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MR : CHPREMIESD

EHRHTE2HDARAAFIBE2%7, ARALAE~FHH T,
Isaac Asimovs § Adding a Dimension)

B AEEQ—REEAPLEXGEHE, ENTAH~-~FHFXNENR,
~———9. Weber, & Form, Motion, Color)

B — P REGTAEREENHEEL R — 22 REWMETT B EFmEas PR
No XFFE/NLHLTTRI,, FRAEX BB ERBMEEFRER . AT —-NMRGEATSE
AR ITRY . (B P RN RTE “ LA ” pE S RA] R E

A b B A 2 A0 3 A4 B0 i 2 DA B G T i e B 1 B Am 2 B
£ FLINT/C JEH, BrA BT A RE A 2wl I b AR R B A B LA MK
FHEARE,, RN TEFE—1THTREESZMRET B FESF L o E /N F ., X
FX—E, BARBSEE MM, CrRASGEMS TR EIBEM B ESE . 7 AMHE
195 N E T RS P A F 85 M, X R T IEREARTE REER R Z2H Bk
ECEE BN AR . AR AT PASZEE (N, [Skal]), {H N7 TR LG 44 2 u 8] R 48 4
At FLINT/C R R A S E R E X, RS

HTERRKERE HAR G ﬁE.“I‘W?ﬁﬁm*’”‘ﬁfﬂﬁﬁ‘%@iﬂgﬁéﬂo AR R S
&, — 1T EMFSRERERM Z iy, HAFBAELMLHMPRHERZENLGS RS KRB
FrdE C BBl (2L Harb 5. 1. 1 %) unsigned long(¥E flint.h € X A ULONG) #H kb
BHAEMBR., — ULONG A8l W ia i vf LAFRIK N — 1T H CPU FH4F .

FATH HIn B X KB WEB R0 g it g mfb b CPU FHFME R, X
TP EYLELRE “BE” itE. WHkdE FLINT/C v, REHFE /"B unsigned short
int (& [R] T USHORT) K BFE A . FK 1R USHORT ZRA M 16 ik~ , FHH vLong 2 7]
DL 5E4x 5% USHORT R BIA RSB LR, B R AT L AKX F R B KN E K USHORT X
USHORT<LULONG,

T — T E R FEaws, =i ae X8RI Ll SO 3k 3XF limits. h(Z W
Harb]2.7.1 35 %0 5.1 3 F W7, @, 78 GNU C/C++ 43iE 22304 1imits.h (S W,
Dtlm ) H75 .

#define UCHAR MAX OxffU

#define USHRT MAX Oxffffu

#detine UINT MAX oxfftf+ftfU
#define ULONG MAX oxffffff{fUL

NI ZEFER LT Z R xR, SEhRERA 3FARM AN, USHRT ZER (FR AT
25 FR i USHORT) A ATE 16 1 FF7E#8 3878 s ULONG 2B 454 — 14 32 (L7774 CPU 1y 52
K. ULONG_MAX B & T LAtr it JE SR i s KI5 88 (S W[ Harb]% 110 51)°, H A

——
br
p—r.
s

© ®HHIE GNU C/C++ FAIfh C 45388 P 1Y dE4RHESE®! unsigned long long,



4 HEARAEHK#. CEH

USHRT BV IR I B 2 N OxEFfEE+OxES

[& E’JJ’UJ\?%

&A1, FLINT/C A

KA, HEKFER 16 1, TEFRNTFE-F9 L
G ) AR R B B0 SE PR 2 T B TR 398 AY USHORT 2E &Y Hl ULONG 285

f’%‘\ o

Ry 25/%%% l‘%%%ﬂqﬁz_%ﬂ‘ﬁﬁﬂﬂ

841 64 Pighs

ONG ZE T 3F 7 #s W B AT 64 7 FF A7 # iy b #

s o1 25 M PR T
F—A TR — -

A B

I

B = AT A

A, B EsH
B4 D &S
Ha 0

ERNFRRK

O

S [H]

1&% ¥ HES B }E—*ﬁl‘ﬂlf

BEHERERR .
n= (Unyny,n)p 0<[<CCLINTMAXDIGIT, O0<Cnm, << B, i=1,,![

32 L H 64 AL EHE2E

ff= Oxfffe0001, [K I R] LLFER A —1 ULONG
S {H 0x0001, AJ LAk s ph b 2 U %E e 9 USHRT

I3k 5L USHORT A ULONG, B 1] DAFE K
X SLR) BB AT LA o e 1 o) 3 s R L AL AR

Fﬁ

xmm%@ﬁ%ﬂfTﬂLﬂﬁ 1B E SR 45 R OIC I WA A — > UL-

#r LB, FLINT/C f & —28a] L AR ARIC

ARG RAE T (R 19 7).
1 USHORT BF W, AT IE R WAl et MW AR
171 2 Hb bk B B2 B A g bk R R HEF 407 B8 AH I b A B8R A7 i 2 b 3k 2

FI 5 EATEHBRBE LT XML, HES T
B4 1 o3 WL A A I B AR, TR AR AE A7 4 25 o

A I 70 B AR T - éﬁ E%T ) B30 Wil 35 7k o ik S B2 R 51 B0 38 T T

FERY BT M T FOR M I F AR B SR — P on R . Rk, sk

Hop B RREERRIEL ., 5 F FLINT/C A, A B:=2""=65536, B K X H-—

Eﬁ ﬁ)b # B CLINTMAXDIGIT 38/8 CLINT XT%H@:%?(%Q?@Z%IG

rn_1[ 0]

L0

—/NFR N FLINT/C A& n 1 BEE » 8T LI T HE .

> n_1[IB7 n af0] >0

A

MR n>0, WA B HEBH) » WEARABEFE n_ 11450, EFHEFHE n 2

[n 1[0]]%t

L}

11] o

n_ 1[0 A7 %558 i f& 3L

ITS L{n 1,1)X&HN 1. E*#, ¥iF n

7% DIGITS L(n 1)BEEL, F#d%Z SETDIG-

1 Hﬁﬁi{fﬁﬁxﬁﬁ%ﬂ%mﬁﬂﬁ%%%x s
Al RS . EAHEXTE flint. h PHE

JTEHAREAENEHNTFE, URNMNAECEHEREXRENEHEE.

LSDPTR T ( 3ﬁ]MSDPTR L(n 1) b{ﬂ
5%&%%%T%ﬂim

F3HA
FATE T T R 28 SR R R B S A

typedef unsigned short clint;
typedef clint CLINT[CLINTMAXDIGIT + 1];

AH N 3

»

CLINT n_1;

CLINT 2§

i%f@ﬁ-—*’Fijtiﬁiﬁﬁjffﬁﬁiﬁéz:

BRSO = B AT L 3% R

© HMX—KWE, R Lind [B2E 4 T4
f, A AR

PRECL RIS S CLINT n 19, — CLINT X} £
HFE 4t myptr_ 1 898 X HILZE CLINTPTR myptr 1 &% clint *myptr 1 li!.._,,
FLINT/C RE IR HE £1lint.h f

¥ % B CLINTMAXDIGIT 4% B 4bH 4096 fif iy

50 %, HPEMmBE T C P EmIsEH g, MARaEHmn




B2F KeBKRX. CPAHNEFT 9

B, Bl 1233 (- uEdl gl 256 LA 2 KL B A 4., 207 CLINTMAXDIGIT, #H KK
af PR RIrE EME. By amE XK TFX4NS8. Fli, —4 CLINT 2+

USHORT B MEE 3 LT A RFEE -
Hdetine CLINTMAXSHORT CLINTMAXDIGIT + 1

AT AAL B A A B R L BGE 3 AT @ X

#tdefine CLINTMAXBIT CLINTMAXDIGIT << 4

=1

EARH AL CLINTMAXDIGIT Ml CLINTMAXBIT #%55 ScHi{E FH, B F S 7E el R4
i, BN HELIEE MAX, f1 MAX, (BRTREFRES, XEFEEZRKRFAEASRE
I RFIR XL FH &,

WX —E X, CLINT YR DB ENXEL0, B s —1]8;[0, 2" — 1] ATE
., FATHEIT NpuFeR—~ CLINT Xt R 0] LAFRAR B K B R % BM s —1=2MM —1

B E BT A B — 4 CLINT XTREAWE S EAIH . XA, cLINT 285!

typedef unsigned short CLINTD[2+(CLINTMAXDIGIT<<1)];

Al

typedef unsigned shoxt CLINTQ[1+(CLINTMAXDIGIT<<2)];
BATAT A2 1 22 1 8 435 0 D435 o0 B 5

ATHPGHELZI, HE flint.c EX T H I nul 1. one 1 M two 1, 43JE
CLINT 4§ NEREF 0. 1 M1 2; FHEA flint.h AN HIZ SETZERO L(). SETONE L ()#
SETTWO L (), AP CLINT X4 JgAH M f1H .
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% 1 i X

GANFH-2ALCHR, CNAFTREEARESF — L4 oL,
Goethe, & Faust)®art |

2, AT EE SR THOITHA FLINT/C smEERAIAREE. BeikA]
7% & CLINT XM FLINT/C BREUN CA TR, BRI EETFEFELE - LX{FE FHB R+
B E R SCELALTE .

FA149% FLINT/C P BRE 2 LD “ 17 fEREGE. #lin, add 1 FRaINEEEL
CLINT X} 2R A 7] A u — AN RIZH LERES R, AEREN, ABER, H&EMF4FET]
i, —4~ CLINT XJ 4 7 T2 a8 BUE .

—AFUNNCmMMﬁmu~Au%HNﬁ®ﬁ% O 15 2 TS SRR 1 K ERTT4A

B R s

hee: Fd g fm4afst
i®ix: int £ 1 (CLINT a 1, CLINT b 1, CLINT c 1);
BIAN: a 1. b 1(3R4EHO
Bt c 1(% %)
BME: 0, dofk—nEd
—NNE LR AR R, T

XEBMNRaEHEMBEE: G EEAHEEREESEPI{E; BB Z3E0
return fif S BRBGR B WE . BT ADEIGE /N B, 10.3 945 1d 1 () A%, 10.4.1 i+
twofact 1 ()R, & [E{E RS G BRI A,

B TH TR HNSEN, HRASHEHEASHHEREOAAE, BN Ff 1@ 1,0 1,a 1)
TRAFR, Hpa 1#lb 1}37‘%351, a LTEJIEMNFEHR PMERE S, B iR A4
HRERLPATEA YR TR EME., NCHEF W MAE, RITRE iﬁﬁ%o‘iT, a 11N
RS, PP irs FLINT/C R+,

—MH 14

(DIGITS_L (n 1) == 1) 8% (1 > 0) &% (n_1[1] == 0);
i, FATR— CLINT X R n 1AW FE. WSRERTRN, FENBEREHINT —K
PR, [EXTHERF T, NEERE, MSEEEHNA SRR RGN, B
WEANT AR A AT . FHISEYRS P — BB WL, HREEHEI T X
SRR Hr AR A 2R, DT*uﬁcﬂTﬂ'ﬁ R R EM:. FL, BTSN cLINT g A
FLINT/C R, BAHEN™

JI—NRESH R *‘?‘iﬁTﬁ’J%ﬁ@ﬁﬁ’] THMK, FBEARBEH NS R RKFHLER T
RER/N IR RMER], &4 Ry, REERS CHBImY R, R BT
Frfrh 5clla 56, HR CHrmERImiA S TR 51 ﬂki&%?k 28 s fE oL T g




#3F f#oE X 11

VE: TEHEARIEBIM YT n MR AMBEE, PMATHE 2" B8 (W[ Harb]5. 1.2 73, H,
W2 ERRA LA A AR B B LR AT O a], KX E AT A R E T A (N 1+ 1) 2 7
XERE LR, Now +1 WRBEENERGH (G 4.3 TR S 5., L THEKFNR
T, BfEEBEES R A REnT B, M — 1B (N TDMIERE. HI, FLINT/C PR 24
WEARITHE CHrifE—E

MR —1 el P, BARRYUSEREGENERINY. XEEREL AR
3-1 Y HABSE RIS E XL £f1lint.h EIZl

% 3-1 FLINT/C iR 50

;_F

GREA B
E_CLINT BOR str2clint_1 () P IERIES (2 LS 8 BE)
E CLINT DBZ PRI E-

E CLINT MAL NS AL i iR

E_CLINT MOD Montgomery 3 & H iy AF 8 () 80O 8L
E CLINT NOR AT H(ZEDLE 9 75)

E_CLINT NPT 2 Pk B g

E CLINT OFL bR

E CLINT UFL Bk
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ﬁ—ﬁ &""‘Wﬁ #%‘f&%o
—— Adam Riess { Book of Calculation)

th, Thdda, CELRARL, ALK, AARET L,
Aesop, ( The Fir and the Blackberry Bush)

YREBE~FTEFBEAABZD NI FTRAE, XA 104N BFE
5 % 4 & iE

Arthur Benjamin, Michael B. Shermers { Mathemagics)

