189761546944931816264972131415079202242481175027712481523622824759915446272		542829703382867138434693556718476367272582681142200709749740774811714252177408		1265680777890796550944686439482647450154236699015883274167584113672887759536128		1.049710756204901e-10

		494		436		18814459430602244858033002577452493050911054668341170061645840465131922582481155148218368		550137357445801587230363188989421510063201587968404206733038984361634871377920		1613784646470308990465246809490465157211995841946578186831954042055079623655424		8.204506350552116e-11

		495		436		39073806226181707578745620675727832441106774185048143452258515886818571503814274673803264		557445011508736036026032821260366652853820494794607703716337193911555490578432		1617252697233117528697548626451094707769164851147770930063352500302334683774976		3.9702309974299645e-11

		496		436		68570065473091431347263260964435893892603389317306789383273073920560057635897858691432448		572060319634604933617372085802256938435058308447014697682933613011396728979456		1206074402963172335096540684511720065170934422308037043828217533719791060123648		1.8498337375544483e-11

		497		436		94801277193637382087488299957474210227394740030087598265601352497437241387656857176244224		579367973697539382413041718073202081225677215273218194666231822561317348179968		1417228037548543872606182454332327383333704221620785439519461875902426468319232		1.5023758992604358e-11

		498		436		161051969873986440389784903267652053921538376671203000407402957126683181862836452783554560		586675627760473831208711350344147224016296122099421691649530032111237967380480		2004290142259734299103574803173027755562186916253916539434138884663254626336768		1.1476203258946887e-11

		499		436		346719411122154322303363336275437923482458048036402926368055317062204767218557090491531264		593983281823408280004380982615092366806915028925625188632828241661158586580992		770722130108850688772679172013646969710808729288690316818998962441431755522048		2.8077818009540198e-12

		500		436		467936334657645495344445149408305188040560685664170302166973707925038803908212642765864960		608598589949277177595720247156982652388152842578032182599424660760999824982016		2237438009386346324562947929568252973559428110453234556540122861053031928037376		4.338666905428889e-12




		d		betaprime		total cost		preprocessing		single enum		probability

		3		2		28		27		1		1.0

		4		2		128		125		3		0.9849122498461097

		5		2		219		216		3		0.9849122498461097

		6		2		348		343		5		0.9700440157282773

		7		2		519		512		7		0.9700440157282773

		8		2		1010		1000		10		0.9553922311963401

		9		2		1344		1331		13		0.9553922311963401

		10		2		1745		1728		17		0.9409538707767322

		11		2		2220		2197		23		0.9409538707767322

		12		2		3408		3375		33		0.9267259494496697

		13		2		4141		4096		45		0.9267259494496697

		14		2		4975		4913		62		0.9127055221327641

		15		2		5919		5832		87		0.9127055221327641

		16		2		8123		8000		123		0.8988896831710534

		17		2		9436		9261		175		0.8988896831710534

		18		2		10901		10648		253		0.8852755658336039

		19		2		12535		12167		368		0.8852755658336039

		20		2		16165		15625		540		0.8718603418164662

		21		2		18378		17576		802		0.8718603418164662

		22		2		20886		19683		1203		0.8586412207515879

		23		2		23776		21952		1824		0.8586412207515879

		24		2		29794		27000		2794		0.8456154497215116

		25		3		33195		32845		350		0.8456154497215116

		26		3		36467		35935		531		0.8327803127796929

		27		3		40034		39217		816		0.8327803127796929

		28		3		47741		46382		1360		0.8201331304798151

		29		3		52421		50276		2145		0.8201331304798151

		30		3		57814		54386		3428		0.8076712594359169

		31		3		64263		58718		5545		0.8076712594359169

		32		3		75261		68072		7189		0.7953920802584125

		33		3		82078		73106		8971		0.795386394296593

		34		3		88458		78386		10072		0.7832114120994887

		35		3		95722		83919		11803		0.7824236218201691

		36		3		108899		95763		13136		0.7690635888985403

		37		3		116357		102087		14270		0.7603649476953337

		38		3		123549		108687		14862		0.7384605330766328

		39		3		131282		115569		15713		0.7019427487984655

		40		3		147576		130203		17373		0.6703506380265274

		41		3		156540		137967		18572		0.5952123010871437

		42		3		164416		146038		18379		0.528228622697592

		43		4		195535		173610		21925		0.5286137954640251

		44		4		229863		192129		24364		0.4892423614564319

		45		5		267202		219840		30066		0.486843803869631

		46		6		292721		256721		36000		0.5183272238482349

		47		7		359266		302685		45158		0.4987596361103038

		48		7		484481		327722		44057		0.4215530124153223

		49		8		659385		442644		67805		0.4243326909741373

		50		10		752488		608274		104247		0.49107817599229336

		51		10		1044645		626975		104255		0.3930630666032679

		52		11		1325290		769273		131828		0.38431863626882234

		53		11		1998133		791025		126105		0.2792212028915793

		54		12		2396071		1066276		179571		0.3098935207337246

		55		15		3561758		1622607		322048		0.32258833580518315

		56		15		4523455		1698526		320673		0.2727086262462856

		57		15		7109223		1737112		306655		0.18541342554501378

		58		16		8357429		2254149		416779		0.20385785000516987

		59		18		12544109		2890255		579237		0.17905627069627045

		60		19		15623699		3373989		662116		0.16829815795954364

		61		25		23908352		7558537		1642560		0.24007211938212103

		62		26		27413774		8380365		1736153		0.231448599479225

		63		26		38943599		8544250		1799937		0.1726105642388114

		64		30		46519902		12988833		2907782		0.21632695512358094

		65		31		67592249		14482324		3060437		0.16901325787428786

		66		31		75101794		14759304		3278537		0.15745764941007606

		67		38		108892193		25514411		5318207		0.1828917297700101

		68		42		122182521		33210909		7798518		0.21292304915715218

		69		42		168813387		33890505		7803457		0.1615371278895015

		70		42		186099161		34570617		8097909		0.15088084228769583

		71		42		266191558		35251251		8034786		0.10952433851485824

		72		42		305508247		36614109		8197535		0.09934540247191537

		73		46		452617428		56985183		13630040		0.10532384457110512

		74		46		504762649		58181183		13664387		0.09655035903043228

		75		46		749984823		59377735		13560776		0.06702385035645524

		76		47		849993685		72197581		17944805		0.07286048320361138

		77		47		1278910316		73662005		17763534		0.049716850039102096

		78		47		1462906146		75127005		17634420		0.044225055705609584

		79		47		2282718936		76592588		17312555		0.02891897188315205

		80		48		2651488328		100643162		24454890		0.03309600706789232

		81		48		4228504842		102611387		23763514		0.021093825614777958

		82		48		4875138232		104580217		23657648		0.018589328526657876

		83		50		7532733102		152385085		38446340		0.01790942285903989

		84		50		8943488489		158469888		38860262		0.01561621570727657

		85		51		14474217319		213169900		54657580		0.013112923524314172

		86		52		16729223192		268244075		70934371		0.014358804312043455

		87		52		27701282907		273579904		68714330		0.008775859065236747

		88		52		32867106071		284253513		68846990		0.007634425737384174

		89		54		54259402693		483955254		127752836		0.008009891878761171

		90		54		63787674703		493576833		126737272		0.006913086382456683

		91		56		108567078644		896487876		222705101		0.0073267867608177335

		92		56		128822684291		932753496		248857365		0.0065217580355990245

		93		56		215874706636		950887339		243783893		0.003939964259859887

		94		58		258112491626		1681954991		425581952		0.005807705430789451

		95		58		425147856179		1715426125		488128618		0.0036904883072947847

		96		60		519859267585		3189212325		855515373		0.005534793850021024

		97		62		848908452950		5407496167		1460604237		0.005754740463500603

		98		64		1008875668118		9036334149		2456994590		0.00809370361462976

		99		68		1644473862363		22171615398		6061974594		0.012172645217631381

		100		68		1952134237905		23149167827		6387114918		0.010735126290328391

		101		70		3095957094659		34212041492		9258205891		0.009966131584381385

		102		70		3624906563983		34956486144		9800097328		0.008769029735959265

		103		70		5820713289509		35700931558		9890205790		0.005571781804106208

		104		72		6864134615097		58415331200		16340720813		0.007738864554142387

		105		72		11201772201154		59637415280		17032021106		0.004870553872641014

		106		72		13142613263165		60859500147		17632881946		0.0042513178550089605

		107		74		21628353144255		96353204026		27365846889		0.0040722079948734054

		108		76		25441456830584		161604425998		45950524114		0.005802706675636102

		109		76		41512873851565		165004455821		46589971869		0.003629399003074719

		110		76		49470455984376		168404486460		48736373286		0.003126212552807642

		111		78		81794885284601		276683725500		79964934460		0.0031055734504954824

		112		78		98031270046611		288387090592		85353160979		0.0027159227820036658

		113		78		162459961592904		294238774395		86651421490		0.0016710633928362394

		114		80		195573021133519		517972150580		151827013740		0.0024401012830378133

		115		80		322936597781510		528578164811		156660614570		0.0015125112713591689

		116		80		392964330920093		549790195854		164342044476		0.0012955274930049098

		117		84		667501191946685		1693349083868		483566010758		0.0023237369307689804

		118		84		796653719071875		1729123102210		507497425672		0.0020007392787031795

		119		84		1332486002970038		1764897121435		518571115311		0.0012217138283270473

		120		84		1616999600358334		1836445162553		546606001306		0.0010507460955132028

		121		86		2751706250711428		3291275682842		966826905240		0.0011032577015478071

		122		86		3391981400631093		3358192644465		997774486759		0.0009156612169801302

		123		86		5738096074870816		3425109607001		1041049187599		0.0005550708009338176

		124		88		7083391570448733		6685030862392		1979055884364		0.0008721570255841506

		125		88		11886631888676472		6816499359217		2048498156666		0.0005318716989802883

		126		90		14546779781287790		12692324364431		3757462722500		0.0008063449303359322

		127		90		24926182034552916		12947475137661		3913842969574		0.0004824291902157507

		128		92		30234782789266612		26031879066033		7610321262195		0.0007934284869723655

		129		92		52636558417920704		26547169880478		7968110112362		0.0004676543116689748

		130		92		64508743799385968		27062460695889		8240900139789		0.000390315047427861

		131		92		112894799735367600		27577751512271		8396712353036		0.00022728649466811397

		132		96		137571937444261088		104640217984665		30331970981332		0.0006996245961107908

		133		96		235747595518444704		106719655137176		32241618901351		0.00042039525834390156

		134		96		290211397735332352		108799092290683		32464605153767		0.00034717089068482846

		135		98		506372580638261056		203612247328072		60546578757801		0.0003720632171588844

		136		100		611699995802016768		394622553802285		114773084571495		0.0005938685861391922

		137		100		1046343954586736512		402431090841115		119924633617564		0.0003560550570964809

		138		100		1298894700916670720		410239627880971		124061213402892		0.0002933937059527001

		139		104		2163480477283728128		1339810815564584		386031202324760		0.0005688884194200217

		140		104		2653040902190844416		1394723892667016		407022524043678		0.0004843364176032492

		141		104		4580282906144674816		1422180431219804		421769366721235		0.0002871422025167596

		142		104		5724305218534113280		1449636969773648		428224876315700		0.00023398748992281728

		143		108		9731317473045604352		4957785124738282		1425596271624092		0.0004678214641187791

		144		108		11911319105250514944		5161316779575206		1495460719458438		0.0003985843227508058

		145		108		20499453404894167040		5263082606995285		1570690447909824		0.0002377766644768392

		146		108		25308636638604058624		5364848434416450		1584929526803966		0.00019586743710681156

		147		112		43955885661082132480		19028943353466936		5562114829521938		0.0003990029649127408

		148		112		53312976689047863296		19813193514042956		5644652842184904		0.00034057860360178364

		149		112		92267213897615556608		20205318594332636		5841549925471985		0.0002013571151607431

		150		112		116037666926191689728		20597443674623424		6154905371431596		0.00016444846320475738

		151		114		205006845948325724160		39454608432183176		11499292530125480		0.00017728548182031545

		152		114		252264893704680767488		41019192601465656		12025397501502668		0.00014998723788271372

		153		116		432464979507094355968		80704884798266992		23919555364163464		0.00017256285825781046

		154		116		542401865802461937664		82276742122057376		23977432800234208		0.00013973238813551553

		155		116		946734226679711531008		83848599445848928		24765095883794204		8.183542421108072e-05

		156		116		1165265999426600304640		86992314093435472		26315053723095780		6.936184094665048e-05

		157		120		2022137885599009865728		331443907144286144		97010319766956256		0.00015113444049755025

		158		120		2562149671990420570112		337911905545835328		96824520517997680		0.00012103134205234312

		159		120		4459764553480879996928		344379903947385728		102996345489874160		7.155632888664832e-05

		160		120		5619614242409450307584		357315900750489984		108812043487141776		5.9168203588413604e-05

		161		124		10023182397054147100672		1445249389797459200		417526064789647104		0.00013256494097738285

		162		124		12479241202550530113536		1473582956079375616		414314420754952768		0.00010791190704214284

		163		124		21831211284459365072896		1501916522361293568		435816373198611008		6.331475454584472e-05

		164		124		27454924490486449176576		1558583654925133056		466080281803774080		5.260461758549688e-05

		165		128		48070396052729004818432		6172646845020765184		1767834832680210688		0.00011782736290524914

		166		128		62144530128810507501568		6293585976177959936		1816153559538254848		9.308643119582068e-05

		167		128		107382638316859772895232		6414525107335155712		1840426401094309632		5.483667905981373e-05

		168		128		133438483871529651142656		6656403369649551360		1972167092423436032		4.612648190661602e-05

		169		128		240302399986317138067456		6777342500806751232		2036329846890866432		2.6163492054359585e-05

		170		128		303935266919299365732352		6898281631963952128		2052001998102954496		2.1006501905893435e-05

		171		132		542736320048746765221888		29105450703367938048		8310827557568629760		4.917717981894381e-05

		172		132		667564787643511302258688		30206026202922303488		8828060741183161344		4.171037979290245e-05

		173		132		1195910003986562298150912		30756313952699486208		8961284976902388736		2.3690920751049002e-05

		174		132		1546276006815027913818112		31306601702476668928		9390569102257295360		1.8774817414741106e-05

		175		136		2732479804521141013315584		129497247576813174784		37308280624423206912		4.354583475758093e-05

		176		136		3359462753015894202384384		134390847543229612032		39029012686540709888		3.682337600956867e-05

		177		136		6047720911454575899181056		136837647526437830656		40020068793634971648		2.0860770203753955e-05

		178		136		7539213663468751016689664		139284447509646049280		41148300789537939456		1.7072149406862443e-05

		179		140		13542560509308501911142400		562398004465874042880		159641744539816329216		3.8032481297952615e-05

		180		140		16926284229183665967464448		583622331683401105408		169984032131052339200		3.1759863594004344e-05

		181		140		30284150586157057919942656		594234495292163883008		174385415857318297600		1.810484868861299e-05

		182		140		38423805296251141177212928		604846658900927315968		176470418388796932096		1.4505289179329457e-05

		183		144		68830758299856216147361792		2521498866618573258752		732303321048860065792		3.3721265719771406e-05

		184		144		84355452041415407152660480		2616789419460577984512		758294406139551809536		2.8540909358806403e-05

		185		144		152112208262344483717251072		2664434695881580085248		763098694636983549952		1.607373226197526e-05

		186		144		196920519790086173497491456		2712079972302582185984		804994965911166517248		1.2740617549518428e-05

		187		148		350528853142668050247450624		11284019126855570292736		3179085930095419850752		2.9432962347645307e-05

		188		148		433761242607905116948267008		11710522940367952674816		3360483410012579823616		2.478498861397034e-05

		189		148		782119892571696467307134976		11923774847124143865856		3542142402201352929280		1.4105935199558896e-05

		190		148		999619442741224701798907904		12137026753880335056896		3649849729064561541120		1.1265790412017814e-05

		191		148		1825565070604992405313683456		12350278660636526247936		3740674836900300193792		6.287611420696743e-06

		192		152		2264873987206810773896560640		55233903053997434994688		15773665882196374716416		2.236445612735623e-05

		193		152		4025464111434213422161461248		56242962628816154918912		16485711758506418241536		1.2888118229004206e-05

		194		152		5176373331434604897322926080		57252022203634874843136		17318749816743656423424		1.0276457110972663e-05

		195		152		9438342312931220373572157440		58261081778453594767360		17249754694347686674432		5.707092542018223e-06

		196		152		11908328457311432613807783936		60279200928091034615808		17861486126868369244160		4.6808853223107995e-06

		197		156		21246306137113907203772776448		259886113197761071415296		73841572919433846849536		1.1204925326143289e-05

		198		156		27466099571886534889775824896		264547177195467469488128		75593224662211996155904		8.83409182811045e-06

		199		156		49823219322352791676044443648		269208241193173867560960		78163722584059210104832		4.9735271740289935e-06

		200		160		63353891458300888231425605632		1227769235252125074718720		352593649606275069116416		1.7794355334643616e-05

		201		160		113259247412229962481201577984		1250247692221763064692736		353656545774678461906944		1.0101948895353328e-05

		202		160		148082343869992397994452844544		1272726149191400786231296		367891335442904003903488		7.903235749841617e-06

		203		160		265584845022062761551106932736		1295204606161038776205312		378543229329285496963072		4.495607220644593e-06

		204		160		330271042401470503083522916352		1340161520100314487717888		393898787392317972021248		3.7453765259796546e-06

		205		160		616195956778093493166087864320		1362639977069952209256448		416095853888688132980736		2.059182124147761e-06

		206		160		814908867115797924015442493440		1385118434039589930795008		411523364760937637609472		1.5727319576636628e-06

		207		160		1518298467654523626264299831296		1407596891009227652333568		430157780745175586308096		8.634412475552449e-07

		208		164		1836976365622662686220205686784		6543555744884272528359424		1894145129730026674061312		3.2765925705553318e-06

		209		168		3295001260098167817807318745088		29685342913826505409691648		8358630405991347274121216		8.236279806560018e-06

		210		168		4278103899109031958663602896896		30219096849312624014262272		8848732844627887269085184		6.514320786736114e-06

		211		168		7943693144819812370777789956096		30752850784798742618832896		8808522859230870984720384		3.5526361365013494e-06

		212		168		9809603717898896525489036328960		31820358655770979827974144		9212874745045399841538048		2.9839134807400765e-06

		213		168		18266411832154057519399163658240		32354112591257098432544768		9639574914736777055961088		1.6399590672624276e-06

		214		168		23941233969759121116905118629888		32887866526743217037115392		9552336523308544968097792		1.264541960688615e-06

		215		168		45280261676254948808371770228736		33421620462229335641686016		9963629339192497876762624		6.834954428036148e-07

		216		168		56766760876811655960754837782528		34489128333201572850827264		10464467996853406852448256		5.649015964428661e-07

		217		172		98798036098841759880309427404800		161761704197349686936338432		47083941337907290622132224		1.5079237541922832e-06

		218		172		131686055962724621744387750100992		164431963347923740198436864		49022449244436117046951936		1.1562924574171209e-06

		219		172		247623062516059820885461457436672		167102222498497793460535296		51089222645259305270378496		6.285633996714948e-07

		220		172		317214441933470978808000553156608		172442740799645899984732160		51711349320351356026880000		5.040762134875935e-07

		221		176		562625536850113825263989794275328		813884692674973362626232320		233830183334358410873274368		1.3283911659994024e-06

		222		176		744768728797900986503949715505152		827322543687036879306227712		249126684029903759543894016		1.0310375695793449e-06

		223		180		1333325994593743656646484206551040		3893648953339472260911595520		1126985132174535608022073344		2.6861127484054205e-06

		224		180		1712724486528693324326951752564736		4029059227172941880709087232		1160628265090102641718984704		2.1615029263794367e-06

		225		180		3186891127344686528607272315125760		4096764364089676690607833088		1190809433684360204677808128		1.1835634770468284e-06

		226		180		4200672343636048075867736042897408		4164469501006411500506578944		1221452187211955221980774400		9.146261743574313e-07

		227		184		7615205213392081133943230858002432		19424352511191041497760792576		5488577865489393523984695296		2.333701437591799e-06

		228		184		9688877935470726996267248658677760		20099196127522356783522775040		5834409823497568564558168064		1.9093766439357185e-06

		229		184		17898001820080739292668877435043840		20436617935688015525915394048		5918663401795364529603870720		1.050426036480283e-06

		230		184		23387101207886358730694479423995904		20774039743853674268308013056		6149667531712429747240697856		8.212225837370165e-07

		231		184		43796956748914448127825186417278976		21111461552019337408747143168		6385351249622968072862171136		4.4785860463206097e-07

		232		184		55365389222007810220626241776517120		21786305168350659291578892288		6514133611419663660230901760		3.6463414117513755e-07

		233		184		106736456427849986943242855537180672		22123726976516322432018022400		6618768624087508378145783808		1.9209419846696268e-07

		234		188		132916541809797158014184917741600768		106709896240870614957488603136		30801298929810220293617090560		7.380086641157615e-07

		235		188		248458459274564150527766116742201344		108444941211302237899182833664		31599848635959514705766121472		4.0208296929321314e-07

		236		188		321976400961520255732729178170064896		111915031152165483782571294720		33378991971156813317545132032		3.219038976546993e-07

		237		188		605609994802876287028848634328252416		113650076122597106724265525248		34427710141256581840237494272		1.744212676851136e-07

		238		192		762979562854354103966084889533480960		556532127145797045850067697664		160916776620699426588077326336		6.707806451523546e-07

		239		192		1452402111811076223110475616761151488		565591623094624283448095801344		165628043234583833373403250688		3.591397789093483e-07

		240		192		1849716657344141864716698695971635200		583710614992278758644152008704		175094182600997326726631522304		2.926357590682838e-07

		241		196		3348176211057110337253133462139830272		2874846862275886003722324541440		828468728647438869903676801024		7.890142432296804e-07

		242		196		4538433981064900890774912163739860992		2922480176105131628624439410688		842735998583435675880132706304		5.918155364760061e-07

		243		196		8442628913086016717569550329321619456		2970113489934377253526554279936		859046193224981364221266624512		3.235402404732869e-07

		244		196		10777277987566004977995733814814441472		3065380117592868503330784018432		921702539080136015643452375040		2.6390565354990485e-07

		245		196		20261762603279363228670491290832470016		3113013431422114128232898887680		919742616729675613487455272960		1.4198004028035334e-07

		246		196		27508666438645136665900149647555428352		3160646745251359753135013756928		960754027937628670270166269952		1.068754324715398e-07

		247		200		50863450579528023095235230714222870528		15789035733582929680053364064256		4765996431336612605967923675136		2.8828024071469745e-07

		248		200		64032045999527445761896375438893121536		16295866865249337278485978152960		4904095789320196594519991386112		2.3617844722458016e-07

		249		200		120266267635459869971056668346104676352		16549282431082541077702285197312		4914285069566967854788434198528		1.2730945090795096e-07

		250		200		162693271354476450997392003691630821376		16802697996915744876918592241664		5019418594416369049806892433408		9.568191449680732e-08

		251		204		295033282218527889559635127131764162560		82436057372845836033236221820928		24638285169514746868963590799360		2.588909962481229e-07

		252		204		370877061062709417393052181525040201728		85078225712057625953602262532096		25137570334616595462494548393984		2.1199051026054805e-07

		253		204		696500330675882568411975029600200687616		86399309881663511906586028146688		25471818711853174408496092807168		1.1457747965408939e-07

		254		204		949203085030470104762115821933330169856		87720394051269397859569793761280		25983792657669363083796449067008		8.545153998513574e-08

		255		204		1891725453922409475818601158841590611968		89041478220875283812553559375872		27653562326437214695716160536576		4.400447860238646e-08

		256		208		2245746402925646471074687134302654693376		472924897951834141494288014376960		139542107139484308746650741899264		1.9454700065076414e-07

		257		208		4251185344861170843404655348042463969280		480272803414324792239168837124096		140302133788788335762839995154432		1.0413261312152491e-07

		258		208		5780289747933958830042116259825370267648		487620708876815442984049659871232		144983218042007308424702291083264		7.807012146482978e-08

		259		212		10450759998179238632309491706186753376256		2446708830095601523350755640082432		720054940080999783647088893493248		2.161575174085329e-07

		260		212		13510692707897407810435237892661708849152		2525185659838792884705852280274944		728838813405698897562070788603904		1.7180894006835015e-07

		261		212		25184847308752113801779198142421342879744		2564424074710388853613776752082944		758826698587710325065120525320192		9.412963381847853e-08

		262		212		34702598374027130497124669246648734449664		2603662489581984822521701223890944		782463204220245472265473166934016		6.960551696771154e-08

		263		216		64891725615095814001852027149550251671552		14119149380481335054328531236421632		4044380223716234488021035100667904		1.9967030295831542e-07

		264		216		83814468455574796994190721375211488280576		14573283467495828590244946090393600		4270606033743552544477399962615808		1.603814428777622e-07

		265		216		154577949064897420785109910091935053250560		14800350511003075358203153517379584		4435388582261106466189779037847552		8.876952889716399e-08

		266		216		215758606857823828341764028320293104648192		15027417554510322126161360944365568		4575145475731511295388932521328640		6.481078966091073e-08

		267		220		406912552262473909804710801443593551609856		78822002709084388540952002993061888		23243907109497457301424432819994624		1.7892959655964636e-07

		268		220		509665204696571564329404836904178500501504		81359718244552148012735099018674176		24246592649424762228876779414618112		1.4781123720736784e-07

		269		220		953447826459936773060709489640174914633728		82628576012286027748626647031480320		24089004595094236223551711452594176		7.984387714673908e-08

		270		220		1300085971802953464147291744218326249766912		83897433780019750687193568513097728		24390117676282832351862447260303360		5.941677094467214e-08

		271		224		2456942720789178177485775144497425571381248		426243810672027485986716346054868992		125034414622380739242152946791612416		1.6005836253476923e-07

		272		224		3092117345329574100417664214082047298240512		439945606564256963406041683664568320		128029941988708647854253691598012416		1.3103165956642373e-07

		273		224		5976371443845371690411803867545847665262592		446796504510371702115704352469417984		131397938854654072826027582827790336		6.901427245422178e-08

		274		224		8086784983784045469422688656978170980859904		453647402456486440825367021274267648		137209094250791075112414027674812416		5.212051582166722e-08

		275		224		15591844572014588970301418866223098235977728		460498300402601179535029690079117312		142409930951589633115315361051312128		2.75839405221591e-08

		276		224		19948753673734768826075904878597964996542464		474200096294830656954355027688816640		145726923053315551468340360068988928		2.2168044784914533e-08

		277		224		39155271368617002261236145645595508351172608		481050994240945395664017696493666304		145878755772327503919669971873955840		1.1421712803744022e-08

		278		224		53462564233761291582520381257720619308417024		487901892187060134373680365298515968		148036211535415797807394908746547200		8.48530891782957e-09

		279		228		96834556623841845653791722114806740655538176		2604212914901283081653846485090959360		785420237445099779934048725223079936		2.4970366812084784e-08

		280		228		125070490475764931551806069181781564710715392		2681723938385049257335493911696637952		815260735329398637402287490593718272		1.9945341147512568e-08

		281		228		245272321819261640095091897080513767657177088		2720479450126931902454459855970238464		823404163665461488819282763118018560		1.030702912897049e-08

		282		228		333973577504689883099067548622745745183735808		2759234961868814547573425800243838976		863987626936901963884423144812838912		7.739011681072696e-09

		283		228		673584093503427135735906423996959431742980096		2797990473610697192692391744517439488		885165502820716119677821356192301056		3.900595223430739e-09

		284		232		787207670664773514758494681346415141404540928		15315784374577468284061486625100660736		4720931479850326912910206257355292672		1.815682114270949e-08

		285		232		1523657665692447920810440118686724431043100672		15537245931465500705535612309618032640		4778211596664336919621697415589920768		9.511342086390113e-09

		286		232		2088089131515238610009718744389687649060782080		15758707488353533127009737994135404544		4638209262165120139018129620883996672		6.968159551587818e-09

		287		232		4233948005334102603705177933468251077077893120		15980169045241565548483863678652776448		5055150916496298234185983930650329088		3.544101885681428e-09
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		61		-0.04656374427556433		1.011708955445338		-0.04615614562567417		1.01160586789664

		62		-0.046316393094940365		1.011646395528497		-0.04590404276150371		1.0115421127215918

		63		-0.04607049790879687		1.011584207695293		-0.045651330166034454		1.0114782073821404

		64		-0.04582613093369563		1.0115224101397486		-0.045399561268395665		1.0114145446973823

		65		-0.045583356684850355		1.01146101910446		-0.04519693447254264		1.0113633110729388

		66		-0.04534223253204204		1.0114000490218158		-0.044946592149957165		1.0113000162935617

		67		-0.04510280922672703		1.011339512647878		-0.04469767593082836		1.011237086007513

		68		-0.0448651313995997		1.011279421188733		-0.04445029332071802		1.0111745473239615

		69		-0.044629238028543246		1.011219784419304		-0.04425084726493441		1.0111241298871236

		70		-0.04439516287738524		1.0111606107947324		-0.044005936141145334		1.0110622228956216

		71		-0.044162934906230744		1.0111019075545267		-0.043762822159861846		1.0110007739224454

		72		-0.043932578654386996		1.0110436808197403		-0.04352156754039153		1.0109397986095365

		73		-0.04370411459705945		1.010985935683478		-0.04332671976876639		1.0108905549671714

		74		-0.04347755947710061		1.0109286762950604		-0.04308849453428143		1.010830351850053

		75		-0.043252926613148196		1.0108719059381843		-0.04285228333166389		1.0107706612492557

		76		-0.04303022618550389		1.0108156271034274		-0.04261811714612172		1.0107114909036838

		77		-0.04280946550110394		1.0107598415554382		-0.04242941719303147		1.0106638117255946

		78		-0.0425906492388975		1.0107045503951482		-0.04219859665989878		1.010605492918298

		79		-0.04237377967691508		1.010649754117333		-0.041969895027856814		1.0105477127887197

		80		-0.04215885690225346		1.0105954526638319		-0.04174333097265519		1.0104904759627649

		81		-0.04194587900515348		1.0105416454727305		-0.04156051935444804		1.0104442946683092

		82		-0.041734842258280815		1.0104883315237831		-0.0413374639705797		1.0103879499793158

		83		-0.04152574128226319		1.0104355093803465		-0.04111657684228506		1.0103321560966652

		84		-0.04131856919847304		1.0103831772280747		-0.04089785470451859		1.0102769121048056

		85		-0.04111331776998185		1.0103313329106138		-0.04072179550031692		1.0102324459461052

		86		-0.04090997753156028		1.0102799739625128		-0.04050662739486314		1.0101781049573086

		87		-0.040708537909526034		1.010229097639561		-0.04029362206914777		1.010124313060497

		88		-0.04050898733220677		1.010178700946743		-0.0400827679960186		1.0100710672574524

		89		-0.0403113133317094		1.0101287806639874		-0.039912860702438976		1.010028163558325

		90		-0.04011550263765778		1.01007933336988		-0.039705552245620335		1.009975818069812

		91		-0.03992154126350192		1.0100303554634908		-0.039500368392058186		1.0099240117159627

		92		-0.03972941458596144		1.0099818431844605		-0.03929729288028477		1.0098727403085868

		93		-0.03953910741812391		1.009933792631479		-0.03913400836896158		1.0098315170057584

		94		-0.03935060407668283		1.009886199779278		-0.03893435657134827		1.0097811145942213

		95		-0.03916388844375957		1.0098390604942487		-0.03873667898303681		1.0097312130534195

		96		-0.0389789440237239		1.0097923705487946		-0.03854104017442957		1.0096818286082347

		97		-0.03879575399539494		1.0097461256345117		-0.03838407714428106		1.0096422087057713

		98		-0.03861430125997526		1.0097003213742892		-0.03819194439083489		1.0095937135360809

		99		-0.03843456848504553		1.0096549533334103		-0.038001698925429005		1.0095456970214798

		100		-0.0382565381449207		1.0096100170297333		-0.037813419680734775		1.0094981790144906

		101		-0.03808019255764726		1.0095655079430204		-0.03766233687213709		1.0094600502795297

		102		-0.03790551391889717		1.009521421523483		-0.03747733256103914		1.0094133627439168

		103		-0.03773248433299942		1.0094777531995984		-0.03729425011772439		1.0093671623350438

		104		-0.0375610858413255		1.009434498385262		-0.037113065854829035		1.0093214430091797

		105		-0.03739130044823441		1.0093916524863173		-0.036967991815872805		1.0092848370884193

		106		-0.03722311014476507		1.0093492109065187		-0.03678995058481349		1.0092399145094644

		107		-0.037056496930244036		1.009307169052965		-0.03661364524805224		1.0091954318940368

		108		-0.03689144283197667		1.0092655223410503		-0.036439125066029907		1.0091514016119478

		109		-0.03672792992316266		1.0092242661989639		-0.03629963440177923		1.0091162104257216

		110		-0.03656594033917597		1.0091833960717786		-0.036128245345808496		1.009072973483353

		111		-0.03640545629233488		1.0091429074251552		-0.035958509328761136		1.0090301553849739

		112		-0.03624646008527696		1.0091027957486962		-0.035790501905704014		1.0089877751359564

		113		-0.03608893412304969		1.0090630565589738		-0.03565625688848257		1.0089539128088783

		114		-0.035932860924013134		1.00902368540226		-0.03549113645565816		1.0089122639418233

		115		-0.035778223129649483		1.008984677856977		-0.03532769511009876		1.0088710402895429

		116		-0.03562500351336183		1.0089460295358965		-0.03516590972898858		1.008830235968305

		117		-0.035473184988343925		1.0089077360881014		-0.03503689339092303		1.008797697597362

		118		-0.035322750614590656		1.0088697932007318		-0.03487782078789686		1.0087575803761402

		119		-0.03517368360511782		1.0088321966005327		-0.03472026930773393		1.008717848346147

		120		-0.03502596733145461		1.0087949420552165		-0.0345642886682656		1.0086785139993195

		121		-0.0348795853284629		1.0087580253746564		-0.03444021763176338		1.0086472275373575

		122		-0.03473452129854091		1.008721442411925		-0.034286879511198055		1.008608562260924

		123		-0.03459075911525642		1.00868518906419		-0.03413505238163989		1.0085702794517606

		124		-0.03444828282645759		1.0086492612734748		-0.033984724487076		1.008532376102349

		125		-0.0343070766569029		1.0086136550273042		-0.03386510033949854		1.0085022153468968

		126		-0.03416712501044805		1.0085783663592316		-0.03371727525586739		1.0084649455544958

		127		-0.03402841247182753		1.0085433913492703		-0.03357089958976399		1.008428042547676

		128		-0.033890923808063654		1.0085087261242272		-0.03342590913186602		1.008391490099238

		129		-0.033754643969532705		1.0084743668579514		-0.033310764399103084		1.0083624627748708

		130		-0.033619558090718295		1.0084403097715064		-0.03316809528634346		1.0083264978717836

		131		-0.03348565149067801		1.0084065511332663		-0.033026800144066004		1.0082908805918611

		132		-0.03335290967324681		1.0083730872589496		-0.03288686566038741		1.008255607542911

		133		-0.033221318327001655		1.008339914511591		-0.03277600595610662		1.0082276642005137

		134		-0.033090863325005826		1.0083070293014589		-0.03263833928704018		1.0081929649615853

		135		-0.032961530724354086		1.008274428085923		-0.032501975126625615		1.0081585952006384

		136		-0.032833306765537175		1.0082421073692762		-0.032366821324703574		1.0081245316593483

		137		-0.032706177871639756		1.0082100637025158		-0.032259888865811735		1.0080975817108182

		138		-0.03258013064738847		1.0081782936830859		-0.03212698518499998		1.0080640872974558

		139		-0.032455151878065885		1.0081467939545874		-0.03199525230999036		1.008030889049018

		140		-0.03233122852829984		1.0081155612064576		-0.03186473569646386		1.007997998391126

		141		-0.03220834774074441		1.0080845921736206		-0.03176155189616702		1.0079719964604583

		142		-0.032086496834659355		1.0080538836361141		-0.031633086404976404		1.007939624575887

		143		-0.0319656633044028		1.0080234324186952		-0.031505809384641995		1.0079075531981099

		144		-0.03184583481784298		1.0079932353904246		-0.031379704439123586		1.0078757781672152

		145		-0.03172699921470005		1.0079632894642343		-0.03128020064598488		1.0078507066133209

		146		-0.03160914450482588		1.0079335915964796		-0.031155991995540352		1.0078194111551897

		147		-0.031492258866427716		1.0079041387864789		-0.031032890565806482		1.0077883956298423

		148		-0.03137633064424609		1.0078749280760393		-0.030910900905588432		1.0077576611575172

		149		-0.03126134834768833		1.0078459565489746		-0.030814857347940535		1.0077334642902562

		150		-0.031147300648928906		1.0078172213306127		-0.030694736171516922		1.0077032022123351

		151		-0.031034176380978586		1.0077887195872968		-0.030575687162523995		1.0076732111417426

		152		-0.030921964535727875		1.0077604485258802		-0.03045765757237767		1.0076434777663938

		153		-0.030810654261971375		1.0077324053932164		-0.03036479595844966		1.0076200851880266

		154		-0.03070023486341363		1.0077045874756454		-0.030248583869054484		1.0075908112044236

		155		-0.030590695796664576		1.0076769920984758		-0.030133357302555463		1.0075617863150776

		156		-0.030482026669225143		1.007649616625468		-0.03001911131284634		1.00753300925267

		157		-0.030374217237467048		1.007622458458313		-0.029929344928131964		1.0075103988574472

		158		-0.030267257404610275		1.0075955150361129		-0.029816786374414025		1.007482048277999

		159		-0.030161137218701003		1.0075687838348601		-0.02970520684031066		1.0074539450755773

		160		-0.030055846870591398		1.00754226236692		-0.029594592601612676		1.0074260857729942

		161		-0.029951376691925144		1.0075159481805116		-0.029507831728270595		1.0074042347182148

		162		-0.029847717153129557		1.0074898388591937		-0.029398776262958434		1.0073767693582287

		163		-0.029744858861416406		1.007463932021351		-0.029290640861277657		1.007349536453436

