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Input: integer , max2, max3, max7 >0,
array T ={0,*-,max 2;0,--+,max 30, ,max 7}
Ouput: sequence (s;,b;,t;,q;)

1; se1

2. while >0 do

for (b=0 to max2, t =0 to max3, p =0 to max7)
3:2=T[b,t,p] , the best approximation of k
4. print (s,b,t,p)

5. max 2+-b,max 3+t max 7+<p;,

6. if k <z then s ~5

7. ke—lk-2zI

8: return (s;,b;,t;,q;)
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Table | Two yuan domain 7 times formula computation overhead

kK BHTTH ik BEFTH
A=x*+7" +a 2[s) +1[m) B=x(A+1°) 1{m]
C=A +B 1fs] +2[m] D=A*(A*+B) 1[m]
E=CA® +1B® 1[s] +3[m] F=(4+2%) - (A’D+C) 1[s] +2[m]

/B 1[i] +1[s] +1[m] x, =% +% FD/E* 3[(m]

ya=x+y+ (2t +2ly+a?) - E—+x3 I';C 1[s] +5[m] Total 10i] +{s] +19[m]
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M ERATLIE H, RIIR LM HE 7P AKX
HATEE:103] +7(s] +19(m] ,E BB F 1L
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FUL, VB TP BT ERARS, BRIE LT LR
HE AR a)7P =2(2P) +3P;b)7P =2(3P) +

P;c)7P=3(2P) +P;d)TP =5P +2P ,Hrh,a) th
SEHI DBL(P) R TPL(P) A=, S B4E%k:1[i] +
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), d)MIERDHNH:2[i] +16[m],3[i] +11
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Bk 0] +19(m], HBf[i]/[m] =6, EHEH
BEHIRFEESHZERT. 4% ~30.56%,
L e W, WATR B 9 =58 E 7P A
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Table 2 Different operational costs two yuan domain

BH E(Fm) 2PN
ADD(P +Q) 1{i] +1[(s] +2[m] -
DBL(2P) 1[i] +1[s) +2[m] -
DA(2P + Q) 1{i] +2[s] +9(m] [1]
TPL(3P) 1[i] +4[s] +7[m] [1)
TA(3P +Q) 2(i] +3{s] +9[(m] [1]
4P 1{:] +5[s] +8[m] [3]
5p 1{i] +5[s] +13[m] [2]
P 1[i) +7[s]) +19[m]
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ECIEXER[3) PRONERRE W
It T SRR RGEPH I AN KT, TESE T
TRBERTEERRG(EL2,3,7) WirER
By, K PHTH ENEE N .ADD,DBL,TPL,
w - DBL,w - TPL,DA, TA

Bk 2. 2o PR TERESR SO R
Input: B3 k= 57,s52"37" Heb s, e | - 1,11,
b,=b,=--=b,20;t, =1, = 21, 20;

29, =2q, 20, A PeE(F,)

Ouput: S kP e E(F,.)

1:Zs,P

cfori=1,2,---,m-1do

: ueb; - by,

AN T IO

W — G

. if u=0 then

: Z—(7"2)

. if 9520 then

Ze3(3"'Z) +s,,,P //(TA used here)
: else

: Z—Z +s5,,, P

i+l
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. else
H Z<-—7wZ

—
w

14. 72327

15. Ze2"'Z

16: Z«2Z +s,,,P //(DA used here)
17. Retum Z
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iRz, RNEED, LRFEEHFT b,
KERER,, KIFAEE,, KT EAEE,
MBEBRF Yk HRFN P2 3 PIEEH
ZHBHMEA PAT, EMWIT DA I TA 28, Bt
BIEEX, RINATEMB KN

B 1AERL B=1{2,3,7} RETHEEER
AHE 895712 ,895712P B EBER RN -

895712 = 2°3°7' - 2°3°7" - 2°3°7!
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Table 3 With a chain of 2, 3, 7 895712P calculation

AREH FEER

80=3"-1 37,74
1919 =2° 3 80 - 1 Q.T,DA
895712 =2% + 7 « 1919 7P,3Q

5 895712P BB H RN
TP +4Q + DA + TA +4T =
(I+7S +19M) +4(1 +5S5 +8M) +
(J+28S +9M) + (21 +3S +9M) +
4(1+4S +7M) = 121 +488 +97M =
T2M + 38.4M + 9TM = 207. 4M
2. A B=12,3,7 RETHERER
RITHE 123456789P, 123456789 L BB R A
F:
123456789 = 273°7* +2°3°7' - 2°347° - 2°377°
HHABWE 4 Fin:

F4 RASEEE2,3,7 1 123456780P fyd 2
Table 4 With a chain of 2, 3, 7 123456789P

calculation
AREH | Epre
24193=2" %3’ *7 +1 7P,3T,DA,3Q
1524158 =3% 7 % 24193 —1 T,TA
13717421 =37 % 1524158 - 1 T,TA
123456789 =3% % 13717421 2T

1148 123456789P BHIEERN:
7P +3Q + DA +7T +2TA =
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(I+78 +19M) +3(1+55 +8M) +
(I+28S +9M) +7(I +4S +TM) +
2(21 +3S +9M) = 161 + 585 + 119M =
96M + 46.4M + 119M = 261.4M
3.2 ABFRRRNEZNALER
BEHUENLAERTES B, 52K
5,5,6,7, 2% AT AR AR k —EWRMET,
NAF WU Z R IREAR IR BUKK
B FREERBERES, L112,3,5]
TTHEEESL]2,3,7] ARTHZEEML,
LhERE/e, —ERBmRERE—HBEERE
HE,ELRE kKRR, BRL2,3,7 hET
MEEBMRRIRPELHBZREED,

£5 AIERRWEHLE
Table 5 Typical scalar multiplication algorithm

DR FEE E2-32

12,31  {2,3,5} 12,3,74
314159 171+29S 141 +42S 137+39S 137 +41S+93M
895712 157+41S 157 +458 121+44S 121 +48S+9IM
1069493 16/ +39S 151 +455 131 +455 131 +465 +112M
2578629 187+38S 18I+51S 151+49S 141+50S +116M
9634021 17/ +48S 16/ +535 151 +46S 127 +50S +114M
69072367 181+56S 197 +58S 181+66S 181 +62S +146M
123456789 231 +49S 181 +64S 171 +61S 161 +58S +119M

NAF

4 /M =6 i, LRSS RN 6 BiR.

%6 RIFEFEN MR (I/M=6)
Table 6 Typical scalar multiplication algorithm

(I/M =6)

NAF DX ZEE SEHE
314159 221.2M 211.6M 198.2M  203.8M
895712 224.8M 226M  208.2M  207.4M
1069493 232.2M 234M  221M 226. 8M
2578629 248.4M 255.8M 238.2M 240M
9634021 289.4M 263.4M 250.8M 226M
69072367 278.8M 294.4M 320.8M  303.2M
123456789 317.2M 291.2M 287.8M  261.4M

L I/M =7 B, LG R INGR T PR

#®7 ARGEREHECHIHOLER(I/M=T)
Table 7 Typical scalar multiplication algorithm

{(I/M=7)
NAF  T#E SEE SEH
314159 238.2M 225.6M 211.2M 216.8M
895712 239.3M 241M  220.2M 219.4M
1069493 248.2M  249M 234M 239.8M
2578629 266.4M 273.8M 253.2M 254M
9634021 306.4M 279.4M 265.8M 238M
69072367 296.8M 313.4M 338.8M 321.2M
123456789 340.2M 309.2M 304.8M  277.4M

L I/M =8 i, LB RANR 8 BTR o

#8 RUFBRWETZTHROLLB (/M =8)
Table 8 Typical scalar multiplication algorithm

(I/M =38)

NAF B8 ZE# SEE
314159  255.2M 239.6M 224.2M  229.8M
895712 254.8M 256M  232.2M  231.4M
1069493 264.2M 264M  24TM  252.8M
2578629 284.4M 291.8M 268.2M  268M
9634021 323.4M 295.4M 280.8M  250M
69072367 314.8M 332.4M 356.8M  339.2M
123456789 363.2M 327.2M 321.8M  293.4M
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Fast Scalar Multiplication Based on MBNS

LU Ling-na, LI Dong-xia
( Department of Basic Science, Zhengzhou City Department of Career Academy, Zhengzhou Henan 452370, China)

Abstract. Firstly, this paper gives the 7P formula of point P which is on the elliptic curve, and it saves 7.4% ~30.56% than di-
rectly computation. Then as a generalization of double base chains, multibase number system is very suitable for efficient compu-
tation of scalar multiplication of a point of elliptic curve because of shorter representation length and hamming weight. Combined
with the given formulas for computing the 7 - fold of an elliptic curve point P, an efficient scalar multiplication algorithm of ellip-
tic curve is proposed using 2, 3 and 7 as basis of the multi based number system and the proposed algorithms cost less.
Keywords; Elliptic Curve Cryptosystems; Scalar Multipication; Double - base number system; Muti — base number system
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