(B4 Tt B AL A i 3 G 0 SRl A R AR R RE AT I s . Wik . T M IR s F AR
BEEMNERE. BT ROEOHRFERIRTFREWH T8, FHit. EEFEMEBHeE
B, FasgAh/haly. FEIEAY R . Donald Knuth B 2L 22 fE€ The Art of Computer Program-
ming)M 5 2 HCPHE TRMNIHEE FLINT/C BB X —# 0 IFEMNL KT nE5%
pig s

HTHETFFRR, FEFRANTPRFEHEZEE coy 1 OFERE — CLINT X2 H 85—
AN CLINT 288U 2, [THEZER cop 1 () FB/ARX P~ cLINT 8B AYE MEFT EL . A 1)
RIBURZSIL 7. 4 5 FI5E 8 &,

ANTHERL, EX—FRIGELADTARER BB EEI N EET LN, T
5 T, FRATHE v — L6 pg & v “é‘é‘%*‘ “ﬁ-«&-f’lﬁ” BE, FEX LRI AR
*/FB‘F% mEkEw =%, 4 EEAF c WEEERE LR R RO, LAMESR S
. XA RS IR A FE R /f\l'l’JI*ﬁJﬁ--a A B A1 AT LA B O g X e TR TR] R Y

oy
\T
d

r
i ™
LT

ﬁJ%ﬁ
4.1 MMEMIEGE
e “DIHAR BERA, “Bloa erELRa", Sl gy

RBsHE “F @R KE “u fon, %", 2556 n+mn,
Leopold Kroneckers { On the Idea of Number)

JJ[IﬁfiiFﬂ(Ua{?EEZIKF_L;Er ‘AR S ELEE, HIEAR YR . F T LK
EATREX —F—8iTie, ZEEFNMT EZXTERWEIER « f10.

nr—1

a +— (amﬂa,,,_g'"a“)“ — ZCI,’BI 0 i\i ¢ < B

=4

O MABERERCH LRSI ZAR 8 2 48 50 T WUAR 0 B Bl i)k . )5 it 978-7-
111-22718-2, —— #iE T



n—1

b i= (b1 byy b))y = D 0:B° 0 b < B

i= 0

F‘*‘
=

Hﬂ'if az=b, XTI T] DABCA 3X AN R 2544, P D9 AT G2 AT DA 13 32 49 B~ In &0k

EARRMH., XFFw:, XNEREERELSREBIESEE, Hk e LUK R v — 1%

Z’n ﬁ (N 1D AR Y CLINT X2,
M3 AS Ely LR 23R 4H AR

% a+b BE %
1) 15 & i<0 #Fo <0,

2) I8E t<a;,+b0+c, s;<—t mod B, c<=|t/B],
3) EHE i<—itl; P i<n—1, B3 P2,
4) I 8 t<a;c, s;<t mod B, c‘*—l_t/BJD

5) & E i<~—it+1; def i<<m—1, kiR F R4,
6) XA s5,<C,

7) 3B s= (5, 8m—1"""S0 ) 5o

TESS 2 v, BN EAIXS NS — A5 E—% g n g A8 . B R A 20358 0 771
HFR—NEAL, BEAREE MBI —6., AEFE4 P, mMBREPF—NMMBWRE

BALE @nse, WS —A- BRI T 1y fr A3 B aestn - ora 3 T ks, —HAE 2
ﬁFﬁﬁ,ﬁﬁﬁﬂi%ﬁﬁ%ﬂm~Aﬁu,&ﬁﬁﬂ%%ﬁ@“ﬁuoﬁF R
T30, MEEFHEMEEARL. WRENEIET, BAaX—NHEALE

i H

FEWL L . L AEREE R, BHEAYPIR 2 B IR 4 WPAHI BB ER . T —47HH

AH I A IS FE R BB B A L BB ©

s = (USHORT)(carry = (ULONG)a + (ULONG)b + (ULONG)(USHORT){carry >> BITPERDGT));

EMEE P B E M ¢ h voonGg BRI AY B carry /N, carry 26 1T 8
aiv b VA NAT— 22 F R HEN A HT . SR R BEAL s I8 TE carry WBHMRE G 4y, Bl

11 A H S S USHORT ZE BB 5], AR IRIZ B MY FEN FZFEAE carry B E A BE
FF—RBH.,

PREL add 1 ()VSEMX— 8k, JFALTR AT GE L0 BUAY FIRY b ik [m) 80, 29 33 i 3L & A2 15

B AT X RITIY AL (N + 1) 2177 .

IheE: Anik
1§ik: int add 1 (CLINT a 1, CLINT b 1, CLINT s _1);
BIN: a 1. b 1(# 40
it : s 1(F=)
JB[E: E CLINT OK. 4o X%
FE CLINT OFL, w3k L

© RMIESN CiEEFRE Rt IRAYF I Robert HammelrathCH 45 « 05 125 W7 00 98> Wity




14 H—35p HAKE5H#4. CHEH

int
add 1 (CLINT a_1, CLINT b 1, CLINT s_1)

{
clint ss_1[CLINTMAXSHORT + 1];

clint *msdptra 1, *msdptrb 1;

clint *aptr 1, *bptr 1, *sptr 1 = LSDPTR L (ss_1);
ULONG carry = OL;

int OFL = E_CLINT OK;

BREmERFG4HE. ERERNIMEBEAEHKE S, 54 aptr 1 F msdaptr 1 £
M S AL AL Z e B RARA RS & e, FEL&ME, W55 3EE
a 18 RIKH ZALFe kA 24, 484 bptr 1 # msdbptr 1 H5Z £, €445 45 &4z
BB TP RA b 1 HRIRA L fo R & A K42, £ LSDPTR L ()& ¥ CLINT 3 £ 49 &
A * ALty F4F, K MSDPTR_L ()& F i & A &AL 8 F84F, 1L /£ 3 & 6945 35 T it 47,
% DIGITS L (a 1) A CLINT &% a 1 #4488, & SETDIGITS L(a 1, n)&+¥ a 144
{2 % B p%, n #9148,

if (DICITS L (a_l) < DIGITS L (b 1))

{

aptr_1 = LSDPTR_L (b_1);

bptr 1 = LSDPTR_L (a_1);

msdptra 1 = MSDPTR_L (b 1);
msdptrb 1 = MSDPTR L (a 1);
SETDIGITS L (ss 1, DIGITS L (b 1));

else

{aptr_l = LSDPTR L (a_1);
bptr 1 = LSDPTR L (b 1);
msdptra 1 = MSDPTR L (a_l1);
msdptrb 1 = MSDPTR L (b 1);
SETDIGITS L (ss 1, DIGITS L (a 1));
}
fadd 189 F —ANEHF, a 1Fb 1K MEAANFEMELERE T ss 1P, WTH
RREFIRAEMEAM, EMNREFI PR A FTERAGZIE, FELRELHSL s 18
AR, BAFEFRAD 1 I RAAARKALETHERZAM S, I ATRERNEEKSET
AMEFERELE K, EX AT, XEZAFHZRLENZAF X,
while (bptr 1 <= msdptrb 1)

{
*sptr_1++ = (USHORT)(carry = (ULONG)*aptr 1++
+ (ULONG)*bptr_ l++ + (ULONG)(USHORT)(carry >> BITPERDGT));
}

A~ USHORT 3 A 64 *aptr o *bptr £ B X3, A ULONG £ FifHam, MME, 5 E
—RFERGFALA I, THERZE N ULONG £ A, R EEFHiEmkiz Heyuis,
XA AFMAEE carry 7y HHREBLT—AER, EREEGMEAIRE carry 1848 F,
T carry 2 XM 45 A USHORT £ A 9 3% 1% ., H4E carry 89 5155 P o #4518
i3 54 BITPERDGT 42t 2 A\ Hu 3544 USHORT £ S, MY F—REA GG A

BHZRBHET, RH a 1HHABEETRALGEEI, HA8Es 1P,



while (aptr 1 <= msdptra 1)
{.
*sptr 1++ = (USHORT)(carry = (ULONG)*aptr_ l++
+ (ULONG) (USHORT) (carry >> BITPERDGT));

}
BN ERE, R EGERE, NERKIa 15—, wRALERLHT

CLINT £ % Z KA Nuw LR THER, N2 RFRTEWNWm TDEGHERLE 5 F),
WFAREAGAF T EAAGLE D EEIEM, EXRBFALT, HED4ARRKSH L E
CLINT OFL,

if (carry & BASE)

{
*sptr 1 = 1;
SETDIGITS L (ss_ 1, DIGITS L (ss 1) + 1);
}
it (DIGITS L (ss 1) > (USHORT)CLINTMAXDIGIT) /* overflow? */
{
ANDMAX L (ss _1); /* reduce modulo (Nmax + 1) */
OFL = E CLINT OFL;
}

cpy 1 (s 1, ss 1);
return OFL;

!
X BT E N M ER BT EERE (=06, RS 8ERA
B IE L
BESRFRANC AT T, ETRFEITENALIE B 2RI a Fl b (RSB

U — (am—l arrl—-?,"'a'U)H o b — (bu—l bu—z'“bﬂ)ﬂ

Wik a—bWEIE

1) 38 & 1<0 o =1,

2) e R c=1, & 8B t<B4a,—b;; TN, &FE t<B—1+a,—0b,,
3) i 8 d,<~¢ mod B, ¢~ t/B].

4) & E i—it+1; R i<n—1, I FE2),

5) 4o =1, & E t<B+a;; TN, &F t<B—1+a,

6) & & d,<~t mod B, ¢c<[t/B],

7) B E iw—it1; 4o i <m—1, 35 FH 3 5),

8) it d=(dd w1 ddse

BT TGS, Wik S kRS e—E:

O UN AR BE I B A L — B AL B 1R AN T A B B s B B AL RO {E . U unonG 26 T ) AR B
carry T RS E AL “fE{i”.

o F A1 E:i%‘% S AR L. BIBEES RN AR, BT CLINT 2— 1P E/F5E
B, FARATE ST (N T D AR (S ILE 5 3, BEHEREHERRTE e
CLINT UFL 3R D,

N




16 #—34 HFHREH#%:. CxH

o Bfi. HITEEEMTT T,
A, FATEBTHRE, Fm cLINT B ME a 1 E Db 1.

INEE: ik
i&i%: int sub 1 (CLINT aa 1, CLINT bb 1, CLINT d 1);
BIN: aa 1R A, bb_ 10RH)
T : d 1(£)
IRME . E CLINT OK, %% &%
E CLINT UFL, 2K T i&

int
sub 1 (CLINT aa_l, CLINT bb 1, CLINT d 1)
{

CLINT b_1;

clint a 1[CLINTMAXSHORT + 1]; /* allow 1 additional digit in a 1 */
clint *msdptra_l, *msdptrb 1;

clint *aptr 1 = LSDPTR L (a_1);

clint *bptr 1 = LSDPTR L (b 1);

clint *dptr 1 = LSDPTR L (d 1);

ULONG carry = OL;

int UFL = E _CLINT OK;

cpy 1 (a 1, aa 1);

cpy_1 (b_1, bb_1);

msdptra 1 = MSDPTR L (a_l1);

msdptrb 1 = MSDPTR_L (b 1);

TEELET a 1<b LKL, ki, ¥ AL a 1MEDb 1, WAARKGE Nl
(b 1. KB, GRBRHKFTDGMEMEEANE, PRIFTH(Nu +D@BEL, HF4AMK
Nuwxs BAVIE B 56 8 5 2L setmax 1 (),

if (LT_L (a_1, b 1))

{

setmax 1 (a 1);
msdptra 1 = a 1 + CLINTMAXDIGIT;
SETDIGITS L (d 1, CLINTMAXDIGIT);
UFL = E_CLINT UFL;
} else
1
SETDIGITS L (d 1, DIGITS L (a_1));
h
while (bptr 1 <= msdptrb 1)
1
*dptr_l++ = (USHORT)(carry = (ULONG)*aptr_l++
- (ULONG)*bptr 1++ - ((Carry & BASE) >> BITPERDGT));
}

while (aptr 1 <= msdptra 1)

{
*dpty l++ = (USHORT){carry = (ULONG)*aptr l++



- ((carry & BASE) >> BITPERDGT));
}
RMLDZRS L (d 1);
Bt d 12T, F2AEMAA Nuw—Db 1, FRRZHEM4E d 1 F, KREHTGEEEK
+D5E d 1 7 AEuE Ik,
if (UFL)
{
add 1 (d 1, aa 1, d 1);
inc 1 (d 1);
}
return UFL;
}
% T BREL add 1 OF0 sub 1 () BASL, FRATIE LB T WA B 0 9k A0 0 ik A0 4 Bk 2R 3R
BTN —1~Z% ] USHORT %L%fﬁ%? CLINT 2%, TR R4 & &, HiET7EHEH
e FFiJuAﬁu%i “u” RG], WMZEH B RE vadd 1 () #l usub_1 (). # USHORT ZKHY