		164		-0.02964279255879453		1.0074382253196843		-0.02918342265784949		1.0073225352634343

		165		-0.02954150912009279		1.007412716440704		-0.02909949789214284		1.0073014006582088

		166		-0.02944099955099895		1.0073874031042271		-0.028993822900686736		1.0072747893680019

		167		-0.029341254986111176		1.007362283062878		-0.028889032099760115		1.0072484014306722

		168		-0.02924226668700767		1.007337354101593		-0.02878506513046286		1.0072222216299964

		169		-0.02914402604033206		1.0073126140371325		-0.02870378693535989		1.0072017555368675

		170		-0.029046524555897357		1.0072880607175922		-0.02860134100216667		1.0071759599362609

		171		-0.028949753864808678		1.0072636920219251		-0.02849969245820371		1.0071503657690029

		172		-0.02885370571760581		1.007239505859465		-0.028398880636966196		1.0071249829232074

		173		-0.028758371982425555		1.0072155001694565		-0.028320126734251806		1.0071051543626734

		174		-0.02866374464318499		1.0071916729205905		-0.028220714844263126		1.0070801251169972

		175		-0.02856981579778688		1.0071680221105452		-0.028122115704229702		1.0070553011143812

		176		-0.028476577656344763		1.0071445457655324		-0.028024305146764586		1.0070306762553538

		177		-0.028384022539432688		1.0071212419398492		-0.027948021164260227		1.0070114713608604

		178		-0.028292142876354905		1.0070981087154374		-0.027851508502645228		1.0069871743146388

		179		-0.02820093120344025		1.007075144201446		-0.02775577086458769		1.00696307295966

		180		-0.02811038016235731		1.007052346533802		-0.0276607985759902		1.0069391648465942

		181		-0.028020482498454104		1.0070297138747855		-0.02758687711948404		1.0069205564161203

		182		-0.0279312310591201		1.0070072444126115		-0.0274931871717952		1.0068969721087586

		183		-0.027842618792171335		1.006984936361018		-0.02740020079059699		1.0068735654544032

		184		-0.027754638744258802		1.006962787958859		-0.027307934410284253		1.0068503405774343

		185		-0.02766728405930026		1.0069407974697047		-0.027236246982752527		1.0068322961114236

		186		-0.027580547976934294		1.0069189631814464		-0.02714521164349678		1.0068093820422608

		187		-0.027494423830998368		1.0068972834059084		-0.027054882464105652		1.0067866462326545

		188		-0.027408905048029758		1.006875756478466		-0.026965244588586543		1.0067640849314314

		189		-0.027323985145788206		1.0068543807576675		-0.02689562172029487		1.006746561633113

		190		-0.02723965773180293		1.0068331546248641		-0.026807164738844647		1.006724298438799

		191		-0.027155916501941196		1.006812076483845		-0.02671937478489445		1.006702203611313

		192		-0.02707275523899945		1.006791144760478		-0.026632223160694975		1.006680269917226

		193		-0.02699016781131723		1.0067703579023557		-0.026564649667846243		1.0066632638353663

		194		-0.026908148171412533		1.0067497143784478		-0.02647862055964751		1.006641613482476

		195		-0.0268266903546394		1.0067292126787588		-0.026393241915486348		1.0066201272877557

		196		-0.026745788477866742		1.0067088513139917		-0.026308508029046603		1.0065988038047209

		197		-0.0266654367381797		1.0066886288152161		-0.026242900890941716		1.0065822939234328

		198		-0.026585629411600434		1.0066685437335432		-0.026159200855237114		1.006561231400315

		199		-0.0265063608518319		1.0066485946398043		-0.026076123879061077		1.006540326101549

		200		-0.02642762548902013		1.006628780124237		-0.025993662390688677		1.006519576112085

		201		-0.026349417828539775		1.006609098796175		-0.02592993691832051		1.006503541005957

		202		-0.02627173244979657		1.006589549283743		-0.025848509898858497		1.0064830520686463

		203		-0.026194564005052823		1.0065701302335575		-0.02576765596159123		1.0064627077448738

		204		-0.026117907218270477		1.0065508403104322		-0.0256873767036648		1.0064425084277455

		205		-0.026041756883974324		1.006531678197089		-0.02562543715359758		1.006426923899373

		206		-0.025966107866134926		1.0065126425938729		-0.025546157028008255		1.0064069766838202

		207		-0.025890955097069405		1.0064937322184717		-0.025467443834432234		1.006387172501884

		208		-0.02581629357636159		1.0064749458056423		-0.025389290455984356		1.006367509554586

		209		-0.025742118369799942		1.0064562821069398		-0.02532902182819014		1.0063523465716036

		210		-0.025668424608334264		1.0064377398904512		-0.02525182480808071		1.006332924908432

		211		-0.02559520748704947		1.0064193179405352		-0.025175164163942616		1.0063136385606855

		212		-0.02552246226415723		1.006401015057565		-0.02509902791970809		1.0062944845077353

		213		-0.02545018426000484		1.006382830057676		-0.02504040652766277		1.006279737019928

		214		-0.025378368856101154		1.0063647617725187		-0.024965181445927315		1.0062608128290087

		215		-0.025307011494158996		1.0063468090490135		-0.02489048552821416		1.0062420221107398

		216		-0.02523610767515388		1.0063289707491132		-0.02481631006975967		1.0062233626679227

		217		-0.025165652958399648		1.006311245749566		-0.024759280091986472		1.006209016546191

		218		-0.025095642960639302		1.0062936329416852		-0.024685949330361206		1.0061905701968927

		219		-0.025026073355151206		1.0062761312311217		-0.02461312925839528		1.0061722526461956

		220		-0.024956939870871976		1.006258739537641		-0.024540811459202352		1.0061540617699065

		221		-0.024888238291533023		1.006241456794903		-0.024485305589540096		1.0061401000027235

		222		-0.024819964454812816		1.006224281950247		-0.024413826451141703		1.0061221206565034

		223		-0.024752114251503497		1.0062072139644793		-0.024342808278122456		1.0061042575763686

		224		-0.02468468362469218		1.0061902518116659		-0.024272275069380848		1.0060865167923794

		225		-0.024617668568955326		1.0061733944789264		-0.02421822838763344		1.0060729229747714

		226		-0.02455106512956888		1.0061566409662341		-0.02414850528459658		1.0060553864960913

		227		-0.02448486940172988		1.0061399902862178		-0.024079253152840763		1.0060379687768235

		228		-0.02441907752979323		1.0061234414639675		-0.024010438577882043		1.0060206614068956

		229		-0.02435368570652027		1.006106993536844		-0.023957770733834205		1.0060074152592755

		230		-0.02428869017234167		1.0060906455542913		-0.023889754841418746		1.0059903092816793

		231		-0.02422408721463146		1.0060743965776513		-0.023822170872508545		1.0059733122208243

		232		-0.024159873166994812		1.006058245679984		-0.023755037104218963		1.0059564286676947

		233		-0.02409604440856752		1.0060421919458888		-0.02370369131680368		1.0059435158443384

		234		-0.024032597363327426		1.0060262344713296		-0.02363730558222604		1.0059268209080663

		235		-0.02396952849941823		1.0060103723634628		-0.023571352594227334		1.0059102350749156

		236		-0.023906834328483874		1.0059946047404686		-0.023505808899333763		1.005893752441573

		237		-0.023844511405015402		1.005978930731385		-0.023455763668132013		1.005881167473949

		238		-0.023782556325708547		1.005963349475944		-0.02339094158562647		1.0058648667780228

		239		-0.023720965728832016		1.0059478601244114		-0.023326539904953713		1.0058486720614064

		240		-0.023659736293607268		1.0059324618374301		-0.023262551439960578		1.0058325815119729

		241		-0.02359886473959816		1.0059171537858633		-0.023213758881489088		1.0058203123005423

		242		-0.023538347826111475		1.0059019351506442		-0.023150441749907876		1.0058043910122887

		243		-0.023478182351607608		1.0058868051226244		-0.023087531732087902		1.0057885723436426

		244		-0.023418365153120912		1.0058717629024283		-0.02302502309953773		1.0057728548493798

		245		-0.0233588931056904		1.0058568077003076		-0.022977435231543986		1.005760889274095

		246		-0.023299763121799943		1.0058419387359994		-0.0229155907865496		1.0057453392133073

		247		-0.02324097215082758		1.0058271552385858		-0.02285411764913953		1.005729882751718

		248		-0.02318251717850457		1.005812456446358		-0.02279303310358648		1.0057145242307801

		249		-0.023124395226383782		1.0057978416066795		-0.02274660604421038		1.0057028512065402

		250		-0.02306660335131641		1.0057833099758549		-0.022686168616802664		1.0056876557980712

		251		-0.023009138644938		1.0057688608189976		-0.02262610147753129		1.0056725537163427

		252		-0.02295199823316278		1.0057544934099034		-0.02256639001569697		1.0056575412838176

		253		-0.022895179275687034		1.0057402070309227		-0.02252107123331659		1.0056461475545457

		254		-0.022838678965500275		1.0057260009728377		-0.022461994614394687		1.0056312951206676

		255		-0.022782494528404737		1.0057118745347393		-0.02240327305669422		1.0056165321700004

		256		-0.022726623222543027		1.0056978270239085		-0.022344904574762143		1.0056018581994657

		257		-0.022671062337933687		1.005683857755697		-0.022300642248763783		1.0055907306917138

		258		-0.022615809196014434		1.0056699660534125		-0.02224288366280018		1.0055762104218822

		259		-0.02256086114919264		1.0056561512482045		-0.022185462227206933		1.005561775118094

		260		-0.022506215580404096		1.005642412678951		-0.022128381572873036		1.0055474256894545

		261		-0.022451869902678435		1.00562874969215		-0.022085151624339428		1.005536558307314

		262		-0.022397821558711888		1.00561516164181		-0.022028653107483295		1.005522355576571

		263		-0.022344068020447125		1.0056016478893441		-0.021972494018277257		1.005508238370756

		264		-0.022290606788660353		1.0055882078034641		-0.021916654951827534		1.0054942018083954

		265		-0.02223743539255456		1.0055748407600782		-0.02187443061684008		1.0054835877834156

		266		-0.022184551389360183		1.0055615461421896		-0.021819147909914884		1.005469691415819

		267		-0.022131952363941457		1.0055483233397968		-0.021764195066816212		1.0054558781561558

		268		-0.02207963592841048		1.0055351717497947		-0.021709565596872062		1.005442146369507

		269		-0.022027599721745984		1.005522090775879		-0.02166831107253528		1.0054317766636076

		270		-0.02197584140941987		1.005509079828451		-0.021614206415884688		1.0054181771203172

		271		-0.021924358683028652		1.005496138324524		-0.02156041815999661		1.005404657288672

		272		-0.02187314925993199		1.0054832656876318		-0.02150694579067112		1.0053912170362185

		273		-0.021822210882895567		1.005470461347738		-0.021466629115154193		1.0053810835794208

		274		-0.02177154131974132		1.0054577247411478		-0.021413674153791955		1.0053677736884152

		275		-0.021721138363002882		1.0054450553104195		-0.021361013543790306		1.005354537955481

		276		-0.02167099982958553		1.0054324525042793		-0.021308657622659075		1.0053413789758754

		277		-0.021621123560433244		1.005419915777536		-0.021269243793472364		1.0053314729363336

		278		-0.021571507420199778		1.005407444590999		-0.021217395995057158		1.0053184419649

		279		-0.021522149296926363		1.005395038411395		-0.0211658337815241		1.0053054829373813

		280		-0.021473047101722324		1.0053826967112873		-0.021114558739596775		1.0052925962497803

		281		-0.021424198768453744		1.005370418968998		-0.021076016343183967		1.0052829097000093

		282		-0.02137560225343488		1.0053582046685285		-0.0210252344901325		1.0052701472487733

		283		-0.02132725553512508		1.0053460532994831		-0.020974737246731462		1.0052574564860521

		284		-0.021279156613831177		1.0053339643569938		-0.020924511242490795		1.005244834048981

		285		-0.021231303511413342		1.005321937341645		-0.020886803070254232		1.005235357607313

		286		-0.021183694270996697		1.0053099717594014		-0.020837060862981295		1.0052228570286599

		287		-0.02113632695668743		1.0052980671215352		-0.020787586672118327		1.0052104239586774

		288		-0.021089199653292413		1.0052862229445556		-0.020738382902157782		1.0051980589991123

		289		-0.021042310466043965		1.0052744387501382		-0.020701480011034324		1.0051887853632582

		290		-0.020995657520329364		1.0052627140650574		-0.020652743649943416		1.005176538126967

		291		-0.020949238961423363		1.0052510484211181		-0.020604262583551178		1.005164355193177

		292		-0.02090305295422602		1.0052394413550894		-0.020556045852486212		1.005152238831356

		293		-0.0208570976830038		1.0052278924086386		-0.020519926305831136		1.005143162461539

		294		-0.020811371351135574		1.0052164011282676		-0.02047215636453853		1.0051311586257516

		295		-0.02076587218086163		1.0052049670652485		-0.020424643337764576		1.005119219490747

		296		-0.020720598413037222		1.0051935897755615		-0.020377377531757605		1.0051073426184078

		297		-0.020675548306889474		1.0051822688198333		-0.02034202275677392		1.0050984588216851

		298		-0.0206307201397787		1.0051710037632766		-0.020295189218436635		1.0050866908112766

		299		-0.020586112206962524		1.00515979417563		-0.020248610417476744		1.005074986946191

		300		-0.020541722821364235		1.0051486396311002		-0.020202269612738633		1.0050633430177105

		301		-0.020497550313344614		1.005137539708303		-0.020167654062423823		1.005054645350165

		302		-0.020453593030477196		1.0051264939902071		-0.020121729076178454		1.0050431061362164

		303		-0.020409849337326536		1.005115502064078		-0.020076050536822473		1.0050316289764796

		304		-0.02036631761523091		1.0051045635214224		-0.02003061120331521		1.005020212049483

		305		-0.02032299626208688		1.005093677957934		-0.019996712542062523		1.0050116948756433

		306		-0.020279883692138602		1.00508284497344		-0.019951668603429448		1.0050003775180882

		307		-0.020236978335769252		1.0050720641718482		-0.019906863315122758		1.0049891202482208

		308		-0.020194278639295963		1.0050613351610955		-0.019862294783963463		1.0049779225883737

		309		-0.02015178306476807		1.0050506575530962		-0.019829091099594343		1.004969580380563

		310		-0.020109490089767885		1.0050400309636915		-0.01978490297304376		1.004958478511135

		311		-0.02006739820721499		1.0050294550126007		-0.01974094557781969		1.004947434732561

		312		-0.020025505925173305		1.0050189293233716		-0.019697218267493603		1.004936448880524

		313		-0.01998381176666051		1.0050084535233323		-0.019664690142576283		1.0049282767391663

		314		-0.01994231426946135		1.0049980272435441		-0.019621334169487453		1.0049173843873669

		315		-0.01990101198594257		1.004987650118755		-0.019578199733803734		1.0049065478097245

		316		-0.01985990348287173		1.0049773217873523		-0.01953528815792307		1.0048957673366556

		317		-0.01981898734123748		1.00496704189132		-0.01950341207689081		1.0048877593338366

		318		-0.01977826215607357		1.0049568100761903		-0.019460865638067842		1.0048770707917876

		319		-0.01973772653628503		1.0049466259910034		-0.019418529646521913		1.0048664352312775

		320		-0.019697379104476588		1.0049364892882615		-0.01937641080052584		1.0048558543333266

		321		-0.019657218496784284		1.0049263996238869		-0.019345167544591424		1.0048480056218205

		322		-0.01961724336270885		1.0049163566571804		-0.0193034052845839		1.0048375144956674

		323		-0.019577452364952203		1.004906360050779		-0.019261845988945245		1.0048270744650691

		324		-0.01953784417925557		1.0048964094706154		-0.01922049689725451		1.0048166873470477

		325		-0.01949841749424083		1.004886504585878		-0.01918986705356839		1.0048089930319906

		326		-0.01945917101125331		1.0048766450689703		-0.01914886558313202		1.0047986934232225

		327		-0.01942010344420755		1.0048668305954729		-0.019108060897384434		1.0047884433517726

		328		-0.019381213519434802		1.0048570608441039		-0.019067459510832593		1.0047782444525362

		329		-0.019342499975533108		1.0048473354966818		-0.019037425736260383		1.004770700160037

		330		-0.01930396156321931		1.0048376542380875		-0.018997163357257197		1.0047605865962512

		331		-0.019265597045183085		1.0048280167562273		-0.018957092318937153		1.0047505211966756

		332		-0.01922740519594352		1.0048184227419972		-0.01891721744147559		1.0047405051706213

		333		-0.019189384801707142		1.004808871889246		-0.018887761143369253		1.0047331062139044

		334		-0.019151534660228505		1.004799363894741		-0.018848216370236887		1.004723173277318

		335		-0.01911385358067242		1.0047898984581323		-0.018808858912969306		1.0047132874886135

		336		-0.019076340383478413		1.0047804752819192		-0.018769690258208425		1.00470344921981

		337		-0.019038993900226592		1.0047710940714156		-0.01874079478601963		1.004696191400881

		338		-0.01900181297350637		1.0047617545347176		-0.01870194825040117		1.004686434206664

		339		-0.01896479645678561		1.0047524563826689		-0.018663284167711246		1.0046767229337563

		340		-0.018927943214283503		1.0047431993288307		-0.01862480228683334		1.004667057517756

		341		-0.018891252120843183		1.0047339830894475		-0.01859645118215409		1.0046599366877627

		342		-0.018854722061807765		1.004724807383417		-0.018558283311968057		1.004650350300988

		343		-0.01881835193289711		1.004715671932258		-0.01852029381099468		1.0046408088049326

		344		-0.018782140640086993		1.004706576460081		-0.018482480142961687		1.0046313115613141

		345		-0.018746087099489352		1.004697520693557		-0.01845465824294938		1.0046243238976407

		346		-0.01871019023723476		1.0046885043618874		-0.018417150743894488		1.004614903705337

		347		-0.018674448989355986		1.0046795271967754		-0.018379816783796743		1.0046055271859127

		348		-0.018638862301673626		1.004670588932397		-0.01834265382524125		1.0045961937008774

		349		-0.01860342912968314		1.0046616893053721		-0.01831534576156478		1.0045893353300819

		350		-0.018568148438443434		1.0046528280547358		-0.018278480786446973		1.0045800768325335

		351		-0.0185330192024668		1.0046440049219119		-0.01824178449853336		1.004570860784875

		352		-0.018498040405610858		1.004635219650684		-0.01820525455356236		1.0045616865972007

		353		-0.018463211040971313		1.0046264719871696		-0.018178446761712368		1.0045549540996124

		354		-0.018428530110776723		1.0046177616797933		-0.01814220673594365		1.0045458528664855

		355		-0.01839399662628466		1.0046090884792596		-0.0181061310706721		1.004536792992356

		356		-0.01835960960767889		1.0046004521385274		-0.018070217128280403		1.004527773813717

		357		-0.018325368083968317		1.0045918524127857		-0.018043895570764728		1.004521163651572

		358		-0.018291271092887085		1.0045832890594257		-0.01800826379967364		1.0045122154743873

		359		-0.01825731768079628		1.0045747618380185		-0.017972792003880366		1.00450330755084

		360		-0.01822350690258655		1.0045662705102891		-0.017937477809602302		1.004494439283748

		361		-0.018189837821582712		1.004557814840092		-0.017911629809320793		1.0044879482615832

		362		-0.018156309509448736		1.0045493945933885		-0.017876590214635196		1.0044791490874798

		363		-0.01812292104609477		1.004541009538222		-0.01784170623672748		1.0044703890685664

		364		-0.018089671519585165		1.0045326594446948		-0.017806975942096497		1.0044616677182883

		365		-0.018056560026047372		1.0045243440849463		-0.01778158846077962		1.0044552925505639

		366		-0.018023585669582797		1.0045160632331285		-0.017747125563159553		1.0044466384778667

		367		-0.017990747562177944		1.0045078166653851		-0.017712813939869756		1.004438022466152

		368		-0.017958044823617705		1.004499604159829		-0.017678652315771964		1.0044294441942447

		369		-0.01792547658139908		1.0044914254965205		-0.017653713517646875		1.0044231818979816

		370		-0.017893041970645937		1.0044832804574455		-0.017619812441172927		1.00441466917728

		371		-0.017860740134025842		1.0044751688264948		-0.017586058248222427		1.0044061934114052

		372		-0.017828570221666666		1.0044670903894433		-0.01755245064671072		1.0043977545260805

		373		-0.0177965313910759		1.0044590449339283		-0.017527948355090164		1.0043916020332533

		374		-0.01776462280705896		1.0044510322494309		-0.01749459464453094		1.004383227021475

		375		-0.017732843641640517		1.004443052127254		-0.017461382873605144		1.004374887719681

		376		-0.017701193073986106		1.004435104360504		-0.01742831581272903		1.0043665848226113

		377		-0.01766967029032388		1.0044271887440699		-0.01740423905581336		1.0043605393682764

		378		-0.01763827448386923		1.0044193050746053		-0.01737141822765331		1.0043522984159174

		379		-0.017607004854748424		1.0044114531505082		-0.017338735457205337		1.0043440921955384

		380		-0.017575860609924866		1.0044036327719033		-0.01730619539911072		1.0043359218749945

		381		-0.01754484096312517		1.0043958437406215		-0.017282532612239672		1.0043299805458514

		382		-0.017513945134766683		1.0043880858601844		-0.017250230507071473		1.004321870085436

		383		-0.017483172351886143		1.0043803589357831		-0.017218064160934004		1.0043137937766824

		384		-0.017452521848068694		1.0043726627742633		-0.017186038053324363		1.0043057527434645

		385		-0.017421992863378047		1.0043649971841047		-0.017162778210776556		1.0042999127620245

		386		-0.017391584644287826		1.0043573619754063		-0.017130982471451457		1.0042919296791954

		387		-0.017361296443613394		1.004349756959867		-0.01709931967306513		1.0042839800374364

		388		-0.017331127520444967		1.0043421819507703		-0.01706779490854289		1.0042760651146299

		389		-0.0173010771400807		1.0043346367629664		-0.01704492734759891		1.0042703237950101

		390		-0.017271144573961863		1.0043271212128562		-0.01701362453585772		1.004262464704541

		391		-0.017241329099607912		1.0043196351183752		-0.016982453715368852		1.0042546388137807

		392		-0.01721163000055277		1.0043121782989761		-0.016951417454144056		1.0042468467666836

		393		-0.01718204656628166		1.0043047505756149		-0.016928931531518462		1.0042412014283277

		394		-0.017152578092169125		1.0042973517707328		-0.016898110563046163		1.004233463536537

		395		-0.01712322387941738		1.0042899817082431		-0.01686742028207925		1.0042257585143077

		396		-0.017093983234995606		1.004282640213514		-0.016836859147343182		1.00421808597394

		397		-0.017064855471580383		1.0042753271133544		-0.01681474603018123		1.0042125343912376

		398		-0.017035839907496127		1.0042680422359982		-0.016784395530378346		1.004204914832063

		399		-0.01700693586665692		1.0042607854110908		-0.01675417425083899		1.004197327771363

		400		-0.016978142678508716		1.0042535564696726		-0.01672407620987253		1.0041897717067134

		401		-0.016949459677972106		1.004246355244167		-0.01670232620758672		1.0041843114391011

		402		-0.016920886205386617		1.004239181568364		-0.016672436070688242		1.0041768076655022

		403		-0.016892421606454832		1.0042320352774075		-0.01664267059946877		1.0041693352443377

		404		-0.01686406523218696		1.0042249162077803		-0.016613024622616986		1.0041618928767002

		405		-0.01683581643884742		1.0042178241972917		-0.016591629817586162		1.0041565219290847

		406		-0.016807674587901077		1.0042107590850633		-0.01656218962628843		1.0041491313162578

		407		-0.01677963904595989		1.0042037207115155		-0.01653286842552248		1.0041417706286664

		408		-0.01675170918473115		1.004196708918354		-0.016503662477035996		1.004134438927226

		409		-0.01672388438096564		1.004189723548558		-0.016482616421604562		1.0041291556738594

		410		-0.016696164016406622		1.004182764446366		-0.016453613668486543		1.0041218750727539

		411		-0.016668547477739673		1.0041758314572633		-0.01642472575445775		1.0041146233523395

		412		-0.01664103415654236		1.0041689244279703		-0.01639595050697116		1.0041073999666235

		413		-0.016613623449235986		1.0041620432064293		-0.016375245846743988		1.0041022025544377

		414		-0.016586314757036136		1.0041551876417922		-0.016346669173726878		1.0040950291049824

		415		-0.016559107485905267		1.0041483575844088		-0.016318203392911405		1.0040878835431537

		416		-0.01653200104650496		1.0041415528858142		-0.016289850231370057		1.0040807663018874

		417		-0.01650499485414936		1.004134773398718		-0.016269477228536784		1.0040756522798369

		418		-0.016478088328758567		1.0041280189769912		-0.016241316040777522		1.0040685833139784

		419		-0.016451280894813104		1.004121289475656		-0.01621326397397612		1.0040615417889267

		420		-0.016424571981309213		1.0041145847508735		-0.016185324666917893		1.0040545286174891

		421		-0.016397961021713103		1.0041079046599328		-0.01616527410321754		1.0040494956652821

		422		-0.016371447453917862		1.0041012490612398		-0.01613751815651623		1.0040425286033827

		423		-0.016345030720199206		1.004094617814306		-0.016109871972863437		1.0040355891413286

		424		-0.016318710267173037		1.004088010779738		-0.016082334921065825		1.0040286771201146

		425		-0.01629248554575229		1.0040814278192265		-0.016062597979771623		1.0040237230185725

		426		-0.016266356011105126		1.0040748687955352		-0.01603524040415251		1.0040168561283236

		427		-0.0162403211226135		1.0040683335724916		-0.0160079910990592		1.004010016461213

		428		-0.016214380343831776		1.0040618220149753		-0.01598084580341501		1.0040032029471506

		429		-0.016188533142446317		1.0040553339889082		-0.015961415513540838		1.0039983259406788

		430		-0.01616277899023554		1.0040488693612448		-0.015934448983740197		1.0039915573758003

		431		-0.016137117363029814		1.0040424279999614		-0.015907585429033564		1.0039848147029102

		432		-0.01611154774067268		1.0040360097740466		-0.01588082189632456		1.0039780971802765

		433		-0.016086069606981848		1.0040296145534922		-0.015861694452172895		1.0039732963080092

		434		-0.01606068244971113		1.0040232422092819		-0.015835107507598045		1.0039666231845905

		435		-0.016035385760512416		1.0040168926133832		-0.015808619337680838		1.0039599748969767

		436		-0.016010179034898573		1.0040105656387375		-0.015782231629755974		1.003953351868176

		437		-0.01598506177220582		1.0040042611592506		-0.015763399647916652		1.00394862527148

		438		-0.015960033475558084		1.0039979790497835		-0.01573718224777761		1.0039420450623375

		439		-0.015935093651830042		1.0039917191861432		-0.015711063027720032		1.0039354895379407

		440		-0.01591024181161203		1.0039854814450744		-0.01568504393248746		1.0039289591859026

		441		-0.015885477469174354		1.0039792657042492		-0.01566649812526671		1.003924304528458

		442		-0.015860800142432522		1.0039730718422597		-0.015640642911142807		1.003917815379966

		443		-0.01583620935291277		1.0039668997386086		-0.015614886425276248		1.0039113510520226

		444		-0.015811704625718067		1.0039607492737004		-0.015589224768012831		1.0039049105654283

		445		-0.01578728548949394		1.0039546203288334		-0.015570958584180923		1.0039003261979842

		446		-0.015762951476395812		1.0039485127861907		-0.015545460171935706		1.0038939267522884

		447		-0.01573870212205548		1.0039424265288328		-0.015520055930289043		1.0038875509815592

		448		-0.015714536965548843		1.003936361440688		-0.01549474264566371		1.0038811980788334

		449		-0.01569045554936337		1.0039303174065457		-0.01547675353402398		1.0038766833562491

		450		-0.01566645741936679		1.0039242943120474		-0.015451602246902568		1.0038703711784196

		451		-0.01564254212477514		1.0039182920436793		-0.01542654026637714		1.0038640814532007

		452		-0.015618709218121429		1.0039123104887635		-0.015401571813440311		1.0038578152394897

		453		-0.015594958255225508		1.0039063495354514		-0.015383851987332988		1.0038533682028592

		454		-0.015571288795163294		1.0039004090727157		-0.015359037399208996		1.0038471406702087

		455		-0.015547700400236397		1.0038944889903423		-0.015334314417285722		1.0038409361657048

		456		-0.015524192635942702		1.003888589178923		-0.01530968203598783		1.0038347544365631

		457		-0.015500765070946615		1.0038827095298484		-0.015292222814043268		1.003830372902682

		458		-0.015477417277050444		1.0038768499353		-0.015267741561310689		1.003824229165218

		459		-0.015454148829164965		1.0038710102882433		-0.015243349492999865		1.0038181078465895

		460		-0.01543095930528152		1.003865190482421		-0.015219042288619911		1.0038120078621469

		461		-0.015407848286443327		1.0038593904123445		-0.015201842011584771		1.0038076914102707

		462		-0.01538481535671824		1.0038536099732889		-0.015177686355895947		1.0038016295203314

		463		-0.015361860103170408		1.0038478490612839		-0.01515361444899522		1.0037955886836651

		464		-0.015338982115833889		1.0038421075731083		-0.015129630102992897		1.0037895698565311

		465		-0.01531618098768504		1.0038363854062833		-0.01511268211513669		1.0037853168121813

		466		-0.015293456314616097		1.0038306824590648		-0.0150888417686252		1.0037793341825658

		467		-0.015270807695409064		1.0038249986304373		-0.01506508761757719		1.0037733732187848

		468		-0.015248234731709154		1.0038193338201076		-0.015041416527868423		1.0037674331339697

		469		-0.015225737027999306		1.0038136879284973		-0.015024713690396813		1.0037632417016469

		470		-0.015203314191574644		1.003808060856738		-0.015001186135394116		1.0037573376952906

		471		-0.015180965832517272		1.003802452506663		-0.01497774019730626		1.003751454204435

		472		-0.015158691563671122		1.0037968627808025		-0.014954375693195021		1.0037455911828137

		473		-0.015136491000617447		1.0037912915823766		-0.014937915796386238		1.0037414608040987

		474		-0.015114363761650363		1.0037857388152895		-0.014914691420449207		1.0037356330037597

		475		-0.015092309467752517		1.0037802043841233		-0.014891547865114825		1.0037298255177696

		476		-0.015070327742571448		1.0037746881941314		-0.014868484732543139		1.0037240382459456

		477		-0.015048418212395802		1.0037691901512338		-0.014852260304196745		1.0037199670420178

		478		-0.01502658050613186		1.0037637101620098		-0.014829334108343462		1.0037142141883675

		479		-0.015004814255280576		1.003758248133693		-0.0148064865036935		1.003708481088354

		480		-0.014983119093914499		1.0037528039741657		-0.014783716836115022		1.003702767577501

		481		-0.014961494658655169		1.0037473775919519		-0.014767724752447281		1.0036987547608636

		482		-0.014939940588650835		1.0037419688962135		-0.014745089549135339		1.0036930750455892

		483		-0.014918456525554038		1.0037365777967433		-0.014722531785564425		1.0036874147937784

		484		-0.014897042113499764		1.0037312042039597		-0.01470005005362881		1.0036817736517796

		485		-0.01487569699908402		1.0037258480289015		-0.014684284770366658		1.0036778178277086

		486		-0.01485442083134174		1.0037205091832229		-0.014661935071275816		1.0036722098690725

		487		-0.01483321326172616		1.0037151875791868		-0.014639660170889305		1.003666620710011

		488		-0.014812073944087336		1.0037098831296611		-0.014617461013682196		1.0036610505871932

		489		-0.014791002534651525		1.003704595748112		-0.014601918195178316		1.003657150664383

		490		-0.014769998692000552		1.0036993253486002		-0.01457984711955868		1.0036516127314443

		491		-0.014749062077051544		1.0036940718457743		-0.014557850421499886		1.0036460934912497

		492		-0.014728192353036606		1.0036888351548665		-0.014535925999187627		1.0036405924161242

		493		-0.0147073891854828		1.0036836151916881		-0.014520601615003162		1.0036367473799843

		494		-0.014686652242192615		1.0036784118726234		-0.014498804031519295		1.0036312781809391

		495		-0.014665981193224317		1.0036732251146252		-0.014477078488150849		1.0036258270870275

		496		-0.014645375710872578		1.0036680548352106		-0.01445542452752784		1.0036203939831987

		497		-0.014624835469649346		1.0036629009524547		-0.014440314182163046		1.0036166027276674

		498		-0.014604360146264879		1.0036577633849875		-0.014418784348791878		1.003611200817649

		499		-0.014583949419609102		1.0036526420519876		-0.014397324398324881		1.003605816470428

		500		-0.014563602970732928		1.003647536873179		-0.014375934788725493		1.0036004498006255




