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Abstract

In this thesis, we are concerned to calculate discrete logarithm problem.
In cryptography, the discrete logarithm problem is a research topic with a
wide range of applications. There are many systems that security is built
on the difficulty of solving discrete logarithm problems.

First, we introduce the relationship between discrete logarithm problem
and cryptography. And explain three methods for solving discrete
logarithm problems. Baby-Step Giant-step methods, Pohlig-Hellman
Algorithm and Index calculus methods. Finally, the calculation results
and the calculation time of these algorithm are implemented using the

MATLAB to compared.
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1. v RF P - S B fep 2 Frlca(mod p) o K128 B — A5
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g
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g
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B =a’(mod p) -
2. m WM, a,BRH AR 5 AT

3. .:_;t ’f'{l%p;a;ﬁ ’ &?E’\—— Kiﬁ&ﬁ-ﬁ:ﬁik > ';E"'; :h' %E%Q 0’1:3’2) ’

y1 = aky, = xB* (mod p) > #(y,y,) @ w28 -

4. Flaw Warigai 50 AT ERE DR K Op

X = y,y; ¢ (mod p).
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BEIFE Y EPx TR i ERITHER Y 2 By

P\?"f.a%:775112:}??“,%(a—b)%h Paas?bitnT S k4 — 48 5
a =b (mod n)
#]: 10 =1 (mod 3) °

FAt:%- Fiica<n ®ged(a,n) =17 feri- - B #x o
% Fax=1 (mod n) ' xT 2afinT gk ~ 2 o

vl: a=7»n=11>7x mod 11 =1 Plx=8 5 athk ~% -
75 /| €32 (Fermat's Little Theorem) : Bdra = B #p = - 7k >
* ged(a,p) =1 Bla?>! =1 (mod p),va € Z.

#: 319 =1 (mod 11) -

%+~ I e (Euler's Phi Function) : ¥ % #n » #75 ] 3t & & > n”
B3I Fend Ficlcg o M Sdikp(n) & T

o= [](1-2)

Di & NETHT T Fﬁ‘rﬂﬁx o

bl: (36) =36 x (1—3) x (1-3) =12+



6. BT I (5 F B TREFE ETA > Fged(a,n) =1
- iTﬁL{a n3 o B1a®™ =1 (mod n),Va€Z -
#: a=3;n=10;¢p(n) =4
a®™ = 3* =81 =1 mod(10) -
7. R42 (Primitive Roots) % 4 T/ 4 R4 v G icH Bk 3L
Gt R HERY S LR arnod FREPTIERT o0 B

ged(a,n) =10 Plos e Fieon) <n—1, &
a®™ =1 (mod n)

T Ex% #a®™ =1 (mod n)= = k] () > d # & F Frw -
Lot - G Erme() | B WALt o -

Gl: e 1l 2F 7 enx X > a=7 > n=11

6 | 7] 8
7| 7 |5 ]2 ] 3 10| 4] 6 | 9|
71% = 1(mod 11), @(11) = 10

Al T A 1T en— i R AR e

- A 5o s - FEC = BRI - B A
Fait B5 - finm R A F MLad- B R 4 ;I»u{;;u 1, a,
a?,..,a"t Hn ¥ A

Fa 42 e R

1. #ns - ¥ Plg" = 1(mod p) ©n=0(mod p—1)

#P (=) £g"=1(mod p) »p—1|x° BZK* % 7%
5



x=@(p-1Dg+r - 0<r<p-—1- &1 5
1=g"= (g 9" =1+g" =g (mod p)
()8 5] LLEE -
Ei~j i H# g'=g/(mod p) ©i=j(mod p—1) -
A >
giEgj@gi—jElv{:)j—kE()c)j_z_k (mod p — 1)
FmE24,p" 2p (i H TH)E P 2= > R 3o K

Bomd RA 78 g @(e(m)) B HEm A A R 4T e 5 & 53
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517 A9 -TERAT S iR B T E B R

e - FECE_THp PR AR 3

bHpLT S Pl - B

{g(p—l)/qug(p—l)/qz, ___,g(p—l)/qn}

G = 1P FIHE $ 452 5 1 gt L lipen— R 130

B35 5 i 23 civds] AR

p=23,p—1=2x%x11

g 2 8 5

p—1

g 91 (mod p) = g''(mod 23)

p—-1

g %2 (mod p)=g?*(mod 23)
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8. ¥ B4 ;' 732 (Chinese Remainder Theorem):