P %% 6 9 — > CLINT XM BREL u2clint 1 ()VAESE 8 EHEATI B,

LhEE: —A CLINT & & & F=— /> USHORT % & # 4 3% 4 Am ik
Ei&: int uadd 1(CLINTa 1,USHORTb,CLINT s 1);
=N a 1, b(FHe)
T H - S___l(ffw)
JR[E: E CLINT OK, Jw3& p ¥
E CLINT OFL, #eX Li&

int
uadd 1 (CLINT a 1, USHORT b, CLINT s 1)
{

int err;

CLINT tmp 1;

u2clint 1 (tmp 1, b);
err = add 1 (a 1, tmp 1, s 1);
return err;

TigE: — A CLINT % & i F — A~ USHORT 3 A $ 69 % %
i§i%&: int usub 1(CLINTa 1,USHORTb,CLINT d 1);
BIN: a LGERBE) . bGEH)
H: d 1(£)
O]. E CLINT OK, %=

E CLINT UFL, 4R Ti&

i

int
usub 1 (CLINT a_1, USHORT b, CLINT d 1)
{



int err;

CLINT tmp 1; u2clint 1 (tmp_1l, b);
err = sub 1 (a 1, tmp 1, d 1);
return err;

}

BATLE inc_1 O dec_ 1 ) BB LB T IS IE AT EINA I RAE, B
(TS PNT CLINT 2520 A IS B 2> 1, X BB 1R 8 BB B FE . BRSSPk
HEE, WEHEME RN ERZE, ATIE 7 H s,

inc 1 ()#l dec_1 () RYSEI-S add_1/¢ )%n sub_1 () B SEBAER ARl E0T5 2 b
WEH T %, FE EAI RN Y45 RI0H% E_CLINT OFL fll E_CLINT UFL,

S

T

ThEE: 1 —A CLINT % A 438 4o 1
iFi%: int inc 1 (CLINT a_1);
BIN: a 1(FmHO
B : a 1(F5)
JRE: E CLINT OK, 4o} %

FE CLINT OFL, 4o _E&

int
inc 1 (CLINT a 1)
{
clint *msdptra 1, *aptr 1 = LSDPTR L (a 1);
ULONG carry = BASE;
int OFL = E_CLINT OK;
msdptra 1 = MSDPTR L (a_1);
while ((aptr 1 <= msdptra 1) && (carry & BASE))

1
*aptr_1 = (USHORT)(carry = 1UL + (ULONG)*aptr_1);
aptr l++;
}
if ((aptr 1 > msdptra 1) && (carry & BASE))
{
*aptr 1 =

SETDIGITS L (a 1, DIGITS L (a 1) + 1);

if (DIGITS L (a_ 1) > (USHORT) CLINTMAXDIGIT) /* overflow ? */
( _
SETZERO L (a 1); /* reduce modulo (Nmax + 1) */
OFL = E CLINT OFL;
t

}

return OFL;

}

heE: & —A CLINT £ &40 1
ifi%: int dec 1 (CLINT a_1);
N a;JL(%ELﬁiiﬁi)




0 a;;l(ééQ)
JR[E]: E CLINT OK, oK X3
E_CLINT UFL, 42X T i

int

dec_1 (CLINT a 1)

{

clint *msdptra_l, *aptr_1 = LSDPTR L (a_1);
ULONG carry = DBASEMINONE;

it (EQZ_ L (a_ 1)) /* underflow ? */
{

setmax 1 (a 1); /* reduce modulo max 1 */
return E CLINT _UFL;

} .
msdptra 1 = MSDPTR L (a_1);

while ((aptr 1 <= msdptra 1) && (carry & (BASEMINONEL << BITPERDGT)))
{
*aptr 1 = (USHORT)(carry = (ULONG)*aptr 1 - 1L);
aptr l++;
}

RMLDZRS L (a_1);

return E CLINT OK;

L

4.2 ZEik

ﬁb%‘%'/?\ﬁaﬁ?llrannﬂa """ ? nr%%%rﬁ]“}i\ﬁ” ﬂﬁﬁﬁ /\ﬂpﬂivﬁi
F “BBEnEAXrBERL”, ny ety n=rn,
Leopold Kroneckers { On the Idea of Number)

Jeih 2N FLINT/CEAYPEEENEREZ—,. HATSBRERITIGEER T30
—BHEE TREEENPITRE . SERMNZESMIETTFEI A MEMBENZIGHE L, sk
IR EW A ENPITH A S S8 M HE RIEH LR, XEEEEERD, R
Donald Knuth /B A& fEM MR —ZR LS . “Fkfem L

NP E R AR T F R FHBTH RER o E B Rk, AT 4H
AIXE . P — 612 A. Schonhage il V. Strassen A KB FEH XRRBRF,
BN AT A BRE Ly "} i “T*ﬁ iji‘iﬁ n MZENZITIE L O log n log log n)
A LR (EG[Knut]4. 4. 357, XNHEESETHAMRROFEERE, BREESELD
On*) FEkt, RAEZH i WH&%I’I’JLL%U\J 8000~10 000 M A FIL#H . HTIMERAE
oK, XN FEPIMIER R T oA R TR b R 388 [

N T3 FLINT/C FEp gk, HANTHE S AT Knuth(Z M [Knut 4. 3.1 )44 H
) “BLEE MY O/NEE T R e ST ?}21!17145‘1‘34-‘5 PTEF I SE IABCIS R AT fE R R . AR
Ja,» AT FEMHBT AT E, XM IBRERKWIREAE . BE, RIOTUE—F

I
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Karatsuba JE =B W, RE WL OGPt 25 11-© . Karatsuba e 7k 8 g2 7 IR AT IF 3
Ly FREERERS, (T AHERE I4E— B KA T 4 Gl 2 T /R R =1
. BRAIDZE —FBXANFJFX FLINT/C FEA 14 paik.

4.2.1 INFEEREFIE
ZEUWT L B ARSI ERER « Fb .

m—]

a — (am—]am—z'“ﬂn)n — EQ;BI O “"{\ U < B

1n— 1

b = (b0, 50y)y = ZbB' 0 h, < B

iﬁﬁﬁﬂ‘ﬁfﬁﬁﬁﬂﬂﬁx_@, M m=n=3 i, 5&% ab T LAUNE 4-1 fT 7R IR RE 148
Bi, XX F j=0.,1, 2 ﬂ‘ﬁiﬁﬁl\&

(azalf"n)ﬂ ’ (bzbtbn)y
(aga_lag)g . bj: {Eaib;‘ )E('j‘];i:f\ a:{);—l_lt{_ﬂ)ﬁg c p P p
_ . ™~ - . . = 20 20 10 00
i A AL Czj/“tl?‘:‘ D 2; 1 15 = A AL I AP N . ) » »
AT RIER p=(ps prpspe P ) n o B} ” ’ g
+ , ,
HERHOLT, B p=ab fH1{E 2 Pm Pe P
MR- (s Pa Ps P P Po) s
_ i+
P = STybi’ 7 4-1  ferkis iy

j=0 i={

PNEC R m Fln BN EIERINRESGREDAm+n—1460, BELRymt+n L, FHITAIHE
ATtk P IRECCRI R L 254 B /N A F BIIREO B mn K.
FeRg RS b A RO e i R B e T E T A 0GR . X EE, RIEB AT
S E BN T . XF/NEEIR T RBESTFE, R -TIFAEIEF, XFhFE
BT . —MEERNNEREEETBENR ab; R SEAE RS+
po AN, BSTE PRGBS c M. BEREEG, DRFERBELAE .
! < pi; Tab;

Hoa ¢ th A LLFERH

t=kFB+1 0L k0 <B
Kig, FKMA
piy Tab, +c<<B—1+(B+1)(B—-1)+B—1=(B—1)B+B—1=PB" —1<B°
RYE ¢ FRIBN, JWEREBERN pi L. FATREITIFAL ek,
Aitt, FEBHsF BT a; by bz by s BISMBIEFLL BB AT ab; =0, -,
n— 1D LAKAE ¢t R por, WNTBIA AN . FEMT IR,

FiEEIE

1) &% p;<0, L =0, +, n—1,

2) R H <0,

3) ZH j<0, <0,

4) 1R F t~pi;Tab;+c, p,—;<~t mod B, c=—|t/B],

© DITRE RN EEEEZLTN, BWREME RGBT, R, RN IZT R ME. Ik
. XA HEE B X



5) RE j<—j+1; deF j<n—1, SEBH K4,
6) E pirnrc,

7) &K i~i+1; 4 i<m—1. 3iE3) 5 8B 3,
8) #r s p=(Pustn1 Puin—2""Po)po

TR LB AZ OO X —EHEN., RIERTEAHIE, B4 PTFETE B
HIZRoR I B® /NIYME . SAImgnd 2, I #aah vnong 258, REWMN, & ¢
T RICHER, SR po I ¢ UMXFEE—1F RN P, XE5Z AR89k K
RN, TERTWRAET, FRATE A — L A 200K 1 HE R A,

"L

DIgE: ik
i&i%: int mul 1 (CLINT £1 1, CLINT £2 1, CLINT pp 1);
BMIN: £1 1. £2 1(HF)
Wi pp 1(#0)
JR[E: E CLINT OK., +4oX &%
E CLINT OFL, # R Li&

int
mul 1 (CLINT +1_1, CLINT f2_1, CLINT pp 1)
{
register clint *pptr 1, *bptr 1;
CLINT aa_l, bb 1;
CLINTD p_1;
clint *a_1, *b_1, *aptr 1, *csptr 1, *msdptra 1, *msdptrb 1;
USHORT av;
ULONG carry;
int OFL = E CLINT OK;

HAFARE: p 1 AMALLER, BRAREKE, ULONG £ M X F carry ¥
Ftgdttr, F—F, FAMBPABETAR, MARZREFALR. F=F, FAEABETLHEZ

aa 1% bb 1%, HFHrkiTHE&,
if (EQZ L (f1 1) || EQZ L (F2 1))
{
SETZERO L (pp_1);
return E_CLINT OK;

}
cpy 1 (aa l, f1.1);
cpy 1 (bb 1, 2 1);
WwIEFH, H4ta lfb 15 E aa 1fbb 1653k, 2% aa 1 65424 TF bb
18 E, a1 E@E bbb 1. 64t a 1 ERIBEO L AR RIS BER,
if (DIGITS_L (aa_l) < DIGITS L (bb 1))
{
al=~>bbl;
b1l=aal;
}
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else

{
al=aal;
b 1=~>bb1;
}

msdptra 1 = a 1 + *a 1;
msdptrb 1 = b 1 + *b_1;
AT FHFrE, R5Rb,—1b,2b0)p * a0 R A L& T K og AR AT 40 4540,
A E— RIERFHHE, FEECNAEE P Po-1s s Do Fa

carry = 0;

av = *LSDPTR_L (a_l);

for (bptr 1 = LSDPTR L (b_1), pptr 1 = LSDPTR L (p_1);

bptr 1 <= msdptrb 1; bptr 1++, pptr 1++)
{
*pptr 1 = (USHORT){carry = (ULONG)av * (ULONG)*bptr 1 +
(ULONG) (USHORT) (carry >> BITPERDGT));
}

*pptr_1 = (USHORT)(carry >> BITPERDGT);
BTRESREGREMIR, KNa L#)a 12454,
for (csptr 1 = LSDPTR L (p 1) + 1, aptr 1 = LSDPTR_ L (a 1) + 1;
aptr_1 <= msdptra 1; csptr 1l++, aptr_ l++)
{
carry = 0;
av = *aptr 1,
for (bptr 1 = LSDPTR L (b 1), pptr 1 = csptr 1;
bptr 1 <= msdptrb 1; bptr 14+, pptr 1++) {
*pptr_1 = (USHORT)(carry = (ULONG)av * (ULONG)*bptr 1 +
(ULONG)*pptr 1 + (ULONG) (USHORT)(carry >> BITPERDGT));
}
*pptr_1 = (USHORT)(carry >> BITPERDGT);
}
HRORRKTRRKEA a 1fb 1ELI I, R R YT 145, 2 4% RMLDZRS
L RE,
SETDIGITS_L (p_1, DIGITS_L (a_l) + DIGITS_L (b_1));
RMLDZRS L (p_1);
I RERI—ACLINTH R A THRRXEBER, RACHFRLE, BiEHFE
OFL ¥iX E A 1L E_CLINT OFL, RG24 H ¢4 RMMEL 3T % pp 1.
if (DIGITS_L (p_1) > (USHORT)CLINTMAXDIGIT) /* overflow ? */

{
ANDMAX L (p 1); /* reduce modulo (Nmax + 1) */
OFL = E_CLINT OFL;

¥

cpy_1 (pp_1, p 1);
return OFL;

}

-
——

1

FREIZITIE t=00mn) , Frih ¢t 5 ANBRAEBANVE m Mo WRRIEK. X3
ek, AT WL TARMYFMERBENRS S, B4 — cLINT 8B M EF T DL —

AVl
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4~ USHORT ZEEIW &8, XA A CLINT %& e O(n)El’J CPU ==& B [a], X T4 R
REMFEENRE —HFERBEER, M2 T ushorT RMWKEREERN, &, &
TR 7E— 55K A9 3 T USHORT %iﬁlﬂ@?# ZEBFPEIIX—HE. (S5 6 &,
wmexp_ 1 () EREO,

P F umul 1O BEEASEH, RATEEE mul 1 () REW -G E, J
WL EEHAEAN].