1 0.000000000000000 0.000000000000000
2 0.693147180559945 0.466686843759523
3 1.17053280678105 0.851043384537200
4 1.54542290319359 1.17360019447815
5 1.85817441790496 1.45229155471211
6 2.12851114322474 1.69848023350613
7 2.36774566222632 1.91959665157677
8 2.58304289722999 2.12074005215587
9 2.77926095114170 2.30556124948069
10 2.95986260302584 2.47676707411662
11 3.12741245656792 2.63642307122638
12 3.28386844732582 2.78614358943416
13 3.43076269105682 2.92721598031636
14 3.56931888211889 3.06068456205663
15 3.70053139647315 3.18740907347354
16 3.82522028111660 3.30810641679270
17 3.94407050902657 3.42338113526266
18 4.05766065000232 3.53374810365902
19 4.16648423228097 3.63964971509190
20 4.27096593930511 3.74146910048024
21 4.37147408233291 3.83954043731206
22 4.46833033903984 3.93415708879501
23 4.56181745250547 4.02557810249586
24 4.65218538646156 4.11403345232129
25 4.73965629673978 4.19972830641434
26 4.82442858407685 4.28284653177763
27 4.90668022626066 4.36355359483047
28 4.98657153927527 4.44199897949559
29 5.06424748185923 4.51831821665431
30 5.13983959186366 4.59263459808745
31 5.21346762334991 4.66506063238450
32 5.28524093868139 4.73569928838862
33 5.35525969866268 4.80464506258131
34 5.42361588515595 4.87198489970087
35 5.49039418390860 4.93779899032884
36 5.55567275008417 5.00216146479646
37 5.61952387485385 5.06514099928584
38 5.68201456812096 5.12680134722143
39 5.74320706982430 5.18720180681286
40 5.80315930015124 5.24639763380295
41 5.86192525728022 5.30444040700378
42 5.91955536987809 5.36137835300132
43 5.97609681043668 5.41725663542010
44 6.03159377459459 5.47211761332274
45 6.08608773081346 5.52600107264125
46 6.13961764413384 5.57894443397204
47 6.19222017719769 5.63098293959346
48 6.24392987127435 5.68214982216752
49 6.29477930964771 5.73247645725179
50 6.34479926540267 5.78199250146384
51 6.39401883537801 5.83072601789917
52 6.44246556182206 5.87870359019801
53 6.49016554309156 5.92595042648040
54 6.53714353456523 5.97249045421821
55 6.58342304079963 6.01834640698259
56 6.62902639983038 6.06353990389366
57 6.67397486041431 6.10809152250192
58 6.71828865291539 6.15202086574703
59 6.76198705445630 6.19534662356616
60 6.80508844888756 6.23808662966047
61 6.84761038206461 6.28025791387246
62 6.88956961286972 6.32187675057793
63 6.93098216036868 6.36295870345363
64 6.97186334745084 6.40351866694365
65 7.01222784126488 6.44357090471451
66 7.05208969073048 6.48312908535934
67 7.09146236137783 6.52220631558570
68 7.13035876774187 6.56081517109819
69 7.16879130351566 6.59896772536684
70 7.20677186964786 6.63667557645369
71 7.24431190055128 6.67394987205390
72 7.28142238857397 6.71080133289299
73 7.31811390687034 6.74724027460904
74 7.35439663079689 6.78327662823674
75 7.39028035794631 6.81891995939999
76 7.42577452692323 6.85417948631007
77 7.46088823495594 6.88906409665821
78 7.49563025443032 6.92358236348355
79 7.53000904842460 6.95774256009068
80 7.56403278531710 6.99155267408477
81 7.59770935253308 7.02502042058655
82 7.63104636949111 7.05815325468443
83 7.66405119980483 7.09095838317635
84 7.69673096279110 7.12344277564968
85 7.72909254433180 7.15561317494391
86 7.76114260713254 7.18747610703699
87 7.79288760041827 7.21903789039352
88 7.82433376910295 7.25030464480957
89 7.85548716246703 7.28128229978660
90 7.88635364237469 7.31197660246457
91 7.91693889105974 7.34239312514178
92 7.94724841850743 7.37253727240732
93 7.97728756945711 7.40241428790992
94 8.00706153004919 7.43202926078546
95 8.03657533413787 7.46138713176362
96 8.06583386928976 7.49049269897284
97 8.09484188248724 7.51935062346154
98 8.12360398555368 7.54796543445198
99 8.15212466031698 7.57634153434253
100 8.18040826352650 7.60448320347245
101 8.20845903153729 7.63239460466291
102 8.23628108477506 7.66007978754679
103 8.26387843199396 7.68754269269884
104 8.29125497433887 7.71478715557749
105 8.31841450922270 7.74181691028835
106 8.34536073402908 7.76863559317923
107 8.37209724964957 7.79524674627561
108 8.39862756386449 7.82165382056505
109 8.42495509457541 7.84786017913854
110 8.45108317289738 7.87386910019621
111 8.47701504611785 7.89968377992441
112 8.50275388052948 7.92530733525082
113 8.52830276414307 7.95074280648363
114 8.55366470928678 7.97599315984085
115 8.57884265509731 8.00106128987508
116 8.60383946990846 8.02595002179884
117 8.62865795354208 8.05066211371566
118 8.65330083950623 8.07520025876111
119 8.67777079710506 8.09956708715840
120 8.70207043346461 8.12376516819259
121 8.72620229547861 8.14779701210714
122 8.75016887167800 8.17166507192663
123 8.77397259402779 8.19537174520897
124 8.79761583965469 8.21891937573046
125 8.82110093250857 8.24231025510668
126 8.84443014496097 8.26554662435229
127 8.86760569934333 8.28863067538234
128 8.89062976942786 8.31156455245777
129 8.91350448185342 8.33435035357773
130 8.93623191749904 8.35699013182077
131 8.95881411280721 8.37948589663749
132 8.98125306105931 8.40183961509647
133 9.00355071360512 8.42405321308569
134 9.02570898104846 8.44612857647125
135 9.04772973439087 8.46806755221526
136 9.06961480613500 8.48987194945460
137 9.09136599134952 8.51154354054221
138 9.11298504869712 8.53308406205242
139 9.13447370142709 8.55449521575192
140 9.15583363833405 8.57577866953764
141 9.17706651468412 8.59693605834302
142 9.19817395310986 8.61796898501382
143 9.21915754447531 8.63887902115485
144 9.24001884871229 8.65966770794862
145 9.26075939562909 8.68033655694716
146 9.28138068569266 8.70088705083796
147 9.30188419078532 8.72132064418514
148 9.32227135493707 8.74163876414674
149 9.34254359503431 8.76184281116903
150 9.36270230150601 8.78193415965890
151 9.38274883898806 8.80191415863486
152 9.40268454696680 8.82178413235780
153 9.42251074040236 8.84154538094198
154 9.44222871033261 8.86119918094717
155 9.46183972445853 8.88074678595260
156 9.48134502771158 8.90018942711333
157 9.50074584280375 8.91952831369974
158 9.52004337076100 8.93876463362081
159 9.53923879144060 8.95789955393160
160 9.55833326403304 8.97693422132568
161 9.57732792754894 8.99586976261302
162 9.59622390129163 9.01470728518369
163 9.61502228531588 9.03344787745811
164 9.63372416087314 9.05209260932419
165 9.65233059084395 9.07064253256175
166 9.67084262015786 9.08909868125488
167 9.68926127620127 9.10746207219243
168 9.70758756921369 9.12573370525715
169 9.72582249267278 9.14391456380389
170 9.74396702366847 9.16200561502711
171 9.76202212326674 9.18000781031823
172 9.77998873686311 9.19792208561298
173 9.79786779452649 9.21574936172926
174 9.81566021133346 9.23349054469564
175 9.83336688769348 9.25114652607102
176 9.85098870966519 9.26871818325550
177 9.86852654926420 9.28620637979294
178 9.88598126476258 9.30361196566545
179 9.90335370098029 9.32093577757991
180 9.92064468956895 9.33817863924700
181 9.93785504928806 9.35534136165282
182 9.95498558627386 9.37242474332340
183 9.97203709430134 9.38942957058234
184 9.98901035503925 9.40635661780169
185 10.0059061382986 9.42320664764646
186 10.0227252022747 9.43998041131275
187 10.0394682937832 9.45667864875987
188 10.0561361484897 9.47330208893657
189 10.0727294911339 9.48985145000149
190 10.0892490357483 9.50632743953815
191 10.1056954858704 9.52273075476449
192 10.1220695347511 9.53906208273728
193 10.1383718655566 9.55532210055138
194 10.1546031515660 9.57151147553418
195 10.1707640563641 9.58763086543524
196 10.1868552340288 9.60368091861128
197 10.2028773293151 9.61966227420674
198 10.2188309778332 9.63557556232997
199 10.2347168062237 9.65142140422514
200 10.2505354323278 9.66720041244015
201 10.2662874653535 9.68291319099041
202 10.2819735060380 9.69856033551888
203 10.2975941468064 9.71414243345224
204 10.3131499719264 9.72966006415351
205 10.3286415576597 9.74511379907097
206 10.3440694724091 9.76050420188378
207 10.3594342768637 9.77583182864410
208 10.3747365241389 9.79109722791607
209 10.3899767599148 9.80630094091151
210 10.4051555225704 9.82144350162260
211 10.4202733433151 9.83652543695151
212 10.4353307463175 9.85154726683715
213 10.4503282488308 9.86650950437903
214 10.4652663613157 9.88141265595837
215 10.4801455875605 9.89625722135658
216 10.4949664247985 9.91104369387099
217 10.5097293638228 9.92577256042814
218 10.5244348890987 9.94044430169456
219 10.5390834788734 9.95505939218510
220 10.5536756052837 9.96961830036893
221 10.5682117344608 9.98412148877324
222 10.5826923266332 9.99856941408472
223 10.5971178362277 10.0129625272488
224 10.6114887119675 10.0273012735671
225 10.6258053969685 10.0415860927919
226 10.6400683288342 10.0558174192201
227 10.6542779397473 10.0699956817836
228 10.6684346565608 10.0841213041389
229 10.6825389008860 10.0981947047545
230 10.6965910891795 10.1122162969962
231 10.7105916328278 10.1261864892112
232 10.7245409382305 10.1401056848098
233 10.7384394068818 10.1539742823458
234 10.7522874354503 10.1677926755958
235 10.7660854158566 10.1815612536353
236 10.7798337353506 10.1952804009152
237 10.7935327765857 10.2089504973353
238 10.8071829176929 10.2225719183170
239 10.8207845323522 10.2361450348743
240 10.8343379898636 10.2496702136838
241 10.8478436552160 10.2631478171525
242 10.8613018891551 10.2765782034849
243 10.8747130482498 10.2899617267489
244 10.8880774849572 10.3032987369399
245 10.9013955476866 10.3165895800438
246 10.9146675808619 10.3298345980990
247 10.9278939249833 10.3430341292571
248 10.9410749166874 10.3561885078421
249 10.9542108888059 10.3692980644091
250 10.9673021704241 10.3823631258012
251 10.9803490869371 10.3953840152059
252 10.9933519601061 10.4083610522101
253 11.0063111081124 10.4212945528538
254 11.0192268456117 10.4341848296837
255 11.0320994837863 10.4470321918046
256 11.0449293303968 10.4598369449310
257 11.0577166898329 10.4725993914366
258 11.0704618631631 10.4853198304040
259 11.0831651481832 10.4979985576726
260 11.0958268394648 10.5106358658861
261 11.1084472284017 10.5232320445390
262 11.1210266032565 10.5357873800222
263 11.1335652492056 10.5483021556676
264 11.1460634483841 10.5607766517927
265 11.1585214799290 10.5732111457432
266 11.1709396200226 10.5856059119356
267 11.1833181419341 10.5979612218990
268 11.1956573160615 10.6102773443159
269 11.2079574099719 10.6225545450625
270 11.2202186884416 10.6347930872480
271 11.2324414134950 10.6469932312535
272 11.2446258444435 10.6591552347701
273 11.2567722379233 10.6712793528364
274 11.2688808479321 10.6833658378750
275 11.2809519258664 10.6954149397289
276 11.2929857205566 10.7074269056971
277 11.3049824783029 10.7194019805691
278 11.3169424429096 10.7313404066595
279 11.3288658557193 10.7432424238416
280 11.3407529556462 10.7551082695807
281 11.3526039792094 10.7669381789663
282 11.3644191605649 10.7787323847444
283 11.3761987315374 10.7904911173490
284 11.3879429216517 10.8022146049328
285 11.3996519581637 10.8139030733979
286 11.4113260660898 10.8255567464252
287 11.4229654682376 10.8371758455047
288 11.4345703852344 10.8487605899634
289 11.4461410355562 10.8603111969944
290 11.4576776355559 10.8718278816849
291 11.4691803994914 10.8833108570431
292 11.4806495395522 10.8947603340260
293 11.4920852658873 10.9061765215655
294 11.5034877866306 10.9175596265947
295 11.5148573079276 10.9289098540740
296 11.5261940339610 10.9402274070158
297 11.5374981669753 10.9515124865100
298 11.5487699073023 10.9627652917483
299 11.5600094533848 10.9739860200481
300 11.5712170018013 10.9851748668769
301 11.5823927472889 10.9963320258749
302 11.5935368827669 11.0074576888786
303 11.6046495993599 11.0185520459432
304 11.6157310864195 11.0296152853646
305 11.6267815315474 11.0406475937021
306 11.6378011206166 11.0516491557990
307 11.6487900377928 11.0626201548047
308 11.6597484655560 11.0735607721952
309 11.6706765847208 11.0844711877937
310 11.6815745744573 11.0953515797910
311 11.6924426123108 11.1062021247654
312 11.7032808742221 11.1170229977022
313 11.7140895345466 11.1278143720135
314 11.7248687660740 11.1385764195569
315 11.7356187400467 11.1493093106541
316 11.7463396261791 11.1600132141100
317 11.7570315926753 11.1706882972304
318 11.7676948062479 11.1813347258398
319 11.7783294321351 11.1919526642998
320 11.7889356341189 11.2025422755257
321 11.7995135745419 11.2131037210041
322 11.8100634143247 11.2236371608095
323 11.8205853129825 11.2341427536214
324 11.8310794286416 11.2446206567399
325 11.8415459180559 11.2550710261028
326 11.8519849366226 11.2654940163006
327 11.8623966383985 11.2758897805928
328 11.8727811761150 11.2862584709230
329 11.8831387011940 11.2966002379345
330 11.8934693637626 11.3069152309848
331 11.9037733126684 11.3172035981606
332 11.9140506954939 11.3274654862925
333 11.9243016585710 11.3377010409693
334 11.9345263469956 11.3479104065519
335 11.9447249046410 11.3580937261876
336 11.9548974741727 11.3682511418237
337 11.9650441970613 11.3783827942209
338 11.9751652135962 11.3884888229669
339 11.9852606628990 11.3985693664895
340 11.9953306829366 11.4086245620694
341 12.0053754105340 11.4186545458534
342 12.0153949813870 11.4286594528666
343 12.0253895300748 11.4386394170250
344 12.0353591900727 11.4485945711481
345 12.0453040937636 11.4585250469703
346 12.0552243724508 11.4684309751535
347 12.0651201563693 11.4783124852985
348 12.0749915746978 11.4881697059569
349 12.0848387555701 11.4980027646420
350 12.0946618260866 11.5078117878409
351 12.1044609123257 11.5175969010248
352 12.1142361393542 11.5273582286605
353 12.1239876312390 11.5370958942213
354 12.1337155110576 11.5468100201973
355 12.1434199009084 11.5565007281061
356 12.1531009219219 11.5661681385034
357 12.1627586942702 11.5758123709930
358 12.1723933371779 11.5854335442370
359 12.1820049689319 11.5950317759660
360 12.1915937068912 11.6046071829885
361 12.2011596674969 11.6141598812011
362 12.2107029662819 11.6236899855979
363 12.2202237178802 11.6331976102798
364 12.2297220360368 11.6426828684641
365 12.2391980336162 11.6521458724937
366 12.2486518226125 11.6615867338459
367 12.2580835141578 11.6710055631419
368 12.2674932185312 11.6804024701552
369 12.2768810451682 11.6897775638205
370 12.2862471026685 11.6991309522423
371 12.2955914988052 11.7084627427038
372 12.3049143405333 11.7177730416747
373 12.3142157339977 11.7270619548197
374 12.3234957845418 11.7363295870072
375 12.3327545967155 11.7455760423166
376 12.3419922742830 11.7548014240468
377 12.3512089202316 11.7640058347240
378 12.3604046367784 11.7731893761096
379 12.3695795253790 11.7823521492074
380 12.3787336867346 11.7914942542718
381 12.3878672207997 11.8006157908149
382 12.3969802267898 11.8097168576142
383 12.4060728031883 11.8187975527196
384 12.4151450477542 11.8278579734608
385 12.4241970575291 11.8368982164544
386 12.4332289288442 11.8459183776109
387 12.4422407573275 11.8549185521417
388 12.4512326379106 11.8638988345659
389 12.4602046648355 11.8728593187174
390 12.4691569316616 11.8818000977509
391 12.4780895312719 11.8907212641493
392 12.4870025558800 11.8996229097297
393 12.4958960970366 11.9085051256500
394 12.5047702456355 11.9173680024155
395 12.5136250919205 11.9262116298849
396 12.5224607254912 11.9350360972765
397 12.5312772353094 11.9438414931747
398 12.5400747097054 11.9526279055357
399 12.5488532363836 11.9613954216938
400 12.5576129024289 11.9701441283670
401 12.5663537943123 11.9788741116630
402 12.5750759978970 11.9875854570854
403 12.5837795984438 11.9962782495385
404 12.5924646806173 12.0049525733339
405 12.6011313284908 12.0136085121956
406 12.6097796255528 12.0222461492653
407 12.6184096547114 12.0308655671085
408 12.6270214983008 12.0394668477193
409 12.6356152380859 12.0480500725261
410 12.6441909552678 12.0566153223966
411 12.6527487304893 12.0651626776431
412 12.6612886438397 12.0736922180278
413 12.6698107748602 12.0822040227675
414 12.6783152025488 12.0906981705391
415 12.6868020053653 12.0991747394841
416 12.6952712612363 12.1076338072137
417 12.7037230475601 12.1160754508140
418 12.7121574412115 12.1244997468501
419 12.7205745185465 12.1329067713714
420 12.7289743554070 12.1412965999160
421 12.7373570271258 12.1496693075153
422 12.7457226085307 12.1580249686989
423 12.7540711739494 12.1663636574989
424 12.7624027972139 12.1746854474542
425 12.7707175516650 12.1829904116153
426 12.7790155101566 12.1912786225484
427 12.7872967450602 12.1995501523398
428 12.7955613282691 12.2078050726002
429 12.8038093312026 12.2160434544691
430 12.8120408248105 12.2242653686185
431 12.8202558795768 12.2324708852574
432 12.8284545655243 12.2406600741360
433 12.8366369522183 12.2488330045495
434 12.8448031087709 12.2569897453419
435 12.8529531038446 12.2651303649106
436 12.8610870056568 12.2732549312097
437 12.8692048819832 12.2813635117541
438 12.8773068001618 12.2894561736234
439 12.8853928270968 12.2975329834656
440 12.8934630292625 12.3055940075007
441 12.9015174727064 12.3136393115248
442 12.9095562230536 12.3216689609132
443 12.9175793455103 12.3296830206246
444 12.9255869048668 12.3376815552041
445 12.9335789655020 12.3456646287874
446 12.9415555913863 12.3536323051038
447 12.9495168460851 12.3615846474798
448 12.9574627927625 12.3695217188424
449 12.9653934941848 12.3774435817231
450 12.9733090127234 12.3853502982602
451 12.9812094103587 12.3932419302033
452 12.9890947486829 12.4011185389157
453 12.9969650889038 12.4089801853779
454 13.0048204918474 12.4168269301910
455 13.0126610179619 12.4246588335799
456 13.0204867273200 12.4324759553960
457 13.0282976796227 12.4402783551209
458 13.0360939342022 12.4480660918691
459 13.0438755500248 12.4558392243911
460 13.0516425856941 12.4635978110765
461 13.0593950994541 12.4713419099571
462 13.0671331491920 12.4790715787096
463 13.0748567924411 12.4867868746586
464 13.0825660863839 12.4944878547798
465 13.0902610878550 12.5021745757022
466 13.0979418533436 12.5098470937118
467 13.1056084389969 12.5175054647536
468 13.1132609006222 12.5251497444349
469 13.1208992936904 12.5327799880279
470 13.1285236733382 12.5403962504723
471 13.1361340943710 12.5479985863781
472 13.1437306112655 12.5555870500283
473 13.1513132781726 12.5631616953816
474 13.1588821489197 12.5707225760748
475 13.1664372770136 12.5782697454255
476 13.1739787156428 12.5858032564346
477 13.1815065176801 12.5933231617891
478 13.1890207356856 12.6008295138642
479 13.1965214219083 12.6083223647260
480 13.2040086282894 12.6158017661341
481 13.2114824064643 12.6232677695438
482 13.2189428077653 12.6307204261084
483 13.2263898832236 12.6381597866821
484 13.2338236835721 12.6455859018217
485 13.2412442592475 12.6529988217896
486 13.2486516603929 12.6603985965555
487 13.2560459368595 12.6677852757991
488 13.2634271382097 12.6751589089123
489 13.2707953137188 12.6825195450013
490 13.2781505123774 12.6898672328890
491 13.2854927828935 12.6972020211171
492 13.2928221736951 12.7045239579482
493 13.3001387329317 12.7118330913682
494 13.3074425084771 12.7191294690884
495 13.3147335479312 12.7264131385472
496 13.3220118986222 12.7336841469128
497 13.3292776076085 12.7409425410849
498 13.3365307216812 12.7481883676970
499 13.3437712873657 12.7554216731180
500 13.3509993509239 12.7626425034548
501 13.3582149583563 12.7698509045538
502 13.3654181554040 12.7770469220034
503 13.3726089875503 12.7842306011352
504 13.3797875000233 12.7914019870269
505 13.3869537377972 12.7985611245034
506 13.3941077455946 12.8057080581391
507 13.4012495678883 12.8128428322597
508 13.4083792489033 12.8199654909442
509 13.4154968326182 12.8270760780264
510 13.4226023627676 12.8341746370973
511 13.4296958828438 12.8412612115062
512 13.4367774360984 12.8483358443633
513 13.4438470655440 12.8553985785408
514 13.4509048139567 12.8624494566750
515 13.4579507238768 12.8694885211680
516 13.4649848376114 12.8765158141894
517 13.4720071972358 12.8835313776781
518 13.4790178445951 12.8905352533439
519 13.4860168213062 12.8975274826691
520 13.4930041687591 12.9045081069106
521 13.4999799281190 12.9114771671010
522 13.5069441403275 12.9184347040506
523 13.5138968461045 12.9253807583488
524 13.5208380859499 12.9323153703659
525 13.5277679001449 12.9392385802548
526 13.5346863287539 12.9461504279520
527 13.5415934116258 12.9530509531800
528 13.5484891883958 12.9599401954480
529 13.5553736984869 12.9668181940543
530 13.5622469811111 12.9736849880870
531 13.5691090752715 12.9805406164260
532 13.5759600197633 12.9873851177445
533 13.5827998531755 12.9942185305103
534 13.5896286138926 13.0010408929872
535 13.5964463400954 13.0078522432368
536 13.6032530697632 13.0146526191197
537 13.6100488406749 13.0214420582967
538 13.6168336904103 13.0282205982308
539 13.6236076563516 13.0349882761883
540 13.6303707756852 13.0417451292398
541 13.6371230854022 13.0484911942624
542 13.6438646223009 13.0552265079403
543 13.6505954229871 13.0619511067667
544 13.6573155238761 13.0686650270447
545 13.6640249611940 13.0753683048892
546 13.6707237709786 13.0820609762274
547 13.6774119890813 13.0887430768010
548 13.6840896511678 13.0954146421668
549 13.6907567927201 13.1020757076985
550 13.6974134490369 13.1087263085875
551 13.7040596552356 13.1153664798446
552 13.7106954462535 13.1219962563009
553 13.7173208568485 13.1286156726092
554 13.7239359216009 13.1352247632454
555 13.7305406749144 13.1418235625093
556 13.7371351510171 13.1484121045261
557 13.7437193839633 13.1549904232478
558 13.7502934076341 13.1615585524539
559 13.7568572557389 13.1681165257527
560 13.7634109618164 13.1746643765828
561 13.7699545592359 13.1812021382141
562 13.7764880811985 13.1877298437487
563 13.7830115607380 13.1942475261222
564 13.7895250307223 13.2007552181049
565 13.7960285238542 13.2072529523031
566 13.8025220726730 13.2137407611597
567 13.8090057095552 13.2202186769556
568 13.8154794667157 13.2266867318110
569 13.8219433762089 13.2331449576859
570 13.8283974699298 13.2395933863818
571 13.8348417796151 13.2460320495424
572 13.8412763368443 13.2524609786547
573 13.8477011730403 13.2588802050502
574 13.8541163194713 13.2652897599057
575 13.8605218072509 13.2716896742444
576 13.8669176673400 13.2780799789372
577 13.8733039305468 13.2844607047033
578 13.8796806275290 13.2908318821113
579 13.8860477887939 13.2971935415806
580 13.8924054446995 13.3035457133817
581 13.8987536254559 13.3098884276377
582 13.9050923611261 13.3162217143252
583 13.9114216816267 13.3225456032749
584 13.9177416167290 13.3288601241731
585 13.9240521960603 13.3351653065623
586 13.9303534491043 13.3414611798420
587 13.9366454052024 13.3477477732701
588 13.9429280935545 13.3540251159634
589 13.9492015432198 13.3602932368988
590 13.9554657831180 13.3665521649140
591 13.9617208420299 13.3728019287083
592 13.9679667485987 13.3790425568440
593 13.9742035313304 13.3852740777468
594 13.9804312185950 13.3914965197069
595 13.9866498386272 13.3977099108796
596 13.9928594195274 13.4039142792866
597 13.9990599892627 13.4101096528166
598 14.0052515756673 13.4162960592261
599 14.0114342064438 13.4224735261403
600 14.0176079091638 13.4286420810540
601 14.0237727112687 13.4348017513325
602 14.0299286400709 13.4409525642122
603 14.0360757227541 13.4470945468014
604 14.0422139863745 13.4532277260815
605 14.0483434578613 13.4593521289075
606 14.0544641640177 13.4654677820085
607 14.0605761315220 13.4715747119894
608 14.0666793869275 13.4776729453306
609 14.0727739566643 13.4837625083895
610 14.0788598670393 13.4898434274012
611 14.0849371442374 13.4959157284790
612 14.0910058143223 13.5019794376151
613 14.0970659032368 13.5080345806820
614 14.1031174368040 13.5140811834323
615 14.1091604407280 13.5201192715004
616 14.1151949405944 13.5261488704024
617 14.1212209618712 13.5321700055374
618 14.1272385299094 13.5381827021881
619 14.1332476699442 13.5441869855212
620 14.1392484070948 13.5501828805885
621 14.1452407663661 13.5561704123277
622 14.1512247726488 13.5621496055624
623 14.1572004507202 13.5681204850037
624 14.1631678252450 13.5740830752502
625 14.1691269207761 13.5800374007891
626 14.1750777617548 13.5859834859968
627 14.1810203725121 13.5919213551393
628 14.1869547772690 13.5978510323731
629 14.1928810001373 13.6037725417461
630 14.1987990651201 13.6096859071978
631 14.2047089961126 13.6155911525602
632 14.2106108169029 13.6214883015584
633 14.2165045511722 13.6273773778113
634 14.2223902224960 13.6332584048322
635 14.2282678543443 13.6391314060295
636 14.2341374700825 13.6449964047072
637 14.2399990929718 13.6508534240654
638 14.2458527461700 13.6567024872016
639 14.2516984527321 13.6625436171104
640 14.2575362356109 13.6683768366848
641 14.2633661176576 13.6742021687164
642 14.2691881216224 13.6800196358962
643 14.2750022701549 13.6858292608153
644 14.2808085858053 13.6916310659651
645 14.2866070910243 13.6974250737384
646 14.2923978081641 13.7032113064296
647 14.2981807594787 13.7089897862353
648 14.3039559671249 13.7147605352553
649 14.3097234531625 13.7205235754925
650 14.3154832395549 13.7262789288540
651 14.3212353481699 13.7320266171516
652 14.3269798007800 13.7377666621021
653 14.3327166190633 13.7434990853280
654 14.3384458246035 13.7492239083582
655 14.3441674388910 13.7549411526282
656 14.3498814833232 13.7606508394810
657 14.3555879792051 13.7663529901675
658 14.3612869477498 13.7720476258469
659 14.3669784100789 13.7777347675874
660 14.3726623872233 13.7834144363669
661 14.3783389001237 13.7890866530730
662 14.3840079696307 13.7947514385039
663 14.3896696165060 13.8004088133691
664 14.3953238614224 13.8060587982892
665 14.4009707249644 13.8117014137974
666 14.4066102276289 13.8173366803390
667 14.4122423898255 13.8229646182726
668 14.4178672318770 13.8285852478705
669 14.4234847740202 13.8341985893187
670 14.4290950364060 13.8398046627182
671 14.4346980391001 13.8454034880846
672 14.4402938020833 13.8509950853494
673 14.4458823452525 13.8565794743598
674 14.4514636884204 13.8621566748798
675 14.4570378513166 13.8677267065902
676 14.4626048535878 13.8732895890890
677 14.4681647147982 13.8788453418926
678 14.4737174544304 13.8843939844354
679 14.4792630918853 13.8899355360706
680 14.4848016464827 13.8954700160708
681 14.4903331374622 13.9009974436284
682 14.4958575839831 13.9065178378559
683 14.5013750051250 13.9120312177864
684 14.5068854198885 13.9175376023740
685 14.5123888471954 13.9230370104945
686 14.5178853058891 13.9285294609456
687 14.5233748147352 13.9340149724472
688 14.5288573924218 13.9394935636423
689 14.5343330575600 13.9449652530969
690 14.5398018286846 13.9504300593008
691 14.5452637242537 13.9558880006680
692 14.5507187626502 13.9613390955368
693 14.5561669621814 13.9667833621705
694 14.5616083410798 13.9722208187578
695 14.5670429175033 13.9776514834132
696 14.5724707095358 13.9830753741772
697 14.5778917351876 13.9884925090170
698 14.5833060123957 13.9939029058267
699 14.5887135590241 13.9993065824279
700 14.5941143928646 14.0047035565698
701 14.5995085316366 14.0100938459299
702 14.6048959929882 14.0154774681142
703 14.6102767944959 14.0208544406577
704 14.6156509536654 14.0262247810247
705 14.6210184879320 14.0315885066091
706 14.6263794146608 14.0369456347350
707 14.6317337511471 14.0422961826571
708 14.6370815146169 14.0476401675608
709 14.6424227222271 14.0529776065627
710 14.6477573910662 14.0583085167110
711 14.6530855381542 14.0636329149861
712 14.6584071804434 14.0689508183005
713 14.6637223348185 14.0742622434993
714 14.6690310180969 14.0795672073609
715 14.6743332470295 14.0848657265971
716 14.6796290383006 14.0901578178533
717 14.6849184085283 14.0954434977090
718 14.6902013742652 14.1007227826784
719 14.6954779519983 14.1059956892105
720 14.7007481581498 14.1112622336891
721 14.7060120090770 14.1165224324341
722 14.7112695210730 14.1217763017007
723 14.7165207103667 14.1270238576806
724 14.7217655931236 14.1322651165021
725 14.7270041854457 14.1375000942301
726 14.7322365033720 14.1427288068669
727 14.7374625628790 14.1479512703523
728 14.7426823798806 14.1531675005639
729 14.7478959702289 14.1583775133176
730 14.7531033497142 14.1635813243676
731 14.7583045340657 14.1687789494071
732 14.7634995389512 14.1739704040686
733 14.7686883799780 14.1791557039237
734 14.7738710726929 14.1843348644841
735 14.7790476325828 14.1895079012014
736 14.7842180750747 14.1946748294678
737 14.7893824155360 14.1998356646160
738 14.7945406692752 14.2049904219199
739 14.7996928515419 14.2101391165948
740 14.8048389775270 14.2152817637973
741 14.8099790623633 14.2204183786264
742 14.8151131211256 14.2255489761230
743 14.8202411688312 14.2306735712706
744 14.8253632204399 14.2357921789957
745 14.8304792908545 14.2409048141677
746 14.8355893949211 14.2460114915996
747 14.8406935474293 14.2511122260480
748 14.8457917631125 14.2562070322136
749 14.8508840566483 14.2612959247412
750 14.8559704426585 14.2663789182205
751 14.8610509357099 14.2714560271856
752 14.8661255503141 14.2765272661161
753 14.8711943009278 14.2815926494369
754 14.8762572019535 14.2866521915185
755 14.8813142677393 14.2917059066775
756 14.8863655125795 14.2967538091767
757 14.8914109507147 14.3017959132254
758 14.8964505963321 14.3068322329796
759 14.9014844635659 14.3118627825425
760 14.9065125664972 14.3168875759645
761 14.9115349191549 14.3219066272436
762 14.9165515355153 14.3269199503257
763 14.9215624295027 14.3319275591047
764 14.9265676149897 14.3369294674231
765 14.9315671057973 14.3419256890717
766 14.9365609156954 14.3469162377904
767 14.9415490584025 14.3519011272682
768 14.9465315475868 14.3568803711434
769 14.9515083968658 14.3618539830042
770 14.9564796198065 14.3668219763883
771 14.9614452299264 14.3717843647839
772 14.9664052406928 14.3767411616294
773 14.9713596655237 14.3816923803139
774 14.9763085177879 14.3866380341774
775 14.9812518108049 14.3915781365108
776 14.9861895578458 14.3965127005568
777 14.9911217721328 14.4014417395093
778 14.9960484668401 14.4063652665142
779 15.0009696550937 14.4112832946696
780 15.0058853499717 14.4161958370257
781 15.0107955645047 14.4211029065853
782 15.0157003116761 14.4260045163042
783 15.0205996044218 14.4309006790908
784 15.0254934556312 14.4357914078072
785 15.0303818781468 14.4406767152686
786 15.0352648847648 14.4455566142441
787 15.0401424882350 14.4504311174567
788 15.0450147012613 14.4553002375834
789 15.0498815365021 14.4601639872558
790 15.0547430065698 14.4650223790600
791 15.0595991240318 14.4698754255368
792 15.0644499014103 14.4747231391821
793 15.0692953511826 14.4795655324472
794 15.0741354857815 14.4844026177386
795 15.0789703175951 14.4892344074186
796 15.0837998589674 14.4940609138054
797 15.0886241221983 14.4988821491734
798 15.0934431195441 14.5036981257531
799 15.0982568632172 14.5085088557316
800 15.1030653653868 14.5133143512529
801 15.1078686381790 14.5181146244176
802 15.1126666936766 14.5229096872839
803 15.1174595439199 14.5276995518668
804 15.1222472009066 14.5324842301394
805 15.1270296765920 14.5372637340322
806 15.1318069828891 14.5420380754337
807 15.1365791316692 14.5468072661906
808 15.1413461347617 14.5515713181081
809 15.1461080039543 14.5563302429497
810 15.1508647509935 14.5610840524377
811 15.1556163875847 14.5658327582535
812 15.1603629253922 14.5705763720374
813 15.1651043760394 14.5753149053894
814 15.1698407511093 14.5800483698685
815 15.1745720621445 14.5847767769938
816 15.1792983206472 14.5895001382442
817 15.1840195380797 14.5942184650587
818 15.1887357258646 14.5989317688365
819 15.1934468953845 14.6036400609373
820 15.1981530579829 14.6083433526814
821 15.2028542249638 14.6130416553500
822 15.2075504075921 14.6177349801853
823 15.2122416170940 14.6224233383907
824 15.2169278646566 14.6271067411309
825 15.2216091614289 14.6317851995323
826 15.2262855185212 14.6364587246828
827 15.2309569470056 14.6411273276324
828 15.2356234579164 14.6457910193932
829 15.2402850622498 14.6504498109393
830 15.2449417709646 14.6551037132076
831 15.2495935949818 14.6597527370973
832 15.2542405451854 14.6643968934705
833 15.2588826324220 14.6690361931524
834 15.2635198675014 14.6736706469310
835 15.2681522611964 14.6783002655579
836 15.2727798242433 14.6829250597479
837 15.2774025673419 14.6875450401796
838 15.2820205011557 14.6921602174954
839 15.2866336363120 14.6967706023015
840 15.2912419834023 14.7013762051684
841 15.2958455529819 14.7059770366308
842 15.3004443555710 14.7105731071878
843 15.3050384016538 14.7151644273031
844 15.3096277016796 14.7197510074054
845 15.3142122660622 14.7243328578881
846 15.3187921051806 14.7289099891097
847 15.3233672293788 14.7334824113940
848 15.3279376489663 14.7380501350303
849 15.3325033742180 14.7426131702733
850 15.3370644153743 14.7471715273435
851 15.3416207826415 14.7517252164272
852 15.3461724861918 14.7562742476768
853 15.3507195361635 14.7608186312109
854 15.3552619426612 14.7653583771143
855 15.3597997157557 14.7698934954384
856 15.3643328654846 14.7744239962012
857 15.3688614018520 14.7789498893875
858 15.3733853348289 14.7834711849489
859 15.3779046743533 14.7879878928042
860 15.3824194303302 14.7925000228394
861 15.3869296126322 14.7970075849079
862 15.3914352310990 14.8015105888306
863 15.3959362955380 14.8060090443959
864 15.4004328157244 14.8105029613602
865 15.4049248014011 14.8149923494477
866 15.4094122622792 14.8194772183509
867 15.4138952080376 14.8239575777302
868 15.4183736483239 14.8284334372148
869 15.4228475927539 14.8329048064019
870 15.4273170509119 14.8373716948577
871 15.4317820323512 14.8418341121171
872 15.4362425465935 14.8462920676839
873 15.4406986031298 14.8507455710310
874 15.4451502114201 14.8551946316003
875 15.4495973808938 14.8596392588033
876 15.4540401209494 14.8640794620209
877 15.4584784409552 14.8685152506034
878 15.4629123502490 14.8729466338710
879 15.4673418581383 14.8773736211137
880 15.4717669739007 14.8817962215917
881 15.4761877067838 14.8862144445349
882 15.4806040660052 14.8906282991438
883 15.4850160607531 14.8950377945892
884 15.4894237001860 14.8994429400123
885 15.4938269934328 14.9038437445250
886 15.4982259495933 14.9082402172101
887 15.5026205777380 14.9126323671211
888 15.5070108869085 14.9170202032826
889 15.5113968861173 14.9214037346903
890 15.5157785843481 14.9257829703113
891 15.5201559905561 14.9301579190838
892 15.5245291136677 14.9345285899179
893 15.5288979625810 14.9388949916950
894 15.5332625461658 14.9432571332684
895 15.5376228732636 14.9476150234633
896 15.5419789526879 14.9519686710769
897 15.5463307932243 14.9563180848784
898 15.5506784036304 14.9606632736094
899 15.5550217926364 14.9650042459837
900 15.5593609689444 14.9693410106877
901 15.5636959412295 14.9736735763802
902 15.5680267181393 14.9780019516931
903 15.5723533082940 14.9823261452306
904 15.5766757202868 14.9866461655703
905 15.5809939626839 14.9909620212626
906 15.5853080440245 14.9952737208311
907 15.5896179728211 14.9995812727726
908 15.5939237575595 15.0038846855576
909 15.5982254066991 15.0081839676297
910 15.6025229286724 15.0124791274065
911 15.6068163318861 15.0167701732790
912 15.6111056247203 15.0210571136123
913 15.6153908155292 15.0253399567452
914 15.6196719126409 15.0296187109908
915 15.6239489243575 15.0338933846362
916 15.6282218589556 15.0381639859428
917 15.6324907246857 15.0424305231465
918 15.6367555297732 15.0466930044575
919 15.6410162824177 15.0509514380608
920 15.6452729907935 15.0552058321159
921 15.6495256630498 15.0594561947572
922 15.6537743073104 15.0637025340941
923 15.6580189316742 15.0679448582109
924 15.6622595442153 15.0721831751671
925 15.6664961529826 15.0764174929972
926 15.6707287660007 15.0806478197113
927 15.6749573912691 15.0848741632949
928 15.6791820367632 15.0890965317089
929 15.6834027104337 15.0933149328898
930 15.6876194202071 15.0975293747501
931 15.6918321739856 15.1017398651777
932 15.6960409796472 15.1059464120369
933 15.7002458450462 15.1101490231677
934 15.7044467780125 15.1143477063863
935 15.7086437863525 15.1185424694852
936 15.7128368778488 15.1227333202332
937 15.7170260602604 15.1269202663755
938 15.7212113413225 15.1311033156338
939 15.7253927287472 15.1352824757064
940 15.7295702302230 15.1394577542684
941 15.7337438534154 15.1436291589715
942 15.7379136059665 15.1477966974446
943 15.7420794954953 15.1519603772934
944 15.7462415295982 15.1561202061006
945 15.7503997158483 15.1602761914262
946 15.7545540617962 15.1644283408076
947 15.7587045749696 15.1685766617593
948 15.7628512628738 15.1727211617734
949 15.7669941329915 15.1768618483196
950 15.7711331927829 15.1809987288450
951 15.7752684496859 15.1851318107746
952 15.7793999111164 15.1892611015114
953 15.7835275844678 15.1933866084358
954 15.7876514771116 15.1975083389067
955 15.7917715963975 15.2016263002608
956 15.7958879496530 15.2057404998131
957 15.8000005441841 15.2098509448567
958 15.8041093872748 15.2139576426633
959 15.8082144861877 15.2180606004827
960 15.8123158481638 15.2221598255436
961 15.8164134804227 15.2262553250529
962 15.8205073901625 15.2303471061964
963 15.8245975845602 15.2344351761388
964 15.8286840707715 15.2385195420235
965 15.8327668559310 15.2426002109727
966 15.8368459471524 15.2466771900880
967 15.8409213515282 15.2507504864497
968 15.8449930761302 15.2548201071176
969 15.8490611280096 15.2588860591307
970 15.8531255141966 15.2629483495072
971 15.8571862417009 15.2670069852449
972 15.8612433175117 15.2710619733211
973 15.8652967485978 15.2751133206926
974 15.8693465419076 15.2791610342961
975 15.8733927043692 15.2832051210477
976 15.8774352428903 15.2872455878437
977 15.8814741643589 15.2912824415602
978 15.8855094756425 15.2953156890532
979 15.8895411835890 15.2993453371587
980 15.8935692950262 15.3033713926933
981 15.8975938167620 15.3073938624533
982 15.9016147555849 15.3114127532156
983 15.9056321182634 15.3154280717374
984 15.9096459115466 15.3194398247564
985 15.9136561421640 15.3234480189909
986 15.9176628168258 15.3274526611396
987 15.9216659422227 15.3314537578822
988 15.9256655250261 15.3354513158788
989 15.9296615718885 15.3394453417706
990 15.9336540894428 15.3434358421796
991 15.9376430843033 15.3474228237089
992 15.9416285630649 15.3514062929426
993 15.9456105323039 15.3553862564459
994 15.9495889985778 15.3593627207652
995 15.9535639684249 15.3633356924282
996 15.9575354483654 15.3673051779440
997 15.9615034449003 15.3712711838031
998 15.9654679645126 15.3752337164774
999 15.9694290136665 15.3791927824204
1000 15.9733865988077 15.3831483880675
1001 15.9893759747825 15.3985392305942
1002 16.0046875151171 15.4137051639812
1003 16.0195365188291 15.4284612927596
1004 16.0340251210470 15.4428803889191
1005 16.0482151617908 15.4570143073616
1006 16.0621487994471 15.4709005441349
1007 16.0758569106955 15.4845674073452
1008 16.0893632310293 15.4980370620032
1009 16.1026866567349 15.5113273721140
1010 16.1158426367687 15.5244530708772
1011 16.1288440683805 15.5374265383962
1012 16.1417019018350 15.5502583388491
1013 16.1544255647086 15.5629576037706
1014 16.1670232690956 15.5755323131615
1015 16.1795022399391 15.5879895065603
1016 16.1918688885465 15.6003354447675
1017 16.2041289469845 15.6125757359591
1018 16.2162875739084 15.6247154355601
1019 16.2283494391152 15.6367591264222
1020 16.2403187919679 15.6487109839765
1021 16.2521995174029 15.6605748297535
1022 16.2639951822462 15.6723541757799
1023 16.2757090738675 15.6840522617343
1024 16.2873442327138 15.6956720862937
1025 16.2989034798969 15.7072164337747
1026 16.3103894407536 15.7186878969279
1027 16.3218045650924 15.7300888965626
1028 16.3331511446979 15.7414216985386
1029 16.3444313285445 15.7526884285583
1030 16.3556471360888 15.7638910851049
1031 16.3668004689344 15.7750315508131
1032 16.3778931211168 15.7861116025037
1033 16.3889267882063 15.7971329200745
1034 16.3999030753966 15.8080970944092
1035 16.4108235047174 15.8190056344349
1036 16.4216895214888 15.8298599734428
1037 16.4325025001140 15.8406614747658
1038 16.4432637492952 15.8514114368941
1039 16.4539745167421 15.8621110980967
1040 16.4646359934354 15.8727616406077
1041 16.4752493174956 15.8833641944287
1042 16.4858155777035 15.8939198407890
1043 16.4963358167097 15.9044296153042
1044 16.5068110339691 15.9148945108625
1045 16.5172421884267 15.9253154802709
1046 16.5276302009836 15.9356934386830
1047 16.5379759567631 15.9460292658332
1048 16.5482803071991 15.9563238080946
1049 16.5585440719614 15.9665778803788
1050 16.5687680407367 15.9767922678922
1051 16.5789529748762 15.9869677277622
1052 16.5890996089233 15.9971049905459
1053 16.5992086520323 16.0072047616304
1054 16.6092807892870 16.0172677225360
1055 16.6193166829291 16.0272945321295
1056 16.6293169735028 16.0372858277556
1057 16.6392822809233 16.0472422262937
1058 16.6492132054758 16.0571643251451
1059 16.6591103287501 16.0670527031580
1060 16.6689742145158 16.0769079214929
1061 16.6788054095432 16.0867305244356
1062 16.6886044443748 16.0965210401598
1063 16.6983718340484 16.1062799814440
1064 16.7081080787798 16.1160078463466
1065 16.7178136646031 16.1257051188408
1066 16.7274890639763 16.1353722694138
1067 16.7371347363513 16.1450097556318
1068 16.7467511287123 16.1546180226736
1069 16.7563386760849 16.1641975038349
1070 16.7658978020172 16.1737486210054
1071 16.7754289190357 16.1832717851202
1072 16.7849324290762 16.1927673965879
1073 16.7944087238932 16.2022358456957
1074 16.8038581854479 16.2116775129948
1075 16.8132811862762 16.2210927696654
1076 16.8226780898391 16.2304819778637
1077 16.8320492508550 16.2398454910523
1078 16.8413950156162 16.2491836543138
1079 16.8507157222901 16.2584968046500
1080 16.8600117012060 16.2677852712663
1081 16.8692832751286 16.2770493758433
1082 16.8785307595186 16.2862894327957
1083 16.8877544627816 16.2955057495188
1084 16.8969546865053 16.3046986266247
1085 16.9061317256866 16.3138683581676
1086 16.9152858689485 16.3230152318587
1087 16.9244173987468 16.3321395292726
1088 16.9335265915692 16.3412415260439
1089 16.9426137181249 16.3503214920560
1090 16.9516790435261 16.3593796916218
1091 16.9607228274625 16.3684163836566
1092 16.9697453243683 16.3774318218443
1093 16.9787467835824 16.3864262547960
1094 16.9877274495019 16.3953999262035
1095 16.9966875617295 16.4043530749851
1096 17.0056273552154 16.4132859354269
1097 17.0145470603933 16.4221987373179
1098 17.0234469033111 16.4310917060800
1099 17.0323271057565 16.4399650628929
1100 17.0411878853784 16.4488190248145
1101 17.0500294558026 16.4576538048964
1102 17.0588520267446 16.4664696122956
1103 17.0676558041167 16.4752666523816
1104 17.0764409901325 16.4840451268395
1105 17.0852077834067 16.4928052337699
1106 17.0939563790517 16.5015471677850
1107 17.1026869687709 16.5102711201008
1108 17.1113997409479 16.5189772786267
1109 17.1200948807341 16.5276658280515
1110 17.1287725701313 16.5363369499269
1111 17.1374329880733 16.5449908227475
1112 17.1460763105033 16.5536276220287
1113 17.1547027104496 16.5622475203813
1114 17.1633123580984 16.5708506875846
1115 17.1719054208641 16.5794372906557
1116 17.1804820634577 16.5880074939181
1117 17.1890424479521 16.5965614590665
1118 17.1975867338464 16.6050993452307
1119 17.2061150781275 16.6136213090369
1120 17.2146276353293 16.6221275046668
1121 17.2231245575914 16.6306180839160
1122 17.2316059947145 16.6390931962489
1123 17.2400720942147 16.6475529888529
1124 17.2485230013764 16.6559976066915
1125 17.2569588593032 16.6644271925540
1126 17.2653798089672 16.6728418871054
1127 17.2737859892571 16.6812418289340
1128 17.2821775370247 16.6896271545978
1129 17.2905545871300 16.6979979986691
1130 17.2989172724850 16.7063544937787
1131 17.3072657240962 16.7146967706575
1132 17.3156000711063 16.7230249581784
1133 17.3239204408335 16.7313391833958
1134 17.3322269588113 16.7396395715843
1135 17.3405197488257 16.7479262462768
1136 17.3487989329525 16.7561993293008
1137 17.3570646315928 16.7644589408141
1138 17.3653169635076 16.7727051993396
1139 17.3735560458520 16.7809382217987
1140 17.3817819942079 16.7891581235442
1141 17.3899949226158 16.7973650183921
1142 17.3981949436063 16.8055590186528
1143 17.4063821682301 16.8137402351610
1144 17.4145567060874 16.8219087773052
1145 17.4227186653572 16.8300647530562
1146 17.4308681528243 16.8382082689952
1147 17.4390052739074 16.8463394303405
1148 17.4471301326852 16.8544583409744
1149 17.4552428319221 16.8625651034684
1150 17.4633434730937 16.8706598191088
1151 17.4714321564111 16.8787425879208
1152 17.4795089808450 16.8868135086924
1153 17.4875740441487 16.8948726789976
1154 17.4956274428812 16.9029201952192
1155 17.5036692724292 16.9109561525708
1156 17.5116996270285 16.9189806451180
1157 17.5197185997855 16.9269937658002
1158 17.5277262826975 16.9349956064502
1159 17.5357227666727 16.9429862578151
1160 17.5437081415502 16.9509658095748
1161 17.5516824961188 16.9589343503623
1162 17.5596459181356 16.9668919677812
1163 17.5675984943446 16.9748387484244
1164 17.5755403104943 16.9827747778918
1165 17.5834714513548 16.9907001408078
1166 17.5913920007354 16.9986149208378
1167 17.5993020415007 17.0065192007050
1168 17.6072016555870 17.0144130622068
1169 17.6150909240184 17.0222965862300
1170 17.6229699269216 17.0301698527670
1171 17.6308387435419 17.0380329409301
1172 17.6386974522573 17.0458859289668
1173 17.6465461305934 17.0537288942742
1174 17.6543848552373 17.0615619134128
1175 17.6622137020516 17.0693850621206
1176 17.6700327460880 17.0771984153263
1177 17.6778420616004 17.0850020471629
1178 17.6856417220577 17.0927960309803
1179 17.6934318001569 17.1005804393580
1180 17.7012123678351 17.1083553441177
1181 17.7089834962821 17.1161208163349
1182 17.7167452559518 17.1238769263513
1183 17.7244977165741 17.1316237437863
1184 17.7322409471662 17.1393613375479
1185 17.7399750160439 17.1470897758444
1186 17.7476999908325 17.1548091261949
1187 17.7554159384772 17.1625194554403
1188 17.7631229252540 17.1702208297534
1189 17.7708210167796 17.1779133146495
1190 17.7785102780219 17.1855969749960
1191 17.7861907733093 17.1932718750226
1192 17.7938625663409 17.2009380783308
1193 17.8015257201955 17.2085956479033
1194 17.8091802973413 17.2162446461132
1195 17.8168263596446 17.2238851347334
1196 17.8244639683789 17.2315171749450
1197 17.8320931842339 17.2391408273464
1198 17.8397140673234 17.2467561519615
1199 17.8473266771943 17.2543632082484
1200 17.8549310728348 17.2619620551076
1201 17.8625273126822 17.2695527508899
1202 17.8701154546308 17.2771353534042
1203 17.8776955560400 17.2847099199256
1204 17.8852676737418 17.2922765072028
1205 17.8928318640482 17.2998351714655
1206 17.9003881827585 17.3073859684319
1207 17.9079366851668 17.3149289533158
1208 17.9154774260688 17.3224641808338
1209 17.9230104597686 17.3299917052118
1210 17.9305358400861 17.3375115801923
1211 17.9380536203632 17.3450238590408
1212 17.9455638534703 17.3525285945525
1213 17.9530665918133 17.3600258390585
1214 17.9605618873393 17.3675156444325
1215 17.9680497915433 17.3749980620966
1216 17.9755303554740 17.3824731430275
1217 17.9830036297399 17.3899409377628
1218 17.9904696645153 17.3974014964064
1219 17.9979285095460 17.4048548686347
1220 18.0053802141549 17.4123011037019
1221 18.0128248272477 17.4197402504459
1222 18.0202623973184 17.4271723572935
1223 18.0276929724546 17.4345974722661
1224 18.0351166003430 17.4420156429847
1225 18.0425333282743 17.4494269166750
1226 18.0499432031486 17.4568313401732
1227 18.0573462714803 17.4642289599300
1228 18.0647425794032 17.4716198220165
1229 18.0721321726749 17.4790039721284
1230 18.0795150966825 17.4863814555910
1231 18.0868913964461 17.4937523173640
1232 18.0942611166245 17.5011166020460
1233 18.1016243015191 17.5084743538788
1234 18.1089809950787 17.5158256167525
1235 18.1163312409038 17.5231704342093
1236 18.1236750822507 17.5305088494479
1237 18.1310125620361 17.5378409053280
1238 18.1383437228413 17.5451666443743
1239 18.1456686069158 17.5524861087807
1240 18.1529872561822 17.5597993404143
1241 18.1602997122392 17.5671063808192
1242 18.1676060163664 17.5744072712207
1243 18.1749062095277 17.5817020525291
1244 18.1822003323751 17.5889907653433
1245 18.1894884252527 17.5962734499549
1246 18.1967705282000 17.6035501463512
1247 18.2040466809560 17.6108208942197
1248 18.2113169229622 17.6180857329509
1249 18.2185812933668 17.6253447016422
1250 18.2258398310274 17.6325978391014
1251 18.2330925745150 17.6398451838498
1252 18.2403395621170 17.6470867741256
1253 18.2475808318407 17.6543226478875
1254 18.2548164214165 17.6615528428177
1255 18.2620463683010 17.6687773963250
1256 18.2692707096803 17.6759963455481
1257 18.2764894824730 17.6832097273588
1258 18.2837027233331 17.6904175783648
1259 18.2909104686536 17.6976199349128
1260 18.2981127545687 17.7048168330915
1261 18.3053096169573 17.7120083087346
1262 18.3125010914455 17.7191943974234
1263 18.3196872134097 17.7263751344899
1264 18.3268680179793 17.7335505550195
1265 18.3340435400394 17.7407206938536
1266 18.3412138142336 17.7478855855927
1267 18.3483788749666 17.7550452645986
1268 18.3555387564070 17.7621997649972
1269 18.3626934924895 17.7693491206814
1270 18.3698431169179 17.7764933653131
1271 18.3769876631676 17.7836325323262
1272 18.3841271644877 17.7907666549288
1273 18.3912616539036 17.7978957661057
1274 18.3983911642199 17.8050198986209
1275 18.4055157280221 17.8121390850199
1276 18.4126353776792 17.8192533576322
1277 18.4197501453463 17.8263627485733
1278 18.4268600629663 17.8334672897472
1279 18.4339651622729 17.8405670128486
1280 18.4410654747920 17.8476619493653
1281 18.4481610318446 17.8547521305801
1282 18.4552518645486 17.8618375875728
1283 18.4623380038209 17.8689183512230
1284 18.4694194803796 17.8759944522117
1285 18.4764963247462 17.8830659210231
1286 18.4835685672474 17.8901327879476
1287 18.4906362380172 17.8971950830827
1288 18.4976993669989 17.9042528363357
1289 18.5047579839473 17.9113060774254
1290 18.5118121184302 17.9183548358843
1291 18.5188617998305 17.9253991410599
1292 18.5259070573483 17.9324390221174
1293 18.5329479200024 17.9394745080407
1294 18.5399844166324 17.9465056276351
1295 18.5470165759004 17.9535324095284
1296 18.5540444262927 17.9605548821730