. \nk;‘%ﬁﬁj @miEQ_g{, é‘,\nznl)(nz...)(nko

!:\ ny *ny »
P e AREs =
x =x; (mod n,y)
X = x, (mod n,)
X = x;, (mod ny)
Hizs
K
Se— Z x;M;s; (mod n)
i=1

o

#°¢ M, =n/n; as; =M (mod n;) (i=0,1,,k)

R

(mod 3)
(mod 5)
(mod 7)

= 7éndefh An =105 - *IM; =

R KR X
M HE -1
N W N

= f];; ﬁ:ﬁinl = 3, n, = 5

35M2—21M3—15’51—252 153—1
X = xyM;ysq + x;Mys5 + x3M3zs; (mod 105)
Xx=2X70+3%21+2X%X15 (mod 105)

x =23 (mod 105)

9. #4c¥tdc(Discrete logarithm) : & — fE A b 418 5 {rh 1eh- f&
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0<x<p-—1-*#aPn=x Fx=0,1,2,... » F » a* = b(mod p)-ﬁ
A Fe bR %‘»'«‘Uﬁf\al = b(mod p),a® = b(mod p) ..a* =
b(mod p) » # X FHiFx— 1B K2 M E LR LT~ Ex=t > 24
KPR @y bk S pEe iy > ¥4 a® = b(mod P AL
FRCRENCV LR SR S s I - e AN o R
abBa¥y = Bl AGIEIRT RS

#:4 §27* = 3(mod 13)

b ‘1‘2 ‘3‘4‘5 ‘6 ‘7‘8‘9‘10‘11‘12‘13
7* (mod 13)‘7 ’10’5 ’9 ‘11‘12‘6 ‘3 ‘8 ‘4 ‘2 ‘1 ‘7
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p—1 A gk @@L 3 E4eT

tm=[Jp-1 |/ &@ndpickision = qm+r0<x<m- “u
a* = a?™*" = b(mod p) = (@™)? = ba " (mod p)

BT RAG A IA GG E .

B aH.

£ B={(ba "(mod p),r);0 <r-<m} » 35 B ¥ iy B o R

& B¢ 3 ba " (mod p)=1 iyt o

#ba"(mod p)=1 = a" =b (mod p) #n = r,T.%—E’j“ & e

§% 0 Aot £ 1 HVGRIENE A H o

I

»{i-b:

5 486=a™ (mod p) -
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51187 (mod p),g =123, RisHHRLE MR AR kP B¢
ﬁj ba_r(mOd p) o

4r% G %5 0 baTm =69 = a? (mod p)
= b =a?™*" (mod p)

ATl x = gm + r,ﬁ‘%%'-j‘ P& DE % o

B £ f27* = 3(mod 13)

“rip=13,a=7b=3 " am=[/p=1]=4 & fric ik
x=qm+r > ba"(mod p)=3 X7 "(mod 13)

Ba#H & £B={(ba"(mod p),r);0<x <m}

{(3 X 77% mod 13),0), 3 X 7-1(mod 13), 1),}

(3 x 772(mod 13),2),(3 x 7 3(mod 13),3)
A {(3,0), (6,1),(12,2), (1 1,3)}

2 A IR, A R g

£ 8 =a™(mod p).= 7*(mod 13) = 9(mod 13)

EAH & E {67(mod p); 0 < g <m} ={9,3,1,9}
ApgREg=2>86=3(mod 13)E#H@h L L¥r=0"
ba "(mod p) =3 x 7°(mod 13) =3 (mod 13) » F|p >

52

ba® a®*3 (mod 13)

g=2m=4r=0>"11"x=2X4+0=8-

x=23,72=3 (mod 13)@A i * ZEEE I kehE S 4ak > 4ok
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c. HRcHHEE o

B At -# & % 8 % (Pohlig-Hellman Algorithm) » &2 % 6 & 5 % e
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TR e 3 > @ T~ { 4y Fho

BT i e B AR R fhp = 10 F o] SRRl o T F

;aﬁ,ﬁgg%ﬁﬁﬁm“ﬁ’aﬁﬁﬁéﬁﬁié%f:

1.i%ﬁ—l&?ﬂﬁﬁ‘iaﬁp—rwﬁxq?xq?mdr,;%
BV EF S Ak e

2. 2+ 855 BLy(b) mod(qh)

a. K| AR g om

X =x9+ %9+ %%+ +%.q" Y(mod g")

gl
T3
=

aXotx1q+x2q% 44297 = (mod p)
B 8 X, Xq, Xgy ey Xy 0
b. s-q¥otridtx@*++x:d™ = p (mod p)d # kB (p —1)/q=
L

a(xo +x1q+x2q2+-~+xrqr‘1)pT_1 _ axo xpT_1+(x1+x2q+~~+xrq7”‘2)p—1
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TR Nxy o 2 tseddRE(@-—1)/q* MEHES RS

Xq 0 (6o NPV EEAR IR T X, X, X, e, Xy ,T.*L'v’ e xfE ) ok iF

X = X + %19 + x,q% + -+ x.q" " *(mod q")
C. * — B FIFFRAMR b2 N 4opt Bl 95 L, (b) mod(q")i
FroP RAABTIL LM AT X = o+ 0+ Xq5 + -
x.q" t(mod g B dix > WENPERNE E -

B 4 f27* = 3(mod 13)
lL.a=7b=3p=13 > p— 1T F#r 3 52°+35 &7 a3 BF
Fl+q=2,qg=3> & FAPEE LSBT L,(3) (mod 4)52

L,(3)(mod 3) -
2. q =2+ #BxB EXx =x0+ 2% (mod 4) 5 #12 p = A7 58
7* = 3(mod 13)= 7%*2*1 = 3(mod 13) -
b AWE6 = (p—1)/2%% > @3]

(7%0t2%1)6 = 36 (mod 13)

Risad 2803320 7 g 721 =1 (mod 13)3 41 % » #17
7% = 3% = 1(mod 13)
it f']xo =0-

13



Bxg =087 » B3N8 572 =3(mod 13) > B3 F & - 4k o

b5 5 B3 = (p - 1)/4%
= (7%%1)3 = (7)1 = (1)*1 = 33 = 1(mod 13)
= (1)** = 1(mod 13)
Wilx, =1 "Trixz 5
X=Exg+2x;,=0+2%1=2 (mod 4)
x =2 (mod 4)
3. q=3: LRk AdEERL=(p—1)/35% 3 @7
(7H* = 3* (mod 13)
= 9%¥ = 32 (mod 13)
2x =1 (mod 3)
EAPEFx=2 (mod 4)fr2x =1 (mod 3) > £ kp® M4

B
#9507 x = 8 (mod 12) - *F I AT e = 8 vk

BN T R PE S -

i PRFFHQZ S dnE 0 B A E RS R Y Bk
a*®-V/% = 0,1,2,3...,q — 1

gy R RDF T E R BT RPEETT RS
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d :JFF] —n /z‘

1. #a"=b(mod p)? pi - FHcrazfipi- BRI £ - BE
BB I DpyPs P s P Bt FlcE & 0 fE2 b Pl
A o

2. A MABrLas Ka¥(mod p)eE o FF 0B A3 B 2 ik
R FRF T B3 k=Y aL,(p;)(med p—=1)> P HEEfE1a
& & B¢ g dcimsicit i o

3. H'id¥kr 3t Eba"(mod p)2 E > RiSFEFH B
Bk M 0 FF ll’“i}ux«*i AT H

x=L,(b) = —r + > hiLi@) (mod p— 1)
B £ f27* = 3(mod 13)

a=7b=3p=13 2 B=10 Fl# L& % {2,357}
71=7,72=2%5,73=5,7*=3%3 (mod 13)

SN B

(L, (7)=1 (mod 12)

L;,(2) + L,(5) =2 (mod 12)

) L,(5) =3 (mod 12)
2L,(3) =4 (mod 12)

= L,(2) =11,L,(3) =8,L,(5) = 3,L,(7) =1 (mod 12)
FPEEE L RS R AR - B R
371 =23 (mod 13)

15



2 & R R e L
L,(3)=-1+3L,(2)=—-1+33=8 (mod 12)

&*%&ﬁ@@ﬁﬁ%@%#»&’&@ﬁﬁ%é@ﬁﬁﬁ%é%
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a. BEHEHZE

Lo

CRER R ST ST S PR

F 2* =10 (mod 269)

p=269,a:2,b:3’m=[,/p—1]=17’x=qm+r’
ba~"(mod p) = 10 X 27" (mod 269)

Ba# & £B={(ba"(mod p),r);0<x<m}
(10,0), (5,1),(137,2)(203,3)(236,4)(118,5)