- % AE 1B

o
Y §

hEE: — A CLINT % & % fe— A~ USHORT £ B 4 69 F ik
i&3%: int umul 1 (CLINT aa 1, USHORT b, CLINT pp 1);
BIN: £1 1, £2 1(HF)
@it : pp 1(47)
iE[@]: E CLINT OK, 4= &%
E CLINT OFL, ZeR LiE
int
umul 1 (CLINT aa 1, USHORT b, CLINT pp 1)
{
register clint *aptr 1, *pptr_l;
CLINT a_1;

clint p_1[CLINTMAXSHORT + 17;
clint *msdptra 1;
ULCNG carry;
int OFL = E_CLINT OK;
cpy_1 (a_l, aa_l);
if (EQZ L (a_ 1) || 0 == b)
1
SETZERO_L (pp_1);

return E CLINT OK;
}
HATT LR ELEZE, CLINT £ B4 B -F5 USHORT £ B &9 B T3 T — RE XL,
R AL A A CLINT £ R KRS ARSI =454 % USHORT £ &,
msdptra 1 = MSDPTR L (a_1);
carry =

for (aptr 1 = LSDPTR L (a_l), pptr 1 = LSDPTR 1 (p_1);
aptr 1 <= msdptra 1; aptr l++, pptr l++)
{
*pptr 1 = (USHORT)(carry = (ULONG)b * (ULONG)*aptr 1 +
(ULONG) (USHORT) (caxrry >> BITPERDGT));

}
*pptr_1 = (USHORT)(carry >> BITPERDGT);

SETDIGITS L (p 1, DIGITS L (a 1) + 1);
RMLDZRS L (p 1);

if (DIGITS L (p 1) > (USHORT)CLINTMAXDIGIT) /* overflow ? */

{
ANDMAX L (p_1); /* reduce modulo (Nmax + 1) */
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OFL = E_CLINT OFL;
}

cpy 1 (pp_1, p_1);
return OFL;

}

4.2.2 BRPEFERE
fr;%ijc%m@‘~ﬁfﬁ%§iﬁﬁﬁ@é@%éﬁ-¥%%ﬂtlzﬁ%iﬁwﬂilﬁk%ﬁ*ﬁaﬁfﬂ?ﬁ%aﬁ;\&eﬂ%
R, XEHTHREFFHAHEEBRERO S HREERN ., XNMAMIEFEE, BRAHEITE
mot, HYEFREBAIE—)R, MERE T KE, F}‘ru}ﬂaﬂué’-é’%«aﬁﬁ%iﬁ’ﬂlﬁhﬂa ¥,

175

R BB E AP LR, SLad B A B 8 HF Capayae) s (HLE 4-2)
(ﬂzalao).s ‘ (azﬂlﬂu)ﬂ
dydy 2,ay Qo
+ A, a,a, ana,
+ a,a, a,a, a,a,
(P 2% P P P Po)
Xl 4-2 FFHesE

RINTERHNFR g, Fi=j WEHATHRT —IK(E 4-2 FHAAZEEDS), £ A7 BWE
MTFHIAT 2 K(EFHEAZTLSS . Bitk, AT LB R aa, B I (E P <GEY
L, 2 e M 9 R/ELIEHEFM 3 K. ITEFHFRNBENFAETLUE R

n—| w—2 a1 7n—]

p = Zaa B = 27 ?aa B’+‘—]—Za282'

i j=0 i=0 j=it+1 7=

R M, FHZEFERERFESBEEAABRE T /NFETERMM 2° BPE n(n+1)/2.
Y HizBWN—FMEBEENNRERBIA P I LRFEREXFRIHE DM TEE.

FHEE

1) &% p,<0, HP i=0, =, n—1,

2) X H 1<0,

3) B E t<pytar, pu<~tmodB, c~|t/B],

4) %E j<—it1; deF j=n, $EEDFHET,

5) & F t<p;r; t2a;a;+Fcs p;<~t mod B, c<=[t/B],
6) IXE j<j+1; R j<<n—1, 2| FES,

7) REH pirn<co

8) KE j<it+l; R i=n—1, RFEIVIET,

9) fr i p=(pos—1 Pon—2"""Po 5o

(%

AT IEFETERRIT O R, MO EE ¢ i IEEEHE
(B—1)+2(B—1)*4+(B—1) = 2B*—2B

CE R S P, BREXBWRENTRARETER BN, FEILEE BEWAL, X

FRAINAE Bz—1<282—28<2B2-—1, Fr L —1~ ULONG ZREIA R IR IR t (LR AR

L}

L
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AEHE_ AERAMY T BRI T PR AE) . BRI T — AN al LA E CPU HEA ML S B2 )77 SR R 1K

AR, BT CIESEF RN, RESHMZHFRMARREMET . 7T 56X XA,

}Ml]rf,‘i[ETJ:ﬁ_\ﬁfE, B IR 5 BT 2 MR RE— D RMMIER P IT. XTHED
BE 3 FEH B O MEAR R IAT . BUIRNIEBEAE T BT — SUBS  AH wk 6E & AR T 5.

FhRY B . BUAERYFIEUNT .

THEE2

1) n4sdt: X E p,<0, L P i=0, -, n—1,

2) HHRMFH/HEEGR, EHE 0,

3) IKEH j<—it+1, c<0,

4) & E t<pi;t‘aa;+c, pis;<~tmod B, c<|t/B].
5) i & j<j+1; 4R i<<n—1, ki3 F K14,

6) IXE pirn,<c

7) B F (—i+1; 4R i<n—2. itz 5% 3,

8) MAFVL28FE. KLE i<1, <0,

9) I H t<2p;,+c, p;~—t mod B, c<=|t/B],

10) £ F i<i+1; dof i<2n—2, $k3:3)$5 %9,

11) 35 & pr,—1 <

12) AE-F 7k, & F i<0, <0,

13) t<p,+ai+c, pu<tmod B, c<|t/B],

14) t<pyie,tcy pojr1<t mod B, c<|t/B],

15) & & i<—i+1; doF i<<n—1, $iE3]F8% 13,

16) X E pr— 1< P T¢; WHE p=Do—1 Pon—2"""Po)Bo

j};{: 2 o (anFlan—Z trdg )B o

TS

FEFFEEN C RS, B8] 1 P miiib SR EAEL . #iTHES

-/~

gE: FHEH
iGiA: int sqr 1 (CLINT f 1, CLINT pp 1);
BIN: £1 1(HE-F)
el : pp 1GCF%)
M. E CLINT OK, =R &3
E CLINT OFL, 4wk L&

int
sqr_1 (CLINT + 1, CLINT pp 1)

{

register clint *pptr 1, *bptr 1;

CLINT a_l;

CLINTD p_1;

clint *aptr_l, *csptr 1, *msdptra 1, *msdptrb 1, *msdptrc 1;
USHORT av;

ULONG carry;
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int OFL = E CLINT OK;

cpy 1 (a1, £ 1);

if (EQZ L (a 1))

{
SETZERO L (pp_1);
return E_CLINT OK;

}
msdptrb 1 = MSDPTR L (a_1);

msdptra_l = msdptrb 1 - 1;

)ﬂ pptr_l ﬁﬁtgé-;ﬁﬁﬁﬂ! ;!:—éﬂ ﬁé’fti@.ﬂ:%ﬁé} 42 ag(a"—la”—g"'ﬂ] )B i&;ﬁi—! 5%%;@

Pho XEaHAL po FFARIMAE; CLMEEA O,

*LSDPTR L (p 1) = 0;

carry = O;

av = *LSDPTR L (a_1);

for (bptr_1 = LSDPTR_L (a 1) + 1, pptr 1 = LSDPTR L (p 1) + 1;

bptr_l <= msdptrb _1; bptr 1++, pptr l++)

{
*pptr_1 = (USHORT)(carry = (ULONG)av * (ULONG)*bptr 1 +
(ULONG) (USHORT) (carry >> BITPERDGT));

}
*pptr_1 = (USHORT)(carry >> BITPERDGT);
AT 3t B AR aia; 89F= 0537,
for (aptr_l = LSDPTR L (a 1) + 1, csptr 1 = LSDPTR L (p 1) + 3;
aptr_l <= msdptra_1; aptr 1++, csptr 1 += 2)
i
carry = 0;
av = ¥aptr 1;
tor (bptr 1 = aptr_1 + 1, pptr 1 = csptr 1; bptr 1 <= msdptrb 1;
bptr 1++, pptr 1++)
1
*pptr_1 = (USHORT)(carry = (ULONG)av * (ULONG)*bptr 1 +
(ULONG)*pptz_1 + (ULONG)(USHORT)(carry >> BITPERDGT));
}
*pptr_1 = (USHORT)(carry >> BITPERDGT);

}
msdptrc_1 = pptr 1;

RigB S BEEF(ARLT7.1F)ERR pptr 1 FHEILERE R 2,

carry = 0;
for (pptr_1 = LSDPTR_L (p 1); pptr_1 <= msdptrc 1; pptr_ l++)
{

*pptr_1 = (USHORT)(carry = (((ULONG)*pptr 1) << 1) +
(ULONG) (USHORT) (carry >> BITPERDGT));

}
*pptr_1 = (USHORT)(carry >> BITPERDGT);

RAERMNAIL “ZF AL,

carry = 0;

for (bptr_ 1 = LSDPTR L (a 1), pptr 1 = LSDPTR L (p 1);
bptr 1 <= msdptrb 1; bptxr l++, pptr 1++)
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{

*pptr 1 = (USHORT)(carry = (ULONG)*bptr 1 * (ULONG)*bptr_1 + |

(ULONG)*pptr_l + (ULONG)(USHORT)(CBIIy >> BITPERDGT));

pptr 1++;

*pptr 1 = (USHORT)(carry = (ULONG)*pptr 1 + (carry >> BITPERDGT));
}
T #9 B S kAL
SETDIGITS L (p_1, DIGITS L (a 1) << 1);
RMLDZRS_L (p_1);
if (DIGITS L (p_1) > (USHORT)CLINTMAXDIGIT) /* overflow ? */

{

ANDMAX L (p 1);  /* reduce modulo (Nmax + 1) */

OFL = E CLINT OFL;

¥
cpy_1 (pp_L, p_1);
return OFL;
}
S H BB R AN O®), FREREBRERMNEWES, BERTFERTFIHIT n(n+1)/2

IRFEEATe T, Bl E KR —BRIEERN 2 5.
4, 2.3 Karatsuba g€ &G 5 8 &F
RUEBFBBTAHRBER G T D,

H %,

BURATRLEBER TG -ANHH W

Sten Nadolny, <<god' of Impertinen68>> ( Breon Mitchell %)

W prak, WATEIFR R D WK A, Karatsuba fp G MR ER E, BRI X
TIRZZBEENZME LRGN Knutld. 3. 3797, FAMBRIK a F16 B n=2k V1) B il B
N, RIS R a=(ara) w M b= (b0 gt s HH ao. ay by F1 b, F B* i 8
B, BITAEER T o f1o MF, NAUTAR

ab = B*a,b, + B*(a,b, +a,b,) + a,b,

FEFEECh B WO T, 24 W, BIFeE80h B RO T, b n® =4k IREEA TR,
SR, W SRIRAT %

Co 1= agby

¢1 = ab

c, = (ag +a) by +b)—co — 3
RIEX NEE]

ab = B*(B*c¢ci 4+ ¢3) + ¢

NITE ab, MAEERECH B* W T, RTEEHIT I RFREE; HEHEEN B WHE
oL, T3 3k IKFEILIZE, UINR—8INEMBAEE (EREECY BB T, kL B /Y
B GES AR E (ORSEH; SR 7.1, BATBKE T a Fb WL 22 HE, 1B
W R RE AR TR, RAOITURRATR TR B AT, Xadks
BT 30 =n' % " IR EE AT, ST 0P REASZEWES T EL, FERINT
N5 F AR LB B 09 T 85