1297 18.5610679961219 17.9675730738476
1298 18.5680873135281 17.9745870126590
1299 18.5751024064812 17.9815967265439
1300 18.5821133027822 17.9886022432701
1301 18.5891200300650 17.9956035904389
1302 18.5961226157980 18.0026007954862
1303 18.6031210872859 18.0095938856844
1304 18.6101154716712 18.0165828881437
1305 18.6171057959356 18.0235678298143
1306 18.6240920869019 18.0305487374871
1307 18.6310743712353 18.0375256377961
1308 18.6380526754452 18.0444985572194
1309 18.6450270258864 18.0514675220807
1310 18.6519974487607 18.0584325585513
1311 18.6589639701185 18.0653936926510
1312 18.6659266158601 18.0723509502496
1313 18.6728854117373 18.0793043570688
1314 18.6798403833546 18.0862539386831
1315 18.6867915561707 18.0931997205216
1316 18.6937389555000 18.1001417289097
1317 18.7006826065139 18.1070799869284
1318 18.7076225342418 18.1140145205987
1319 18.7145587635733 18.1209453547810
1320 18.7214913192584 18.1278725141967
1321 18.7284202259098 18.1347960234298
1322 18.7353455080035 18.1417159069278
1323 18.7422671898804 18.1486321890034
1324 18.7491852957475 18.1555448938355
1325 18.7560998496791 18.1624540454706
1326 18.7630108756181 18.1693596678237
1327 18.7699183973771 18.1762617846799
1328 18.7768224386396 18.1831604196954
1329 18.7837230229614 18.1900555963986
1330 18.7906201737714 18.1969473381915
1331 18.7975139143731 18.2038356683505
1332 18.8044042679455 18.2107206100281
1333 18.8112912575445 18.2176021862534
1334 18.8181749061036 18.2244804199336
1335 18.8250552364354 18.2313553338550
1336 18.8319322712325 18.2382269506839
1337 18.8388060330685 18.2450952929683
1338 18.8456765443993 18.2519603831380
1339 18.8525438275639 18.2588222435064
1340 18.8594079047858 18.2656808962714
1341 18.8662687981734 18.2725363635162
1342 18.8731265297218 18.2793886672105
1343 18.8799811213130 18.2862378292112
1344 18.8868325947177 18.2930838712641
1345 18.8936809715955 18.2999268150041
1346 18.9005262734965 18.3067666819564
1347 18.9073685218620 18.3136034935378
1348 18.9142077380254 18.3204372710572
1349 18.9210439432130 18.3272680357169
1350 18.9278771585455 18.3340958086131
1351 18.9347074050382 18.3409206107373
1352 18.9415347036024 18.3477424629769
1353 18.9483590750462 18.3545613861160
1354 18.9551805400752 18.3613774008368
1355 18.9619991192936 18.3681905277198
1356 18.9688148332049 18.3750007872452
1357 18.9756277022129 18.3818081997933
1358 18.9824377466223 18.3886127856460
1359 18.9892449866400 18.3954145649868
1360 18.9960494423755 18.4022135579024
1361 19.0028511338418 18.4090097843831
1362 19.0096500809565 18.4158032643235
1363 19.0164463035422 18.4225940175238
1364 19.0232398213275 18.4293820636901
1365 19.0300306539478 18.4361674224354
1366 19.0368188209461 18.4429501132804
1367 19.0436043417737 18.4497301556543
1368 19.0503872357910 18.4565075688953
1369 19.0571675222681 18.4632823722518
1370 19.0639452203858 18.4700545848825
1371 19.0707203492363 18.4768242258579
1372 19.0774929278235 18.4835913141605
1373 19.0842629750646 18.4903558686856
1374 19.0910305097899 18.4971179082422
1375 19.0977955507439 18.5038774515536
1376 19.1045581165862 18.5106345172580
1377 19.1113182258918 18.5173891239093
1378 19.1180758971522 18.5241412899779
1379 19.1248311487756 18.5308910338510
1380 19.1315839990880 18.5376383738338
1381 19.1383344663335 18.5443833281496
1382 19.1450825686754 18.5511259149410
1383 19.1518283241964 18.5578661522702
1384 19.1585717508995 18.5646040581195
1385 19.1653128667087 18.5713396503926
1386 19.1720516894693 18.5780729469145
1387 19.1787882369490 18.5848039654325
1388 19.1855225268379 18.5915327236167
1389 19.1922545767498 18.5982592390607
1390 19.1989844042224 18.6049835292823
1391 19.2057120267178 18.6117056117237
1392 19.2124374616236 18.6184255037525
1393 19.2191607262528 18.6251432226621
1394 19.2258818378450 18.6318587856724
1395 19.2326008135666 18.6385722099303
1396 19.2393176705116 18.6452835125101
1397 19.2460324257020 18.6519927104144
1398 19.2527450960884 18.6586998205745
1399 19.2594556985506 18.6654048598510
1400 19.2661642498981 18.6721078450340
1401 19.2728707668706 18.6788087928442
1402 19.2795752661389 18.6855077199333
1403 19.2862777643047 18.6922046428841
1404 19.2929782779020 18.6988995782115
1405 19.2996768233969 18.7055925423629
1406 19.3063734171885 18.7122835517186
1407 19.3130680756094 18.7189726225925
1408 19.3197608149261 18.7256597712323
1409 19.3264516513393 18.7323450138204
1410 19.3331406009850 18.7390283664742
1411 19.3398276799345 18.7457098452464
1412 19.3465129041948 18.7523894661259
1413 19.3531962897097 18.7590672450380
1414 19.3598778523595 18.7657431978449
1415 19.3665576079621 18.7724173403463
1416 19.3732355722731 18.7790896882796
1417 19.3799117609866 18.7857602573208
1418 19.3865861897351 18.7924290630847
1419 19.3932588740906 18.7990961211252
1420 19.3999298295648 18.8057614469360
1421 19.4065990716093 18.8124250559511
1422 19.4132666156164 18.8190869635451
1423 19.4199324769193 18.8257471850334
1424 19.4265966707929 18.8324057356732
1425 19.4332592124537 18.8390626306636
1426 19.4399201170606 18.8457178851459
1427 19.4465793997153 18.8523715142043
1428 19.4532370754625 18.8590235328662
1429 19.4598931592905 18.8656739561027
1430 19.4665476661319 18.8723227988287
1431 19.4732006108631 18.8789700759038
1432 19.4798520083059 18.8856158021323
1433 19.4865018732269 18.8922599922639
1434 19.4931502203385 18.8989026609938
1435 19.4997970642990 18.9055438229633
1436 19.5064424197130 18.9121834927601
1437 19.5130863011322 18.9188216849189
1438 19.5197287230551 18.9254584139214
1439 19.5263696999279 18.9320936941970
1440 19.5330092461448 18.9387275401230
1441 19.5396473760481 18.9453599660252
1442 19.5462841039290 18.9519909861779
1443 19.5529194440275 18.9586206148046
1444 19.5595534105332 18.9652488660783
1445 19.5661860175853 18.9718757541217
1446 19.5728172792731 18.9785012930077
1447 19.5794472096367 18.9851254967597
1448 19.5860758226666 18.9917483793521
1449 19.5927031323047 18.9983699547103
1450 19.5993291524444 19.0049902367115
1451 19.6059538969310 19.0116092391846
1452 19.6125773795619 19.0182269759110
1453 19.6191996140871 19.0248434606243
1454 19.6258206142094 19.0314587070115
1455 19.6324403935851 19.0380727287124
1456 19.6390589658236 19.0446855393207
1457 19.6456763444884 19.0512971523838
1458 19.6522925430973 19.0579075814035
1459 19.6589075751224 19.0645168398360
1460 19.6655214539907 19.0711249410925
1461 19.6721341930844 19.0777318985392
1462 19.6787458057409 19.0843377254979
1463 19.6853563052537 19.0909424352463
1464 19.6919657048722 19.0975460410180
1465 19.6985740178021 19.1041485560031
1466 19.7051812572060 19.1107499933485
1467 19.7117874362032 19.1173503661580
1468 19.7183925678705 19.1239496874926
1469 19.7249966652420 19.1305479703713
1470 19.7315997413100 19.1371452277704
1471 19.7382018090246 19.1437414726250
1472 19.7448028812947 19.1503367178282
1473 19.7514029709875 19.1569309762321
1474 19.7580020909295 19.1635242606477
1475 19.7646002539064 19.1701165838455
1476 19.7711974726634 19.1767079585553
1477 19.7777937599056 19.1832983974671
1478 19.7843891282982 19.1898879132307
1479 19.7909835904668 19.1964765184566
1480 19.7975771589975 19.2030642257159
1481 19.8041698464375 19.2096510475404
1482 19.8107616652950 19.2162369964235
1483 19.8173526280398 19.2228220848198
1484 19.8239427471034 19.2294063251458
1485 19.8305320348790 19.2359897297798
1486 19.8371205037223 19.2425723110624
1487 19.8437081659514 19.2491540812969
1488 19.8502950338471 19.2557350527491
1489 19.8568811196530 19.2623152376479
1490 19.8634664355762 19.2688946481854
1491 19.8700509937871 19.2754732965173
1492 19.8766348064198 19.2820511947629
1493 19.8832178855724 19.2886283550055
1494 19.8898002433073 19.2952047892928
1495 19.8963818916510 19.3017805096367
1496 19.9029628425950 19.3083555280139
1497 19.9095431080955 19.3149298563661
1498 19.9161227000739 19.3215035066000
1499 19.9227016304169 19.3280764905879
1500 19.9292799109770 19.3346488201674
1501 19.9358575535722 19.3412205071423
1502 19.9424345699868 19.3477915632823
1503 19.9490109719712 19.3543620003232
1504 19.9555867712424 19.3609318299678
1505 19.9621619794841 19.3675010638851
1506 19.9687366083468 19.3740697137115
1507 19.9753106694484 19.3806377910502
1508 19.9818841743739 19.3872053074721
1509 19.9884571346759 19.3937722745154
1510 19.9950295618750 19.4003387036864
1511 20.0016014674596 19.4069046064592
1512 20.0081728628864 19.4134699942763
1513 20.0147437595805 19.4200348785484
1514 20.0213141689355 19.4265992706552
1515 20.0278841023139 19.4331631819448
1516 20.0344535710473 19.4397266237348
1517 20.0410225864365 19.4462896073116
1518 20.0475911597517 19.4528521439315
1519 20.0541593022326 19.4594142448201
1520 20.0607270250889 19.4659759211730
1521 20.0672943395003 19.4725371841558
1522 20.0738612566166 19.4790980449042
1523 20.0804277875581 19.4856585145246
1524 20.0869939434155 19.4922186040939
1525 20.0935597352506 19.4987783246596
1526 20.1001251740960 19.5053376872405
1527 20.1066902709553 19.5118967028263
1528 20.1132550368037 19.5184553823782
1529 20.1198194825878 19.5250137368290
1530 20.1263836192259 19.5315717770831
1531 20.1329474576083 19.5381295140169
1532 20.1395110085971 19.5446869584789
1533 20.1460742830270 19.5512441212896
1534 20.1526372917048 19.5578010132424
1535 20.1592000454101 19.5643576451029
1536 20.1657625548952 19.5709140276097
1537 20.1723248308854 19.5774701714744
1538 20.1788868840791 19.5840260873815
1539 20.1854487251479 19.5905817859891
1540 20.1920103647369 19.5971372779286
1541 20.1985718134650 19.6036925738051
1542 20.2051330819246 19.6102476841975
1543 20.2116941806823 19.6168026196587
1544 20.2182551202787 19.6233573907157
1545 20.2248159112287 19.6299120078698
1546 20.2313765640218 19.6364664815967
1547 20.2379370891218 19.6430208223470
1548 20.2444974969676 19.6495750405458
1549 20.2510577979729 19.6561291465934
1550 20.2576180025264 19.6626831508648
1551 20.2641781209921 19.6692370637107
1552 20.2707381637096 19.6757908954571
1553 20.2772981409937 19.6823446564053
1554 20.2838580631353 19.6888983568328
1555 20.2904179404008 19.6954520069925
1556 20.2969777830328 19.7020056171136
1557 20.3035376012501 19.7085591974014
1558 20.3100974052477 19.7151127580377
1559 20.3166572051971 19.7216663091805
1560 20.3232170112466 19.7282198609645
1561 20.3297768335208 19.7347734235013
1562 20.3363366821218 19.7413270068794
1563 20.3428965671282 19.7478806211641
1564 20.3494564985960 19.7544342763983
1565 20.3560164865587 19.7609879826019
1566 20.3625765410271 19.7675417497724
1567 20.3691366719895 19.7740955878850
1568 20.3756968894122 19.7806495068927
1569 20.3822572032392 19.7872035167261
1570 20.3888176233927 19.7937576272942
1571 20.3953781597729 19.8003118484840
1572 20.4019388222583 19.8068661901609
1573 20.4084996207059 19.8134206621685
1574 20.4150605649514 19.8199752743293
1575 20.4216216648090 19.8265300364443
1576 20.4281829300717 19.8330849582934
1577 20.4347443705117 19.8396400496356
1578 20.4413059958800 19.8461953202088
1579 20.4478678159071 19.8527507797303
1580 20.4544298403028 19.8593064378966
1581 20.4609920787560 19.8658623043838
1582 20.4675545409359 19.8724183888477
1583 20.4741172364907 19.8789747009236
1584 20.4806801750490 19.8855312502268
1585 20.4872433662192 19.8920880463527
1586 20.4938068195897 19.8986450988767
1587 20.5003705447292 19.9052024173543
1588 20.5069345511868 19.9117600113217
1589 20.5134988484921 19.9183178902952
1590 20.5200634461552 19.9248760637721
1591 20.5266283536668 19.9314345412300
1592 20.5331935804987 19.9379933321276
1593 20.5397591361035 19.9445524459046
1594 20.5463250299148 19.9511118919815
1595 20.5528912713475 19.9576716797602
1596 20.5594578697978 19.9642318186240
1597 20.5660248346432 19.9707923179373
1598 20.5725921752427 19.9773531870463
1599 20.5791599009372 19.9839144352788
1600 20.5857280210491 19.9904760719442
1601 20.5922965448827 19.9970381063340
1602 20.5988654817244 20.0036005477215
1603 20.6054348408425 20.0101634053621
1604 20.6120046314876 20.0167266884936
1605 20.6185748628926 20.0232904063359
1606 20.6251455442729 20.0298545680914
1607 20.6317166848262 20.0364191829450
1608 20.6382882937330 20.0429842600643
1609 20.6448603801565 20.0495498085996
1610 20.6514329532427 20.0561158376840
1611 20.6580060221206 20.0626823564335
1612 20.6645795959021 20.0692493739474
1613 20.6711536836826 20.0758168993080
1614 20.6777282945403 20.0823849415807
1615 20.6843034375371 20.0889535098146
1616 20.6908791217183 20.0955226130420
1617 20.6974553561125 20.1020922602789
1618 20.7040321497323 20.1086624605248
1619 20.7106095115739 20.1152332227633
1620 20.7171874506175 20.1218045559616
1621 20.7237659758269 20.1283764690708
1622 20.7303450961504 20.1349489710263
1623 20.7369248205202 20.1415220707475
1624 20.7435051578528 20.1480957771381
1625 20.7500861170491 20.1546700990862
1626 20.7566677069943 20.1612450454643
1627 20.7632499365584 20.1678206251294
1628 20.7698328145957 20.1743968469232
1629 20.7764163499455 20.1809737196721
1630 20.7830005514318 20.1875512521875
1631 20.7895854278636 20.1941294532653
1632 20.7961709880347 20.2007083316869
1633 20.8027572407243 20.2072878962185
1634 20.8093441946965 20.2138681556115
1635 20.8159318587008 20.2204491186027
1636 20.8225202414722 20.2270307939142
1637 20.8291093517310 20.2336131902536
1638 20.8356991981830 20.2401963163141
1639 20.8422897895198 20.2467801807744
1640 20.8488811344186 20.2533647922990
1641 20.8554732415425 20.2599501595383
1642 20.8620661195404 20.2665362911284
1643 20.8686597770473 20.2731231956917
1644 20.8752542226842 20.2797108818363
1645 20.8818494650582 20.2862993581567
1646 20.8884455127628 20.2928886332335
1647 20.8950423743777 20.2994787156340
1648 20.9016400584690 20.3060696139113
1649 20.9082385735895 20.3126613366055
1650 20.9148379282782 20.3192538922431
1651 20.9214381310611 20.3258472893372
1652 20.9280391904508 20.3324415363878
1653 20.9346411149466 20.3390366418815
1654 20.9412439130351 20.3456326142920
1655 20.9478475931894 20.3522294620799
1656 20.9544521638699 20.3588271936929
1657 20.9610576335242 20.3654258175658
1658 20.9676640105871 20.3720253421208
1659 20.9742713034805 20.3786257757670
1660 20.9808795206139 20.3852271269013
1661 20.9874886703841 20.3918294039079
1662 20.9940987611757 20.3984326151584
1663 21.0007098013605 20.4050367690122
1664 21.0073217992984 20.4116418738164
1665 21.0139347633368 20.4182479379057
1666 21.0205487018109 20.4248549696027
1667 21.0271636230442 20.4314629772181
1668 21.0337795353476 20.4380719690503
1669 21.0403964470206 20.4446819533859
1670 21.0470143663506 20.4512929384997
1671 21.0536333016131 20.4579049326546
1672 21.0602532610721 20.4645179441018
1673 21.0668742529798 20.4711319810809
1674 21.0734962855770 20.4777470518200
1675 21.0801193670928 20.4843631645355
1676 21.0867435057449 20.4909803274325
1677 21.0933687097399 20.4975985487048
1678 21.0999949872727 20.5042178365348
1679 21.1066223465273 20.5108381990936
1680 21.1132507956765 20.5174596445415
1681 21.1198803428819 20.5240821810273
1682 21.1265109962943 20.5307058166891
1683 21.1331427640532 20.5373305596539
1684 21.1397756542876 20.5439564180379
1685 21.1464096751155 20.5505833999465
1686 21.1530448346443 20.5572115134742
1687 21.1596811409705 20.5638407667051
1688 21.1663186021802 20.5704711677126
1689 21.1729572263490 20.5771027245593
1690 21.1795970215419 20.5837354452978
1691 21.1862379958135 20.5903693379699
1692 21.1928801572080 20.5970044106073
1693 21.1995235137596 20.6036406712312
1694 21.2061680734920 20.6102781278529
1695 21.2128138444189 20.6169167884733
1696 21.2194608345439 20.6235566610833
1697 21.2261090518606 20.6301977536638
1698 21.2327585043526 20.6368400741857
1699 21.2394091999935 20.6434836306101
1700 21.2460611467474 20.6501284308881
1701 21.2527143525683 20.6567744829612
1702 21.2593688254008 20.6634217947611
1703 21.2660245731794 20.6700703742100
1704 21.2726816038296 20.6767202292202
1705 21.2793399252669 20.6833713676949
1706 21.2859995453977 20.6900237975276
1707 21.2926604721187 20.6966775266023
1708 21.2993227133173 20.7033325627938
1709 21.3059862768720 20.7099889139677
1710 21.3126511706516 20.7166465879803
1711 21.3193174025159 20.7233055926786
1712 21.3259849803158 20.7299659359007
1713 21.3326539118929 20.7366276254755
1714 21.3393242050799 20.7432906692231
1715 21.3459958677005 20.7499550749544
1716 21.3526689075698 20.7566208504717
1717 21.3593433324938 20.7632880035684
1718 21.3660191502698 20.7699565420290
1719 21.3726963686865 20.7766264736294
1720 21.3793749955238 20.7832978061370
1721 21.3860550385533 20.7899705473103
1722 21.3927365055378 20.7966447048996
1723 21.3994194042316 20.8033202866465
1724 21.4061037423809 20.8099973002842
1725 21.4127895277232 20.8166757535376
1726 21.4194767679878 20.8233556541233
1727 21.4261654708958 20.8300370097496
1728 21.4328556441601 20.8367197761872
1729 21.4395472954854 20.8434040647742
1730 21.4462404325682 20.8500898314776
1731 21.4529350630972 20.8567770839733
1732 21.4596311947530 20.8634658299292
1733 21.4663288352083 20.8701560770050
1734 21.4730279921277 20.8768478328528
1735 21.4797286731683 20.8835411051168
1736 21.4864308859792 20.8902359014333
1737 21.4931346382019 20.8969322294310
1738 21.4998399374701 20.9036300967309
1739 21.5065467914099 20.9103295109463
1740 21.5132552076400 20.9170304796830
1741 21.5199651937714 20.9237330105392
1742 21.5266767574077 20.9304371111058
1743 21.5333899061450 20.9371427889659
1744 21.5401046475722 20.9438500516957
1745 21.5468209892706 20.9505589068638
1746 21.5535389388145 20.9572693620314
1747 21.5602585037708 20.9639814247529
1748 21.5669796916994 20.9706951025750
1749 21.5737025101529 20.9774104030377
1750 21.5804269666769 20.9841273336738
1751 21.5871530688100 20.9908459020089
1752 21.5938808240838 20.9975661155617
1753 21.6006102400229 21.0042879818441
1754 21.6073413241451 21.0110115083610
1755 21.6140740839613 21.0177367026104
1756 21.6208085269757 21.0244635720837
1757 21.6275446606857 21.0311921242653
1758 21.6342824925819 21.0379223666330
1759 21.6410220301485 21.0446543066581
1760 21.6477632808629 21.0513879518050
1761 21.6545062521959 21.0581233095318
1762 21.6612509516120 21.0648603872900
1763 21.6679973865691 21.0715991925246
1764 21.6747455645186 21.0783397326741
1765 21.6814954929057 21.0850820151707
1766 21.6882471791692 21.0918260474404
1767 21.6950006307415 21.0985718369026
1768 21.7017558550490 21.1053193909708
1769 21.7085128595116 21.1120687170519
1770 21.7152716515434 21.1188198225471
1771 21.7220322385520 21.1255727148511
1772 21.7287946279393 21.1323274013527
1773 21.7355588271008 21.1390838894346
1774 21.7423248434265 21.1458421864737
1775 21.7490926843000 21.1526022998407
1776 21.7558623570992 21.1593642369005
1777 21.7626338691963 21.1661280050123
1778 21.7694072279574 21.1728936115293
1779 21.7761824407430 21.1796610637989
1780 21.7829595149080 21.1864303691630
1781 21.7897384578013 21.1932015349575
1782 21.7965192767664 21.1999745685129
1783 21.8033019791411 21.2067494771540
1784 21.8100865722577 21.2135262682001
1785 21.8168730634430 21.2203049489649
1786 21.8236614600183 21.2270855267566
1787 21.8304517692993 21.2338680088780
1788 21.8372439985967 21.2406524026266
1789 21.8440381552154 21.2474387152944
1790 21.8508342464553 21.2542269541681
1791 21.8576322796108 21.2610171265291
1792 21.8644322619714 21.2678092396538
1793 21.8712342008210 21.2746033008130
1794 21.8780381034387 21.2813993172727
1795 21.8848439770982 21.2881972962935
1796 21.8916518290683 21.2949972451311
1797 21.8984616666127 21.3017991710361
1798 21.9052734969902 21.3086030812542
1799 21.9120873274544 21.3154089830259
1800 21.9189031652543 21.3222168835869
1801 21.9257210176337 21.3290267901681
1802 21.9325408918319 21.3358387099954
1803 21.9393627950830 21.3426526502900
1804 21.9461867346167 21.3494686182682
1805 21.9530127176578 21.3562866211418
1806 21.9598407514264 21.3631066661175
1807 21.9666708431378 21.3699287603978
1808 21.9735030000031 21.3767529111802
1809 21.9803372292283 21.3835791256579
1810 21.9871735380154 21.3904074110192
1811 21.9940119335613 21.3972377744483
1812 22.0008524230590 21.4040702231247
1813 22.0076950136967 21.4109047642233
1814 22.0145397126582 21.4177414049149
1815 22.0213865271232 21.4245801523657
1816 22.0282354642668 21.4314210137378
1817 22.0350865312600 21.4382639961888
1818 22.0419397352694 21.4451091068720
1819 22.0487950834575 21.4519563529367
1820 22.0556525829825 21.4588057415278
1821 22.0625122409985 21.4656572797862
1822 22.0693740646556 21.4725109748485
1823 22.0762380610996 21.4793668338473
1824 22.0831042374724 21.4862248639113
1825 22.0899726009119 21.4930850721648
1826 22.0968431585519 21.4999474657286
1827 22.1037159175224 21.5068120517191
1828 22.1105908849495 21.5136788372491
1829 22.1174680679552 21.5205478294274
1830 22.1243474736579 21.5274190353588
1831 22.1312291091720 21.5342924621447
1832 22.1381129816085 21.5411681168822
1833 22.1449990980741 21.5480460066651
1834 22.1518874656723 21.5549261385831
1835 22.1587780915026 21.5618085197226
1836 22.1656709826610 21.5686931571661
1837 22.1725661462399 21.5755800579925
1838 22.1794635893281 21.5824692292772
1839 22.1863633190108 21.5893606780920
1840 22.1932653423698 21.5962544115052
1841 22.2001696664833 21.6031504365816
1842 22.2070762984261 21.6100487603826
1843 22.2139852452697 21.6169493899661
1844 22.2208965140821 21.6238523323866
1845 22.2278101119280 21.6307575946954
1846 22.2347260458687 21.6376651839402
1847 22.2416443229623 21.6445751071657
1848 22.2485649502636 21.6514873714131
1849 22.2554879348242 21.6584019837205
1850 22.2624132836925 21.6653189511229
1851 22.2693410039138 21.6722382806518
1852 22.2762711025301 21.6791599793358
1853 22.2832035865805 21.6860840542004
1854 22.2901384631010 21.6930105122679
1855 22.2970757391243 21.6999393605578
1856 22.3040154216805 21.7068706060862
1857 22.3109575177965 21.7138042558665
1858 22.3179020344961 21.7207403169091
1859 22.3248489788006 21.7276787962214
1860 22.3317983577280 21.7346197008080
1861 22.3387501782936 21.7415630376705
1862 22.3457044475100 21.7485088138077
1863 22.3526611723869 21.7554570362157
1864 22.3596203599311 21.7624077118878
1865 22.3665820171468 21.7693608478144
1866 22.3735461510356 21.7763164509833
1867 22.3805127685962 21.7832745283797
1868 22.3874818768247 21.7902350869860
1869 22.3944534827146 21.7971981337819
1870 22.4014275932570 21.8041636757446
1871 22.4084042154401 21.8111317198489
1872 22.4153833562497 21.8181022730667
1873 22.4223650226692 21.8250753423677
1874 22.4293492216795 21.8320509347189
1875 22.4363359602589 21.8390290570849
1876 22.4433252453833 21.8460097164278
1877 22.4503170840264 21.8529929197076
1878 22.4573114831593 21.8599786738815
1879 22.4643084497509 21.8669669859046
1880 22.4713079907678 21.8739578627296
1881 22.4783101131741 21.8809514017407
1882 22.4853148239321 21.8879474292041
1883 22.4923221300013 21.8949460423129
1884 22.4993320383395 21.9019472480108
1885 22.5063445559019 21.9089510532393
1886 22.5133596896420 21.9159574649379
1887 22.5203774465108 21.9229664900438
1888 22.5273978334573 21.9299781354921
1889 22.5344208574286 21.9369924082158
1890 22.5414465253697 21.9440093151460
1891 22.5484748442233 21.9510288632117
1892 22.5555058209306 21.9580510593398
1893 22.5625394624304 21.9650759104554
1894 22.5695757756599 21.9721034234815
1895 22.5766147675542 21.9791336053393
1896 22.5836564450466 21.9861664629481
1897 22.5907008150684 21.9932020032253
1898 22.5977478845493 22.0002402330864
1899 22.6047976604171 22.0072811594452
1900 22.6118501495978 22.0143247892137
1901 22.6189053590156 22.0213711293020
1902 22.6259632955930 22.0284201866187
1903 22.6330239662510 22.0354719680704
1904 22.6400873779086 22.0425264805623
1905 22.6471535374834 22.0495837309978
1906 22.6542224518913 22.0566437262786
1907 22.6612941280465 22.0637064733050
1908 22.6683685728618 22.0707719789754
1909 22.6754457932483 22.0778402501870
1910 22.6825257961158 22.0849112938352
1911 22.6896085883723 22.0919851168140
1912 22.6966941769245 22.0990617260159
1913 22.7037825686776 22.1061411283319
1914 22.7108737705355 22.1132233306517
1915 22.7179677894006 22.1203083398634
1916 22.7250646321738 22.1273961628538
1917 22.7321643057548 22.1344868065084
1918 22.7392668170421 22.1415802777112
1919 22.7463721729326 22.1486765833451
1920 22.7534803803222 22.1557757302915
1921 22.7605914461052 22.1628777254308
1922 22.7677053771751 22.1699825756418
1923 22.7748221804238 22.1770902878023
1924 22.7819418627424 22.1842008687890
1925 22.7890644310204 22.1913143254772
1926 22.7961898921465 22.1984306647412
1927 22.8033182530083 22.2055498934541
1928 22.8104495204920 22.2126720184880
1929 22.8175837014831 22.2197970467137
1930 22.8247208028657 22.2269249850013
1931 22.8318608315233 22.2340558402195
1932 22.8390037943379 22.2411896192363
1933 22.8461496981911 22.2483263289185
1934 22.8532985499630 22.2554659761321
1935 22.8604503565332 22.2626085677419
1936 22.8676051247802 22.2697541106122
1937 22.8747628615815 22.2769026116059
1938 22.8819235738140 22.2840540775856
1939 22.8890872683536 22.2912085154125
1940 22.8962539520754 22.2983659319473
1941 22.9034236318539 22.3055263340499
1942 22.9105963145625 22.3126897285792
1943 22.9177720070740 22.3198561223936
1944 22.9249507162607 22.3270255223506
1945 22.9321324489938 22.3341979353070
1946 22.9393172121442 22.3413733681191
1947 22.9465050125818 22.3485518276421
1948 22.9536958571761 22.3557333207310
1949 22.9608897527959 22.3629178542400
1950 22.9680867063094 22.3701054350226
1951 22.9752867245843 22.3772960699318
1952 22.9824898144877 22.3844897658202
1953 22.9896959828861 22.3916865295395
1954 22.9969052366457 22.3988863679413
1955 23.0041175826319 22.4060892878763
1956 23.0113330277100 22.4132952961950
1957 23.0185515787445 22.4205043997474
1958 23.0257732425998 22.4277166053829
1959 23.0329980261398 22.4349319199508
1960 23.0402259362279 22.4421503502997
1961 23.0474569797272 22.4493719032779
1962 23.0546911635005 22.4565965857336
1963 23.0619284944104 22.4638244045144
1964 23.0691689793189 22.4710553664676
1965 23.0764126250881 22.4782894784404
1966 23.0836594385795 22.4855267472796
1967 23.0909094266546 22.4927671798317
1968 23.0981625961746 22.5000107829431
1969 23.1054189540006 22.5072575634600
1970 23.1126785069934 22.5145075282284
1971 23.1199412620138 22.5217606840940
1972 23.1272072259222 22.5290170379025
1973 23.1344764055791 22.5362765964995
1974 23.1417488078451 22.5435393667304
1975 23.1490244395803 22.5508053554406
1976 23.1563033076450 22.5580745694754
1977 23.1635854188996 22.5653470156800
1978 23.1708707802042 22.5726227008997
1979 23.1781593984190 22.5799016319798
1980 23.1854512804044 22.5871838157654
1981 23.1927464330206 22.5944692591019
1982 23.2000448631282 22.6017579688347
1983 23.2073465775875 22.6090499518092
1984 23.2146515832592 22.6163452148709
1985 23.2219598870040 22.6236437648654
1986 23.2292714956829 22.6309456086386
1987 23.2365864161568 22.6382507530364
1988 23.2439046552871 22.6455592049050
1989 23.2512262199351 22.6528709710906
1990 23.2585511169627 22.6601860584398
1991 23.2658793532316 22.6675044737993
1992 23.2732109356041 22.6748262240162
1993 23.2805458709428 22.6821513159377
1994 23.2878841661103 22.6894797564115
1995 23.2952258279698 22.6968115522854
1996 23.3025708633849 22.7041467104077
1997 23.3099192792192 22.7114852376269
1998 23.3172710823370 22.7188271407920
1999 23.3246262796029 22.7261724267523
2000 23.3319848778820 22.7335211023575
2001 23.3393348367440 22.7408731744578
2002 23.3466768260549
2003 23.3540113008369
2004 23.3613386143302
2005 23.3686590582266
2006 23.3759728823095
2007 23.3832803057045
2008 23.3905815239975
2009 23.3978767140548
2010 23.4051660374555
2011 23.4124496430301
2012 23.4197276687971
2013 23.4270002434759
2014 23.4342674876945
2015 23.4415295149695
2016 23.4487864325135
2017 23.4560383419084
2018 23.4632853396741
2019 23.4705275177528
2020 23.4777649639247
2021 23.4849977621695
2022 23.4922259929802
2023 23.4994497336400
2024 23.5066690584658
2025 23.5138840390249
2026 23.5210947443285
2027 23.5283012410044
2028 23.5355035934531
2029 23.5427018639886
2030 23.5498961129655
2031 23.5570863988954
2032 23.5642727785529
2033 23.5714553070717
2034 23.5786340380344
2035 23.5858090235532
2036 23.5929803143461
2037 23.6001479598057
2038 23.6073120080645
2039 23.6144725060538
2040 23.6216294995599
2041 23.6287830332757
2042 23.6359331508489
2043 23.6430798949271
2044 23.6502233072003
2045 23.6573634284403
2046 23.6645002985379
2047 23.6716339565377
2048 23.6787644406711
2049 23.6858917883876
2050 23.6930160363832
2051 23.7001372206290
2052 23.7072553763964
2053 23.7143705382827
2054 23.7214827402336
2055 23.7285920155663
2056 23.7356983969898
2057 23.7428019166255
2058 23.7499026060260
2059 23.7570004961935
2060 23.7640956175965
2061 23.7711880001872
2062 23.7782776734162
2063 23.7853646662484
2064 23.7924490071768
2065 23.7995307242365
2066 23.8066098450175
2067 23.8136863966778
2068 23.8207604059551
2069 23.8278318991782
2070 23.8349009022784
2071 23.8419674408002
2072 23.8490315399110
2073 23.8560932244115
2074 23.8631525187448
2075 23.8702094470056
2076 23.8772640329487
2077 23.8843162999978
2078 23.8913662712534
2079 23.8984139695007
2080 23.9054594172167
2081 23.9125026365781
2082 23.9195436494681
2083 23.9265824774828
2084 23.9336191419382
2085 23.9406536638764
2086 23.9476860640715
2087 23.9547163630358
2088 23.9617445810253
2089 23.9687707380452
2090 23.9757948538555
2091 23.9828169479760
2092 23.9898370396914
2093 23.9968551480558
2094 24.0038712918982
2095 24.0108854898263
2096 24.0178977602313
2097 24.0249081212922
2098 24.0319165909799
2099 24.0389231870612
2100 24.0459279271029
2101 24.0529308284756
2102 24.0599319083572
2103 24.0669311837368
2104 24.0739286714181
2105 24.0809243880227
2106 24.0879183499937
2107 24.0949105735985
2108 24.1019010749325
2109 24.1088898699217
2110 24.1158769743259
2111 24.1228624037415
2112 24.1298461736047
2113 24.1368282991934
2114 24.1438087956309
2115 24.1507876778880
2116 24.1577649607853
2117 24.1647406589963
2118 24.1717147870495
2119 24.1786873593307
2120 24.1856583900855
2121 24.1926278934213
2122 24.1995958833099
2123 24.2065623735893
2124 24.2135273779659
2125 24.2204909100166
2126 24.2274529831908
2127 24.2344136108124
2128 24.2413728060814
2129 24.2483305820764
2130 24.2552869517556
2131 24.2622419279595
2132 24.2691955234118
2133 24.2761477507217
2134 24.2830986223853
2135 24.2900481507872
2136 24.2969963482025
2137 24.3039432267977
2138 24.3108887986328
2139 24.3178330756626
2140 24.3247760697382
2141 24.3317177926082
2142 24.3386582559205
2143 24.3455974712235
2144 24.3525354499673
2145 24.3594722035055
2146 24.3664077430958
2147 24.3733420799018
2148 24.3802752249941
2149 24.3872071893515
2150 24.3941379838623
2151 24.4010676193252
2152 24.4079961064508
2153 24.4149234558625
2154 24.4218496780977
2155 24.4287747836089
2156 24.4356987827646
2157 24.4426216858507
2158 24.4495435030711
2159 24.4564642445489
2160 24.4633839203277
2161 24.4703025403720
2162 24.4772201145684
2163 24.4841366527268
2164 24.4910521645809
2165 24.4979666597893
2166 24.5048801479365
2167 24.5117926385335
2168 24.5187041410190
2169 24.5256146647597
2170 24.5325242190518
2171 24.5394328131214
2172 24.5463404561253
2173 24.5532471571518
2174 24.5601529252218
2175 24.5670577692891
2176 24.5739616982412
2177 24.5808647209005
2178 24.5877668460245
2179 24.5946680823066
2180 24.6015684383772
2181 24.6084679228037
2182 24.6153665440918
2183 24.6222643106860
2184 24.6291612309698
2185 24.6360573132670
2186 24.6429525658420
2187 24.6498469969004
2188 24.6567406145897
2189 24.6636334270000
2190 24.6705254421641
2191 24.6774166680589
2192 24.6843071126051
2193 24.6911967836686
2194 24.6980856890603
2195 24.7049738365372
2196 24.7118612338026
2197 24.7187478885069
2198 24.7256338082478
2199 24.7325190005712
2200 24.7394034729713
2201 24.7462872328916
2202 24.7531702877246
2203 24.7600526448134
2204 24.7669343114511
2205 24.7738152948820
2206 24.7806956023015
2207 24.7875752408572
2208 24.7944542176488
2209 24.8013325397287
2210 24.8082102141028
2211 24.8150872477301
2212 24.8219636475242
2213 24.8288394203527
2214 24.8357145730384
2215 24.8425891123592
2216 24.8494630450488
2217 24.8563363777969
2218 24.8632091172496
2219 24.8700812700101
2220 24.8769528426385
2221 24.8838238416529
2222 24.8906942735292
2223 24.8975641447014
2224 24.9044334615626
2225 24.9113022304648
2226 24.9181704577194
2227 24.9250381495975
2228 24.9319053123304
2229 24.9387719521099
2230 24.9456380750883
2231 24.9525036873792
2232 24.9593687950576
2233 24.9662334041603
2234 24.9730975206859
2235 24.9799611505956
2236 24.9868242998131
2237 24.9936869742253
2238 25.0005491796822
2239 25.0074109219973
2240 25.0142722069480
2241 25.0211330402761
2242 25.0279934276874
2243 25.0348533748527
2244 25.0417128874077
2245 25.0485719709534
2246 25.0554306310563
2247 25.0622888732486
2248 25.0691467030286
2249 25.0760041258611
2250 25.0828611471773
2251 25.0897177723752
2252 25.0965740068199
2253 25.1034298558439
2254 25.1102853247472
2255 25.1171404187977
2256 25.1239951432312
2257 25.1308495032520
2258 25.1377035040327
2259 25.1445571507148
2260 25.1514104484086
2261 25.1582634021939
2262 25.1651160171195
2263 25.1719682982043
2264 25.1788202504368
2265 25.1856718787755
2266 25.1925231881494
2267 25.1993741834579
2268 25.2062248695711
2269 25.2130752513299
2270 25.2199253335466
2271 25.2267751210044
2272 25.2336246184584
2273 25.2404738306351
2274 25.2473227622331
2275 25.2541714179230
2276 25.2610198023477
2277 25.2678679201225
2278 25.2747157758353
2279 25.2815633740471
2280 25.2884107192916
2281 25.2952578160758
2282 25.3021046688802
2283 25.3089512821585
2284 25.3157976603385
2285 25.3226438078215
2286 25.3294897289833
2287 25.3363354281734
2288 25.3431809097161
2289 25.3500261779101
2290 25.3568712370287
2291 25.3637160913202
2292 25.3705607450079
2293 25.3774052022901
2294 25.3842494673408
2295 25.3910935443093
2296 25.3979374373203
2297 25.4047811504746
2298 25.4116246878490
2299 25.4184680534960
2300 25.4253112514446
2301 25.4321542857003
2302 25.4389971602447
2303 25.4458398790365
2304 25.4526824460108
2305 25.4595248650800
2306 25.4663671401332
2307 25.4732092750370
2308 25.4800512736352
2309 25.4868931397490
2310 25.4937348771775
2311 25.5005764896970
2312 25.5074179810622
2313 25.5142593550055
2314 25.5211006152374
2315 25.5279417654467
2316 25.5347828093005
2317 25.5416237504444
2318 25.5484645925027
2319 25.5553053390782
2320 25.5621459937527
2321 25.5689865600868
2322 25.5758270416204
2323 25.5826674418724
2324 25.5895077643410
2325 25.5963480125039
2326 25.6031881898181
2327 25.6100282997204
2328 25.6168683456274
2329 25.6237083309354
2330 25.6305482590206
2331 25.6373881332395
2332 25.6442279569285
2333 25.6510677334043
2334 25.6579074659642
2335 25.6647471578856
2336 25.6715868124268
2337 25.6784264328266
2338 25.6852660223045
2339 25.6921055840610
2340 25.6989451212775
2341 25.7057846371164
2342 25.7126241347214
2343 25.7194636172173
2344 25.7263030877103
2345 25.7331425492880
2346 25.7399820050195
2347 25.7468214579556
2348 25.7536609111287
2349 25.7605003675531
2350 25.7673398302247
2351 25.7741793021218
2352 25.7810187862044
2353 25.7878582854148
2354 25.7946978026774
2355 25.8015373408990
2356 25.8083769029688
2357 25.8152164917583
2358 25.8220561101218
2359 25.8288957608961
2360 25.8357354469006
2361 25.8425751709377
2362 25.8494149357925
2363 25.8562547442332
2364 25.8630945990109
2365 25.8699345028598
2366 25.8767744584974
2367 25.8836144686242
2368 25.8904545359244
2369 25.8972946630652
2370 25.9041348526975
2371 25.9109751074557
2372 25.9178154299578
2373 25.9246558228056
2374 25.9314962885844
2375 25.9383368298635
2376 25.9451774491961
2377 25.9520181491193
2378 25.9588589321543
2379 25.9656998008064
2380 25.9725407575648
2381 25.9793818049034
2382 25.9862229452800
2383 25.9930641811369
2384 25.9999055149009
2385 26.0067469489832
2386 26.0135884857795
2387 26.0204301276702
2388 26.0272718770204
2389 26.0341137361799
2390 26.0409557074831
2391 26.0477977932497
2392 26.0546399957838
2393 26.0614823173749
2394 26.0683247602974
2395 26.0751673268106
2396 26.0820100191593
2397 26.0888528395731
2398 26.0956957902673
2399 26.1025388734422
2400 26.1093820912836
2401 26.1162254459627
2402 26.1230689396362
2403 26.1299125744463
2404 26.1367563525210
2405 26.1436002759735
2406 26.1504443469032
2407 26.1572885673950
2408 26.1641329395196
2409 26.1709774653336
2410 26.1778221468795
2411 26.1846669861858
2412 26.1915119852668
2413 26.1983571461232
2414 26.2052024707416
2415 26.2120479610948
2416 26.2188936191416
2417 26.2257394468275
2418 26.2325854460838
2419 26.2394316188286
2420 26.2462779669660
2421 26.2531244923867
2422 26.2599711969681
2423 26.2668180825737
2424 26.2736651510540
2425 26.2805124042458
2426 26.2873598439727
2427 26.2942074720450
2428 26.3010552902598
2429 26.3079033004010
2430 26.3147515042391
2431 26.3215999035317
2432 26.3284485000234
2433 26.3352972954457
2434 26.3421462915168
2435 26.3489954899425
2436 26.3558448924152
2437 26.3626945006147
2438 26.3695443162078
2439 26.3763943408487
2440 26.3832445761788
2441 26.3900950238266
2442 26.3969456854080
2443 26.4037965625265
2444 26.4106476567728
2445 26.4174989697249
2446 26.4243505029486
2447 26.4312022579969
2448 26.4380542364107
2449 26.4449064397181
2450 26.4517588694351
2451 26.4586115270652
2452 26.4654644140998
2453 26.4723175320177
2454 26.4791708822858
2455 26.4860244663585
2456 26.4928782856784
2457 26.4997323416756
2458 26.5065866357683
2459 26.5134411693625
2460 26.5202959438524
2461 26.5271509606199
2462 26.5340062210352
2463 26.5408617264564
2464 26.5477174782298
2465 26.5545734776896
2466 26.5614297261586
2467 26.5682862249473
2468 26.5751429753548
2469 26.5819999786682
2470 26.5888572361631
2471 26.5957147491032
2472 26.6025725187406
2473 26.6094305463159
2474 26.6162888330581
2475 26.6231473801844
2476 26.6300061889006
2477 26.6368652604011
2478 26.6437245958687
2479 26.6505841964747
2480 26.6574440633790
2481 26.6643041977303
2482 26.6711646006657
2483 26.6780252733110
2484 26.6848862167807
2485 26.6917474321780
2486 26.6986089205948
2487 26.7054706831120
2488 26.7123327207989
2489 26.7191950347140
2490 26.7260576259043
2491 26.7329204954059
2492 26.7397836442438
2493 26.7466470734316
2494 26.7535107839723
2495 26.7603747768575
2496 26.7672390530680
2497 26.7741036135735
2498 26.7809684593327
2499 26.7878335912936
2500 26.7946990103930
2501 26.8015647175570
2502 26.8084307137007
2503 26.8152969997285
2504 26.8221635765338
2505 26.8290304449993
2506 26.8358976059969
2507 26.8427650603879
2508 26.8496328090225
2509 26.8565008527406
2510 26.8633691923711
2511 26.8702378287323
2512 26.8771067626321
2513 26.8839759948674
2514 26.8908455262247
2515 26.8977153574798
2516 26.9045854893982
2517 26.9114559227345
2518 26.9183266582330
2519 26.9251976966274
2520 26.9320690386409
2521 26.9389406849864
2522 26.9458126363661
2523 26.9526848934721
2524 26.9595574569856
2525 26.9664303275780
2526 26.9733035059098
2527 26.9801769926314
2528 26.9870507883830
2529 26.9939248937942
2530 27.0007993094845
2531 27.0076740360630
2532 27.0145490741285
2533 27.0214244242697
2534 27.0283000870651
2535 27.0351760630828
2536 27.0420523528807
2537 27.0489289570069
2538 27.0558058759988
2539 27.0626831103840
2540 27.0695606606800
2541 27.0764385273939
2542 27.0833167110230
2543 27.0901952120544
2544 27.0970740309651
2545 27.1039531682220
2546 27.1108326242823
2547 27.1177123995928
2548 27.1245924945904
2549 27.1314729097021
2550 27.1383536453449
2551 27.1452347019259
2552 27.1521160798420
2553 27.1589977794805
2554 27.1658798012186
2555 27.1727621454236
2556 27.1796448124530
2557 27.1865278026544
2558 27.1934111163655
2559 27.2002947539143
2560 27.2071787156186
2561 27.2140630017869
2562 27.2209476127175
2563 27.2278325486991
2564 27.2347178100105
2565 27.2416033969208
2566 27.2484893096895
2567 27.2553755485661
2568 27.2622621137905
2569 27.2691490055928
2570 27.2760362241936
2571 27.2829237698036
2572 27.2898116426240
2573 27.2966998428461
2574 27.3035883706518
2575 27.3104772262132
2576 27.3173664096929
2577 27.3242559212436
2578 27.3311457610087
2579 27.3380359291219
2580 27.3449264257074
2581 27.3518172508795
2582 27.3587084047433
2583 27.3655998873942
2584 27.3724916989181
2585 27.3793838393912
2586 27.3862763088805
2587 27.3931691074432
2588 27.4000622351272
2589 27.4069556919706
2590 27.4138494780025
2591 27.4207435932421
2592 27.4276380376993
2593 27.4345328113745
2594 27.4414279142589
2595 27.4483233463339
2596 27.4552191075716
2597 27.4621151979349
2598 27.4690116173771
2599 27.4759083658420
2600 27.4828054432642
2601 27.4897028495689
2602 27.4966005846718
2603 27.5034986484795
2604 27.5103970408889
2605 27.5172957617878
2606 27.5241948110545
2607 27.5310941885583
2608 27.5379938941587
2609 27.5448939277062
2610 27.5517942890420
2611 27.5586949779979
2612 27.5655959943964
2613 27.5724973380508
2614 27.5793990087650
2615 27.5863010063338
2616 27.5932033305426
2617 27.6001059811677
2618 27.6070089579759
2619 27.6139122607251
2620 27.6208158891636
2621 27.6277198430308
2622 27.6346241220567
2623 27.6415287259622
2624 27.6484336544588
2625 27.6553389072490
2626 27.6622444840260
2627 27.6691503844739
2628 27.6760566082676
2629 27.6829631550727
2630 27.6898700245458
2631 27.6967772163343
2632 27.7036847300764
2633 27.7105925654010
2634 27.7175007219283
2635 27.7244091992688
2636 27.7313179970244
2637 27.7382271147874
2638 27.7451365521414
2639 27.7520463086605
2640 27.7589563839100
2641 27.7658667774459
2642 27.7727774888152
2643 27.7796885175557
2644 27.7865998631962
2645 27.7935115252564
2646 27.8004235032469
2647 27.8073357966692
2648 27.8142484050157
2649 27.8211613277699
2650 27.8280745644061
2651 27.8349881143894
2652 27.8419019771761
2653 27.8488161522134
2654 27.8557306389393
2655 27.8626454367829
2656 27.8695605451642
2657 27.8764759634941
2658 27.8833916911747
2659 27.8903077275988
2660 27.8972240721504
2661 27.9041407242042
2662 27.9110576831261
2663 27.9179749482731
2664 27.9248925189928
2665 27.9318103946240
2666 27.9387285744967
2667 27.9456470579316
2668 27.9525658442405
2669 27.9594849327262
2670 27.9664043226825
2671 27.9733240133943
2672 27.9802440041374
2673 27.9871642941786
2674 27.9940848827758
2675 28.0010057691779
2676 28.0079269526248
2677 28.0148484323474
2678 28.0217702075677
2679 28.0286922774986
2680 28.0356146413443
2681 28.0425372982997
2682 28.0494602475510
2683 28.0563834882752
2684 28.0633070196405
2685 28.0702308408062
2686 28.0771549509225
2687 28.0840793491307
2688 28.0910040345631
2689 28.0979290063431
2690 28.1048542635851
2691 28.1117798053947
2692 28.1187056308683
2693 28.1256317390937
2694 28.1325581291493
2695 28.1394848001050
2696 28.1464117510215
2697 28.1533389809506
2698 28.1602664889352
2699 28.1671942740092
2700 28.1741223351976
2701 28.1810506715166
2702 28.1879792819731
2703 28.1949081655655
2704 28.2018373212830
2705 28.2087667481058
2706 28.2156964450054
2707 28.2226264109443
2708 28.2295566448758
2709 28.2364871457447
2710 28.2434179124865
2711 28.2503489440280
2712 28.2572802392870
2713 28.2642117971723
2714 28.2711436165838
2715 28.2780756964125
2716 28.2850080355405
2717 28.2919406328408
2718 28.2988734871777
2719 28.3058065974065
2720 28.3127399623733
2721 28.3196735809157
2722 28.3266074518620
2723 28.3335415740318
2724 28.3404759462356
2725 28.3474105672752
2726 28.3543454359432
2727 28.3612805510233
2728 28.3682159112904
2729 28.3751515155104
2730 28.3820873624403
2731 28.3890234508280
2732 28.3959597794127
2733 28.4028963469244
2734 28.4098331520844
2735 28.4167701936048
2736 28.4237074701890
2737 28.4306449805313
2738 28.4375827233172
2739 28.4445206972230
2740 28.4514589009163
2741 28.4583973330556
2742 28.4653359922904
2743 28.4722748772616
2744 28.4792139866006
2745 28.4861533189302
2746 28.4930928728643
2747 28.5000326470075
2748 28.5069726399558
2749 28.5139128502959
2750 28.5208532766059
2751 28.5277939174545
2752 28.5347347714018
2753 28.5416758369988
2754 28.5486171127874
2755 28.5555585973008
2756 28.5625002890629
2757 28.5694421865888
2758 28.5763842883846
2759 28.5833265929474
2760 28.5902690987653
2761 28.5972118043174
2762 28.6041547080739
2763 28.6110978084958
2764 28.6180411040353
2765 28.6249845931355
2766 28.6319282742306
2767 28.6388721457456
2768 28.6458162060966
2769 28.6527604536908
2770 28.6597048869262
2771 28.6666495041918
2772 28.6735943038678
2773 28.6805392843250
2774 28.6874844439255
2775 28.6944297810222
2776 28.7013752939591
2777 28.7083209810710
2778 28.7152668406837
2779 28.7222128711140
2780 28.7291590706698
2781 28.7361054376497
2782 28.7430519703432
2783 28.7499986670311
2784 28.7569455259849
2785 28.7638925454669
2786 28.7708397237306
2787 28.7777870590203
2788 28.7847345495713
2789 28.7916821936097
2790 28.7986299893526
2791 28.8055779350080
2792 28.8125260287748
2793 28.8194742688428
2794 28.8264226533928
2795 28.8333711805962
2796 28.8403198486158
2797 28.8472686556048
2798 28.8542175997075
2799 28.8611666790591
2800 28.8681158917856
2801 28.8750652360040
2802 28.8820147098220
2803 28.8889643113383
2804 28.8959140386423
2805 28.9028638898144
2806 28.9098138629259
2807 28.9167639560388
2808 28.9237141672060
2809 28.9306644944713
2810 28.9376149358691
2811 28.9445654894250
2812 28.9515161531551
2813 28.9584669250665
2814 28.9654178031570
2815 28.9723687854153
2816 28.9793198698208
2817 28.9862710543439
2818 28.9932223369456
2819 29.0001737155777
2820 29.0071251881829
2821 29.0140767526946
2822 29.0210284070370
2823 29.0279801491250
2824 29.0349319768644
2825 29.0418838881516
2826 29.0488358808740
2827 29.0557879529093
2828 29.0627401021265
2829 29.0696923263849
2830 29.0766446235348
2831 29.0835969914171
2832 29.0905494278633
2833 29.0975019306959
2834 29.1044544977280
2835 29.1114071267633
2836 29.1183598155962
2837 29.1253125620120
2838 29.1322653637864
2839 29.1392182186861
2840 29.1461711244682
2841 29.1531240788806
2842 29.1600770796618
2843 29.1670301245411
2844 29.1739832112383
2845 29.1809363374638
2846 29.1878895009188
2847 29.1948426992952
2848 29.2017959302752
2849 29.2087491915319
2850 29.2157024807289
2851 29.2226557955205
2852 29.2296091335516
2853 29.2365624924574
2854 29.2435158698642
2855 29.2504692633885
2856 29.2574226706374
2857 29.2643760892088
2858 29.2713295166910
2859 29.2782829506629
2860 29.2852363886939
2861 29.2921898283439
2862 29.2991432671636
2863 29.3060967026939
2864 29.3130501324664
2865 29.3200035540033
2866 29.3269569648170
2867 29.3339103624109
2868 29.3408637442783
2869 29.3478171079035
2870 29.3547704507610
2871 29.3617237703159
2872 29.3686770640237
2873 29.3756303293303
2874 29.3825835636723
2875 29.3895367644765
2876 29.3964899291603
2877 29.4034430551314
2878 29.4103961397880
2879 29.4173491805188
2880 29.4243021747027
2881 29.4312551197093
2882 29.4382080128983
2883 29.4451608516199
2884 29.4521136332148
2885 29.4590663550139
2886 29.4660190143386
2887 29.4729716085005
2888 29.4799241348019
2889 29.4868765905350
2890 29.4938289729826
2891 29.5007812794178
2892 29.5077335071040
2893 29.5146856532948
2894 29.5216377152344
2895 29.5285896901570
2896 29.5355415752873
2897 29.5424933678400
2898 29.5494450650205
2899 29.5563966640241
2900 29.5633481620366
2901 29.5702995562338
2902 29.5772508437820
2903 29.5842020218375
2904 29.5911530875472
2905 29.5981040380477
2906 29.6050548704663
2907 29.6120055819202
2908 29.6189561695168
2909 29.6259066303540
2910 29.6328569615194
2911 29.6398071600911
2912 29.6467572231373
2913 29.6537071477163
2914 29.6606569308767
2915 29.6676065696569
2916 29.6745560610858
2917 29.6815054021823
2918 29.6884545899552
2919 29.6954036214036
2920 29.7023524935168
2921 29.7093012032740
2922 29.7162497476445
2923 29.7231981235876
2924 29.7301463280530
2925 29.7370943579799
2926 29.7440422102981
2927 29.7509898819270
2928 29.7579373697763
2929 29.7648846707455
2930 29.7718317817244
2931 29.7787786995925
2932 29.7857254212193
2933 29.7926719434646
2934 29.7996182631778
2935 29.8065643771985
2936 29.8135102823561
2937 29.8204559754700
2938 29.8274014533495
2939 29.8343467127939
2940 29.8412917505924
2941 29.8482365635241
2942 29.8551811483579
2943 29.8621255018527
2944 29.8690696207572
2945 29.8760135018100
2946 29.8829571417396
2947 29.8899005372643
2948 29.8968436850922
2949 29.9037865819213
2950 29.9107292244395
2951 29.9176716093242
2952 29.9246137332430
2953 29.9315555928529
2954 29.9384971848011
2955 29.9454385057242
2956 29.9523795522487
2957 29.9593203209909
2958 29.9662608085569
2959 29.9732010115423
2960 29.9801409265326
2961 29.9870805501030
2962 29.9940198788183
2963 30.0009589092331
2964 30.0078976378917
2965 30.0148360613279
2966 30.0217741760654
2967 30.0287119786174
2968 30.0356494654867
2969 30.0425866331659
2970 30.0495234781370
2971 30.0564599968719
2972 30.0633961858318
2973 30.0703320414677
2974 30.0772675602200
2975 30.0842027385190
2976 30.0911375727841
2977 30.0980720594246
2978 30.1050061948393
2979 30.1119399754163
2980 30.1188733975334
2981 30.1258064575579
2982 30.1327391518467
2983 30.1396714767458
2984 30.1466034285911
2985 30.1535350037079
2986 30.1604661984106
2987 30.1673970090034
2988 30.1743274317799
2989 30.1812574630230
2990 30.1881870990050
2991 30.1951163359878
2992 30.2020451702224
2993 30.2089735979494
2994 30.2159016153987
2995 30.2228292187895
2996 30.2297564043305
2997 30.2366831682195
2998 30.2436095066438
2999 30.2505354157800
3000 30.2574608917939