= 1(59,6), (164,7), (82,8), (41,9), (155,10), (212,11)
(106,12), (53,13), (161,14), (215,15), (242,16)

R M IR(1,r)
£ 8 =a™(mod p) = 2Y(mod 269) = 69(mod 269)

EA#H & & {6%7(mod p);0 < q<m}

(69,1), (188,2)(60,3)(105,4)(251;5), (103,6)
(113,7), (265,8),(262,9), (55,10), (29,11)
(118,12), (72,13), (126,14),(86,15), (16,16) (28,17)

A I g g =12 » §12 = 118(mod 269) £+ 8 s B £ ¢

r=5>hba"(mod p) =32"°(mod 269) = 118 (mod 13) >
Flet o

ba=® = 6'? = a'?*17 (mod 13)
q=12,m=17,r=5> "1 x =12%17+5 =209 -

17



b. A ARE:
1. & 2* =10 (mod 269)

a=2,b=10,p=269 > p—1= 22 x67

q=2:
2% = 10(mod 269) = 2¥*2%1 = 10(mod 269)
(2x0+2x1)134 = 10134(mod 269)

= 213%0 = —1% = —~1(mod269) ' x, =1 A »
Ja > 4238 & 5 2172 = 10(mod 269)
= 2%%1 = 10 * 27! = 5(mod 269)
(22%1)67 = 567 (mod 269)
=2B3%1 = —1%1 =1 (mod 269) rx; =0 A #
X=Xg+2% =14+2+0=1(mod4) g=2,x =1 (mod 4)
q=67:
4=(p-1/67
(29)* = 10* (mod 269)
= 16* = 47 (mod 269)

5

1 1 u
| x =5 X :E(mod 67) = x = 8(mod 67)

!

ST IR B

{x = 1 (mod 4)
x = 8(mod 67)

5 ¢ ReAETIZE I 7 x = 209 (mod 269) -
2. £3* =5 (mod 5807777)

a=3b=5p=5807777 »p—1= 25x13 23 %607,
q = 2,13,23,607

18
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iy

X = x9 + 2x1 + 4x, + 8x3 + 16x, (mod 32)
B A2 5N
3* = 5(mod 5807777)

— 3Xo+2x1+4x,+8x3+16x, — S(mod 5807777) >
B+ fP2903888 = (p —1)/2=% =

(3x0+2x1+4x2+8x3+16x4)2903888 = 52903888 (mod 5807777)

= 32903888x0 — _1% =1 (mod 5807777)

/TE*' E'Jxo =1

Bxo =1 iAw > ™ 205

3142, +42,+8x3 416X, —

= 5(mod 5807777)
= 32X T4%+8x3+16%, = 5§ 4 1935926(mod 5807777)
= 32X HAx +8x3+16%, — 3871853 (mod 5807777)

L3 A 1451944 = (p— 1) /4= >

(32x1+4x2+8x3+16x4)1451944- = 38718531451944(m0d 5807777)
= 32903888x1 — _1%1 = —1 (mod 5807777)

?gf‘lx1=1
Boog = 18w 3 2N 82

32+4x+8x3+16xs = 3871853 (mod 5807777)
= 34¥2+8x3+16x4 = 3871853 x 19359262 (mod 5807777)
= 34%2+8x3+16x4 = 1720823 (mod 5807777)

B3 A §B725972 = (p— 1)/8= =

19



(34x2+8x3+16x4)725972 = 1720823725972(m0d 5807777)
— 32903888x; — _ 1%z = _1] (mod 5807777)

/fgI‘szz 1
B, = 1AW > B AR L

34+8x3+16xs = 1720823 (mod 5807777)
= 38%3+16xX4 = 1720823 * 1935926*(mod 5807777)
= 38%:+16xs =.2530778 (mod 5807777)

A3 A #5362986 = (p—1)/165%
(38%:*16%2)362986 = 2530778%°298° (mod . 5807777)

= 32903888%s — 1% =1 (mod 5807777)
HFlx3=0
Bx, =00 ™ 0 B3 ARNE S

316%: = 2530778(mod 5807777)
Bst 3 5 856181493 = (p—1)/32= =
(316%4)181493 = 9530778181493 (mod 5807777)

= 32903888%, — _1% =1 (mod 5807777)