Xt HIE R, AT RAXE X A 3 R R R AL




2
n

|

) = daf
= (ay +ay)? — ¢y, — ¢
FEATH
a* = B*(Bc, + ¢ + ¢
Ak, 5—xpsekAait, FEaE P E T S EEAEHE AR, XX T AR 26
R AR . A, FAIW KA E Karatsuba B JF 38 Hia B B2 4 ﬁﬂa-—-ﬂ'ﬁ}*
B, XUFHHEHANHEGIRBEAT AN TS, HSHFEERn, RIIGFEHEREILATFTFE
BB 36 U 3 B A S0 4 AR B U7 EE AR B 2D,
AT 3RS TP TR L i s S A A9 fF R, TR T B4 kmul () 1 ksar ().
¥ & F o WA, HIEA TN E RS —A%5 . (IR Z ] k& %8 48 10 3
A B W B AR AT S A A9 48 B R HI N B9 DL EL
MR R T BOR TR A ZE WS WALE, T 6 S92 43 i ef B0l FHAB V= 78 s X T 48/
1 (A =~ f.r‘ﬂf]fﬂigﬁ’?ffﬁl*l’j%?ﬂi'ﬁi%ﬂﬁ S FAEB AR, PR kmul () F ksqr () {56 4
H R mult OF sqr (), X DR M4z S H B T R MET7, HAZEH R =8
i&ﬁt(%bn*ﬁﬁ@%yﬁﬂﬁ ) 29 7]

N

>t

héE: 2k 42 B 44 a 14 b 1 ¢ Karatsuba f k18 Jf
i&i%: void kmul (clint *aptr 1, clint *bptr 1,
int len a, int len b, CLINT p 1);

BIN: aptr 1(GE@E BT a1 & RAKH 2042

bptr 1(3E @ EF b 1 6K AKA 2 4L)

len a(a 1 694L30)

len b(b 1 #54L4%)
Bitd: p 1(F)

void
kmul (clint *aptr 1, clint *bptr_1, int len_a, int len_b, CLINT p_1)
{

CLINT co1 1, ci0 1;

clint co l[CLINTMAXSHORT + 2];
clint ci 1[CLINTMAXSHORT + 2];
clint c2 I[CLINTMAXSHORT + 2];
CLINTD tmp 1;

clint *aiptr 1, *biptr 1;

int 12;

it ((len_a == len b) && (len a >= MUL THRESHOLD)
& (0 == (len a & 1)) )
{
o RABABEATFTEAME 918445, H X F44 MUL THRESHOLD, 7F &L ¥ ieig A~ B F 4

A\ AE)T RGN, /4 aptr 1. alptr 1. bptr 1. blptr l’\'%‘] 75 1) 4
ARG RARF AL, T ARALAGELH,. MUARNAETT EZ0 e, @)z 8 8
kmul ()3 F-AF2ME ¢y Fo o1y AL CLINTZF cO 14 c1 1 P,



12 = Jlen a/2;
aiptr 1 = aptr 1 + 12;
p1ptr 1 = bptr 1 + 12;
kmul (aptx_1, bptr 1, 12, 12, c0 1);
kmul (aiptr 1, biptr 1, 12, 12, c1 1);
{-L!'LC'? ::(ag_l—al)(bﬂ _I_Z)])_*C[}H_C[ iﬂiﬁ,lﬁ }kjﬂ%\ —_;}tx:j- kmUl()éﬁiﬁmﬁnﬁ}Kﬁ%
T+ HAF3) . 5 Bh B addkar () S AR E A -5 35 6 AN F K I B8y AR H #4565 35 4
U ATeI AL, R H AR A CLINT £ A 4 Fo,
addkar (aiptr 1, aptr 1, 12, co1 1);
addkar (biptr 1, bptr 1, 12, c10 1);

kmul (LSDPTR L (coi 1), LSDPTR_L (c10 1),
DIGITS L (c01_1), DIGITS L (c10 1), c2 1);

sub (c2 1, c1 1, tmp 1);
sub (tmp 1, co 1, c2 1);

1?:_.:§‘51 FE AL HE BY(Bfe, o)t WAEE R, X EHE BT 8 HH shiftadd
(Vo EXNFBEAEMEF, £EFE—A CLINT R A — NS T 68 B#H1E8, F
4%‘%?5—51 R 5% — /- CLINT £ & 64 m3 A8 hm

shiftadd (c1 1, c2 1, 12, tmp 1);
shiftadd (tmp 1, co 1, 12, p 1);

}
Yo F PN SFERB L, WYbF R, FHARAELEBHE nultO. BHAR

mult () BB AT AL, FRFHFHE aptr 1 fo bptr 1 P HABEF 553544 CLINT & X,

else

{
memcpy (LSDPTR L (c1 1), aptr 1, len a * sizeof (clint));

memcpy (LSDPTR L (c2 1), bptr 1, len b * sizeof (clint));
SETDIGITS L (c1 1, len a);

SETDIGITS L (c2 1, len b);

mult (c1 1, c2.1, p 1);

RMLDZRS L (p 1);

}
}
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&% : int kmul 1 (CLINT a 1, CLINTb 1, CLINT p 1);
int ksgr 1 (CLINT a 1, CLINT p 1)
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ith: p 1(4R)

JRE: E CLINT OK, =R &%
E CLINT OFL, 4=k _Eik

Karatsuba sREMW LA EF LT S kmul.c H1, T4 www. apress. com FERIE/CHE




30 H—FHp FRE#: CFIL
BB B 1Y T 3 45 SR (3R B Sk 500MHz AR AR FEZS T 1Y Linux RE0)
=W, 1)1] m/\{fﬁ T 40 f57 (Y F 640 {7 B BAE B AR ER PN B EE T, B
SEPR AT R A an & 4-3 s .
50 i 2
o |
% 407 i ¢ mul |
X 30 A ' O sqr 1
S 0 O 5
"?FS 10 % W X ksqr |
0 - |
0 2000 3000 4000 5000
eI 0A e

4-3 H

M

&l 4-3

T AR AT S R BRUETR I 2 IR P RE L R 4004 1032

5, XTF#ELT 2000 AL — ﬁﬁ%‘J%ﬁIa T A i B 1) 22 ] AR 45 B 5 3%
AEBREE, “PRiE” FH sqr 1 (
AT 3 3000 hﬂ’]ﬂ‘%ﬁiﬂ L
va PREXT T /N B A BT PERENS T IR, BEX
Z[H . kmul 1 ()iEFTRE] BB AN ES I, R
AN, BadHAE e EEER PR . ERFMPELT, X
E it?ﬁ{bﬁﬁﬂﬁ) g, XY, BiEsm AR RIEI L — R0 T otk gezE . Bk, AP
T Karatsuba bR &5 {08 H 37 35 A [R) 48 5000 000 47 800 iR £

LT o WIS BRI Y ], Ziegler[ Zieg ]S
T —Fh&tr X+ 64 o CPU(Sun Ultra-1) #4 Karatsuba 2 F15 5 B 18 B S2 B 7 ¥, % 07 e 70
640 (LA LI # Y ARG T R kg . X
2048 BT, VEEER T 23 %,

C. Burnikel 1 J.
B, XA RN
FIR A, Karatsuba B0 %5 b
A mul 1OH sqr 1 () KE, EAH
Z 0819 3=),
sar 1 ()

ksgr 1(

ZIK:

BT, HZ2
RN

Ny,

.J.“Z

YHAEA®
F 1 33| Karatsu]

VA 4 2L 1R T

Y

ﬁ/]\ﬁm

%] Max Planck(#

Ziegl
B il

% 250 fJ.)

3K

{EL 7 V] )

17, B Z

4.3 WRERIE

R IR —

é%&qalsﬂ?’s i

e A

e, nth ki,

.....

%MLW%%W%%%ﬁLﬁkE%ﬂF -ty W%&,Lm%ﬂﬁﬁﬁﬁﬁ
%%M%ﬂ%ﬁ@%ﬁ%ﬁﬂﬂE,WUﬁmﬂ

2%':75": ) ?‘%ﬁ.] ){%‘1’1‘

it a=qb+r, E

{'I:Ij OH<..H?‘<() o

Karatsuba g2y CPU -8 11 |0]

Karatsuba J7 340 4% .

b Karatsuba ez B B, M Karatsuba FEJ5

LB ARG

5’5—4 LA

I, TE 1024 i, MR

— B &

EF2 Tt 1020 ;

RIS

—— Algernon Charles Swinburne, { Dolores)

i I BRIAFR A Ak k. B

'EEILHIET Nt e A Fp
Karatsuba BR £ #9 W A F A B %L mul 1 ()

fa 2

IE4F &

T

1t

er[ BuZi J¥F Karatsuba e i93EmE FHE W T —Fb A 8K 74 338 )3 B s
B R T A AN
I &ﬁ%ﬁﬂkm ERERR T, U IRATTE X 1R
I T3R5 BEdA v OF

.
fi

() H

=i

HX

BELL B AR BGRRBRIE

FUTXLE, _ﬂﬁfa, hEZ, b>0, 5M—

}Ml,

Wa AR, ra BRELD MAREL



Fd4F HAKZEHF 31

EHE, L TFRRIIELERE., EF 5 EPRITEEUTELKRBENEERE, AT
WFRTEF 2B, WS, Wk, REMEEELEMHE. FHib, RWEEESGREA
&Wﬂi%%@ﬁﬁmo

SF T EARE a Fl b, PATH AR B 5 7 L0 7 2 B PR o« ASWF bk 225080, H B
%&rb%&bmu%MTuﬂ#ﬁ%ﬁﬁT%&&@%ﬁﬁﬁaﬁaﬁqﬂ%ﬁrﬂﬁ
{qul'a/bj  ran I' a/bJ b ° ° 354938 . 427 =831, H&&101

T RGO S O PR IS AR R AR AR BT, BMERATFED | - 3416) |
202 ST T B TR 09 T vt 50 AR LL X R G e A R T . /e | =013

- 1281

bR, R I AR B A 1 — v — L HL T 72 %&Iéfﬁ%"kﬁﬁ = 00528
DU KA B 4T, WA 44 R T

HINTESEERBFREO TN ETRNE— R 8,
MBI, AP, — BB —fggE A RETHIER
LABREO KK+, Lk 3549 J’()a e B R 0 AR B W R EUR TS B
E—Fh BRI EL R, B8 A KN, R R AT A — R A I, R 25U
LLEEIE

iﬁjﬁﬁiﬁﬂﬁﬁ%iﬁ{f IZBCEINES B e B B, A [Knut]4. 3.1 #7, Don-
ald Knuth fifid 1 /8 A X MBS T B AR HEN k. RIMTANHES 0T .

&a———(a, b1 Quta—2Qo )y M O= by by oby )y A B 3 B ok8, b6,-, = b A
RS BARMAL, b, >0, FRMFLHREXRK a=gb+r, 0<r<bWITHiqg 5L .

E PR RKERE. A THE g r, TEEE—SHRE—PMHHTFE ¢ :=LR/b|<<
I, ,H':E': 219 —‘f/‘:E{J R"‘(aeru | pptn—2 " Clk)n ffﬂcli":ﬁ%ﬁ%ﬁ §k1ﬁﬂﬂﬁ§u§§k {j%%,
I<SLR/OI<B(ELHIY, B#HA m+n—1=3+3—1=5, k=2, R=3549), KRG {1i&
B R :*=R—qb, ARILTHIET ¢ WIETM:. TWESKMS OSR<b, 25, R¥HE RB+
(%&l“f\%(H’JT MV B, W —NREH—-KHEITLR/b], HMYBEE WG RsEHs S5

%U—l:‘l.a J]'g_/\[;{r\ilf-’lj/\ﬂ l‘%ffM%%{ERﬂr ﬁtifﬁ:ﬂﬁﬁg
NI IEX—dE, KT ERMEN TR R=(ryrmy ro)p F1O=(bb,—, -

[){J)B(I_R/().J<B)HJJFT Q = 5 (r,=0 %ﬁfﬁﬁl’lﬁ) fig_i.ﬂé ] Knuth TI%@:H@ Q H{]ﬁ’(u’.ﬁaa

T H RAO AT S FiTHIS5E],

54

G i— min{ [""B A J,B— 1} (4-1)

0,1
MR b, =L R/6 1, MXFg(EM[Knut]d. 3. 17, EHAFB), ENHG—2<<Q<Kq,
TEERE S AL B R REEFIEE T, ¢(EAMQ MIEMEZELLILQ K 2, HAKEAL I,
B,
B [ 0 B AR AE R o 1O BOASE0, MRARTT DLk B R % 5. TRAT3EF: >0 fif

B A

:fg: dbn—l ;\:‘:: ?J ? /:;?\& =:ad: (&m‘{*nam".'n—l a[} )B * j—-f]’.}z.ﬁb _ﬁd—- (br*] brr‘* .[;U )H e Xd‘ d

93 B RGO RL B R TF 6 MALBUOBN . 76 LRMA S PBIET AW o £ 1 1Y

© WX a0, Fath, Me=—[|al|/b], r=b—Cla| +g;: #FHal|b. Wr=0, B, HHGET LA
w7 e bE NHIHLL.