1.00200000000000 0.00722232807458217
1.00400000000000 0.0130710469455578
1.00600000000000 0.0184076566740968
1.00800000000000 0.0234147927900468
1.01000000000000 0.0281790181228638
1.01200000000000 0.0327512180336562
1.01400000000000 0.0371649522747003
1.01600000000000 0.0414440288799779
1.01800000000000 0.0456062165954005
1.02000000000000 0.0496652826597928
1.02200000000000 0.0536322057337302
1.02400000000000 0.0575159433882997
1.02600000000000 0.0613239415904617
1.02800000000000 0.0650624862520292
1.03000000000000 0.0687369536606358
1.03200000000000 0.0723519937170682
1.03400000000000 0.0759116670995157
1.03600000000000 0.0794195499779282
1.03800000000000 0.0828788153368866
1.04000000000000 0.0862922970911392
1.04200000000000 0.0896625413145015
1.04400000000000 0.0929918476632303
1.04600000000000 0.0962823032313907
1.04800000000000 0.0995358104899020
1.05000000000000 0.102754110546537
1.05200000000000 0.105938802666212
1.05400000000000 0.109091360773427
1.05600000000000 0.112213147497749
1.05800000000000 0.115305426202730
1.06000000000000 0.118369371347179
1.06200000000000 0.121406077457776
1.06400000000000 0.124416566937823
1.06600000000000 0.127401796894651
1.06800000000000 0.130362665134942
1.07000000000000 0.133300015450778
1.07200000000000 0.136214642298143
1.07400000000000 0.139107294952567
1.07600000000000 0.141978681212866
1.07800000000000 0.144829470712651
1.08000000000000 0.147660297890113
1.08200000000000 0.150471764658964
1.08400000000000 0.153264442817129
1.08600000000000 0.156038876224540
1.08800000000000 0.158795582777003
1.09000000000000 0.161535056199399
1.09200000000000 0.164257767678389
1.09400000000000 0.166964167352149
1.09600000000000 0.169654685672402
1.09800000000000 0.172329734652125
1.10000000000000 0.174989709010639
1.10200000000000 0.177634987226402
1.10400000000000 0.180265932506591
1.10600000000000 0.182882893681516
1.10800000000000 0.185486206030992
1.11000000000000 0.188076192049008
1.11200000000000 0.190653162152312
1.11400000000000 0.193217415337973
1.11600000000000 0.195769239794393
1.11800000000000 0.198308913469821
1.12000000000000 0.200836704601992
1.12200000000000 0.203352872212119
1.12400000000000 0.205857666566229
1.12600000000000 0.208351329606434
1.12800000000000 0.210834095354582
1.13000000000000 0.213306190290432
1.13200000000000 0.215767833706336
1.13400000000000 0.218219238040214
1.13600000000000 0.220660609188458
1.13800000000000 0.223092146800237
1.14000000000000 0.225514044554579
1.14200000000000 0.227926490421441
1.14400000000000 0.230329666907937
1.14600000000000 0.232723751290726
1.14800000000000 0.235108915835540
1.15000000000000 0.237485328004708
1.15200000000000 0.239853150653501
1.15400000000000 0.242212542216026
1.15600000000000 0.244563656881342
1.15800000000000 0.246906644760464
1.16000000000000 0.249241652044793
1.16200000000000 0.251568821156547
1.16400000000000 0.253888290891665
1.16600000000000 0.256200196555668
1.16800000000000 0.258504670092884
1.17000000000000 0.260801840209448
1.17200000000000 0.263091832490446
1.17400000000000 0.265374769511540
1.17600000000000 0.267650770945393
1.17800000000000 0.269919953663203
1.18000000000000 0.272182431831607
1.18200000000000 0.274438317005227
1.18400000000000 0.276687718215096
1.18600000000000 0.278930742053184
1.18800000000000 0.281167492753243
1.19000000000000 0.283398072268168
1.19200000000000 0.285622580344050
1.19400000000000 0.287841114591105
1.19600000000000 0.290053770551642
1.19800000000000 0.292260641765205
1.20000000000000 0.294461819831064
1.20200000000000 0.296657394468153
1.20400000000000 0.298847453572612
1.20600000000000 0.301032083273038
1.20800000000000 0.303211367983552
1.21000000000000 0.305385390454805
1.21200000000000 0.307554231823005
1.21400000000000 0.309717971657068
1.21600000000000 0.311876688003982
1.21800000000000 0.314030457432462
1.22000000000000 0.316179355074980
1.22200000000000 0.318323454668245
1.22400000000000 0.320462828592196
1.22600000000000 0.322597547907589
1.22800000000000 0.324727682392223
1.23000000000000 0.326853300575882
1.23200000000000 0.328974469774041
1.23400000000000 0.331091256120384
1.23600000000000 0.333203724598203
1.23800000000000 0.335311939070707
1.24000000000000 0.337415962310301
1.24200000000000 0.339515856026867
1.24400000000000 0.341611680895098
1.24600000000000 0.343703496580923
1.24800000000000 0.345791361767054
1.25000000000000 0.347875334177693
1.25200000000000 0.349955470602443
1.25400000000000 0.352031826919441
1.25600000000000 0.354104458117748
1.25800000000000 0.356173418319029
1.26000000000000 0.358238760798557
1.26200000000000 0.360300538005543
1.26400000000000 0.362358801582846
1.26600000000000 0.364413602386077
1.26800000000000 0.366464990502106
1.27000000000000 0.368513015267017
1.27200000000000 0.370557725283521
1.27400000000000 0.372599168437838
1.27600000000000 0.374637391916090
1.27800000000000 0.376672442220199
1.28000000000000 0.378704365183327
1.28200000000000 0.380733205984861
1.28400000000000 0.382759009164967
1.28600000000000 0.384781818638730
1.28800000000000 0.386801677709880
1.29000000000000 0.388818629084145
1.29200000000000 0.390832714882217
1.29400000000000 0.392843976652355
1.29600000000000 0.394852455382651
1.29800000000000 0.396858191512943
1.30000000000000 0.398861224946411
1.30200000000000 0.400861595060858
1.30400000000000 0.402859340719678
1.30600000000000 0.404854500282539
1.30800000000000 0.406847111615778
1.31000000000000 0.408837212102519
1.31200000000000 0.410824838652523
1.31400000000000 0.412810027711788
1.31600000000000 0.414792815271892
1.31800000000000 0.416773236879095
1.32000000000000 0.418751327643215
1.32200000000000 0.420727122246266
1.32400000000000 0.422700654950888
1.32600000000000 0.424671959608555
1.32800000000000 0.426641069667587
1.33000000000000 0.428608018180954
1.33200000000000 0.430572837813892
1.33400000000000 0.432535560851330
1.33600000000000 0.434496219205133
1.33800000000000 0.436454844421176
1.34000000000000 0.438411467686239
1.34200000000000 0.440366119834740
1.34400000000000 0.442318831355308
1.34600000000000 0.444269632397200
1.34800000000000 0.446218552776560
1.35000000000000 0.448165621982543
1.35200000000000 0.450110869183285
1.35400000000000 0.452054323231739
1.35600000000000 0.453996012671380
1.35800000000000 0.455935965741769
1.36000000000000 0.457874210383999
1.36200000000000 0.459810774246016
1.36400000000000 0.461745684687815
1.36600000000000 0.463678968786524
1.36800000000000 0.465610653341373
1.37000000000000 0.467540764878551
1.37200000000000 0.469469329655962
1.37400000000000 0.471396373667864
1.37600000000000 0.473321922649421
1.37800000000000 0.475246002081147
1.38000000000000 0.477168637193254
1.38200000000000 0.479089852969912
1.38400000000000 0.481009674153413
1.38600000000000 0.482928125248247
1.38800000000000 0.484845230525092
1.39000000000000 0.486761014024724
1.39200000000000 0.488675499561836
1.39400000000000 0.490588710728787
1.39600000000000 0.492500670899266
1.39800000000000 0.494411403231884
1.40000000000000 0.496320930673693
1.40200000000000 0.498229275963627
1.40400000000000 0.500136461635882
1.40600000000000 0.502042510023221
1.40800000000000 0.503947443260213
1.41000000000000 0.505851283286412
1.41200000000000 0.507754051849465
1.41400000000000 0.509655770508164
1.41600000000000 0.511556460635438
1.41800000000000 0.513456143421279
1.42000000000000 0.515354839875623
1.42200000000000 0.517252570831160
1.42400000000000 0.519149356946103
1.42600000000000 0.521045218706899
1.42800000000000 0.522940176430878
1.43000000000000 0.524834250268873
1.43200000000000 0.526727460207766
1.43400000000000 0.528619826073004
1.43600000000000 0.530511367531059
1.43800000000000 0.532402104091844
1.44000000000000 0.534292055111082
1.44200000000000 0.536181239792634
1.44400000000000 0.538069677190784
1.44600000000000 0.539957386212478
1.44800000000000 0.541844385619523
1.45000000000000 0.543730694030751
1.45200000000000 0.545616329924140
1.45400000000000 0.547501311638892
1.45600000000000 0.549385657377483
1.45800000000000 0.551269385207668
1.46000000000000 0.553152513064456
1.46200000000000 0.555035058752047
1.46400000000000 0.556917039945733
1.46600000000000 0.558798474193773
1.46800000000000 0.560679378919222
1.47000000000000 0.562559771421746
1.47200000000000 0.564439668879385
1.47400000000000 0.566319088350304
1.47600000000000 0.568198046774501
1.47800000000000 0.570076560975495
1.48000000000000 0.571954647661974
1.48200000000000 0.573832323429427
1.48400000000000 0.575709604761741
1.48600000000000 0.577586508032774
1.48800000000000 0.579463049507899
1.49000000000000 0.581339245345523
1.49200000000000 0.583215111598584
1.49400000000000 0.585090664216021
1.49600000000000 0.586965919044215
1.49800000000000 0.588840891828413
1.50000000000000 0.590715598214130
1.50200000000000 0.592590053748517
1.50400000000000 0.594464273881719
1.50600000000000 0.596338273968207
1.50800000000000 0.598212069268084
1.51000000000000 0.600085674948377
1.51200000000000 0.601959106084302
1.51400000000000 0.603832377660515
1.51600000000000 0.605705504572338
1.51800000000000 0.607578501626970
1.52000000000000 0.609451383544674
1.52200000000000 0.611324164959951
1.52400000000000 0.613196860422689
1.52600000000000 0.615069484399301
1.52800000000000 0.616942051273844
1.53000000000000 0.618814575349113
1.53200000000000 0.620687070847731
1.53400000000000 0.622559551913210
1.53600000000000 0.624432032611007
1.53800000000000 0.626304526929553
1.54000000000000 0.628177048781275
1.54200000000000 0.630049612003600
1.54400000000000 0.631922230359941
1.54600000000000 0.633794917540674
1.54800000000000 0.635667687164092
1.55000000000000 0.637540552777356
1.55200000000000 0.639413527857423
1.55400000000000 0.641286625811962
1.55600000000000 0.643159859980262
1.55800000000000 0.645033243634118
1.56000000000000 0.646906789978712
1.56200000000000 0.648780512153477
1.56400000000000 0.650654423232950
1.56600000000000 0.652528536227611
1.56800000000000 0.654402864084714
1.57000000000000 0.656277419689098
1.57200000000000 0.658152215864001
1.57400000000000 0.660027265371843
1.57600000000000 0.661902580915016
1.57800000000000 0.663778175136652
1.58000000000000 0.665654060621385
1.58200000000000 0.667530249896099
1.58400000000000 0.669406755430668
1.58600000000000 0.671283589638686
1.58800000000000 0.673160764878188
1.59000000000000 0.675038293452355
1.59200000000000 0.676916187610216
1.59400000000000 0.678794459547339
1.59600000000000 0.680673121406511
1.59800000000000 0.682552185278406
1.60000000000000 0.684431663202255
1.60200000000000 0.686311567166491
1.60400000000000 0.688191909109402
1.60600000000000 0.690072700919758
1.60800000000000 0.691953954437450
1.61000000000000 0.693835681454098
1.61200000000000 0.695717893713670
1.61400000000000 0.697600602913082
1.61600000000000 0.699483820702796
1.61800000000000 0.701367558687402
1.62000000000000 0.703251828426205
1.62200000000000 0.705136641433793
1.62400000000000 0.707022009180603
1.62600000000000 0.708907943093478
1.62800000000000 0.710794454556222
1.63000000000000 0.712681554910136
1.63200000000000 0.714569255454562
1.63400000000000 0.716457567447408
1.63600000000000 0.718346502105676
1.63800000000000 0.720236070605970
1.64000000000000 0.722126284085020
1.64200000000000 0.724017153640170
1.64400000000000 0.725908690329889
1.64600000000000 0.727800905174255
1.64800000000000 0.729693809155441
1.65000000000000 0.731587413218196
1.65200000000000 0.733481728270320
1.65400000000000 0.735376765183126
1.65600000000000 0.737272534791909
1.65800000000000 0.739169047896397
1.66000000000000 0.741066315261206
1.66200000000000 0.742964347616280
1.66400000000000 0.744863155657339
1.66600000000000 0.746762750046307
1.66800000000000 0.748663141411744
1.67000000000000 0.750564340349271
1.67200000000000 0.752466357421991
1.67400000000000 0.754369203160899
1.67600000000000 0.756272888065299
1.67800000000000 0.758177422603201
1.68000000000000 0.760082817211727
1.68200000000000 0.761989082297505
1.68400000000000 0.763896228237058
1.68600000000000 0.765804265377193
1.68800000000000 0.767713204035385
1.69000000000000 0.769623054500149
1.69200000000000 0.771533827031418
1.69400000000000 0.773445531860911
1.69600000000000 0.775358179192497
1.69800000000000 0.777271779202558
1.70000000000000 0.779186342040344
1.70200000000000 0.781101877828326
1.70400000000000 0.783018396662547
1.70600000000000 0.784935908612964
1.70800000000000 0.786854423723791
1.71000000000000 0.788773952013838
1.71200000000000 0.790694503476840
1.71400000000000 0.792616088081793
1.71600000000000 0.794538715773275
1.71800000000000 0.796462396471775
1.72000000000000 0.798387140074005
1.72200000000000 0.800312956453223
1.72400000000000 0.802239855459541
1.72600000000000 0.804167846920237
1.72800000000000 0.806096940640061
1.73000000000000 0.808027146401535
1.73200000000000 0.809958473965254
1.73400000000000 0.811890933070184
1.73600000000000 0.813824533433952
1.73800000000000 0.815759284753141
1.74000000000000 0.817695196703571
1.74200000000000 0.819632278940587
1.74400000000000 0.821570541099342
1.74600000000000 0.823509992795069
1.74800000000000 0.825450643623364
1.75000000000000 0.827392503160453
1.75200000000000 0.829335580963463
1.75400000000000 0.831279886570692
1.75600000000000 0.833225429501869
1.75800000000000 0.835172219258421
1.76000000000000 0.837120265323727
1.76200000000000 0.839069577163377
1.76400000000000 0.841020164225426
1.76600000000000 0.842972035940645
1.76800000000000 0.844925201722769
1.77000000000000 0.846879670968747
1.77200000000000 0.848835453058981
1.77400000000000 0.850792557357571
1.77600000000000 0.852750993212555
1.77800000000000 0.854710769956141
1.78000000000000 0.856671896904951
1.78200000000000 0.858634383360241
1.78400000000000 0.860598238608143
1.78600000000000 0.862563471919886
1.78800000000000 0.864530092552023
1.79000000000000 0.866498109746657
1.79200000000000 0.868467532731660
1.79400000000000 0.870438370720893
1.79600000000000 0.872410632914426
1.79800000000000 0.874384328498749
1.80000000000000 0.876359466646988
1.80200000000000 0.878336056519118
1.80400000000000 0.880314107262170
1.80600000000000 0.882293628010436
1.80800000000000 0.884274627885682
1.81000000000000 0.886257115997346
1.81200000000000 0.888241101442740
1.81400000000000 0.890226593307253
1.81600000000000 0.892213600664548
1.81800000000000 0.894202132576756
1.82000000000000 0.896192198094676
1.82200000000000 0.898183806257963
1.82400000000000 0.900176966095322
1.82600000000000 0.902171686624696
1.82800000000000 0.904167976853456
1.83000000000000 0.906165845778586
1.83200000000000 0.908165302386865
1.83400000000000 0.910166355655058
1.83600000000000 0.912169014550086
1.83800000000000 0.914173288029216
1.84000000000000 0.916179185040236
1.84200000000000 0.918186714521629
1.84400000000000 0.920195885402750
1.84600000000000 0.922206706604005
1.84800000000000 0.924219187037012
1.85000000000000 0.926233335604786
1.85200000000000 0.928249161201894
1.85400000000000 0.930266672714636
1.85600000000000 0.932285879021202
1.85800000000000 0.934306788991845
1.86000000000000 0.936329411489036
1.86200000000000 0.938353755367637
1.86400000000000 0.940379829475053
1.86600000000000 0.942407642651398
1.86800000000000 0.944437203729651
1.87000000000000 0.946468521535814
1.87200000000000 0.948501604889067
1.87400000000000 0.950536462601926
1.87600000000000 0.952573103480392
1.87800000000000 0.954611536324108
1.88000000000000 0.956651769926507
1.88200000000000 0.958693813074964
1.88400000000000 0.960737674550942
1.88600000000000 0.962783363130145
1.88800000000000 0.964830887582658
1.89000000000000 0.966880256673097
1.89200000000000 0.968931479160752
1.89400000000000 0.970984563799730
1.89600000000000 0.973039519339097
1.89800000000000 0.975096354523021
1.90000000000000 0.977155078090906
1.90200000000000 0.979215698777539
1.90400000000000 0.981278225313222
1.90600000000000 0.983342666423913
1.90800000000000 0.985409030831357
1.91000000000000 0.987477327253224
1.91200000000000 0.989547564403245
1.91400000000000 0.991619750991338
1.91600000000000 0.993693895723747
1.91800000000000 0.995770007303170
1.92000000000000 0.997848094428887
1.92200000000000 0.999928165796894
1.92400000000000 1.00201023010002
1.92600000000000 1.00409429602808
1.92800000000000 1.00618037226797
1.93000000000000 1.00826846750380
1.93200000000000 1.01035859041705
1.93400000000000 1.01245074968663
1.93600000000000 1.01454495398908
1.93800000000000 1.01664121199864
1.94000000000000 1.01873953238737
1.94200000000000 1.02083992382531
1.94400000000000 1.02294239498054
1.94600000000000 1.02504695451938
1.94800000000000 1.02715361110641
1.95000000000000 1.02926237340468
1.95200000000000 1.03137325007577
1.95400000000000 1.03348624977990
1.95600000000000 1.03560138117610
1.95800000000000 1.03771865292226
1.96000000000000 1.03983807367529
1.96200000000000 1.04195965209121
1.96400000000000 1.04408339682525
1.96600000000000 1.04620931653201
1.96800000000000 1.04833741986552
1.97000000000000 1.05046771547935
1.97200000000000 1.05260021202678
1.97400000000000 1.05473491816082
1.97600000000000 1.05687184253440
1.97800000000000 1.05901099380041
1.98000000000000 1.06115238061185
1.98200000000000 1.06329601162193
1.98400000000000 1.06544189548416
1.98600000000000 1.06759004085245
1.98800000000000 1.06974045638123
1.99000000000000 1.07189315072557
1.99200000000000 1.07404813254123
1.99400000000000 1.07620541048481
1.99600000000000 1.07836499321383
1.99800000000000 1.08052688938682
2.00000000000000 1.08269110766347