HIlx, =0

X = Xo + 2x1 + 4x, 4+ 8x5 + 16x, (mod 32)
=14+2x1+4%x14+8+x0+16+*0=7 (mod 32)
x =7 (mod 32)

gq=13:7 > ££;'3* =5 (mod 5807777)

A3 A B446752 = (p — 1)/13% =

20



(3)6)4—4—6752 = 54—4—6752 (mOd 5807777)
= 196907* = 5079650 (mod 5807777)

X =

N| -

(mod 13)
= x = 7(mod 13)
q=23:/7>4:'3*=5 (mod 5807777)
A+ 3 @B 252512 = (p—1)/23=c=

(3x)252512 o 5252512 (mod 5807777)
= 1958784* = 4223347 (mod 5807777)

1
18
= x = 9(mod 23)

x =—(mod 23)

q=607: 42;'3* =5 (mod 5807777)
N3 3 #B9568 = (p=1)/23=

(3%)9568 = 59368 (mod 5807777)
= 5642297* =5647073 (mod 5807777)

1

= x = 117(mod 607)

(x=7 (mod 32)
x = 7(mod 13)
x = 9(mod 23)

x = 117(mod 607)

\
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g P RAARTIZE D] 7 x = 746727 (mod 5807776) -
C. dp¥c’ iy iz
F2* =10 (mod 269)

a=2,b=10,p =269 £ B=12 > Fl#ci& % % {2,3,5,7,11}

290 =196 =2%2x7 x7 (mod 269)
271 =33 =3x%11 (mod 269)
2109°= 3 (mod 1269)

2113 =48 = 2% 2% 2 2 % 3 (mod 269)
2130=84 =2 %2 %3 %7 (mod 269)
2246 =245 =5%7 %7 (mod 269)

([ 2L,(2) +2L,(7) = 40 (mod 268)
L,(3) + L,(11) = 71 (mod 268)
o L,(3) = 109 (mod 268)

L,(3) + 4L,(2) = 113 (mod 268)
2L5(2) + L,(3) + L,(7) = 130 (mod. 268)
\" L,(5)+ 2L,(7) = 246 (mod 268)

= L,(3) = 109,L,(5) = 322 = 64 (mod 268)
= L,(7) =19,L,(11) = —38 = 230

FB~10 * 213 =144 = 2% + 32 (mod-269) » #1/

L,(10) + 13 = 4L,(2) + 2L,(3) (mod 268)
=1,(10)=4%1+2%109 — 13 =209 (mod 268)
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Algorithm: Exhaustive method
INPUT @, b, p

OUTPUT  x satisfying a*(mod p) = b

Stepl Set x; =a.

Step2 For i=2,3,..,p do Steps3-4.
Step3 - Set x; =mod (x;_,-a, p).
Step4 If x;=b then

OUTPUT (i);
STOP.
StepS OUTPUT(“The exhaustive method fails’);
STOP.
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Algorithm : Baby-Step Giant-step

INPUT a, b, p
OUTPUT  x satisfying a*(mod p) =b where x = qm+r

Stepl Set m = Ceiling(\/ﬁ).
Step2 Set [H,B,~]=gcd(a, p). (where B =a! (mod p))
Step3 Set baby, = b;
delta = a.
Step4 For i=2,3,..,m do Steps5-7.
Step5 Set baby; = mod( baby;_, B, p).
Step6 If baby; =1 then
OUTPUT (i );
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STOP.

Step7 Set delta = mod( delta-a, p).
Step8 Set giant,; = delta.
Step9 For i=2,3,..,m do Stepl0.

Step 10 Set giant; = mod( giant;_, - giant,, p).
Step 11 [C, Q, K] = intersect(giant, baby).
Step12 Set x=Qm+ (K —1).
Step 13 OUTPUT( x);

STOP.

Remark: the command intersect is referred to MATLAB intersect command:

[C,ia,ib] = intersect(___) also returns index vectors ia and ib using any of the

previous syntaxes. Generally, C = A(ia) and C = B(ib).