32 H—IF5H5 FAREHEKAL: CEIH
B (B R B AER, IR EG., =0, LW, ELhRF, d &8N 2 N, X
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8) #ﬁiﬁ'& q: (-q:rnq.rn—l".iQU)H j,cr; r=(rn—lrn—2"‘rﬁ)ﬂu

g

A

BRERAT A — L E by s IRATT LLGE S B IGIE r<0 FNFH 00 BRAPINLEK (rai) sy B

Wk EiZEE., XR r#R{BES, r<Gadps—qby, a; T2 IRV TE
%&%’:a ﬁ-@fv ?’f&y‘j{%%& q—(qmqm— Qﬂ)ﬂ &ﬁ—fta
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heE: FRk&E
i&i%: int div 1 (CLINT d1 1, CLINT d2 1, CLINT quot 1,CLINT rem 1);
BIN: d LG, d2 1R &)

6 |

. quot 1(F). rem 1(H )

1

0. FE CLINT OK: 4w %)

E_CLINT DBZ. #4340

int
div 1]
{

(CLINT d1 1, CLINT d2 1, CLINT quot 1, CLINT rem 1)

register clint *rptr 1, *bptr 1;
CLINT b_I1;

/* Allow double-length dividend plus 1 digit */

clint r 1[2 + (CLINTMAXDIGIT << 1)];



clint *gptr 1, *msdptrb 1, *lsdptrr 1, *msdptrr 1;
USHORT bv, rv, ghat, ri, ri 1, ri 2, bn_1, bn 2;
ULONG right, left, rhat, borrow, carry, sbitsminusd;
unsigned int d = 0;

int 1i;

HHIRE a= (@i 1Qurn—2*a0 ) Fo R B 0= (b, 10,2 b)py AR B HA-CLINT X Z ¢ 1

b 1¥. FHRENFR, wRERGEHE, R PE, HFA®4iE4S E CLINT DBZ.

BATAH R R E A MAX, 69 245, IR TAFREAZGHEL TR ikiE
STTREBRE, FHMERALAREIRBEAGHEM2EREGT.,

cpy 1 (x 1, d1 1);
cpy 1 (b 1, d2 1);

if (EQZ_L (b_1))
return E_CLINT DBZ,

WIATEMTAAEHFL: MBRE=0; MR RFABRE=0FK, £X

e AF AT LT, RATT A Beik R REIE L

if (EQZ L (r 1))

{
SETZERO L (quot 1);
SETZERO L (rem 1);
return E CLINT OK ;

}
i=ocmpl (rl, bl);
if (i == -1)
{
cpy 1 (rem 1, r 1);
SETZERO L (quot_1);
return E CLINT OK ;
}
else if (i == 0)
{
SETONE_L (quot 1);
SETZERO_L (rem 1);
return E_CLINT OK ;

}
BEATHHRY, ANAKREXRETA 112, EXFEALT, BHEEADHKH S —H0 %,

M v 22 AT 3R AT R W i A A B Fh ik

if (DIGITS L (b 1) == 1)
goto shortdiv;

REFHBBITEFRERZE, ALAFZ—ANAA2 ARKFESLFHEF I, REDH_ >

BASEDIV2 :=|B/2], RO ESZAHAZAL b, A 145, HEWEEAE 0 dwl, F
B, 4T msdptrb 1@ MW R 5H A &L, {4 BITPERDGT—d EE®E 2% A3, B
b2z B T ¥ sbitsminusd F.

msdptrb 1 = MSDPTR L (b 1);
bn 1 = *msdptrb 1;
while (bn 1 < BASEDIV2)

{



d++;
bn 1 <<= 1y

}
sbitsminusd = (int)(BITPERDGT - d);

da B d>0, AL db W ARG A K ARb, b, AT B B4R b 1 Fbn 2 .
A, RAMLMESHREOBITFH2EE ST 2488FL, EHF—FHFHALT, —2FHE
WA AEGEEND, ,F; EFZHERT, b I RKARKIERE T bo—s .

if (d > 0)

{
bn_1 += *(msdptrb 1 - 1) >> sbhitsminusd;
if (DIGITS L (b 1) > 2)
{
bn_2 = (USHORT) (*(msdptrb 1 - 1) << d) + (*(msdptrb 1 - 2) >> sbitsminusd);
}

else

{
bn_2 = (USHORT) (*(msdptrb 1 - 1) << d);

}

else

{
bn 2 = (USHORT)(*(msdptrb 1 - 1));

}

P A, 4T msdptrr 17 lsdptrr 1 4538 & CLINIT 248 r 1 P (dptu—1 Qb ymz **°
A1) W IR S Fo AR 242, 3, r 1 REBENRE, BEF r 1 W A, AL E A O,
4 qptr 1@ H R H1E,

msdptrb_1 = MSDPTR_L (b_1);

msdptrr 1 = MSDPTR L (r 1) + 1

lsdptrr 1 = MSDPTR L (x 1) = DIGITS L (b 1) + 1;

*msdptrr_1 = 0;

gptr 1 = quot_1 + DIGITS L (r 1) - DIGITS L (b 1) + 1

RAHFNEREI, B4 1lsdptrr 1B r 1 PHMBREGEF a,, apay, (L
B AEET 1 IRIEA i=m+tn, -, n,

while (lsdptrr 1 >= LSDPTR L (r 1))

‘

PR (qa- v ai-, ) R0 G SEFEVHE B FHoHNEHFEFE ri. ri 1
frri 29, XAEAATINEFT R, HBRERAA 3EHGHE AR SESRFALE, £F
— RUGEEF, £ I3 5. EREOE VR 2HEGEET, MR G ARG dpry 0
Apin—2s H Qi AT H FHE v 1 I E O,

ri = (USHORT)((*msdptrr 1 << d) + (*(msdptrr 1 - 1) >> sbitsminusd));

ri 1 = (USHORT)((*(msdptrr_1 - 1) << d) + (*(msdptrr 1 - 2) >> shitsminusd));

if (msdptrr 1 - 3 > r 1) /* there are four dividend digits */
{ .
ri 2 = (USHORT)((*(msdptrr 1 - 2) << d) +
(*(msdptrr 1 - 3) >> sbitsminusd));



else /* there are only three dividend digits */

{
ri 2 = (USHORT)(*(msdptrr 1 - 2) << d);

}

RNEFEHEG FHZHFMEEE ghat 7. RBEBFEZH T I L, RMNRX 5B H L
rizzbn 1(% #H M)A ri= bn (I HHL), & F r/6<<B, BFrel ri> bn 1 &4 S HE
BT . BEIFGRA (FB+HA-0/b, 15 B—1 F 500,

if (ri != bn_1) /* almost always */

{
ghat = (USHORT)((rhat = ((ULONG)ri << BITPERDGT) + (ULONG)ri 1) / bn 1);

right = ((rhat = (rhat - (ULONG)bn 1 * ghat)) << BITPERDGT) + ri 2;
% bn 2*ghat> right, A4 qhat 2V X T 1, 2% KT 2,
if ((left = (ULONG)bn 2 * ghat) > right)

{

ghat--;
5 T ghat #9358, ATl &A1 R AL rhat= rhat bn 1< BASE B F 1

14 44 %) bn 2*ghat< BASE’<{rhat*BASE).
it ((rhat + bn_1) < BASE)

{
if ((left - bn_2) > (right + ((ULONG)bn 1 << BITPERDGT)))

{
ghat--;
}
}

}
}

else

ri= bn 1AF=FIRGHFIIL., & £¥qK A1 BASE- 1= 2~ 1= BASEMINONE,
HEEXFHE LT, *-F rhat, & rhat= ri*BASE+ ri 1- ghat*bn 1= ri 1+ bn 1, X
A rhat< BASE 9 H LT A4 HI B ghat EZET AR K, TN, HMNH LA bn 2*ghat<
BASE’< rhat*BASE, &£ L F&HAE 8, ¥ F K5 ghat #4704,

{
ghat = BASEMINONE;

right = ((ULONG)(rhat = (ULONG)bn 1 + (ULONG)ri 1) << BITPERDGT) + ri 2;
if (rhat < BASE)
{
it ((left = (ULONG)bn 2 * ghat) > right)
{
ghat--;
if ((rhat + bn_1) < BASE)

{
if ((left - bn_2) > (right + ((ULONG)bn_1 << BITPERDGT)))

{
ghat--;

Wi (E N, &
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36 H—IH5 HALHw. CEH

KGR MR F A u = (aa,— ai—,) s PR FK ghat * b, u B RESBIXA I FH H
R ERE. ABRELEETREE.

0 47 ghat = b; LA #{L, X Bzt ad F4EE ULONG £ A 49 K & carry V. carry
8 S FAEA RS F Bk e 4L,

oxF qrat KT 1 AfiE £ u—qhat b H F et st, Wit HEE o =B +u—
ghab * b, HERWM B 1EH uth B #EH 400, AEHA—FRAGF &K, EK
WEAE u R EHAL u o A E ULONG £ 8 T % borrow W R & 15, %B, & E
u'ip 70, M qhat WA KT 1, XFAHEALT, £R2HFETHTE u<—u +0 mod
B #4745 oE

borrow = BASE;

carry = 0;

for (bptr 1 = LSDPTR L (b 1), rptr 1 = lsdptrr 1;

bptr 1 <= msdptrb_1; bptr I++, rptr l++)

{
if (borrow >= BASE)

{
*rptr 1 = (USHORT)(borrow = ((ULONG)*rptr 1 + BASE -
(ULONG) (USHORT) (carry = (ULONG)*bptr 1 *

ghat + (ULONG)(USHORT)(carry >> BITPERDGT))));
}

else
{
*rptr 1 = (USHORT) (borrow = ((ULONG)*rptr 1 + BASEMINONEL -
(ULONG) (USHORT) (carry = (ULONG)*bptr 1 * ghat +

(ULONG) (USHORT ) (carry >> BITPERDGT))));
}

}
if (borrow »= BASE) {

¥rptr_1 = (USHORT)(borrow = ((ULONG)*rptr_ 1 + BASE -

(ULONG) (USHORT) (carry >> BITPERDGT)));
}

glse

{
*rptr 1 = (USHORT)(borrow = ((ULONG)*rptr 1 + BASEMINONEL -

(ULONG) (USHORT) (caxry >> BITPERDGT)));
}

AT T —ATHRAGEGEE, {8 A4,

*qptr_1 = ghat;

X WATE, NESHELEFT S 1K, XEARFELGHALEEHRE—F AN
BAFRAIAIERAE), ULONG £ A4 T F borrow W HEFF T O AT HIXAHE L, B
borrow<BASE., 4R ZiXFH A, Wt HE u<u'+56 mod B (&3 R L),

if (borrow < BASE)
{

carry = 0;
for (bptr_ 1 = LSDPTR_L (b_1), rptr 1 = lsdptrr 1;

bptr 1 <= msdptrb 1; bptr l++, rptr 1++)
i



*rptr 1 = (USHORT)(carry = ((ULONG)*rptr 1 + (ULONG)(*bptr_1) +
(ULONG) (USHORT) (carry >> BITPERDGT)));

h
*rptr_1 += (USHORT)(carry >> BITPERDGT);

(*qptr_1)--;

}

REFKAHOAEFTE, BMNFEDE ZHARGTIE.

msdptrr 1--;

lsdptrr_1--;

qptr_1--;

t

RBAHOKECEME TR, RO ES BRI E0E X R 2E X 1.

RE IR Z SRB A ECHER . PIFE ST LUE & B A AT R F R R AR E .