#!/usr/bin/env python
# -*- coding: utf-8 -*-
"""
Estimate the cost of enumeration using Pruner/Simulator in a BKZ block.

That, is we assume we can push the HKZ part of the shape beyond the enumeration context.

Supported integer matrix types
------------------------------

- qary :: q-ary lattice with `q ≈ 2^{30}`
- qary-lv :: q-ary lattice with `q ≈ 2^{10⋅d}`


"""

import logging
import pickle
from math import log
from multiprocessing import Pool

import begin
from fpylll import Pruning, FPLLL
from fpylll.fplll.bkz_param import Strategy, dump_strategies_json
from fpylll.util import gaussian_heuristic
from simu import bkz_simulatef, ProcrastinatingBKZQualitySimulation, SDProcrastinatingBKZQualitySimulation
from math import ceil


def preprocess(r, c, preproc_block_size, strategies, costs, max_loops=1, bkz_simulate=None):
    """
    Simulate preprocessing algorithm.

    :param r: squared Gram-Schmidt norms
    :param block_size: preprocessing block size
    :param strategies: strategies computed so far to establish recursive preprocessing
    :param costs: enumeration cost per dimension
    :param max_loops: number of loops to run during preprocessing (FPyLLL uses 1)
    :returns: new basis shape and preprocessing cost

    """
    D = len(r)

    from cost import lll_cost, BKZ

    r = bkz_simulate(r, BKZ.EasyParam(preproc_block_size, strategies=strategies, max_loops=max_loops))[0]

    # we first run LLL
    cost = lll_cost(D)

    limit = ceil((1 + c) * preproc_block_size)

    for kappa in range(0, D - limit):
        # We run SVP reductions with cost β^{β/8 + o(β)}
        cost += max_loops * costs[preproc_block_size]["total cost"]

    cost_ceil = log(preproc_block_size) * preproc_block_size / 8.0

    for i, kappa in enumerate(range(D - limit, D - 3)):
        block_size = max(preproc_block_size - int(ceil((i + 1) / 2)), 2)
        while cost_ceil > 0.184 * log(block_size + 1) * (block_size + 1):
            block_size += 1
        block_size = min(D - kappa, block_size)
        cost += max_loops * costs[block_size]["total cost"]

    return r, cost


def enumeration_cost(
    r,
    d,
    c,
    preproc,
    strategies,
    costs,
    gh_factor=1.10,
    float_type="d",
    greedy=False,
    sd=False,
    radius_bound=1,
    preproc_loops=None,
    ignore_preproc_cost=False,
):
    """
    Cost of enumeration on `r` using ``strategies``.

    :param r: squared Gram-Schmidt vectors
    :param d: enumeration dimension
    :param c: overshoot parameter
    :param preproc: preprocessing dimension
    :param strategies: prepcomputed strategies
    :param costs: precomputed costs for smaller dimensions
    :param gh_factor: target GH_FACTOR * GH
    :param float_type: float type to use in pruner
    :param greedy: use Greedy pruning strategy.
    :param sd: use self-dual strategy
    :param radius_bound: compute pruning parameters for `GH^(i/radius_bound)` for `i in -radius_bound, …, radius_bound`
    :param preproc_loops: number of loops to perform preprocessing for
    :param ignore_preproc_cost: assume all preprocessing has the cost of LLL regardless of block size.

    """
    from cost import lll_cost, pruning_coefficients

    D = int((1 + c) * d)

    if preproc is None or preproc == 2:
        preproc_cost = lll_cost(D)
        r_ = list(r)
    else:
        if sd:
            f = bkz_simulatef(
                SDProcrastinatingBKZQualitySimulation,
                init_kwds={"preprocessing_levels": 1, "preprocessing_cutoff": 45},
                call_kwds={"c": c},
            )
            r_, preproc_cost = preprocess(r[:D], c, preproc, strategies, costs, max_loops=preproc_loops, bkz_simulate=f)
            # each SD tour costs as much as one BKZ tour
            preproc_cost = 2 * preproc_cost
        else:
            f = bkz_simulatef(
                ProcrastinatingBKZQualitySimulation,
                init_kwds={"preprocessing_levels": 1, "preprocessing_cutoff": 45},
                call_kwds={"c": c},
            )
            r_, preproc_cost = preprocess(r[:D], c, preproc, strategies, costs, max_loops=preproc_loops, bkz_simulate=f)

    if ignore_preproc_cost:
        preproc_cost = lll_cost(D)

    gh = gaussian_heuristic(r_[:d])
    target_norm = gh_factor * gh

    pc = pruning_coefficients(r_[:d], preproc_cost, radius_bound=radius_bound, float_type=float_type, greedy=greedy)
    strategy = Strategy(
        d, preprocessing_block_sizes=[preproc] * preproc_loops if preproc > 2 else [], pruning_parameters=pc
    )
    pr = strategy.get_pruning(target_norm, gh)

    pruner = Pruning.Pruner(
        target_norm,
        preproc_cost,
        [r_[:d]],
        target=0.51,
        float_type=float_type,
        flags=Pruning.HALF if greedy else Pruning.GRADIENT | Pruning.HALF,
    )

    cost = {
        "total cost": preproc_cost + pruner.repeated_enum_cost(pr.coefficients),
        "single enum": pruner.single_enum_cost(pr.coefficients),
        "preprocessing": preproc_cost,
        "c": c,
        "probability": pruner.measure_metric(pr.coefficients),
    }

    logging.debug(
        "%3d :: C: %5.1f, P: %5.1f c: %.2f, %s"
        % (d, log(cost["total cost"], 2), log(cost["preprocessing"], 2), cost["c"], strategy)
    )

    return cost, strategy


def cost_kernel(arg0, d=None, c=None, preproc=None, strategies=None, costs=None, opts=None):
    """
    Compute pruning coefficients after preprocessing and return estimated cost.

    :param arg0: either a tuple containing all arguments or r (squared Gram-Schmidt vectors)
    :param d: enumeration dimension
    :param c: overshoot parameter
    :param preproc: preprocessing parameters
    :param strategies: reduction strategies
    :param costs: precomputed costs for smaller dimensions
    :param opts: passed through to `enumeration_cost`

    :returns: cost and strategy

    ..  note :: the unusual arrangement with ``arg0`` is to support ``Pool.map`` which only
        supports one input parameter.
    """

    if preproc is None and c is None and strategies is None and costs is None and opts is None:
        r, d, c, preproc, strategies, costs, opts = arg0
    else:
        r = arg0

    float_type = opts["float_type"]

    if isinstance(float_type, int):
        FPLLL.set_precision(float_type)
        opts["float_type"] = "mpfr"

    try:
        return enumeration_cost(r, d, c, preproc, strategies, costs, **opts)
    except RuntimeError:
        return None, None


def _prepare_parameters(
    dump_filename,
    c,
    strategies_and_costs,
    lower_limit,
    lattice_type,
    preproc_loops,
    greedy=False,
    sd=False,
    ignore_preproc_cost=False,
):
    if dump_filename is None:
        dump_filename = "../data/fplll-block-simulations,{lattice_type},{c:.2f},{preproc_loops:d}{g}{sd}{lb}.sobj".format(
            lattice_type=lattice_type,
            c=c,
            preproc_loops=preproc_loops,
            g=",g" if greedy else "",
            sd=",sd" if sd else "",
            lb=",lb" if ignore_preproc_cost else "",
        )

    if strategies_and_costs is not None:
        try:
            strategies, costs = strategies_and_costs
        except ValueError:
            strategies, costs = pickle.load(open(strategies_and_costs, "rb"))
    else:
        costs, strategies = [], []
        for i in range(3):
            strategies.append(Strategy(i, [], []))
            costs.append({"total cost": 0.0})

    if lower_limit is None:
        lower_limit = len(strategies)
    else:
        strategies = strategies[:lower_limit]
        costs = costs[:lower_limit]

    return dump_filename, strategies, costs, lower_limit


@begin.start
@begin.logging
@begin.convert(
    upper_limit=int,
    lower_limit=int,
    ncores=int,
    c=float,
    greedy=bool,
    sd=bool,
    gh_factor=float,
    rb=int,
    preproc_loops=int,
    ignore_preproc_cost=bool,
)  # noqa
def block_strategize(
    upper_limit: "compute up to this dimension (inclusive)",
    lower_limit: """compute starting at this dimension,
        if ``None`` lowest unknown dimension is chosen.""" = None,
    c: "overshoot parameter" = 0.25,
    strategies_and_costs: "previously computed strategies and costs to extend" = None,
    lattice_type: "one of 'qary' or 'qary-lv'" = "qary",
    dump_filename: """results are regularly written to this filename, if ``None``
                     then ``data/fplll-block-simulations-{lattice_type}.sobj`` is used.""" = None,
    ncores: "number of cores to use in parallel" = 4,
    gh_factor: "set target_norm^2 to gh_factor * gh^2" = 1.00,
    rb: "compute pruning parameters for `GH^(i/rb)` for `i in -rb, …, rb`" = 1,
    greedy: "use Greedy pruning strategy" = False,
    sd: "use self-dual strategy" = False,
    preproc_loops: "number of preprocessing tours" = 2,
    ignore_preproc_cost: "assume all preprocessing has the cost of LLL regardless of block size" = False,
):
    """Estimate cost of enumeration.
    """

    dump_filename, strategies, costs, lower_limit = _prepare_parameters(
        dump_filename,
        c,
        strategies_and_costs,
        lower_limit,
        lattice_type,
        preproc_loops,
        greedy,
        sd,
        ignore_preproc_cost,
    )

    if ncores > 1:
        workers = Pool(ncores)

    from cost import sample_r, _pruner_precision

    for d in range(lower_limit, upper_limit + 1):
        D = int((1 + c) * d + 1)
        r = sample_r(D, lattice_type=lattice_type)

        float_type = _pruner_precision(d, greedy)

        try:
            start = max(strategies[d - 1].preprocessing_block_sizes[-1], 2)
        except IndexError:
            start = 2

        if d < 60:
            stop = d
        else:
            stop = min(start + max(8, ncores), d)

        best = None

        for giant_step in range(start, stop, ncores):
            jobs, results = [], []
            for baby_step in range(giant_step, min(stop, giant_step + ncores)):
                opts = {
                    "greedy": greedy,
                    "sd": sd,
                    "gh_factor": gh_factor,
                    "float_type": float_type,
                    "radius_bound": rb,
                    "preproc_loops": preproc_loops,
                    "ignore_preproc_cost": ignore_preproc_cost,
                }
                jobs.append((r, d, c, baby_step, strategies, costs, opts))

            if ncores == 1:
                for job in jobs:
                    results.append(cost_kernel(job))
            else:
                results = workers.map(cost_kernel, jobs)

            do_break = False
            for cost, strategy in results:
                logging.debug(
                    "%3d :: C: %5.1f, P: %5.1f c: %.2f, %s"
                    % (d, log(cost["total cost"], 2), log(cost["preprocessing"], 2), cost["c"], strategy)
                )
                if best is None or cost["total cost"] < best[0]["total cost"]:
                    best = cost, strategy
                if cost["total cost"] > 1.1 * best[0]["total cost"]:
                    do_break = True
                    break
            if do_break:
                break

        costs.append(best[0])
        strategies.append(best[1])
        logging.info(
            "%3d :: C: %5.1f, P: %5.1f c: %.2f, %s"
            % (d, log(costs[-1]["total cost"], 2), log(costs[-1]["preprocessing"], 2), costs[-1]["c"], strategies[-1])
        )
        pickle.dump((strategies, costs), open(dump_filename, "wb"))
        dump_strategies_json(dump_filename.replace(".sobj", "-strategies.json"), strategies)

    return strategies, costs



#!/usr/bin/env python
# -*- coding: utf-8 -*-
"""
Simulate BKZ variants.
"""

import logging
import pickle
from collections import OrderedDict
from math import ceil, lgamma, log, pi
from contextlib import contextmanager

import begin
from fpylll import BKZ, GSO, IntegerMatrix, LLL, Pruning, load_strategies_json
from fpylll.tools.bkz_stats import Accumulator, Node, Tracer, dummy_tracer, pretty_dict
from fpylll.tools.quality import basis_quality
from fpylll.util import gaussian_heuristic

# Verbose logging

logging.basicConfig(level=logging.DEBUG, format="%(name)s: %(message)s", datefmt="%Y/%m/%d %H:%M:%S %Z")

# define a Handler which writes INFO messages or higher to the sys.stderr
logger = logging.getLogger(__name__)


def gh_normalizer_log2(d, plain=False):
    """
    Return the log2() of normalization factor for the Gaussian heuristic.

    :param d: dimensions
    :param plain: if ``True`` do not deviate from plain formula for small dimensions

    """

    rk = (
        0.789527997160000,
        0.780003183804613,
        0.750872218594458,
        0.706520454592593,
        0.696345241018901,  # noqa
        0.660533841808400,
        0.626274718790505,
        0.581480717333169,
        0.553171463433503,
        0.520811087419712,
        0.487994338534253,
        0.459541470573431,
        0.414638319529319,
        0.392811729940846,
        0.339090376264829,
        0.306561491936042,
        0.276041187709516,
        0.236698863270441,
        0.196186341673080,
        0.161214212092249,
        0.110895134828114,
        0.0678261623920553,
        0.0272807162335610,
        -0.0234609979600137,
        -0.0320527224746912,
        -0.0940331032784437,
        -0.129109087817554,
        -0.176965384290173,
        -0.209405754915959,
        -0.265867993276493,
        -0.299031324494802,
        -0.349338597048432,
        -0.380428160303508,
        -0.427399405474537,
        -0.474944677694975,
        -0.530140672818150,
        -0.561625221138784,
        -0.612008793872032,
        -0.669011014635905,
        -0.713766731570930,
        -0.754041787011810,
        -0.808609696192079,
        -0.859933249032210,
        -0.884479963601658,
        -0.886666930030433,
    )

    if plain or d > 45:
        log_vol = log(pi, 2) / 2 * d - lgamma(d / 2.0 + 1) / log(2.0)
    else:
        log_vol = -rk[-d] * d + sum(rk[-d:])
    return log_vol


class BKZSimulationTreeTracer(Tracer):
    """
    A tracer for tracing simulations.
    """

    def __init__(self, instance, verbosity=False, root_label="bkz"):
        """
        Create a new tracer instance.

        :param instance: BKZ-like object instance
        :param verbosity: print information, integers >= 0 are also accepted
        :param root_label: label to give to root node

        """

        Tracer.__init__(self, instance, verbosity)
        self.trace = Node(root_label)
        self.current = self.trace

    def enter(self, label, **kwds):
        """
        Enter new context with label

        :param label: label

        """
        self.current = self.current.child(label)
        self.reenter()

    def reenter(self, **kwds):
        """
        Reenter current context.
        """
        self.current.data["cost"] = self.current.data.get("cost", Accumulator(1, repr="sum"))

    def inc_cost(self, cost):
        self.current.data["cost"] += Accumulator(cost, repr="sum")

    def exit(self, **kwds):
        """
        When the label is a tour then the status is printed if verbosity > 0.
        """
        node = self.current
        label = node.label

        if label[0] == "tour":
            data = basis_quality([2 ** (2 * r_) for r_ in self.instance.r])
            for k, v in data.items():
                if k == "/":
                    node.data[k] = Accumulator(v, repr="max")
                else:
                    node.data[k] = Accumulator(v, repr="min")

        if self.verbosity and label[0] == "tour":
            report = OrderedDict()
            report["i"] = label[1]
            report["#enum"] = node.sum("#enum")
            report["r_0"] = node["r_0"]
            report["/"] = node["/"]
            print(pretty_dict(report))

        self.current = self.current.parent


class BKZQualitySimulation(object):
    """
    Simulate quality of BKZ reduction.
    """

    def __init__(self, A, preprocessing_levels=1, preprocessing_cutoff=45):
        """
        Create a new BKZ Simulation object.

        :param A: An integer matrix, a GSO object or a list of squared Gram-Schmidt norms.
        :param preprocessing_levels: how many levels of preprocessing to simulate (slow!)

        .. note :: Our internal representation is log2 norms of Gram-Schmidt vectors (not squared).

        """
        if isinstance(A, GSO.Mat):
            A.update_gso()
            r = A.r()
            self.r = [log(r_, 2) / 2.0 for r_ in r]
        elif isinstance(A, LLL.Reduction):
            A.M.update_gso()
            r = A.M.r()
            self.r = [log(r_, 2) / 2.0 for r_ in r]
        elif isinstance(A, IntegerMatrix):
            M = GSO.Mat(LLL.reduction(A))
            M.update_gso()
            r = M.r()
            self.r = [log(r_, 2) / 2.0 for r_ in r]
        else:
            try:
                self.r = [log(r_, 2) / 2.0 for r_ in A]
            except TypeError:
                raise TypeError("Unsupported type '%s'" % type(A))
        self.preprocessing_levels = preprocessing_levels
        self.preprocessing_cutoff = preprocessing_cutoff

    @contextmanager
    def descent(self, preproc):
        """
        Context for limiting decent downward when preprocessing.
        """
        if not hasattr(self, "level"):
            self.level = 0

        self.level += 1
        skip = (preproc <= self.preprocessing_cutoff) or (self.preprocessing_levels <= self.level)
        try:
            yield skip
        finally:
            self.level -= 1

    def __call__(self, params, min_row=0, max_row=-1, tracer=None, **kwds):
        """
        Simulate quality of BKZ reduction.

        :param params: BKZ parameters
        :param min_row: start processing at min_row (inclusive)
        :param max_row: stop processing at max_row (exclusive)
        :param kwds: added to parameters
        :returns: Squared Gram-Schmidt norms.

        """
        self.level = 0
        i = 0

        if tracer is None:
            tracer = dummy_tracer

        params = params.new(**kwds)

        while True:
            with tracer.context(("tour", i)):
                clean = self.tour(params, min_row, max_row, tracer=tracer)
            i += 1
            if clean or params.block_size >= len(self.r):
                break
            if (params.flags & BKZ.MAX_LOOPS) and i >= params.max_loops:
                break

        return tuple([2 ** (2 * r_) for r_ in self.r])

    def tour(self, params, min_row=0, max_row=-1, tracer=dummy_tracer):
        """
        One tour of BKZ.

        :param params: BKZ parameters
        :param min_row: start processing at min_row (inclusive)
        :param max_row: stop processing at max_row (exclusive)
        :returns: whether the basis remained untouched or not

        """
        if max_row == -1:
            max_row = len(self.r)

        clean = True

        for kappa in range(min_row, max_row - 1):
            block_size = min(params.block_size, max_row - kappa)
            clean &= self.svp_reduction(kappa, block_size, params, tracer=tracer)

        return clean

    def svp_preprocessing(self, kappa, end, block_size, params, tracer=dummy_tracer):
        """

        :param kappa:
        :param end:
        :param block_size:
        :param params:
        :param tracer:

        """
        clean = True

        if not params.strategies[block_size].preprocessing_block_sizes:
            return clean

        for preproc in params.strategies[block_size].preprocessing_block_sizes:
            with self.descent(preproc) as skip:
                if not skip:
                    prepar = params.new(block_size=preproc, flags=BKZ.GH_BND)
                    clean &= self.tour(prepar, kappa, end, tracer=tracer)

        return clean

    def svp_call(self, kappa, block_size, params, hkz=True, tracer=dummy_tracer):
        """
        Return log norm as predicted by Gaussian heuristic.

        :param kappa: SVP start index
        :param block_size: SVP dimension
        :param params: ignored
        :param hkz: assume the call happens inside the HKZ part of a basis
        :param tracer: ignored

        """
        log_vol = sum(self.r[kappa : kappa + block_size])
        normalizer = gh_normalizer_log2(block_size, plain=not hkz)
        return (log_vol - normalizer) / block_size

    def svp_postprocessing(self, kappa, block_size, solution, tracer=dummy_tracer):
        """
        Insert vector and distribute additional weight equally.

        :param kappa: SVP start index
        :param block_size:  SVP dimension
        :param solution: norm of the found vector
        :param tracer: ignored

        """
        clean = True
        if solution < self.r[kappa]:
            clean = False
            delta = (self.r[kappa] - solution) / (block_size - 1)
            self.r[kappa] = solution
            for j in range(kappa + 1, kappa + block_size):
                self.r[j] += delta

        return clean

    def svp_reduction(self, kappa, block_size, params, tracer=dummy_tracer):
        """
        Preprocessing, oracle call, postprocessing

        :param kappa: SVP start index
        :param block_size: SVP dimension
        :param params: BKZ parameters
        :param tracer: tracer object

        """
        clean = True

        with tracer.context("preprocessing"):
            clean &= self.svp_preprocessing(kappa, kappa + block_size, block_size, params, tracer=tracer)

        with tracer.context("enumeration"):
            solution = self.svp_call(kappa, block_size, params, hkz=block_size != params.block_size, tracer=tracer)

        with tracer.context("postprocessing"):
            clean &= self.svp_postprocessing(kappa, block_size, solution, tracer=tracer)

        return clean


class ProcrastinatingBKZQualitySimulation(BKZQualitySimulation):
    """
    Simulate quality of Procrastinating-BKZ reduction.
    """

    def tour(self, params, min_row=0, max_row=-1, tracer=dummy_tracer):
        """

        :param params: BKZ parameters
        :param min_row: start processing at min_row (inclusive)
        :param max_row: stop processing at max_row (exclusive)
        :returns: whether the basis remained untouched or not

        """
        if max_row == -1:
            max_row = len(self.r)

        clean = True
        limit = int(ceil((1 + params["c"]) * params.block_size))

        # We run SVP reductions with cost β^{β/8 + o(β)}
        for kappa in range(min_row, max_row - limit):
            clean &= self.svp_reduction(kappa, params.block_size, params, tracer=tracer)

        # NOTE: Could pick 0.11 here, too
        cost_ceil = log(params.block_size) * params.block_size / 8.0

        for i, kappa in enumerate(range(max_row - limit, max_row - 1)):
            # we reduce the block size roughly by one every second index to maintain the average
            # case complexity
            block_size = params.block_size - int(ceil((i + 1) / 2))
            # if worst case at the local block size < average case at global block size, then might
            # as well use that.
            while cost_ceil > 0.184 * log(block_size + 1) * (block_size + 1):
                block_size += 1
            block_size = min(max_row - kappa, block_size)
            clean &= self.svp_reduction(kappa, block_size, params, tracer=tracer)

        return clean

    def svp_reduction(self, kappa, block_size, params, tracer=dummy_tracer):
        """
        Preprocessing, oracle call, postprocessing

        :param kappa: SVP start index
        :param block_size: SVP dimension
        :param params: BKZ parameters
        :param tracer: tracer object

        """
        # We extend the preprocessing area beyond kappa+beta
        end = ceil(kappa + (1 + params["c"]) * block_size)
        if end > len(self.r):
            if not block_size < params.block_size:
                raise ValueError("Bug: trying to access index %d" % end)
            else:
                end = len(self.r)

        clean = True

        with tracer.context("preprocessing"):
            clean &= self.svp_preprocessing(kappa, end, block_size, params, tracer=tracer)

        with tracer.context("enumeration"):
            solution = self.svp_call(kappa, block_size, params, hkz=kappa + block_size == end, tracer=tracer)
        with tracer.context("postprocessing"):
            clean &= self.svp_postprocessing(kappa, block_size, solution, tracer=tracer)

        return clean


class SDProcrastinatingBKZQualitySimulation(ProcrastinatingBKZQualitySimulation):
    def tour(self, params, min_row=0, max_row=-1, tracer=dummy_tracer):
        d = len(self.r)
        if max_row == -1:
            max_row = d

        self.r = [-r_ for r_ in self.r[::-1]]
        ProcrastinatingBKZQualitySimulation.tour(self, params, min_row=d - max_row, max_row=d - min_row)
        self.r = [-r_ for r_ in self.r[::-1]]
        ProcrastinatingBKZQualitySimulation.tour(self, params, min_row=min_row, max_row=max_row)


class BKZSimulation(BKZQualitySimulation):
    """
    Simulate quality and cost of Procrastinating-BKZ reduction.
    """

    def __init__(self, A):
        """
        Create a new simulation object

        :param A: An integer matrix, a GSO object or a list of squared Gram-Schmidt norms.

