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ABSTRACT

Gauss Sieve is an algorithm for solving SVP and requires exponential time and space complexity. The termination
condition of the Sieve is determined by the size of the constructed list and the number of collisions related to space
complexity. The term ‘collision’ refers to the state in which the sampled vector is reduced to the vector that is already in
the list. if collisions occur more than a certain number of times, the algorithm terminates.

When executing previous algorithms, we noticed that unnecessary operations continued even after the shortest vector was
found. This means that the existing termination condition is set larger than necessary. In this paper, after identifying the
point where unnecessary operations are repeated, optimization is performed on the number of operations required. The tests
are conducted by adjusting the threshold of the collision that becomes the termination condition and the distribution in which
the sample vector is generated. According to the experiments, the operation that occupies the largest proportion decreased by
62.6%. The space and time complexity also decreased by 4.3 and 1.6%, respectively.
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Algorithm 1. Gauss Sieve

Require: B = { B> bys 5 by ba,p>0€R
L L {}S<{}LK<0

2. while K < a|L|+73 do

3. if § # { RIGHT then

4. Pop from Stack S to v

5. else

6. Generate a new vector v from sampler
7. (v, L,8) < Gauss_Reduce(v, L,.5)
8. if lv"I=0 then

9. K—K+1

10.  else

11 L—LU{v}

12. Return a shortest vector in L

Fig. 1. Gauss Sieve
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SV SV
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Algorithm 2. Modified Gauss Sieve
Require: B = { b,by,-..b, },a,0 > 0E R
L (s (1Ko
norm_change_count «— 0
while & < (a|L|+8)* (rate) do
if § = { RIGHT then
Pop from Stack S to v

else

1.

Generate a new vector v from sampler
(v, L,S) < Gauss_Reduce(v, L,.S)
if v =0 then

K—K+1

else

© ® = o otk wD

— =
— O

L« LU {v } norm_change count++

if norm_change_count > 1 and |A] >
12. (space upperbound*(mte)) /
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13. break

14. Return a shortest vector in L

Fig. 2. Modified Gauss Sieve
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Table 2. Reduce Rate of Reduce Operations by
Adjusting Termination Threshold Parameters on
Each Dimension and Average

Table 3. Vector Norm Reduce Rate by Adjusting
Sampling Distribution Parameters on Each
Dimension and Average

Dimension Before After g;ti‘(lﬁ/f) Dimension Before After ;;;t(il(lg/:)
40 55153 19716 64.25 40 14983 9959 50.46

45 129115 46310 64.13 45 19231 12887 47.89

50 287526 106250 63.05 50 23701 16150 46.76

55 657913 248971 62.16 55 31105 21169 46.94

60 1549568 582028 62.44 60 38846 27629 40.60

65 3372301 1276727 62.14 65 48950 36928 32.55

70 6295474 | 2297588 62.92 70 64932 49387 31.48
Average - - 62.60 Average - - 43.22
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Table 4. lIterations, Reduce Operations, Space Complexity, Time Complexity Reduce Rate on Each
Dimension and Average
Dimension [terations Reduce Operations Space Time
Reduce Rate(%) Reduce Rate(%) Reduce Rate(%) Reduce Rate(%)
40 14.03 64.25 13.74 3.07
45 14.83 64.13 9.66 2.55
50 11.59 63.05 5.11 1.6
55 10.92 62.16 6.4 1.13
60 9.93 62.44 6.4 0.45
65 10.74 62.14 15 0.86
70 10.55 62.92 15.63 0.42
Average 11.43 62.60 9.42 1.59
Table 5. Comparing Vector Norm on Each & 4 glt}.
Pimension AdHez sAR duelFe] A% Wee )
Dimension | Caussian | SVP Modified daelFE dl DA A= wEish gl M)
Heuristic | Challenge | Gauss Sieve o] AAR Fdg AFE - A4 F
40 1556.93 1634.78 1679.65 7k A Bagh Aakske] ZRagk A HEe] 54
45 1645.84 1728.14 1732.25 29 7HaT o]olA 7] w el frolvgt At
50 1740.62 1827.65 1827.65 22 ol 3tE A4 54 ke v
55 1825.52 1916.8 1920.08 3 A zhagk B v =4 o2, ole
60 1913.48 2009.15 1964.98 2AE dye|Ee B 71ise ik gyEe g
65 1983.13 2082.29 2099.84 2Eo|| AR WEE 32713 w7} ol SEo] A
70 2064.2 2167.41 2149.71 = WEd] 3k AoR 2=l uelx] AA 7
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Table 6. Comparing Space and Time Complexity
of Original Gauss Sieve and Modified Gauss

Sieve Algorithm on Each Dimension
(log | L' ,logy | Timey,, |)
Dimension Space Space Time Time
before | after before after
40 0.251 0.246 0.431 0.422
45 0.246 0.241 0.438 0.430
50 0.241 0.236 0.441 0.436
55 0.238 0.236 0.445 0.442
60 0.235 0.230 0.452 0.449
65 0.233 0.228 0.468 0.465
70 0.231 0.226 0.478 0.476
Average 0.24 0.234 0.45 0.445
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