SETDIGITS L (quot_1, DIGITS L (xr 1) - DIGITS L (b 1) + 1);
RMLDZRS L (quot 1);

SETDIGITS L (r 1, DIGITS L (b 1));
cpy 1 (rem 1, r 1);
return E CLINT OK;
F R WHELT, BRERAARE b, RRAAIAKE ads AESF, £F,
a; BB RETERT; rhr<0, LEREZBRAN r< (ra;))s—qby., 1 r W
USHORT (& % & rv & 7. (ra;)p 9L 545 4E ULONG £ A 6 K ¥ rhat ¥,
shortdiv:
TV = 0
bv = *LSDPTR L (b 1);
for (rptr 1 = MSDPTR L (r_1), gptr 1 = quot 1 + DIGITS L (r 1);
rptr 1 >= LSDPTR L (r 1); rptr 1--, gptr 1--)
{
*gptr 1 = (USHORT)((rhat = ((((ULONG)xv) << BITPERDGT) + (ULONG)*rptr 1)) / bv);
rv = (USHORT)(rhat - (ULONG)bv * (ULONG)*gptr 1);
}
SETDIGITS_L (quot 1, DIGITS L (r 1));
RMLDZRS L (quot 1);

u2clint 1 (rem 1, rv);

return E_CLINT OK;

1
B ER AR t=00mn) , X S5TEWEALL, Hd, mfa 43500 B & 58 1%
B FH A B LK

T, WATERARWRREN— AR, XA REEIE T —RABRERE. HEE
CLINT SR 4% BRECER LA USHORT ZRBYBRE AV — P ERIEIR S RAS . XT ik, FATH- K H 2 6K
¥odiv 1O B/NEEGRE, S EmMAJLERENRAR S SR, FibxH, a"kﬂ],\é’.f—}-'
PRE R HE T

INEE: — A~ CLINT £ & 4k L — A~ USHORT 3 & 2 89 h ok
iZi%: int udiv_1 (CLINT dv_1, USHORT uds, CLINT gq_1,CLINT r 1);
N : dv 1R ED, uds(R £




38 FH—EHp HARKE5##. CHEI

Eﬁﬁ¢ : C{_;(Tﬁi)at I;Jl(f%“ﬁt)
JR[E . E CLINT OK, 4wk M
E CLINT DBZ, Hw:RMHRZEA O

A1 e, SRR EER, FEATFERN, BRITAXNAKEEMEB., BRXANES
KEfEl, BEXFERT, G — "B R HEREFRRARNERE. FUEE T —1
B E e ‘R WERE. NAX— BRI BT B TESE 5 EPERHE.

hEE: (3 n 4 /)
i&i%: int mod 1 (CLINTd 1, CLINT n 1, CLINT r 1);
BIN: dv LB ED, n TR R H )
it r 10440
IB[E . E CLINT OK, 4R )
E CLINT DBZ, eIk # 2 O

SKEL 2 B (B) 29 I REE— RIS E T8, HISEMATEE — 1 RELH., 7EH
FREBEREL 2° mIBREET . BRI K8 B EZEBREE & A2 5 091 80H 1L kMOJ A1t
B, XEBEAHYFEBGRRS 22— 1=11---11), i EE, MhesiEsS A~k 1
BHRE (SN 7.2, MEBHEHEFERFRENP BHARPERBBINEL 7 SEEA
ok, AT EGFMMIFEHEL, THEE mod2 1) RIEATRESE &,

NEE. M2 MR AGE2 94 /)
i%i‘z&: int mod2 1 (CLINT d_1, ULONG k, CLINT r_1);

BN : d 1R E), k(M3 / A 8069 38 40

ﬁﬁf . Jr_;L(?%“ﬁi)
int
mod2 1 (CLINT d 1, ULONG k, CLINT xr 1)
{

int 1i;

HT2>0, MRAFRAERGRHATH0. AR A LIBMEL r 1, BB LETARI
CLINIT #6yk K =it &) K E, ZAid 0 &KE ekt
cpy 1 (x 1, d 1);
if (k > CLINTMAXBIT)
return E CLINT OK;

HE xr l, #FN1FPHEAHBF, PRi1IKXTFr 1l8&KF, WHEEDR
i =1+ (k >> LDBITPERDGT);

if (i » DIGITS L (xr 1))

return E_CLINT OK;

WAE, FEHEN r 1698 F OA 1 Frds) HAf 2 modBrreerost ) (kAL g, o =2k med 16 1y
HATERME, r 1#HGKE 1 F8Ec 1{o]lF. BRWTEERE, KL R,

r 1{i] &= (12U << (k & (BITPERDGT - 1))) - 1U;
SETDIGITS L (r 1, i);



RMLDZRS L (xr 1);
return E_CLINT OK;

}.
XBAE—FREBIBRSAFR, 4 A usHORT 28 ¥ ik 80718 %) USHORT 2K & i 4
. XHENAHEDO, A5 UER FLINT/C gy iR,

LhfE: CLINT 3 Al &yA% &k # ik vA USHORT £ A &9 i 2 69 I 4
&% : USHORT umod 1 (CLINT dv 1, USHORT uds, ) ;
BIN: dv 1B, usd(FR3X)
R E . AE A, A R

OXFFFF, 4o R#m 0

NS PRE (R s AL R B —E), FEFE 7w (LA 13 53, FFilis, &
AP R S BIREEN, REAMYLEFEMNEHAIMEALET, EHIAWEERENNR 2/B
(FEENMMWE LI bR 27 (B [ Knut]4. 3. 177, 43 21),

P2 PR E « FERECO IR S ZAHRMNTE ¢ MR r AXERIEH: SHRESE
PR S MR IFIRKETT 2 Ik, IrLAa] LI4ERiX — H%Fﬁﬁ@#hﬁﬁ 5 X — %
PEre B E R SER RS testdiv.c H1,

THNREEZIEL 16 ZERER . ANAEEA)TFHEY . A SN E

BRiZZ RS R4 58 1E .

"-u.

a=e37d 3a bc 90 4b ab a7 a2 ac 4b od 8£ 78 2b 2b £8 49 19
dZ2 291 73 47 69 0d %9e 93 dc dd 2b 91 ce €9 98 3¢ 56 4c¢ f1
31 2206 ¢c9 1e 74 dB Cb a4 79 06 4c 8f 42 bd 70 aa aa 68
Of 80 d4 35 af c2 97 ce 85 3b 46 57 03 c8 ed ca

b=08 Ob 09 87 b7 2c 16 67 ¢c3 0c 91 56 a6 67 4c 2e 73 eb6 1a
1f d5 27 d4 e7 8b 3f 15 05 60 3c 56 66 58 45 8b 83 cc f£d
58 Tb a9 b5 fc bd 0 ad 09 15 Z2e Ca ¢c2 65

¢—1c 48 al c7 98 54 1a e0 bS8 eb 2c 63 27 bl ff £ff f4 fe 5c
Oe 27 23

r=—ca 2312 fb b3 £f4 ¢c2 3a dd 76 55 e9 4¢ 34 10 bl 5¢c 60 64
bd 48 a4 e5 fc ¢3 3d df 55 3e 7c b8 29 bf 66 £fbh fd 61 b4
66 7f Se d6 b3 87 ec 47 ¢5 27 2c £6 fb
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PIEAR: FRKIHH

5-ABRERAARRSEACLGTABORA
—— Willa Cather, {Not Under -?ortj>>

AT AR ERIE R R B AT, TR — R, AW EMBERZUNEN. B

RERIRLFH, VAR E R EM#HETHE . 8 rEEHEE AR Ba, AT —

B FIT IR

AT LED, XFF A

THE B EF SRR

Gauss XX MEREGEE T —1TH TS,

(e a 5 r #Hm F4D

m, N b= amod'mﬂ

3) R BLA A, H1H(a, 0)FIh, )FE R B4

5 BRE m [K R H REUE
YHE4LS R :={(a, b)|a=b mod m}
DDREFA )i*fi XTf - —7

a € ZBRLL0<m€E N R, B —FR.
a=gn+r 0r<m

m| (a— )

a = r mod m

HEEH—TEMRR., XEHRE]
BEATHE D EEMNTRIERE PSS 2R .
B a, (ay a)BRIP—TILE, B a=a mod m,

Hep, rfEa R m BREEFE o Em TR, ATLIERRA (a—r) B m EER,

EE5%ESEL, E/E.

e m| (a—b)IW

2 £

B3

1A

b)%ER 1&’%535 %Ig/é\(bs a)ﬂlﬁi R 5%'%':[39 Ep% a=>b mod

# a=b mod m, b=c mod m, W| a=c mod m,

FU KRR RGHEBER WA ES, MEFH

Bm>0, HEG:

roi= {&‘a:rmodm}

’ ;qlz_/é\(a, C){ET_JE R %%/E\f':js

A ARE i

thA] A @rlmZi%ﬂ‘, IHAERE m B r BYRIRIS. XPREEFTTIAEERU m R

5~5+7- ,
BIA R — A m AR B AMAE AT RS, B
A TEEME—FR. AR A 5

BXNUTF: &m=7, r=5; MERLL 7 & 5 WEHE L —TRIREK
3"9!26533! "}

:{”' —9j_235912

B RAEF

e, I PIRIBEMHFZEMN T 45 2 0PI DB {CERITAHH &5
4%\% tb%%ﬁd\ ’ FfquT 'I:“"":é;é& n Effﬁl‘ﬁgﬁgfﬁ m

= Carl Friedrich Gauss, 1777— 1855,

Ak A1

© WAMESEF., HENYEIIEAMRANTE, NEE

_ RIS R KM . A B
I, KRR, fEh 24 X W& FEN E L { Disquisitiones Arithmeticae) (32 AR 58D

=l

/"\

J:'l\

HHECS Y

N

{IEEIE o

TIRYZE 4R Ay as 4k

== Eg-%“
%F—x%ﬁﬁﬁm,LAﬂTUR%—Aﬂ%
HF & wRBREEEINRE

5k A R 42 % X Tk
, PRRAEBLAR B i 2



#F5% BEKR: HMeRXdKE 4

MAERINEBBFHFXMT ZIHEMER: BARR—FE DA AR ITERN
RECZHAIXT R . FlRIEA 1T X EE . %ﬁlm TEREFEMAREEEREERNE
Mo BRER, BINTZ2EMARBNAFEAEEER.

Sa, b. m B, m>0, T m WEIRIEa b, FTiTELKRRRL “+7
%" MR IMERSERE, FEIEFERGEREZEPHM4A:

a+b=a-+b(EWFE T Fueh )
ae«bi=aqasb(H By T AR T AR By 28)

BT RZAZAMENRAB, HATENERFRE—DE m R &ZE., 8 m F 52
HLEmZ, ={r|r B2—1"Em WERES EARAWXRER BB R —F B ITCH A R %
RCZ, s +5 2D, Fpildh, HERTIAHE.

1) % Am i A 37 H) 89

Z., PPN TR FRRTEZ , .

2) Jmik koA

T 72, AEETET, b, ¢, 4 atb+o)=(a+h)+C,

3) B — ANk EiE .

XNFZ, FAEEITE G, H at+0=a,

4) B — A dmikid

WNTFZ., PE—E . VEEZ, PHE—DE—TLE L, H at+b=0,

5) Jm ik 3T k4.

ST Z, PEETTHEa. b, H atb=b+da.

6) xF 3 k2 3 8.

Z,, THRMICENEFUMKRIEZ,, P

7) &A1,

SFZ., PEETGEG. by HabOO=@@*b ¢,

8) FlaE—NFELIEA.

SFZ, FiEEXEa, Ha- 1=4a,

9) Sk R ik,

XFF Z ., {::‘éﬁj—nfa by, Fa-b=b-a,

10) #6(Z,., +, )", SEHEHR. a- (bt)=a-bta-c,

WRIFPERT 1 BPERE 5, ATMBE(CZ,,, PHORB—DPIHEHE, RELHEAEMETHRE
MPERT 4 AT LLE X Z ., sk, Wt &, SIAMITAM S, BB b ayhngki
T, W b+c=0, Hk, MNFE—rxEaczZ., BITTUEX

a—bi=ga-7T

TECZ . O, BEEI 6, 7. 8, O EAHTIer:, M1 hEeEMfIT., R, 7F
Z,%H, BTGCREA—CEHFLE—TFREN T, HIL—B&H, (Z,, < IPAR—TB, U
B— AT AR E S, RN, WHRKMIMNZ, PEETEES m A KTF 1
WITZE, AT AT UB R TR TREMZWMB (M 10.2 35, HHH#H, XM EE O
B MIER S R K FZ, XA NCZ,, ),

fhagt

o

O —AMRECH, O(ELE, MAYSENE H FAF LR G X E * .



12  HE -3y HEARKE5HK#:. CEH

MZRTRIGERE, HKMCZY, DRSS H G B ] DL i — 25 2 1 a8 i 3 245
e . BWESZ., FABREGQMERESRIEZAE LA TR HH (EPF |, 5L
BT —8, ZHEFHMAIRLER), HEKNEXERELRY. HT LAA
ﬁEﬂE‘VJ MM R T LR R, RATBAES 13 T/ ELE—FX LM,
HIFH AT R B AR EEETEN. EX—2E PRI G — L E TSk
%{}:

ﬂﬂfr\

AT BRI AR AT IR ?r‘HIbE%ﬁ@i*ﬁl—:%ﬂ’J{ti%jn W F B — A8 m R R,

AP AMRETT, EHAR—A 2 AR A R, Fia I m (38 24 72 1 61T
*ﬁ H/J]ﬁ/J\E”EJ‘\jEéEEJ%f\;IC E% Rm ::{Oa 15 “tT m—l}o % Rm HH E{Jﬁr ﬂ)rl: I
——m<r<m, WERIEAE m 0k DR A M A A

B—MF, AR Zs=1{0, 1, -, 25}, # 26 BWE/DIERTR R E Ry — {0,
1, «e+y 25}, 18026 RN RIRRELEG(—12, —11, -+, 0, 1, -, 13}, FRAK
B E AR FZPEERCR T Pl TRER

18+24 = 18+ 24 16
ST
18424 = 42 =16 mod 26
-
9—15=9-+11 = 20
LT

9 —15=9-11 = 20 mod 26
I T IR Z o R 8 ] Z o R H ASCIT 18, ®[ PR F 4. Julius
Caesar KBl T — PR B ARG RERG, XTRGEW Z.: T H—1TH 2SS AT ENFEAH
m, A E SR EEN 3. FREPHENFZHRNABEREM, WX 2 A, Y 3 B,
ZFC@,
S TSR R AR FHFE 5-1 I 5-2 Fras I A& A RAR, BEMNSHENT Z5 ¥
By “+7 BHEH 7 BE,