        """
        super(BKZSimulation, self).__init__(A, preprocessing_levels=1024, preprocessing_cutoff=10)

    def __call__(self, params, min_row=0, max_row=-1, **kwds):
        """

        :param params: BKZ parameters
        :param min_row: start processing at min_row (inclusive)
        :param max_row: stop processing at max_row (exclusive)
        :returns: Squared Gram-Schmidt norms and cost in enumeration nodes

        """
        tracer = BKZSimulationTreeTracer(self, verbosity=params.flags & BKZ.VERBOSE)
        r = super().__call__(params, min_row, max_row, tracer, **kwds)
        tracer.exit()
        self.trace = tracer.trace
        return r

    def get_pruning(self, kappa, block_size, params, tracer=dummy_tracer):
        strategy = params.strategies[block_size]
        radius = 2 ** self.r[kappa]
        gh_radius = gaussian_heuristic([2 ** r_ for r_ in self.r[kappa : kappa + block_size]])

        if params.flags & BKZ.GH_BND and block_size > 30:
            radius = min(radius, gh_radius)  # HACK

        return radius, strategy.get_pruning(radius, gh_radius)

    def lll(self, start, end, tracer=dummy_tracer):
        """
        Simulate LLL on ``r[start:end]``

        :param start: first index to be touched
        :param end: last index to be touched (exclusive)

        """
        d = end - start
        if d <= 1:
            return

        cost = d ** 3
        delta_0 = log(1.0219, 2)
        alpha = delta_0 * (-2 * d / float(d - 1))
        rv = sum(self.r[start:end]) / d

        self.r[start:end] = [2 * (i * alpha + delta_0 * d) + rv for i in range(d)]

        try:
            tracer.inc_cost(cost)
        except AttributeError:
            pass

    def svp_preprocessing(self, kappa, end, block_size, params, tracer=dummy_tracer):
        """
        """
        with tracer.context("lll"):
            self.lll(kappa + 1, kappa + block_size, tracer)

        return super().svp_preprocessing(kappa, end, block_size, params, tracer)

    def svp_reduction(self, kappa, block_size, params, tracer=dummy_tracer):
        """
        Preprocessing, oracle call, postprocessing

        :param kappa: SVP start index
        :param block_size: SVP dimension
        :param params: BKZ parameters
        :param tracer: tracer object

        """

        remaining_probability = 1.0
        clean = True

        while remaining_probability > 1.0 - params.min_success_probability:
            with tracer.context("preprocessing"):
                clean &= self.svp_preprocessing(kappa, kappa + block_size, block_size, params, tracer=tracer)
                preproc_cost = tracer.current.sum("cost")

            with tracer.context("enumeration"):
                radius, pr = self.get_pruning(kappa, block_size, params, tracer)
                pruner = Pruning.Pruner(
                    radius, preproc_cost, [[2 ** r_ for r_ in self.r[kappa : kappa + block_size]]], target=0.51
                )

                solution = self.svp_call(kappa, block_size, params, hkz=params.block_size != block_size, tracer=tracer)
                try:
                    tracer.inc_cost(pruner.single_enum_cost(pr.coefficients))
                except AttributeError:
                    pass

            remaining_probability *= 1 - pr.expectation

            with tracer.context("postprocessing"):
                clean &= self.svp_postprocessing(kappa, block_size, solution, tracer=tracer)

        return clean


class ProcrastinatingBKZSimulation(BKZSimulation):
    """
    A simulator simulating both quality and time.
    """

    def tour(self, params, min_row=0, max_row=-1, tracer=dummy_tracer):
        """

        :param params: BKZ parameters
        :param min_row: start processing at min_row (inclusive)
        :param max_row: stop processing at max_row (exclusive)
        :returns: whether the basis remained untouched or not

        """
        if max_row == -1:
            max_row = len(self.r)

        clean = True
        limit = int(ceil((1 + params["c"]) * params.block_size))

        for kappa in range(min_row, max_row - limit):
            # We run SVP reductions with cost β^{β/8 + o(β) + o(d)}
            assert max_row - kappa >= params.block_size
            clean &= self.svp_reduction(kappa, params.block_size, params, tracer=tracer)

        cost_ceil = log(params.block_size) * params.block_size / 8.0

        for i, kappa in enumerate(range(max_row - limit, max_row - 1)):
            # we reduce the block size roughly by one every second index to maintain the average
            # case complexity
            block_size = params.block_size - int(ceil((i + 1) / 2))
            # if worst case at the local block size < average case at global block size, then might
            # as well use that.
            while cost_ceil > 0.184 * log(block_size + 1) * (block_size + 1):
                block_size += 1
            block_size = min(max_row - kappa, block_size)
            clean &= self.svp_reduction(kappa, block_size, params, tracer=tracer)
        return clean

    def svp_reduction(self, kappa, block_size, params, tracer=dummy_tracer):
        """
        Preprocessing, oracle call, postprocessing

        :param kappa: SVP start index
        :param block_size: SVP dimension
        :param params: BKZ parameters
        :param tracer: tracer object

        """
        remaining_probability = 1.0
        clean = True

        end = ceil(kappa + (1 + params["c"]) * block_size)
        if end > len(self.r):
            if not block_size < params.block_size:
                raise ValueError("Bug: trying to access index %d" % end)
            else:
                end = len(self.r)

        while remaining_probability > 1.0 - params.min_success_probability:
            with tracer.context("preprocessing"):
                clean &= self.svp_preprocessing(kappa, end, block_size, params, tracer=tracer)
                preproc_cost = tracer.current.sum("cost")

            with tracer.context("enumeration"):
                radius, pr = self.get_pruning(kappa, block_size, params, tracer)
                pruner = Pruning.Pruner(
                    radius, preproc_cost, [[2 ** r_ for r_ in self.r[kappa : kappa + block_size]]], target=0.51
                )

                solution = self.svp_call(kappa, block_size, params, hkz=kappa + block_size == end, tracer=tracer)

                tracer.inc_cost(pruner.single_enum_cost(pr.coefficients))

            remaining_probability *= 1 - pr.expectation

            with tracer.context("postprocessing"):
                clean &= self.svp_postprocessing(kappa, block_size, solution, tracer=tracer)

        return clean


def bkz_simulatef(cls, init_kwds=None, call_kwds=None):
    """
    Turn simulation class into a callable.

    :param cls: a Simulation class
    :param init_kwds: keywords passed to ``__init__``
    :param call_kwds: keywords passed to ``__call__``

    """

    if init_kwds is None:
        init_kwds = {}
    if call_kwds is None:
        call_kwds = {}

    def bkz_simulate(r, params):
        bkz = cls(r, **init_kwds)
        r = bkz(params, **call_kwds)
        return r, None

    return bkz_simulate


def svp_time(seed, params, return_queue=None):
    """Run SVP reduction on ``A`` using ``params``.

    :param seed: random seed for matrix creation
    :param params: BKZ parameters
    :param return_queue: if not ``None``, the result is put on this queue.

    """
    from cost import sample_r

    r = sample_r(params.block_size)
    bkz = BKZSimulation(r)
    tracer = BKZSimulationTreeTracer(bkz)

    with tracer.context(("tour", 0)):
        bkz.svp_reduction(0, params.block_size, params, tracer)

    tracer.exit()
    r = tuple([2 ** (r_) for r_ in bkz.r])

    tracer.trace.data["|A_0|"] = r[0]
    ppbs = params.strategies[params.block_size].preprocessing_block_sizes
    tracer.trace.data["preprocessing_block_size"] = ppbs[0] if ppbs else 2

    if return_queue:
        return_queue.put(tracer.trace)
    else:
        return tracer.trace


def osvp_time(seed, params, return_queue=None):
    """Run oSVP reduction on ``A`` using ``params``.

    :param seed: random seed for matrix creation
    :param params: BKZ parameters
    :param return_queue: if not ``None``, the result is put on this queue.

    """
    from cost import sample_matrix

    A = sample_matrix(ceil(params.block_size * (1 + params["c"])), seed=seed)
    M = GSO.Mat(A)
    bkz = ProcrastinatingBKZSimulation(M)
    tracer = BKZSimulationTreeTracer(bkz)

    with tracer.context(("tour", 0)):
        bkz.svp_reduction(0, params.block_size, params, tracer)

    tracer.exit()
    r = tuple([2 ** (r_) for r_ in bkz.r])

    tracer.trace.data["|A_0|"] = r[0]
    ppbs = params.strategies[params.block_size].preprocessing_block_sizes
    tracer.trace.data["preprocessing_block_size"] = ppbs[0] if ppbs else 2

    if return_queue:
        return_queue.put(tracer.trace)
    else:
        return tracer.trace


@begin.start(auto_convert=True)
@begin.logging
@begin.convert(max_block_size=int, lower_bound=int, step_size=int, c=float)
def call(
    max_block_size: "compute up to this block size",
    strategies: "BKZ strategies",
    algorithm: "one of SVP or oSVP" = "SVP",
    lower_bound: "Start experiment in this dimension" = None,
    step_size: "Increment dimension by this much each iteration" = 2,
    c: "Overshooting parameter (for oSVP)" = 0.25,
):
    """
    Simulate SVP reduction and record statistics.

    """
    if isinstance(strategies, str):
        if strategies.endswith(".json"):
            strategies = load_strategies_json(bytes(strategies, "ascii"))
        elif strategies.endswith(".sobj"):
            strategies = pickle.load(open(strategies, "rb"))

    if algorithm.lower() == "svp":
        target = svp_time
        lower_bound = lower_bound if lower_bound else 20
    elif algorithm.lower() == "osvp":
        target = osvp_time
        lower_bound = lower_bound if lower_bound else 20
    else:
        raise ValueError("Algorithm '%s' not known." % algorithm)

    for block_size in range(lower_bound, max_block_size + 1, step_size):
        param = BKZ.Param(block_size=block_size, strategies=list(strategies), c=c, flags=BKZ.VERBOSE | BKZ.GH_BND)
        trace = target(0, param, None)

        length = trace.data["|A_0|"]
        enum_nodes = float(trace.sum("cost"))

        logger.info(
            "= block size: %3d, log(#enum): %6.1f |A_0| = 2^%.1f", block_size, log(enum_nodes, 2), log(length, 2)
        )



# -*- coding: utf-8 -*-
from fpylll.algorithms.bkz2 import BKZReduction as BKZBase
from fpylll.tools.bkz_stats import dummy_tracer
from fpylll import BKZ, Enumeration, EnumerationError
from math import ceil, log


class BKZReduction(BKZBase):
    def __init__(self, A, c=0.25):
        """Create new BKZ object.

        :param A: an integer matrix, a GSO object or an LLL object
        :param c: overshoot parameter

        """
        BKZBase.__init__(self, A)
        self.c = c

    def svp_preprocessing(
        self, kappa, end, block_size, params, tracer=dummy_tracer
    ):
        clean = True

        lll_start = kappa if params.flags & BKZ.BOUNDED_LLL else 0
        with tracer.context("lll"):
            self.lll_obj(lll_start, lll_start, end)
            if self.lll_obj.nswaps > 0:
                clean = False

        if not params.strategies[block_size].preprocessing_block_sizes:
            return clean

        for preproc in params.strategies[block_size].preprocessing_block_sizes:
            prepar = params.__class__(
                block_size=preproc,
                strategies=params.strategies,
                flags=BKZ.GH_BND,
            )
            clean &= self.tour(prepar, kappa, end, tracer=tracer)
        return clean

    def svp_reduction(self, kappa, block_size, params, tracer=dummy_tracer):
        """

        :param kappa:
        :param block_size:
        :param params:
        :param tracer:

        """

        self.lll_obj.size_reduction(0, kappa + 1)
        old_first, old_first_expo = self.M.get_r_exp(kappa, kappa)

        remaining_probability, rerandomize = 1.0, False

        # NOTE: In the tail we might have less than (1+c)β space
        end = min(ceil(kappa + (1 + self.c) * block_size), self.M.d)

        while remaining_probability > 1.0 - params.min_success_probability:
            with tracer.context("preprocessing"):
                if rerandomize:
                    with tracer.context("randomization"):
                        self.randomize_block(
                            kappa + 1,
                            kappa + block_size,
                            density=params.rerandomization_density,
                            tracer=tracer,
                        )
                with tracer.context("reduction"):
                    self.svp_preprocessing(
                        kappa, end, block_size, params, tracer=tracer
                    )
            with tracer.context("pruner"):
                radius, exp, pruning = self.get_pruning(
                    kappa, block_size, params, tracer
                )

            try:
                enum_obj = Enumeration(self.M)
                with tracer.context(
                    "enumeration",
                    enum_obj=enum_obj,
                    probability=pruning.expectation,
                    full=True,
                ):  # HACK: we wan to record all enum costs.
                    max_dist, solution = enum_obj.enumerate(
                        kappa,
                        kappa + block_size,
                        radius,
                        exp,
                        pruning=pruning.coefficients,
                    )[0]
                with tracer.context("postprocessing"):
                    self.svp_postprocessing(
                        kappa, block_size, solution, tracer=tracer
                    )
                rerandomize = False

            except EnumerationError:
                rerandomize = True

            remaining_probability *= 1 - pruning.expectation

        self.lll_obj.size_reduction(0, kappa + 1)
        new_first, new_first_expo = self.M.get_r_exp(kappa, kappa)

        clean = old_first <= new_first * 2 ** (new_first_expo - old_first_expo)
        return clean

    def tour(self, params, min_row=0, max_row=-1, tracer=dummy_tracer):
        if max_row == -1:
            max_row = self.A.nrows

        clean = True

        limit = int(ceil((1 + self.c) * params.block_size))

        for kappa in range(min_row, max_row - limit):
            # We run SVP reductions with cost β^{β/8 + o(β)}
            assert max_row - kappa >= params.block_size
            clean &= self.svp_reduction(
                kappa, params.block_size, params, tracer=tracer
            )

        cost_ceil = log(params.block_size) * params.block_size / 8.0

        for i, kappa in enumerate(range(max_row - limit, max_row - 1)):
            # we reduce the block size roughly by one every second index to maintain the average case complexity
            block_size = params.block_size - int(ceil((i + 1) / 2))
            # if worst case at the local block size < average case at global block size, then might as well use that.
            while cost_ceil > 0.184 * log(block_size + 1) * (block_size + 1):
                block_size += 1
            block_size = min(max_row - kappa, block_size)
            clean &= self.svp_reduction(
                kappa, block_size, params, tracer=tracer
            )
        return clean



0.000000000000000 0.183634000000000 0.183634000000000
0.0100000000000000 0.171131000000000 0.171091000000000
0.0200000000000000 0.162927000000000 0.162793000000000
0.0300000000000000 0.156312000000000 0.156039000000000
0.0400000000000000 0.150706000000000 0.150260000000000
0.0500000000000000 0.145837000000000 0.145186000000000
0.0600000000000000 0.141542000000000 0.140658000000000
0.0700000000000000 0.137716000000000 0.136573000000000
0.0800000000000000 0.134283000000000 0.132859000000000
0.0900000000000000 0.131189000000000 0.129462000000000
0.100000000000000 0.128392000000000 0.126343000000000
0.110000000000000 0.125857000000000 0.123467000000000
0.120000000000000 0.123559000000000 0.120812000000000
0.130000000000000 0.121475000000000 0.118353000000000
0.140000000000000 0.119586000000000 0.116075000000000
0.150000000000000 0.117881000000000 0.113967000000000
0.160000000000000 0.116338000000000 0.112004000000000
0.170000000000000 0.114953000000000 0.110187000000000
0.180000000000000 0.113715000000000 0.108505000000000
0.190000000000000 0.112615000000000 0.106947000000000
0.200000000000000 0.111646000000000 0.105508000000000
0.210000000000000 0.110802000000000 0.104181000000000
0.220000000000000 0.110078000000000 0.102962000000000
0.230000000000000 0.109468000000000 0.101846000000000
0.240000000000000 0.108968000000000 0.100827000000000
0.250000000000000 0.108575000000000 0.0999040000000000
0.260000000000000 0.108286000000000 0.0990720000000000
0.270000000000000 0.108097000000000 0.0983290000000000
0.280000000000000 0.108008000000000 0.0976720000000000
0.290000000000000 0.108015000000000 0.0971000000000000
0.300000000000000 0.108117000000000 0.0966100000000000
0.310000000000000 0.108312000000000 0.0962010000000000
0.320000000000000 0.108600000000000 0.0958720000000000
0.330000000000000 0.108980000000000 0.0956200000000000
0.340000000000000 0.109451000000000 0.0954460000000000
0.350000000000000 0.110015000000000 0.0953500000000000
0.360000000000000 0.110665000000000 0.0953280000000000
0.370000000000000 0.111408000000000 0.0953820000000000
0.380000000000000 0.112242000000000 0.0955120000000000
0.390000000000000 0.113166000000000 0.0957170000000000
0.400000000000000 0.114183000000000 0.0959980000000000
0.410000000000000 0.115292000000000 0.0963540000000000
0.420000000000000 0.116494000000000 0.0967860000000000
0.430000000000000 0.117745000000000 0.0972940000000000
0.440000000000000 0.118733000000000 0.0978800000000000
0.450000000000000 0.119688000000000 0.0985430000000000
0.460000000000000 0.120596000000000 0.0992450000000000
0.470000000000000 0.121459000000000 0.0999310000000000
0.480000000000000 0.122278000000000 0.100622000000000
0.490000000000000 0.123055000000000 0.101316000000000
0.500000000000000 0.123790000000000 0.102013000000000
0.510000000000000 0.124485000000000 0.102711000000000
0.520000000000000 0.125141000000000 0.103411000000000
0.530000000000000 0.125759000000000 0.104110000000000
0.540000000000000 0.126340000000000 0.104809000000000
0.550000000000000 0.126885000000000 0.105506000000000
0.560000000000000 0.127394000000000 0.106200000000000
0.570000000000000 0.127869000000000 0.106892000000000
0.580000000000000 0.128310000000000 0.107579000000000
0.590000000000000 0.128718000000000 0.108262000000000
0.600000000000000 0.129093000000000 0.108938000000000
0.610000000000000 0.129437000000000 0.109609000000000
0.620000000000000 0.129749000000000 0.110273000000000
0.630000000000000 0.130030000000000 0.110929000000000
0.640000000000000 0.130282000000000 0.111577000000000
0.650000000000000 0.130504000000000 0.112216000000000
0.660000000000000 0.130698000000000 0.112846000000000
0.670000000000000 0.130863000000000 0.113465000000000
0.680000000000000 0.131001000000000 0.114074000000000
0.690000000000000 0.131111000000000 0.114672000000000
0.700000000000000 0.131195000000000 0.115257000000000
0.710000000000000 0.131252000000000 0.115830000000000
0.720000000000000 0.131284000000000 0.116390000000000
0.730000000000000 0.131291000000000 0.116936000000000
0.740000000000000 0.131274000000000 0.117468000000000
0.750000000000000 0.131232000000000 0.117985000000000
0.760000000000000 0.131166000000000 0.118487000000000
0.770000000000000 0.131078000000000 0.118973000000000
0.780000000000000 0.130966000000000 0.119443000000000
0.790000000000000 0.130833000000000 0.119896000000000
0.800000000000000 0.130678000000000 0.120332000000000
0.810000000000000 0.130501000000000 0.120750000000000
0.820000000000000 0.130304000000000 0.121150000000000
0.830000000000000 0.130086000000000 0.121531000000000
0.840000000000000 0.129848000000000 0.121893000000000
0.850000000000000 0.129592000000000 0.122236000000000
0.860000000000000 0.129316000000000 0.122558000000000
0.870000000000000 0.129021000000000 0.122861000000000
0.880000000000000 0.128708000000000 0.123143000000000
0.890000000000000 0.128378000000000 0.123403000000000
0.900000000000000 0.128031000000000 0.123642000000000
0.910000000000000 0.127667000000000 0.123859000000000
0.920000000000000 0.127286000000000 0.124055000000000
0.930000000000000 0.126890000000000 0.124227000000000
0.940000000000000 0.126477000000000 0.124377000000000
0.950000000000000 0.126050000000000 0.124504000000000
0.960000000000000 0.125609000000000 0.124607000000000
0.970000000000000 0.125153000000000 0.124686000000000
0.980000000000000 0.124683000000000 0.124742000000000
0.990000000000000 0.124200000000000 0.124773000000000
1.00000000000000 0.123704000000000 0.124779000000000



# -*- coding: utf-8 -*-

from math import ceil, exp, lgamma, log, pi, sqrt, e
from simulator_util import *
from simulator import Simulator as Base_Simulator
from simulator_get_GSO import *
from fpylll import BKZ, GSO, IntegerMatrix, LLL, Pruning
from fpylll.tools.quality import get_current_slope
from mpmath import *


class SDB_Simulator_Simple(Base_Simulator):
    """
    An implementation of the Chen-Nguyen simulator
    """

    # init
    def __init__(self, gso_bi, oracle_rhf, oracle_gso, oracle_cost, l_format=2, verbose=0):
        Base_Simulator.__init__(self, gso_bi, l_format)
        self.not_changed = True
        self.l_old = [gso_bi[i] / l_format for i in range(self.n)]
        self.verbose = verbose
        self.oracle_rhf = oracle_rhf
        self.oracle_gso = oracle_gso
        self.oracle_cost = oracle_cost
        # cost
        mp.dps = 20
        mp.pretty = True
        self.all_cost = mpf(0.0)
        self.n = len(self.l)

    # run with params
    def __call__(self, params, min_row=0, max_row=-1):

        # determinant of the input. should be a constant
        self.det = sum(self.l)

        # start tours
        i = 0
        while True:

            hf = return_Hermite_factor(self.l, 0, self.n)
            if hf <= self.oracle_rhf:
                print("# Abort happends since achieved target rhf ", hf)
                break

            if self.verbose:
                print("# SD-BKZ tour ", i, ", hermite = ", hf, ", det = ", sum(self.l))

            self.tour(params, min_row, max_row)
            i += 1
            if not self.changed_in_this_tour and self.verbose:
                print("# Abort happends since no change at all! Tours = ", i)
                break

            if self.verbose:
                pretty_print_l(self.l, 1)
            if params.block_size >= len(self.l):
                break
            if (params.flags & BKZ.MAX_LOOPS) and i >= params.max_loops:
                break
        return

    # each tour

    def tour(self, params, min_row=0, max_row=-1):
        if max_row == -1:
            max_row = self.n

        self.changed_in_this_tour = False
        self.l = [-l_ for l_ in reversed(self.l)]
        for start in range(min_row, max_row - params.block_size):
            self.svp_reduction(start, params.block_size)
        self.svp_reduction_last(min_row, max_row, params.block_size)
        self.l = [-l_ for l_ in reversed(self.l)]
        for start in range(min_row, max_row - params.block_size):
            self.svp_reduction(start, params.block_size)
        self.svp_reduction_last(min_row, max_row, params.block_size)
        if self.l_old[0] < self.l[0]:
            self.l = deepcopy(self.l_old)
            self.changed_in_this_tour = 0
        else:
            self.l_old = deepcopy(self.l)

        return

    def svp_reduction(self, start, bs):

        end = start + bs
        self.all_cost = self.all_cost + self.oracle_cost
        if 0:
            GH = return_log_GH(self.l_old, self.l, start, end, self.c)
        else:
            GH = return_log_b1_approx(self.l_old, self.l, start, end, self.oracle_rhf)
        old = self.l_old[start]
        if self.not_changed:
            if GH < self.l_old[start]:
                self.l[start] = GH
                self.not_changed = False
        else:
            self.l[start] = GH

        if abs(self.l[start] - old) > 1e-6:
            self.changed_in_this_tour = True

        return

    def svp_reduction_last(self, min_row, max_row, block_size):

        self.all_cost = self.all_cost + self.oracle_cost
        logdet = sum(self.l_old[:max_row]) - sum(self.l[: max_row - block_size])
        tailblock_unit = self.oracle_gso
        K = list(range(max_row - block_size, max_row))
        for k, r in zip(K, tailblock_unit):
            self.l[k] = logdet / block_size + r

        return



# python3 -B simu_asym.py -l 100 -u 101
import pyximport

pyximport.install()
from fpylll.util import gaussian_heuristic
from fpylll.fplll.pruner import Pruning
from fpylll.tools.bkz_stats import BKZTreeTracer, dummy_tracer
from fpylll.algorithms.bkz2 import BKZReduction as BKZ2
from fpylll.algorithms.bkz import BKZReduction as BKZ1
from fpylll import BKZ, LLL, GSO, IntegerMatrix, Enumeration, EnumerationError
from time import time
from math import ceil, exp, lgamma, log, pi, sqrt, e, floor
from random import randint
from time import sleep, clock, time
from multiprocessing import Process
from copy import copy
import math
import argparse
import platform
import numpy
import pickle
import sys
import os
from mpmath import *
from simulator_data import *
from simulator_util_cost import *
from simulator_get_GSO import *
from sdb_simulator_Simple import *
from simulator_util import *
import numpy as np
from matplotlib import pyplot as plt
import matplotlib

np.set_printoptions(precision=2)
mp.dps = 20
mp.pretty = True


def main_simulator_return_params(beta):
    """
    return the parameters

    beta is target blocksize
    k is sdbkz oracle dimension
    enum is enumeration length
    """

    x = float((2 * e) / 8)
    k = round(beta * x)

    # this should be 0 to be consistent with the simulation
    option_approx = 0
    if option_approx:
        gamma = sqrt(k / 2 / pi / e)
    else:
        log_spherevol = SPHERE_LOGVOL[k]
        c = -log_spherevol / k
        c = e ** (c)
        gamma = c

    list_N = []
    list_bs = []
    list_rhf = []
    list_gsa = []

    levels = round(log(beta))
    levels = 20
    # one more to achieve levels
    for trials in range(1, levels + 1):

        rhf = float(gamma ** (1 / k))
        gsa_ratio = float(gamma ** (2 / (k - 1)))
        enum_length = round(sqrt(x / trials) * beta)

        print(
            "# [theory] num = %d, bs = %d, rhf = %.5f, gsa_ratio = %.5f, enum = %d, Oracle_leng = %d"
            % (trials, k, rhf, gsa_ratio, enum_length, k + enum_length)
        )

        print("# Theory slope = %s" % -log(rhf ** 2))

        # record information
        list_N.append(k + enum_length)
        list_bs.append(k)
        list_rhf.append(rhf)
        list_gsa.append(gsa_ratio)

        # update gamma -- approx or using gamma function
        if option_approx:
            gamma = sqrt(enum_length / 2 / pi / e) * gamma ** (k / (k - 1))
        else:
            log_spherevol = SPHERE_LOGVOL[enum_length]
            c = -log_spherevol / enum_length
            c = e ** (c)
            gamma = c * gamma ** (k / (k - 1))

        # update x
        x = x + sqrt(x / trials)

        # update k
        k = round(x * beta)

    return list_N, list_bs, list_rhf, list_gsa


def main_simulator_one_level(n, bs, oracle_rhf, level, oracle_cost, oracle_gso):
    # use LLL shape as input
    input_logl2 = get_LLL_GSA(n)
    enum_length = n - bs
    simuObj = SDB_Simulator_Simple(input_logl2, oracle_rhf, oracle_gso, oracle_cost, l_format=2, verbose=0)
    bkz_param = BKZ.Param(block_size=bs, max_loops=100)
    simuObj(bkz_param)
    bkz_cost = simuObj.all_cost
    slope = get_current_slope(simuObj.l, 0, enum_length)
    logb1 = return_log_GH_simple(simuObj.l[0:enum_length])

    # compute enum cost
    enum_cost = 0
    log_enum_cost = enum_cost_GH(simuObj.l[0:enum_length], logb1)
    log2_enum_cost = log_enum_cost * log(e, 2.0)

    # update rhf and GSO
    new_rhf = e ** (logb1 / n)
    carry_det = simuObj.l[0] - logb1
    for i in range(1, simuObj.n):
        simuObj.l[i] = simuObj.l[i] + carry_det / (simuObj.n - 1)
    simuObj.l[0] = logb1
    oracle_gso = normalize_GSO_unitary(simuObj.l)

    cost = bkz_cost + 2 ** log2_enum_cost
    return new_rhf, oracle_gso, cost, slope


def main_simulator_call(k):

    N, bs, rhf, gsa = main_simulator_return_params(k)
    oracle_cost = mpf(bs[0] * log(bs[0], 2.0) / 2 / e)
    oracle_cost = 2 ** oracle_cost
    oracle_gso = get_BKZ_GH_2(bs[0], bs[0], 1)
    oracle_rhf = return_Hermite_factor(oracle_gso, 0, len(oracle_gso))
    last_oracle_cost = 0
    last_rhf = 0
    list_slope = []

    # start iteration
    for i in range(len(N)):
        level = i + 1

        log_cost = log(oracle_cost, 2.0)
        print(
            "# [   exp] num = %d, bkz_bs = %d, bkz_rhf = %.5f, oracle_cost = %.2f, enum = %d, N = %d"
            % (level, bs[i], oracle_rhf, log_cost, N[i] - bs[i], N[i])
        )

        last_oracle_cost = log_cost
        last_rhf = oracle_rhf
        oracle_rhf, oracle_gso, oracle_cost, slope = main_simulator_one_level(
            N[i], bs[i], oracle_rhf, level, oracle_cost, oracle_gso
        )

        list_slope.append(slope)
        enumlength = N[i] - bs[i]
    print("# Done k = %d, theory_rhf = %.5f, exp_rhf = %.5f, cost = %.2f" % (k, rhf[-1], last_rhf, last_oracle_cost))
    print(list_slope)
    return


def main_simulator(l, u):

    for k in range(l, u):
        main_simulator_call(k)
    return


def parse_options():
    parser = argparse.ArgumentParser()
    parser.add_argument("-l")
    parser.add_argument("-u")
    args = None
    args = parser.parse_args()
    if args is None:
        exit(0)
    return args


def main():

    # parse argument
    args = parse_options()
    print("######################################")
    print(("# [Args] l: %s" % args.l))
    print(("# [Args] u: %s" % args.u))
    print("######################################")

    # start process
    l = int(args.l)
    u = int(args.u)
    main_simulator(l, u)
    return


if __name__ == "__main__":
    main()



import pyximport

pyximport.install()

from mpmath import mp
from simulator_get_GSO import get_SDBKZ_GSA, normalize_GSO_unitary
from simulator_data_logvol import SPHERE_LOGVOL
from simulator_util_cost import enum_cost_GH
from simulator_get_GSO import get_BKZ_GH_2
import argparse
import numpy as np
from scipy import optimize

np.set_printoptions(precision=2)
mp.dps = 20
mp.pretty = True


def main_cost_beta(c, beta, alg):

    n = round((1 + c) * beta)

    if alg == 0:
        log_L = get_BKZ_GH_2(n, beta, tailmode=1)
    else:
        log_L = get_SDBKZ_GSA(n, beta, verbose=0)

    part_log_L = normalize_GSO_unitary(log_L[0:beta])
    logb1 = part_log_L[0]
    if 1:
        logvol = SPHERE_LOGVOL[n]
        exponent = -1.0 / n
        logb1 = exponent * logvol

    log_enum_cost = enum_cost_GH(part_log_L, logb1)

    return log_enum_cost


def main_cost(c, alg):

    start = 100
    end = 50000
    betalist = []
    costlist = []
    for beta in range(start, end, 10):
        betalist.append(beta)
        cost = main_cost_beta(c, beta, alg)
        cost = cost * 1.44269504088896
        costlist.append(cost)
    xdata = np.array(betalist)
    ydata = np.array(costlist)

    def func_cost(x, a, b, d):
        return a * x * np.log2(x) + b * x + d

    popt, pcov = optimize.curve_fit(func_cost, xdata, ydata)
    print("# c = %f, a = %f" % (c, popt[0]))

    return


def parse_options():
    parser = argparse.ArgumentParser()
    parser.add_argument("-c")
    parser.add_argument("-alg")
    args = None
    args = parser.parse_args()
    if args is None:
        exit(0)
    return args


# python3 -B simu_c_cost.py -c 0.2 -alg 0
# Option -alg: 0 denote BKZ and 1 denote SDBKZ
def main():
    args = parse_options()
    print("######################################")
    print(("# [Args] c: %s" % args.c))
    print(("# [Args] alg: %s" % args.alg))
    print("######################################")
    c = float(args.c)
    alg = int(args.alg)
    main_cost(c, alg)
    return


if __name__ == "__main__":
    main()



# -*- coding: utf-8 -*-

from simulator_util import *


class Simulator(object):
    """
    An implementation of the simulator
    """

    def __init__(self, gso_bi, l_format=2):
        if gso_bi is None:
            raise TypeError("L must be a list of initial GSO's")
        self.n = len(gso_bi)
        self.l_format = l_format
        self.l = [gso_bi[i] / l_format for i in range(self.n)]
        self.touched = [True] * self.n
        self.new_touched = [False] * self.n
        self.changed_in_this_tour = False
        self.rk = HKZ45_LN
        self.verbose = False

    def __call__(self, params, min_row=0, max_row=-1):
        return

    def tour(self, params, min_row=0, max_row=-1):
        return

    def svp_reduction(self, start, bs):
        return

    def svp_reduction_last45(self, min_row, max_row):
        return



from simulator_data_logvol import *

# log(HKZ45)
HKZ45_LN = (
    0.547259105204595,
    0.540657007681950,
    0.520464961279540,
    0.489722661108787,
    0.482669740508587,
    0.457847170113922,
    0.434100555585611,
    0.403051719769461,
    0.383429240245152,
    0.360998736849332,
    0.338251899884233,
    0.318529874678345,
    0.287405382133861,
    0.272276343099372,
    0.235039538262977,
    0.212492233803718,
    0.191337170979269,
    0.164067149717650,
    0.135986009595065,
    0.111745176577936,
    0.0768666500439220,
    0.0470135132302541,
    0.0189095515409488,
    -0.0162619245891062,
    -0.0222172542126025,
    -0.0651787804167555,
    -0.0894916002054040,
    -0.122663057177440,
    -0.145149008613024,
    -0.184285649940731,
    -0.207272719472678,
    -0.242143063604887,
    -0.263692706719984,
    -0.296250692877672,
    -0.329206564266224,
    -0.367465512664053,
    -0.389288938563704,
    -0.424212169950291,
    -0.463723098558426,
    -0.494745397565877,
    -0.522661938691620,
    -0.560485531088975,
    -0.596060307036430,
    -0.613074793032250,
    -0.614590682646335,
)

# same as log(HKZ45) but log_2(HKZ45)
HKZ45_LOG2 = (
    0.789527997160000,
    0.780003183804613,
    0.750872218594458,
    0.706520454592593,
    0.696345241018901,
    0.660533841808400,
    0.626274718790505,
    0.581480717333169,
    0.553171463433503,
    0.520811087419712,
    0.487994338534253,
    0.459541470573431,
    0.414638319529319,
    0.392811729940846,
    0.339090376264829,
    0.306561491936042,
    0.276041187709516,
    0.236698863270441,
    0.196186341673080,
    0.161214212092249,
    0.110895134828114,
    0.0678261623920553,
    0.0272807162335610,
    -0.0234609979600137,
    -0.0320527224746912,
    -0.0940331032784437,
    -0.129109087817554,
    -0.176965384290173,
    -0.209405754915959,
    -0.265867993276493,
    -0.299031324494802,
    -0.349338597048432,
    -0.380428160303508,
    -0.427399405474537,
    -0.474944677694975,
    -0.530140672818150,
    -0.561625221138784,
    -0.612008793872032,
    -0.669011014635905,
    -0.713766731570930,
    -0.754041787011810,
    -0.808609696192079,
    -0.859933249032210,
    -0.884479963601658,
    -0.886666930030433,
)

# same thing but log_e
rk_sqr_ln = [
    1.09451821040919,
    1.08131401536390,
    1.04092992255908,
    0.979445322217574,
    0.965339481017174,
    0.915694340227843,
    0.868201111171222,
    0.806103439538921,
    0.766858480490303,
    0.721997473698665,
    0.676503799768466,
    0.637059749356690,
    0.574810764267722,
    0.544552686198744,
    0.470079076525955,
    0.424984467607436,
    0.382674341958539,
    0.328134299435300,
    0.271972019190131,
    0.223490353155871,
    0.153733300087844,
    0.0940270264605081,
    0.0378191030818976,
    -0.0325238491782124,
    -0.0444345084252051,
    -0.130357560833511,
    -0.178983200410808,
    -0.245326114354881,
    -0.290298017226048,
    -0.368571299881463,
    -0.414545438945356,
    -0.484286127209775,
    -0.527385413439967,
    -0.592501385755344,
    -0.658413128532448,
    -0.734931025328106,
    -0.778577877127408,
    -0.848424339900583,
    -0.927446197116852,
    -0.989490795131755,
    -1.04532387738324,
    -1.12097106217795,
    -1.19212061407286,
    -1.22614958606450,
    -1.22918136529267,
]