AR IE L dep — 1 TR B F B T RS 5 = xR
BES SERRCIOEIE 278 T 2

Algorithm 3 :Pohlig-Hellman Algorithm

INPUT a,b,p
OUTPUT  x satisfying a*(mod p) = b
Step1 Set ¢1,92, .-G, and 1y,7y,...,7;, to bethe prime factorization

of p—1, e, p=1=q;" Xq2 X q3 =+ X gy
Step2 Set n = number of prime factors;
r; = exponent of the i —th prime factor;
Qn; =q; 5 (i-th factor of p — 1)
right_ b = b;
[H,B,~] = gcd(a, p). (where B =a™! (mod p))
Step3 For i=1,.. ,n do Steps4-16.
Step4 Set right_b = b;
left = powermod(a,%, p)
Step5 For j=1,..,1; do Steps 6-15.
Step6 Set Q; = g™t
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https://www.mathworks.com/help/matlab/ref/double.intersect.html;jsessionid=cb66bc618c90a793e770b9937d69#btcnv0o-1-C
https://www.mathworks.com/help/matlab/ref/double.intersect.html;jsessionid=cb66bc618c90a793e770b9937d69#btcnv0o-1-ia
https://www.mathworks.com/help/matlab/ref/double.intersect.html;jsessionid=cb66bc618c90a793e770b9937d69#btcnv0o-1-ib

y=(-1/q.
right = powermod(right_b,y,p)
Step7 If left # right and right =1 then
Set X;=0.
elseif left = right then
Set X;=1
else do Steps 8-11.
Step8 Set left2,; = left;
right2, = right.
Step9 For k =2,..,Qn; do Step 10.
Step 10 Set left2;, = mod( left2,_; - left, p);
right2; = mod( right2,_, -right, p).
Step 11° Set is = ismember(left2,right2);  (Check whether the
element of left2 belongs to in right2 or not)
g = k when the first index k satisfying is, = 1;
G = K when the first index K satisfying if right2y = left2;
[~, GG, ~] = ged(G, Qny);
X ; =mod(g - GG,Qn;).
Step12 If Xj # 0 and j # 1; do Steps 13-15.
Step 13 Set D = powermod( B,Q*X;, p).
Step 14 Set  righty,, = mod( right_b-D,p).
Step 15 Set right, = right;,,-

Step 16 Set S; = dot(X,Q);

Step 17
Step 18
Step 19

Step 20

S; = mod(S;, Qn;).
Set Mn = (p — 1)/0Qn. (clement-wise division)
Set [~,Bn,~] = gcd(Mn, Qn). (element-wise gcd computation)
Set CRT =Mn - Bn - S;(element-wise product)
x = mod(}, CRT, ,p — 1).
OUTPUT( x);
STOP.

Remark: The operation mod (a, p) is in terms of the function a — p - la/p].

Remark: The operation powermod (a, b, p) is referred to MATLAB powermod:

25



powermod(a,b,m) returns the modular power a® mod m. Use powermod to compute the

modular power without calculating a*

A& @+ MATLAB 352 R2019a <4 » 8 = fif &

AR o ARV A A RN o R Gt B R T

EEE Intel(R) Core(TM) i5-7400 CPU @ 3.00GH=z 3.00 GH=z
B EE (RAM) 16.0 GB

AL 64 {UTTIER &5 - «64 TURIEEE

FEE=EEE IEEET SR AEETEEAEETE A IE -

T T R R R AT A A or o N A ko BT A

B E S kdnt R ORE . 6§ ieF BAR Y int64

'2!)}

5O Rh AR E R L F 200 2 @ Intb4 B ECA] &

)
=
b
\-H-
-~

R RPER BB o IS PGB R kAR
BAEHZEF RSP dvus LA A2 AERE ¢ 237
Bt P deg — TR R N E R g ek o R B L
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2048 o W i BAZHE 616 R FRERY A2 ¢ L
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https://localhost:31515/static/help/symbolic/powermod.html?snc=UMTQQ4&container=jshelpbrowser#d117e169922
https://localhost:31515/static/help/symbolic/powermod.html?snc=UMTQQ4&container=jshelpbrowser#d117e169962
https://localhost:31515/static/help/symbolic/powermod.html?snc=UMTQQ4&container=jshelpbrowser#d117e170002
https://zh.wikipedia.org/wiki/%E6%95%B0%E5%AD%97%E8%AF%81%E4%B9%A6%E8%AE%A4%E8%AF%81%E6%9C%BA%E6%9E%84