##########################
# some auxiliary functions
##########################

import sys
from copy import deepcopy
from random import expovariate
from math import e
from math import pi
from math import log
from math import sqrt
from math import lgamma
from scipy.special import zeta
from scipy.special import gamma
import numpy as np
import matplotlib.pyplot as plt
from fpylll import BKZ
import random
from simulator_data import *


def sphere_vol_exact(n, R):
    return pi ** (n / 2.0) * R ** n / gamma(n / 2.0 + 1.0)


def log_sphere_vol_exact(n, R):
    return (n / 2.0) * log(pi) + n * log(R) - lgamma(n / 2.0 + 1.0)


# sphere_vol_exact_test (30)
def sphere_vol_exact_test(n):
    for i in range(2, n):
        voln = sphere_vol_exact(i, 1)
        print("# n: ", i, ", vol: ", voln, ", 1/vol^(1/n): ", 1 / voln ** (1 / float(i)))


# (log of) multiplier in front of det^(1/n)
def return_log_GH_multiplier(bs):
    c = []
    for d in range(1, bs + 1):
        vol = sphere_vol_exact(d, 1)
        extra_common = 0
        common = -log(vol) / d + extra_common
        c.append(common)
    return c


# return GH plus stochastic
def return_log_GH_stochastic(l, start, end, c, dual=False):
    bs = end - start
    logdet = sum(l[:end]) - sum(l[:start])
    eps = log(expovariate(0.5)) / bs
    if dual:
        GH_0 = logdet / bs - c[bs - 1]
        GH = GH_0 - eps
    else:
        GH_0 = logdet / bs + c[bs - 1]
        GH = GH_0 + eps
    return GH


# return GH (deterministic). l1 is the old; l2 is the new
def return_log_GH(l1, l2, start, end, c, dual=False):
    bs = end - start
    logdet = sum(l1[:end]) - sum(l2[:start])
    if dual:
        GH_0 = logdet / bs - c[bs - 1]
    else:
        GH_0 = logdet / bs + c[bs - 1]
    return GH_0


# return b1 given rhf. l1b is the old; l2 is the new
def return_log_b1_approx(l1, l2, start, end, rhf):
    bs = end - start
    logdet = sum(l1[:end]) - sum(l2[:start])
    GH_0 = logdet / bs + log(rhf) * bs
    return GH_0


# return GH (deterministic)
def return_log_GH_simple(l):
    logdet = sum(l)
    n = len(l)
    log_spherevol = SPHERE_LOGVOL[n]
    c = -log_spherevol / n
    b1 = logdet / n + c
    return b1


def return_random_sphere(dim):
    vec = [random.gauss(0, 1) for i in range(dim)]
    mag = sum(x ** 2 for x in vec) ** 0.5
    return [x / mag for x in vec]


def return_random_ball(dim):
    u = random.uniform(0, 1)
    uu = u ** (1 / float(dim))
    return uu


# return sphere point length on unit ball
def return_log_random_point(radius, dim):
    ratio = return_random_ball(dim)
    return ratio * radius


def return_Hermite_factor(l, start, end):
    bs = end - start
    logdet = sum(l[:end]) - sum(l[:start])
    hf = (l[start] - logdet / bs) / bs
    return (e) ** hf


def need_renew_this_block(old_touched, start, endp1):
    to_be_changed = False
    for k in range(start, endp1):
        to_be_changed = to_be_changed or old_touched[k]
    return to_be_changed


def pretty_print_l(l, l_format):
    print(str(["{0:0.3f}".format(x * l_format) for x in l]).replace("'", ""))


def print_after_tour(l, start, end, str_method, i):
    hf = return_Hermite_factor(l, start, end)
    print(str_method, i, ", hf = ", hf, ", det = ", sum(l))


def get_current_slope(l, start, end):
    n = end - start
    i_mean = (n - 1) * 0.5 + start
    x_mean = 0
    for i in range(start, end):
        x_mean += l[i]
    x_mean /= n
    v1 = 0
    v2 = 0
    for i in range(start, end):
        v1 += (i - i_mean) * (l[i] - x_mean)
        v2 += (i - i_mean) * (i - i_mean)
    return v1 / v2


# same as above
def return_polyfit(xs, L):
    m, b = np.polyfit(xs, L, 1)
    # print "# slope = ", m
    # if (m >= -0.021141942473 and (l2[0]*l_format < 16.20723830516231)):
    #    break
    return m


def return_postprocessing_method_sim(l, start, end):
    # start the simulation from [start+1 to end-1] inclusive.
    postpre = BKZ_Simulator_CN(l[start + 1 : end], l_format=1, verbose=0)
    bkz_param = BKZ.Param(block_size=40, max_loops=2)
    postpre(bkz_param)
    l[start + 1 : end] = postpre.l
    return l[start:end]


def return_postprocessing_method_sim_dual(l, start, end):
    # start the simulation from [start+1 to end-1] inclusive.
    kappa = end - 1  # 'the' index (exclusive)
    temp = [0 - x for x in l[start:kappa]]
    temp.reverse()
    postpre = BKZ_Simulator_CN(temp, l_format=1, verbose=0)
    bkz_param = BKZ.Param(block_size=40, max_loops=2)
    postpre(bkz_param)
    temp = [0 - x for x in postpre.l]
    temp.reverse()
    return temp  # l[start:kappa]


def return_postprocessing_method_LLL(l, start, end):
    bs = end - start
    logdet = sum(l[start + 1 : end])
    tmp = logdet / (bs - 1)
    logb1 = tmp + (bs - 1) * log(1.02)
    log_q = 2 * (logb1 - tmp) / (bs - 2)
    tL = []
    tL.append(logb1)
    for i in range(bs - 2):
        logb1 = logb1 - log_q
        tL.append(logb1)
    old_block = deepcopy(l[start + 1 : end])
    l[start + 1 : end] = tL
    return l[start:end]


def return_postprocessing_method3(l, start, end):
    bs = end - start
    slope = get_current_slope(l, start + 1, end)
    shift = (l[start + 1] - l[start + 2] + slope) / (bs - 1)

    newL = []
    newL.append(l[start])  # not changed
    newL.append(l[start + 1] - (bs - 1) * shift)  # not changed
    for i in range(2, bs):
        newl = l[start + i] + shift
        newL.append(newl)

    return newL


def return_postprocessing_method3_dual(l, start, end):
    kappa = end - 1  # 'the' index (exclusive)
    temp = [0 - x for x in l[start:kappa]]
    temp.reverse()
    slope = get_current_slope(temp, 0, len(temp))
    shift = (temp[0] - temp[1] + slope) / len(temp)

    newL = []
    newL.append(temp[0] - (len(temp) - 1) * shift)  # not changed
    for i in range(1, len(temp)):
        newl = temp[i] + shift
        newL.append(newl)

    temp = [0 - x for x in newL]
    temp.reverse()
    return temp


def lll_cost(d):
    return 3 * log(d, 2.0)



from simulator_data import *
from simulator_util import *
from mpmath import *
mp.dps = 20


def enum_cost_GH(log_bi, log_R):
    n = len(log_bi)
    H = -1e100
    log_prod = 0
    for k in range(0, n):
        log_prod = log_prod + log_bi[n-k-1]
        log_numerator = (k+1) * log_R + SPHERE_LOGVOL[k+1]
        log_cost = max(log_numerator - log_prod - 0.693147180559945, 0)
        if (log_cost > H):
            H = log_cost
    return H


def enum_cost_GH_all(log_bi, log_R):
    n = len(log_bi)
    H = mpf(0.0)
    log_prod = 0
    for k in range(0, n):
        log_prod = log_prod + log_bi[n-k-1]
        log_numerator = (k+1) * log_R + SPHERE_LOGVOL[k+1]
        log_cost = max(log_numerator - log_prod - 0.693147180559945, 0)
        H = H + e**log_cost
    return log(H)



SPHERE_LOGVOL = ( 0.0,
0.693147180559946 , 
1.14472988584940 , 
1.43241195830118 , 
1.59631259113886 , 
1.66085111227643 , 
1.64243018832015 , 
1.55281802963046 , 
1.40086571304966 , 
1.19347051870358 , 
0.936157686464954 , 
0.633452312314562 , 
0.289128103086299 , 
-0.0936199787376326 , 
-0.512052160119614 , 
-0.963793113430498 , 
-1.44676381595005 , 
-1.95912939107737 , 
-2.49925850743687 , 
-3.06569130383446 , 
-3.65711371458151 , 
-4.27233667514854 , 
-4.91027910153048 , 
-5.56995382466835 , 
-6.25045586546908 , 
-6.95095258312720 , 
-7.67067533708122 , 
-8.40891238272219 , 
-9.16500278084708 , 
-9.93833114629931 , 
-10.7283230960999 , 
-11.5344412843751 , 
-12.3561819324903 , 
-13.1930717794322 , 
-14.0446653906971 , 
-14.9105427745123 , 
-15.7903072627438 , 
-16.6835836207472 , 
-17.5900163560609 , 
-18.5092682004675 , 
-19.4410187437655 , 
-20.3849632007625 , 
-21.3408112956395 , 
-22.3082862500467 , 
-23.2871238631484 , 
-24.2770716734076 , 
-25.2778881932282 , 
-26.2893422087084 , 
-27.3112121377267 , 
-28.3432854404096 , 
-29.3853580767455 , 
-30.4372340067246 , 
-31.4987247289176 , 
-32.5696488538674 , 
-33.6498317090725 , 
-34.7391049726905 , 
-35.8373063333983 , 
-36.9442791741157 , 
-38.0598722775354 , 
-39.1839395516121 , 
-40.3163397733482 , 
-41.4569363493761 , 
-42.6055970919839 , 
-43.7621940093583 , 
-44.9266031089342 , 
-46.0987042128445 , 
-47.2783807845513 , 
-48.4655197658262 , 
-49.6600114233181 , 
-50.8617492040141 , 
-52.0706295989581 , 
-53.2865520146460 , 
-54.5094186515648 , 
-55.7391343893851 , 
-56.9756066783596 , 
-58.2187454365121 , 
-59.4684629522366 , 
-60.7246737919564 , 
-61.9872947125169 , 
-63.2562445780141 , 
-64.5314442807814 , 
-65.8128166662772 , 
-67.1002864616363 , 
-68.3937802076644 , 
-69.6932261940703 , 
-70.9985543977454 , 
-72.3096964239144 , 
-73.6265854499906 , 
-74.9491561719833 , 
-76.2773447533134 , 
-77.6110887759042 , 
-78.9503271934209 , 
-80.2950002865439 , 
-81.6450496201649 , 
-83.0004180024045 , 
-84.3610494453561 , 
-85.7268891274630 , 
-87.0978833574501 , 
-88.4739795397243 , 
-89.8551261411753 , 
-91.2412726593030 , 
-92.6323695916073 , 
-94.0283684061779 , 
-95.4292215134276 , 
-96.8348822389100 , 
-98.2453047971757 , 
-99.6604442666127 , 
-101.080256565228 , 
-102.504698427328 , 
-103.933727381048 , 
-105.367301726711 , 
-106.805380515951 , 
-108.247923531596 , 
-109.694891268254 , 
-111.146244913582 , 
-112.601946330208 , 
-114.061958038279 , 
-115.526243198596 , 
-116.994765596335 , 
-118.467489625299 , 
-119.944380272708 , 
-121.425403104486 , 
-122.910524251031 , 
-124.399710393449 , 
-125.892928750227 , 
-127.390147064342 , 
-128.891333590769 , 
-130.396457084391 , 
-131.905486788280 , 
-133.418392422344 , 
-134.935144172326 , 
-136.455712679135 , 
-137.980069028503 , 
-139.508184740948 , 
-141.040031762044 , 
-142.575582452977 , 
-144.114809581371 , 
-145.657686312396 , 
-147.204186200119 , 
-148.754283179117 , 
-150.307951556319 , 
-151.865166003086 , 
-153.425901547511 , 
-154.990133566936 , 
-156.557837780678 , 
-158.128990242948 , 
-159.703567335977 , 
-161.281545763317 , 
-162.862902543331 , 
-164.447615002853 , 
-166.035660771018 , 
-167.627017773259 , 
-169.221664225455 , 
-170.819578628242 , 
-172.420739761459 , 
-174.025126678752 , 
-175.632718702300 , 
-177.243495417691 , 
-178.857436668917 , 
-180.474522553502 , 
-182.094733417742 , 
-183.718049852077 , 
-185.344452686565 , 
-186.973922986474 , 
-188.606442047980 , 
-190.241991393965 , 
-191.880552769927 , 
-193.522108139973 , 
-195.166639682921 , 
-196.814129788486 , 
-198.464561053562 , 
-200.117916278580 , 
-201.774178463966 , 
-203.433330806668 , 
-205.095356696771 , 
-206.760239714182 , 
-208.427963625400 , 
-210.098512380347 , 
-211.771870109282 , 
-213.448021119778 , 
-215.126949893763 , 
-216.808641084635 , 
-218.493079514431 , 
-220.180250171067 , 
-221.870138205630 , 
-223.562728929736 , 
-225.258007812934 , 
-226.955960480181 , 
-228.656572709355 , 
-230.359830428831 , 
-232.065719715106 , 
-233.774226790469 , 
-235.485338020724 , 
-237.199039912964 , 
-238.915319113378 , 
-240.634162405118 , 
-242.355556706200 , 
-244.079489067447 , 
-245.805946670485 , 
-247.534916825762 , 
-249.266386970623 , 
-251.000344667412 , 
-252.736777601615 , 
-254.475673580045 , 
-256.217020529050 , 
-257.960806492774 , 
-259.707019631430 , 
-261.455648219630 , 
-263.206680644722 , 
-264.960105405185 , 
-266.715911109031 , 
-268.474086472252 , 
-270.234620317293 , 
-271.997501571552 , 
-273.762719265906 , 
-275.530262533270 , 
-277.300120607181 , 
-279.072282820401 , 
-280.846738603560 , 
-282.623477483808 , 
-284.402489083503 , 
-286.183763118917 , 
-287.967289398966 , 
-289.753057823968 , 
-291.541058384412 , 
-293.331281159763 , 
-295.123716317275 , 
-296.918354110835 , 
-298.715184879820 , 
-300.514199047980 , 
-302.315387122334 , 
-304.118739692092 , 
-305.924247427591 , 
-307.731901079248 , 
-309.541691476539 , 
-311.353609526983 , 
-313.167646215155 , 
-314.983792601709 , 
-316.802039822418 , 
-318.622379087231 , 
-320.444801679350 , 
-322.269298954312 , 
-324.095862339097 , 
-325.924483331244 , 
-327.755153497981 , 
-329.587864475379 , 
-331.422607967504 , 
-333.259375745598 , 
-335.098159647260 , 
-336.938951575653 , 
-338.781743498713 , 
-340.626527448376 , 
-342.473295519815 , 
-344.322039870694 , 
-346.172752720424 , 
-348.025426349443 , 
-349.880053098494 , 
-351.736625367929 , 
-353.595135617007 , 
-355.455576363219 , 
-357.317940181613 , 
-359.182219704132 , 
-361.048407618965 , 
-362.916496669901 , 
-364.786479655702 , 
-366.658349429477 , 
-368.532098898074 , 
-370.407721021468 , 
-372.285208812175 , 
-374.164555334661 , 
-376.045753704764 , 
-377.928797089131 , 
-379.813678704651 , 
-381.700391817907 , 
-383.588929744630 , 
-385.479285849164 , 
-387.371453543938 , 
-389.265426288942 , 
-391.161197591219 , 
-393.058761004354 , 
-394.958110127979 , 
-396.859238607278 , 
-398.762140132508 , 
-400.666808438512 , 
-402.573237304260 , 
-404.481420552372 , 
-406.391352048670 , 
-408.303025701722 , 
-410.216435462397 , 
-412.131575323425 , 
-414.048439318968 , 
-415.967021524187 , 
-417.887316054827 , 
-419.809317066795 , 
-421.733018755756 , 
-423.658415356725 , 
-425.585501143671 , 
-427.514270429119 , 
-429.444717563767 , 
-431.376836936100 , 
-433.310622972014 , 
-435.246070134439 , 
-437.183172922979 , 
-439.121925873540 , 
-441.062323557976 , 
-443.004360583738 , 
-444.948031593519 , 
-446.893331264916 , 
-448.840254310083 , 
-450.788795475404 , 
-452.738949541153 , 
-454.690711321174 , 
-456.644075662553 , 
-458.599037445305 , 
-460.555591582052 , 
-462.513733017721 , 
-464.473456729230 , 
-466.434757725189 , 
-468.397631045601 , 
-470.362071761564 , 
-472.328074974985 , 
-474.295635818285 , 
-476.264749454120 , 
-478.235411075098 , 
-480.207615903503 , 
-482.181359191019 , 
-484.156636218460 , 
-486.133442295507 , 
-488.111772760435 , 
-490.091622979863 , 
-492.072988348486 , 
-494.055864288830 , 
-496.040246250994 , 
-498.026129712401 , 
-500.013510177561 , 
-502.002383177817 , 
-503.992744271115 , 
-505.984589041760 , 
-507.977913100188 , 
-509.972712082731 , 
-511.968981651389 , 
-513.966717493606 , 
-515.965915322043 , 
-517.966570874362 , 
-519.968679913007 , 
-521.972238224984 , 
-523.977241621655 , 
-525.983685938522 , 
-527.991567035020 , 
-530.000880794315 , 
-532.011623123094 , 
-534.023789951371 , 
-536.037377232283 , 
-538.052380941895 , 
-540.068797079007 , 
-542.086621664961 , 
-544.105850743450 , 
-546.126480380331 , 
-548.148506663442 , 
-550.171925702411 , 
-552.196733628482 , 
-554.222926594334 , 
-556.250500773899 , 
-558.279452362190 , 
-560.309777575126 , 
-562.341472649363 , 
-564.374533842118 , 
-566.408957431008 , 
-568.444739713878 , 
-570.481877008639 , 
-572.520365653107 , 
-574.560202004837 , 
-576.601382440970 , 
-578.643903358072 , 
-580.687761171976 , 
-582.732952317633 , 
-584.779473248956 , 
-586.827320438671 , 
-588.876490378167 , 
-590.926979577344 , 
-592.978784564478 , 
-595.031901886062 , 
-597.086328106675 , 
-599.142059808833 , 
-601.199093592853 , 
-603.257426076712 , 
-605.317053895909 , 
-607.377973703332 , 
-609.440182169122 , 
-611.503675980541 , 
-613.568451841837 , 
-615.634506474117 , 
-617.701836615218 , 
-619.770439019577 , 
-621.840310458107 , 
-623.911447718069 , 
-625.983847602952 , 
-628.057506932347 , 
-630.132422541827 , 
-632.208591282827 , 
-634.286010022525 , 
-636.364675643724 , 
-638.444585044735 , 
-640.525735139262 , 
-642.608122856287 , 
-644.691745139959 , 
-646.776598949479 , 
-648.862681258992 , 
-650.949989057474 , 
-653.038519348626 , 
-655.128269150763 , 
-657.219235496712 , 
-659.311415433703 , 
-661.404806023264 , 
-663.499404341119 , 
-665.595207477085 , 
-667.692212534971 , 
-669.790416632475 , 
-671.889816901087 , 
-673.990410485988 , 
-676.092194545955 , 
-678.195166253261 , 
-680.299322793581 , 
-682.404661365898 , 
-684.511179182404 , 
-686.618873468413 , 
-688.727741462264 , 
-690.837780415232 , 
-692.948987591436 , 
-695.061360267751 , 
-697.174895733715 , 
-699.289591291445 , 
-701.405444255549 , 
-703.522451953039 , 
-705.640611723240 , 
-707.759920917718 , 
-709.880376900180 , 
-712.001977046404 , 
-714.124718744147 , 
-716.248599393070 , 
-718.373616404650 , 
-720.499767202107 , 
-722.627049220319 , 
-724.755459905743 , 
-726.884996716341 , 
-729.015657121500 , 
-731.147438601952 , 
-733.280338649704 , 
-735.414354767958 , 
-737.549484471037 , 
-739.685725284313 , 
-741.823074744131 , 
-743.961530397736 , 
-746.101089803204 , 
-748.241750529368 , 
-750.383510155746 , 
-752.526366272473 , 
-754.670316480231 , 
-756.815358390178 , 
-758.961489623882 , 
-761.108707813251 , 
-763.257010600469 , 
-765.406395637924 , 
-767.556860588146 , 
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-49593.2047882717 , 
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-49604.8394878858 , 
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-251994.424274622 , 
-251999.019061476 , 
-252003.613856454 , 
-252008.208659557 , 
-252012.803470784 , 
-252017.398290135 , 
-252021.993117611 , 
-252026.587953211 , 
-252031.182796934 , 
-252035.777648782 , 
-252040.372508752 , 
-252044.967376847 , 
-252049.562253064 , 
-252054.157137405 , 
-252058.752029869 , 
-252063.346930456 , 
-252067.941839166 , 
-252072.536755998 , 
-252077.131680953 , 
-252081.726614031 , 
-252086.321555230 , 
-252090.916504552 , 
-252095.511461996 , 
-252100.106427562 , 
-252104.701401249 , 
-252109.296383059 , 
-252113.891372989 , 
-252118.486371041 , 
-252123.081377215 , 
-252127.676391509 , 
-252132.271413924 , 
-252136.866444460 , 
-252141.461483117 , 
-252146.056529895 , 
-252150.651584793 , 
-252155.246647811 , 
-252159.841718949 , 
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-252178.222084702 , 
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-252210.388037365 , 
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-252329.865058350 , 
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-252348.246625470 , 
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-252366.628322424 , 
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-252536.665172707 , 
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-252550.452430996 , 
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-252564.239762265 , 
-252568.835555571 , 
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-252840.001707904 , 
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-252853.790570927 , 
-252858.386874801 , 
-252862.983186776 , 
-252867.579506851 , 
-252872.175835025 , 
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-252890.561228718 , 
-252895.157597389 , 
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-252931.928838313 , 
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-252954.911127078 , 
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-252964.104099266 , 
-252968.700597506 , 
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-253189.342032554 , 
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-253685.853394720 , 
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-253727.233596113 , 
-253731.831436646 , 
-253736.429285255 , 
-253741.027141938 , 
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-253750.222879530 , 
-253754.820760438 , 
-253759.418649420 , 
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-253768.614451608 , 
-253773.212364813 , 
-253777.810286093 , 
-253782.408215446 , 
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-253796.202051948 , 
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-253809.995961109 , 
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-253865.172324290 , 
-253869.770407023 , 
-253874.368497826 , 
-253878.966596701 , 
-253883.564703647 , 
-253888.162818664 , 
-253892.760941751 , 
-253897.359072909 , 
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-253911.153514806 , 
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-253929.546216983 , 
-253934.144412701 , 
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-431616.214665787 , 
-431621.049977598 , 
-431625.885294432 , 
-431630.720616288 , 
-431635.555943167 , 
-431640.391275067 , 
-431645.226611989 , 
-431650.061953933 , 
-431654.897300899 , 
-431659.732652886 , 
-431664.568009896 , 
-431669.403371927 , 
-431674.238738979 , 
-431679.074111054 , 
-431683.909488149 , 
-431688.744870267 , 
-431693.580257405 , 
-431698.415649566 , 
-431703.251046747 , 
-431708.086448950 , 
-431712.921856174 , 
-431717.757268419 , 
-431722.592685685 , 
-431727.428107973 , 
-431732.263535281 , 
-431737.098967611 , 
-431741.934404961 , 
-431746.769847332 , 
-431751.605294725 , 
-431756.440747138 , 
-431761.276204571 , 
-431766.111667026 , 
-431770.947134500 , 
-431775.782606996 , 
-431780.618084512 , 
-431785.453567049 , 
-431790.289054606 , 
-431795.124547183 , 
-431799.960044781 , 
-431804.795547399 , 
-431809.631055037 , 
-431814.466567695 , 
-431819.302085374 , 
-431824.137608073 , 
-431828.973135791 , 
-431833.808668530 , 
-431838.644206288 , 
-431843.479749067 , 
-431848.315296865 , 
-431853.150849683 , 
-431857.986407521 , 
-431862.821970378 , 
-431867.657538256 , 
-431872.493111152 , 
-431877.328689068 , 
-431882.164272004 , 
-431886.999859959 , 
-431891.835452934 , 
-431896.671050927 , 
-431901.506653940 , 
-431906.342261973 , 
-431911.177875024 , 
-431916.013493095 , 
-431920.849116184 , 
-431925.684744293 , 
-431930.520377421 , 
-431935.356015567 , 
-431940.191658733 , 
-431945.027306917 , 
-431949.862960120 , 
-431954.698618342 , 
-431959.534281582 , 
-431964.369949841 , 
-431969.205623119 , 
-431974.041301415 , 
-431978.876984729 , 
-431983.712673062 , 
-431988.548366414 , 
-431993.384064783 , 
-431998.219768171 , 
-432003.055476578 , 
-432007.891190002 , 
-432012.726908444 , 
-432017.562631905 , 
-432022.398360383 , 
-432027.234093880 , 
-432032.069832394 , 
-432036.905575927 , 
-432041.741324477 , 
-432046.577078044 , 
-432051.412836630 , 
-432056.248600233 , 
-432061.084368854 , 
-432065.920142493 , 
-432070.755921148 , 
-432075.591704822 , 
-432080.427493513 , 
-432085.263287221 , 
-432090.099085946 , 
-432094.934889689 , 
-432099.770698449 , 
-432104.606512226 , 
-432109.442331020 , 
-432114.278154831 , 
-432119.113983659 , 
-432123.949817505 , 
-432128.785656367 , 
-432133.621500246 , 
-432138.457349142 , 
-432143.293203054 , 
-432148.129061983 , 
-432152.964925929 , 
-432157.800794892 , 
-432162.636668871 , 
-432167.472547866 , 
-432172.308431878 , 
-432177.144320907 , 
-432181.980214952 , 
-432186.816114013 , 
-432191.652018090 , 
-432196.487927184 , 
-432201.323841293 , 
-432206.159760419 , 
-432210.995684561 , 
-432215.831613719 , 
-432220.667547892 , 
-432225.503487082 , 
-432230.339431288 , 
-432235.175380509 , 
-432240.011334746 , 
-432244.847293999 , 
-432249.683258267 , 
-432254.519227551 , 
-432259.355201851 , 
-432264.191181166 , 
-432269.027165496 , 
-432273.863154842 , 
-432278.699149204 , 
-432283.535148580 , 
-432288.371152972 , 
-432293.207162379 , 
-432298.043176801 , 
-432302.879196238 , 
-432307.715220691 , 
-432312.551250158 , 
-432317.387284640 , 
-432322.223324137 , 
-432327.059368649 , 
-432331.895418176 , 
-432336.731472718 , 
-432341.567532274 , 
-432346.403596845 , 
-432351.239666430 , 
-432356.075741030 , 
-432360.911820644 , 
-432365.747905273 , 
-432370.583994917 , 
-432375.420089574 , 
-432380.256189246 , 
-432385.092293932 , 
-432389.928403633 , 
-432394.764518347 , 
-432399.600638076 , 
-432404.436762819 , 
-432409.272892575 , 
-432414.109027346 , 
-432418.945167130 , 
-432423.781311928 , 
-432428.617461741 , 
-432433.453616566 , 
-432438.289776406 , 
-432443.125941259 , 
-432447.962111126 , 
-432452.798286006 , 
-432457.634465900 , 
-432462.470650807 , 
-432467.306840728 , 
-432472.143035661 , 
-432476.979235609 , 
-432481.815440569 , 
-432486.651650543 , 
-432491.487865529 , 
-432496.324085529 , 
-432501.160310542 , 
-432505.996540568 , 
-432510.832775607 , 
-432515.669015658 , 
-432520.505260723 , 
-432525.341510800 , 
-432530.177765890 , 
-432535.014025993 , 
-432539.850291108 , 
-432544.686561236 , 
-432549.522836377 , 
-432554.359116529 , 
-432559.195401695 , 
-432564.031691873 , 
-432568.867987063 , 
-432573.704287265 , 
-432578.540592479 , 
-432583.376902706 , 
-432588.213217945 , 
-432593.049538196 , 
-432597.885863459 , 
-432602.722193734 , 
-432607.558529021 , 
-432612.394869320 , 
-432617.231214630 , 
-432622.067564953 , 
-432626.903920287 , 
-432631.740280633 , 
-432636.576645990 , 
-432641.413016359 , 
-432646.249391739 , 
-432651.085772131 , 
-432655.922157535 , 
-432660.758547950 , 
-432665.594943376 , 
-432670.431343813 , 
-432675.267749262 , 
-432680.104159722 , 
-432684.940575193 , 
-432689.776995674 , 
-432694.613421167 , 
-432699.449851671 , 
-432704.286287186 , 
-432709.122727712 , 
-432713.959173249 , 
-432718.795623796 , 
-432723.632079354 , 
-432728.468539923 , 
-432733.305005503 , 
-432738.141476092 , 
-432742.977951693 , 
-432747.814432304 , 
-432752.650917925 , 
-432757.487408557 , 
-432762.323904199 , 
-432767.160404851 , 
-432771.996910514 , 
-432776.833421187 , 
-432781.669936870 , 
-432786.506457563 , 
-432791.342983266 , 
-432796.179513979 , 
-432801.016049701 , 
-432805.852590434 , 
-432810.689136177 , 
-432815.525686929 , 
-432820.362242691 , 
-432825.198803463 , 
-432830.035369244 , 
-432834.871940035 , 
-432839.708515835 , 
-432844.545096645 , 
-432849.381682464 , 
-432854.218273293 , 
-432859.054869131 , 
-432863.891469978 , 
-432868.728075835 , 
-432873.564686700 , 
-432878.401302575 , 
-432883.237923459 , 
-432888.074549352 , 
-432892.911180253 , 
-432897.747816164 , 
-432902.584457084 , 
-432907.421103012 , 
-432912.257753949 , 
-432917.094409895 , 
-432921.931070850 , 
-432926.767736813 , 
-432931.604407784 , 
-432936.441083765 , 
-432941.277764753 , 
-432946.114450750 , 
-432950.951141756 , 
-432955.787837770 , 
-432960.624538792 , 
-432965.461244822 , 
-432970.297955860 , 
-432975.134671907 , 
-432979.971392961 , 
-432984.808119024 , 
-432989.644850095 , 
-432994.481586173 , 
-432999.318327259 , 
-433004.155073354 , 
-433008.991824455 , 
-433013.828580565 , 
-433018.665341682 , 
-433023.502107807 , 
-433028.338878940 , 
-433033.175655080 , 
-433038.012436227 , 
-433042.849222382 , 
-433047.686013544 , 
-433052.522809714 , 
-433057.359610891 , 
-433062.196417074 , 
-433067.033228266 , 
-433071.870044464 , 
-433076.706865669 , 
-433081.543691882 , 
-433086.380523101 , 
-433091.217359327 , 
-433096.054200560 , 
-433100.891046800 , 
-433105.727898047 , 
-433110.564754300 , 
-433115.401615560 , 
-433120.238481826 , 
-433125.075353100 , 
-433129.912229379 , 
-433134.749110665 , 
-433139.585996958 , 
-433144.422888257 , 
-433149.259784562 , 
-433154.096685874 , 
-433158.933592191 , 
-433163.770503515 , 
-433168.607419845 , 
-433173.444341181 , 
-433178.281267523 , 
-433183.118198871 , 
-433187.955135225 , 
-433192.792076584 , 
-433197.629022950 , 
-433202.465974321 , 
-433207.302930698 , 
-433212.139892081 , 
-433216.976858469 , 
-433221.813829863 , 
-433226.650806262 , 
-433231.487787667 , 
-433236.324774077 , 
-433241.161765493 , 
-433245.998761914 , 
-433250.835763340 , 
-433255.672769771 , 
-433260.509781207 , 
-433265.346797649 , 
-433270.183819096 , 
-433275.020845547 , 
-433279.857877004 , 
-433284.694913465 , 
-433289.531954932 , 
-433294.369001403 , 
-433299.206052879 , 
-433304.043109359 , 
-433308.880170844 , 
-433313.717237334 , 
-433318.554308829 , 
-433323.391385328 , 
-433328.228466831 , 
-433333.065553339 , 
-433337.902644851 , 
-433342.739741367 , 
-433347.576842888 , 
-433352.413949413 , 
-433357.251060942 , 
-433362.088177475 , 
-433366.925299012 , 
-433371.762425553 , 
-433376.599557099 , 
-433381.436693648 , 
-433386.273835201 , 
-433391.110981757 , 
-433395.948133318 , 
-433400.785289882 , 
-433405.622451450 , 
-433410.459618021 , 
-433415.296789596 , 
-433420.133966175 , 
-433424.971147756 , 
-433429.808334342 , 
-433434.645525930 , 
-433439.482722523 , 
-433444.319924118 , 
-433449.157130716 , 
-433453.994342318 , 
-433458.831558922 , 
-433463.668780530 , 
-433468.506007141 , 
-433473.343238755 , 
-433478.180475371 , 
-433483.017716991 , 
-433487.854963613 , 
-433492.692215238 , 
-433497.529471866 , 
-433502.366733496 , 
-433507.204000129 , 
-433512.041271764 , 
-433516.878548402 , 
-433521.715830043 , 
-433526.553116686 , 
-433531.390408331 , 
-433536.227704978 , 
-433541.065006628 , 
-433545.902313280 , 
-433550.739624934 , 
-433555.576941591 , 
-433560.414263249 , 
-433565.251589909 , 
-433570.088921571 , 
-433574.926258235 , 
-433579.763599901 , 
-433584.600946569 , 
-433589.438298239 , 
-433594.275654910 , 
-433599.113016583 , 
-433603.950383257 , 
-433608.787754933 , 
-433613.625131611 , 
-433618.462513290 , 
-433623.299899970 , 
-433628.137291652 , 
-433632.974688335 , 
-433637.812090019 , 
-433642.649496705 , 
-433647.486908391 , 
-433652.324325079 , 
-433657.161746768 , 
-433661.999173458 , 
-433666.836605148 , 
-433671.674041840 , 
-433676.511483532 , 
-433681.348930226 , 
-433686.186381920 , 
-433691.023838614 , 
-433695.861300310 , 
-433700.698767006 , 
-433705.536238702 , 
-433710.373715399 , 
-433715.211197097 , 
-433720.048683795 , 
-433724.886175493 , 
-433729.723672191 , 
-433734.561173890 , 
-433739.398680589 , 
-433744.236192288 , 
-433749.073708988 , 
-433753.911230687 )
    




from simulator_util import *
from simulator_data import *


def get_HKZ_GH_core(n):
    """
    This returns a lattice of unitary volume s.t. every local
    block satisfies the gaussian heuristic in the HKZ way.
    Note the returned gso are log(|b_i^*|) * 2
    """
    assert n <= 100000
    logl = [0.0] * n
    logl[n - 1] = 0.0
    logdet = 0.0
    for k in range(n - 2, -1, -1):
        d = n - k
        log_spherevol = SPHERE_LOGVOL[d]
        logl[k] = (logdet - log_spherevol) / (d - 1.0)
        logdet += logl[k]
    nor_logl = normalize_GSO_unitary(logl)
    logl2 = [2 * x for x in nor_logl]
    return logl2


def get_HKZ_GH_core_slower(n):
    """
    This returns a lattice of unitary volume s.t. every local
    block satisfies the gaussian heuristic in the HKZ way.
    Note the returned gso are log(|b_i^*|) * 2
    """

    logl = [0.0] * n
    logl[n - 1] = 0.0
    logdet = 0.0
    for k in range(n - 2, -1, -1):
        d = n - k
        log_spherevol = log_sphere_vol_exact(d, 1)
        logl[k] = (logdet - log_spherevol) / (d - 1.0)
        logdet += logl[k]

    nor_logl = normalize_GSO_unitary(logl)
    logl2 = [2 * x for x in nor_logl]
    return logl2


def get_BKZ_GH_2(n, beta, tailmode=1):
    l2 = get_BKZ_GH(n, beta, tailmode=1)
    l = [x / 2.0 for x in l2]
    return l


def get_BKZ_GH(n, beta, tailmode=1):
    assert beta >= 45
    assert n >= beta
    if tailmode == 0:
        logl2_tail = get_HKZ_GH_core_slower(45)
    else:
        logl_tail = HKZ45_LN
        logl2_tail = [2 * x for x in logl_tail]

    logl = [0.0] * n
    logl_tail = [x / 2.0 for x in logl2_tail]
    logl[-45:] = logl_tail

    logdet = sum(logl_tail)
    for k in range(n - 46, -1, -1):
        d = min(n - k, beta)
        log_spherevol = SPHERE_LOGVOL[d]
        if n > k + beta:
            logdet -= logl[k + beta]

        logl[k] = (logdet - log_spherevol) / (d - 1.0)
        logdet += logl[k]

    nor_logl = normalize_GSO_unitary(logl)
    logl2 = [2 * x for x in nor_logl]
    return logl2


def get_LLL_GSA(n):
    delta = 1.02
    logr = log(delta * delta)
    logl = [0.0] * n
    logl[n - 1] = 0.0
    for k in range(n - 2, -1, -1):
        logl[k] = logl[k + 1] + logr
    nor_logl = normalize_GSO_unitary(logl)
    logl2 = [2 * x for x in nor_logl]

    return logl2


def normalize_GSO_unitary(logl):
    log_det = sum(logl)
    n = len(logl)
    nor_log_det = [0.0] * n
    for i in range(n):
        nor_log_det[i] = logl[i] - log_det / n
    return nor_log_det


def return_SDBKZ_logb1(n, beta):
    log_spherevol = SPHERE_LOGVOL[beta]
    exponent = -1.0 * (n - 1) / beta / (beta - 1)
    logb1 = exponent * log_spherevol
    return logb1


def return_SDBKZ_GSA_ratio(n, beta):
    logb1 = return_SDBKZ_logb1(n, beta)
    return (2 / (n - 1)) * logb1


def get_SDBKZ_GSA(n, beta, verbose=1):
    logb1 = return_SDBKZ_logb1(n, beta)
    logratio = return_SDBKZ_GSA_ratio(n, beta)
    logL = []
    for i in range(n - beta):
        logL.append(logb1)
        logb1 = logb1 - logratio
    carry = (0 - sum(logL)) / beta
    taillog2 = get_BKZ_GH(beta, beta, tailmode=1)
    taillog = [x / 2.0 for x in taillog2]
    for i in range(len(taillog)):
        logL.append(taillog[i] + carry)
    logL = normalize_GSO_unitary(logL)

    return logL