% 1. ®JE & * Int64 B #A) L 3 it dic =R A
a* = b (mod p) P BHEH A AR
2299 =10 (mod 269) 0.00005s 0.00019s 0.0155s
333022 = 10 (mod 129281) 0.0008s 0.0008s 0.0497s
6532768 = 10 (mod 613231) 0.0068s 0.0008s 0.0242s
5856989 = 10 (mod 2456087 ) 0.0106s 0.0012s 0.0186s
23525805 = 10 (mod 4257749) 0.0426s 0.0011s 0.0323s
32890157 = 10 (mod 5807777) 0.0350s 0.0012s 0.0396s
21582498 = 10 (mod 7368787) 0.0192s 0.0012s 0.0327s
77662211 = 10 (mod 13012261) 0.0915s 0.0013s 0.0315s
675042235 = 10 (mod 82921429) 0.8939s 0.0019s 0.0315s
20033489803 = 10 (mod 82921429) 0.3997s 0.0019s 0.0367s
829211005200085 =10 (mod 82921429) 0.6695s 0.0020s 0.0360s
659283849 = 1000 (mod 82921429) 0.7084s 0.0019s 0.0335s
67744183 = 20000 (mod 82921429) 0.0936s 0.0028s 0.0361s
671427550 = 5000000 (mod 82921429) 0.8496s 0.0028s 0.0335s
2. F i intbd FEA| e EE g HEo PR TR
a* = b (mod p) FE - B EH ) R
7106679392 = 10 (mod 122927041) 558.6465s 0.1588s 0.5766s
36529287712 = 10 (mod 122927041) 153.4929s 0.1612s 0.5764s
122921843%9887136 = 10 (mod 122927041) 260.9031s 0.1584s 0.5720s
5291454187 = 10 (mod 295075367) 1508.9448s 0.2494s 0.4243s
2160388957 = 10 (mod 314606869) 847.4935s 0.2560s 331.0533s
3338245740 = 10 (mod 442110329) 1712.5104s 0.3179s 0.5729s
1956799910 = 10 (mod 776531401) 292.7456s 0.3976s 0.0554s
19227199640 = 10000 (mod 776531401) 1187.7031s 0.3986s 0.0529s
21545365796 = 10 (mod 1624983827) 7900.8790s 0.7240s 99.2586s
22224019923 = 10 (mod 2436343309) 12309.8858s 0.8925s 21.9314s
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ors

clear

format rat

A = int64 (3);

B = int64(10);

P = int64(442110329);

length (A7) ;

y (1)
end
time (1)
fprintf ('Time=%10.7f fo

method: %i"%i (mod %i) = %i\n',time (i),

A(i), y(i), P(1), B(i));

end

for i=1l:n
tic
for =1 : N

x (1) = polig(A(i),B(1),P(1));
end
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time (i) = toc /N ;
fprintf ('Time=%10.7f for computing by Pohlig-Hellman algorithm:
%$1°%1 (mod %i) = %i\n',time (i),

A(i), x(i), P(i), B(i));

oo
oo

function x _ans = easy(a, b, p)
X=a;

for i=2:p

function x _ans = Bab

if isinteger (p)
m=isqgrt (p);
else

m=ceil (sqrt (p));

end
[~, B, ~] = gcd(a,p);
baby = zeros(m,1);

baby (1) = b;
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delta = a;
for i =2 :'m
baby (i) = baby(i-1) * B - p * floor(baby(i-1) * B /p);
if baby(i) ==
X _ans = 1i;
return;
end

delta = delta * a - p * floor(delta * a /p);

end

giant = zeros (m
giant (1) = delta;
for i = 2

prime_factor
[gq,d,~] = unique (p
n = length(qg);
[~, B, ~] = gcd(a,p);

r(l:n-1) = d(2:n)-d(1l:n-1);
r(n) = length(prime factor)-d(n)+1;
if isinteger (p)

On = g .” int64(r);
else

On =g .% r ;

end
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if isinteger (p)

left2 = int64(zeros(l, max(Qn)));
right2 = int64(zeros(l, max(Qn)));
else
left2 = zeros(l, max(Qn));
right2 = zeros(l, max(Qn));
end
for i =1 :n
left = powermod

right b =

[K,GG,~] = gcd(G,0on(i));

X(3) =g * GG - On(i) * floor(g* GG / On(i));
end

if X(§)~=0 && j~=r (i)
if X(§)<0

X(3)=X(J)+Qn(i);
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D = powermod (B, (Q(3)*X(3)),p)
else

D = powermod (B, (Q(3)*X(3)),p)
end

right inv = right b * D - p * floor( right b * D /p);
right b = right inv;
end

end

if isinteger (p

function m=isqgrt (p)
% square root of integer large p
m=1;
while m*m < p
m=m+1;
end

end
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