F51 ESMEEERNESR x52 HMOESEEEZEHNES
+ 0 1 2 3 4 . 0 1 2 3 4
0 0 ] 2 3 4 0 0 0 0 0 0
1 1 2 3 1 0 1 0 1 2 3 4
2 2 3 4 0 ] 2 0 2 1 1 3
3 3 4 0 1 2 3 0 3 1 4 2
4 4 0 | 2 3 4 0 4 3 2 1

PIREEGRAIRY, X—F LA HAE MBI XA REGH LA — & ik,
wlan, R RiELE ﬁjzii%h:T ”i"é‘ﬁ%%ﬂ'ﬁ%éﬁﬁ%fm AT EOE ) HE AR RSB
NHIERAAE L . XMER, HRTER mod 10, BAGE m) ¢ . Eitk, AT
LA ] — M m H’Jméﬂ%%r WA R RA W FLINT/C FEHR BRI PR B, HE m<C
Ninax o AT B EE R W AR IUH AR R R R, HARRAS XS, BT

O  ZhL{ AulusGelliusyXII, 9 Fl{Suetonius, Caes)LVI,
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FLINT/C BE#E KB CLINT BR T HFEMRF (R T — L&/ mE), HITBEZEHT
T .
SRR MEEHECR2WEMRET. MERIMSEFERITOEBERRE. HIE, K
T BT 4. 3 IR BN B mod 1 () Fl mod2 1 (), EA14HR EA m FE 2" 94 R R
B, RIG, RAOINBEIME:, Bk, HEEMEEY S, O TEREHENEFREEREE R
M, FURNTEENTRS —F#T e, EASIREBHENBET, RIMNEHEMFS « L0
28, FAMRIRIT a KRFTm a TTERI TR,

M2 E RN RERR EEEWE . HERNMIIER BB RIELRGETTER, HY
AW REREAT — R . R, UAFEE PSR EERE] 2MAX, BT ﬁ%-~ T
BT E, EAEBERFET, MSANEEH cLINT X2 FRFEN .. 120X L
OL A3l BR D b s A . mﬁi%#@%ﬁ,ﬁﬁ&bﬂj_m%ﬂ“ﬁﬁ’ﬂmfﬁ, B HE R E] & R AR
(Noaox T D AR (SRE 3 EME 4 ZH), WREBMIZERA cLINT 88 FER, SR
Bl . BTEXBELTHREEROLEE, RN FERE 8/ & E Pl g . wik.
?E?‘z‘%%ﬂﬁiﬁiﬁﬁﬁ}?%ﬁn

void add (CLINT, CLINT, CLINT);
void sub (CLINT, CLINT, CLINT);
void mult (CLINT, CLINT, CLINT);
void umul (CLINT, USHORT, CLINT);
void sqr (CLINT, CLINT);

ZRIFRATIR S, R E& AR add 1(), sub 1(). mul 1 ) 1 sgr 1 () 38
W EAREH, ‘ﬂbﬁﬁmﬁﬁﬁfwﬁﬁ%ﬁhiﬁﬂf_%[%‘ﬁu‘%’*% I RBLGEE . AbBEA] AE
LdEcE M, DA SRR RBRIENZ R AT E H . XL 2 1t B 0Y pR 208915 B ANE X
H AU, BRBMRT LLRRGR .

VERTEERE mul 1 OW— 10T, DALSBERITEWTE N EE nul 1 () Gl
X—E, S8 4 TR mul 10MFEID.

"\.

INEE: ik
i&i%: int mul 1 (CLINT f1 1, CLINT £2 1, CLINT pp 1);
BIN: £1 1, £2 1(EF)
Hitl: pp 1(#2)
iRE: E CLINT OK, =R &%
E _CLINT OFL, 4Rk L&

int
mul 1 (CLINT f1 1, CLINT f2 1, CLINT pp 1)

{
CLINT aa 1, bb 1;
CLINTD p_l;

int OFL = E _CLINT OK;

R+ EFIZFERER
cpy_l (aa 1, f1 1);
cpy 1 (bb 1, f2 1);
i R R B
mult (aa 1, bb 1, p 1);
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& Ao B L,
if (DIGITS_L (p_l) > (USHORT)CLINTMAXDIGIT) /* overflow ? */
{
ANDMAX_L (p_1); /* reduce modulo (Nmax + 1) */
OFL = E CLINT OFL;
}

cpy_1 (pp_1, p_1);
return OFL;

SFFHR A EREL add 1(). sub 1Ol sqr 1(), BAAREMUN. EITHE A B
BEEETHWAEYSE, TULHEXRAH . OZHWEEE flint.c S,

XL RBCA R B, FHEMARITE (N DRI % . B110 FLINT/C &3k
N A, HMLEIES static, 2R, WINEEEMHA SN, EMHARELELHEES
THEBREEMRE I (WE 33,

sub (VW ATFEMREZ FIEH. EN, #EEBREREXN. X2TXE, sub() P&
AN R E, EEEBRNEELF N KR RERIER T oW AES . B
H, sub (VERGERBEHHATRABRBBAHEREL MR, BAE, BITHEITE
IZHE KA madd 1 (). msub 1 () mmul 1 ()#N msqr_ 1 () fF 7 .

ThEE . ALheik
1&3%: int madd 1 (CLINT aa 1, CLINT bb 1, CLINT ¢ 1,CLINTm 1);
BIN: aa 1. bb_1(Am#), m 1(HEH0)
it ¢ 10440
iR[@: E CLINT OK, 4= a2
E CLINT OFL, #4wX%# 4 O

int
madd 1 (CLINT aa_1, CLINT bb 1, CLINT c 1, CLINT m 1)
{

CLINT a_l, b_1;

clint tmp I[CLINTMAXSHORT + 1];

if (EQZ_L (m_1))

{
return E_CLINT DBZ;

}

cpy_1 (a_l, aa 1);
cpy 1 (b 1, bb 1);

if (GE_L (a_1l, m1) || GE L (b1, m1))
{
add (a_lj b_l;.tmp_l);
mod 1 (tmp 1, m 1, c 1);
}

else

R a 1/ b 1A T m 1, KAV Gk f7— Rk,
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{
add (a_1, b 1, tmp 1);

if (GE_L (tmp 1, m 1))
{
sub 1 (tmp 1, m 1, tmp 1); /* underflow excluded */

}

ERARMGHsub 1OWEEEE—LFR, KMNMHAH sub 10W A tmp 1 Eda
Lfe b 18 Fff Bl 6d, € TRILAAFGFHE MAX, % 14548, £HHM sub 1) AEE, R
ZRMALRERBE 1 EHFHENE, ZEHBFE LS EMK, A, AR ERERL, &R
Al top 1F, MAALAMEC 1T, WTXLERHB, £sub 1O0WRE, RMNHFT
B £ %4 MAX, 4249 tmp 1,

cpy_ 1 (c 1, tmp 1);
}

return E_CLINT OK;
}

AT HEBERFE—TIEMFRED, ERZEEE nsub 1 OMH T EE add 1 ().
sub 1 () mod 1 () AIEAYFE]GE R,

ThEE: ALm %k
157&: int msub 1 (CLINT aa 1, CLINT bb 1, CLINT ¢ 1,CLINTm 1);
A: aa 1B, bb 1GRE) . m 1)
H: c 1(& £
o . E CLINT OK, #2 KRR
E CLINT OFL, R B4 A 0

i &

int
msub 1 (CLINT aa_1, CLINT bb 1, CLINT ¢ 1, CLINT m 1)
i

CLINT 2 1, b 1, tmp 1;
if (EQZ_ L (m 1))

{
return E_CLINT DBZ;

}

cpy 1 (a 1, aa 1);
cpy 1 (b 1, bb 1);

H#MGgAiTia 12b 1 a I<b 1 9EH., F—FEHLIFERTH,; & _#HHH,
KA FH (b 1-a 1), HHTEN 146, REREEGRHK,

if (GEL (al, b1)) /*al-blz=o0%
{
sub (a1, b 1, tmp 1);
mod 1 (tmp 1, m 1, c 1);
}

else /¥al-bl<coX*
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sub (b 1, a 1, tmp_1);
mod 1 (tmp 1, m 1, tmp 1);
if (GTZ_ L (tmp 1))

{
sub (m 1, tmp 1, c_1);
}
else
{
SETZERO L (c 1);
} .
}
return E_CLINT_OK;

}

BLAETHEAE T EL AL mul_1 () A7 B msqr 10> FRATR 45 AR LI RS

4R

N

ThHEE: HEFR &
i%i%&: int mmul 1 (CLINT aa 1, CLINT bb 1, CLINT ¢ 1,CLINTm 1);
MiN: aa 1. bb 1(H-F), m 1HEEH)
Hit: c 1(H£EO
jE[E: E CLINT OK, 4w
E CLINT OFL, #eXIREH O

int
mmul 1 (CLINT aa 1, CLINT bb 1, CLINT c_1, CLINT m 1)
{

CLINT a_l, b_1;

CLINTD tmp_1;

if (EQZ L (m 1))

{

return E CLINT DBZ;

}
cpy 1 (a 1, aa 1);
cpy 1 (b 1, bb 1);
mult (a1, b 1, tmp 1);
mod 1 (tmp 1, m 1, c 1);
return E_CLINT_OK;

T B S BEFARL, BT LR A % R S R B

IheE: #FF
1§i%: int msqr 1 (CLINT aa 1, CLINT ¢ 1,CLINTm 1);
BIN: aa 1(HF), m 1(#HO
B : c 1(/%)
2Bl . E CLINT OK, 4= &3
E CLINT OFL, #=RMBR & O
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XHEAF R YR, B TR R AN ERE — A R A R, B 2
ARy USHORT, AT 48 bR EY umadd_1 O fERN B F. PR umsub_1 () Al ummul_1 ()
PEAGAE R OB, BT AR A,

IIBE . CLINT % # 8§ 4/m b USHORT % & 69 3 64 AL e
i&i%: int umadd 1 (CLINT a 1, USHORT b, CLINT c 1,CLINTm 1);
MIN: a 1. b)), m 1(HEH)
B ¢ 1(AR %0
JR[A]: E CLINT OK, Zw3R R %
E CLINT OFL, #=R MK 44 O

int
umadd 1 (CLINT a 1, USHORT b, CLINT ¢ 1, CLINT m 1)
{
nt err;
CLINT tmp_l;
u2clint 1 (tmp 1, b);
exrr =madd 1 (a 1, tmp 1, c 1, m 1);
return err;
t
UL USHORT YE NS ECR MR G R E T —E /AT F. FEATLEE, KIEE B
PR S — A TR B R, BT m RIS coInT 228 MR R T i E 2
TAISF. PHEHAERA nequ_ 1 ()T UERAK —F, EFHRRKXRZEXL: a=b mod m&
m|(a—0b),
HTHEWA CLINT X5 a 1 Fib 1 B m LM, REMHAEH mswb 1@ 1,b 1,r
1,m 1), FFAMTERINRE » 1L EERSET 0 B,

iBEi%: int mequ 1 (CLINT a 1, CLINT b 1, CLINTm 1);
MiIN: a 1. b 1(#4EH), m 1K)
BE: 1, R a 1fb 1#Emn 1 R4

0, A LE#HHFIL

int
mequ_ 1 (CLINT a_1, CLINT b_1, CLINT m 1)
{
CLINT r_1;
if (EQZ L (m 1))
1
return £ _CLINT DBZ;
}
msub 1 (a1, b1, ¥ 1, ml);
return ({0 == DIGITS L (xr 1))?1:0);
}
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allHAE: PRAEIEH

WHBL, LRSI GRS

KL 2 THA, 418

“RA P —~RBELBHA

A —RAeLEEZRY

BHBMET LG L

BAKLBBTRE

AL, &7 4T —H &KL

BUEARXLZLBEDL A A BEF

—— Ilya Bernstein, { Attention and Man)

SR T RIAZER M. B, X%#ﬁ%ﬂma&MLﬂuEX~A%£ﬁ EREH
B, IBEEERBEES A CHIEMIRE. Y, FEn L H 8 AT p ok
A7 M7, PRTE e, BATE " =1, a*“ =g . a,

REZEN, #Z, WEBEEPHLTEREAIM (NG 1 5.

Hooate b =C(ab), («) ="

(o

a’ « a' = u

6.1 FE—FhHIE
Tz R AT B T I S T LA A, R e AT e IR, H T BEFE
Moe—1 WHLTEZB ., XX IRATZERB H IR SETERKRE T .
I B TR T — 0 A R S B s %M%hﬁmd il 2R 22 7S
0 = T = (D)) a)Pa. @' = a2 = (((a?)?)?)’
XA, THREANAY 15 AN A2 6 IRk, MAZE—FHESRR 14 K, Hizk
hrh R AR e, ROAME, BT FEN CPU ) fE H 2% # Ak Y
—2 AR EAY 16 RN HFEZE 4 REFER AT T .
FEHTT o B m FEEN, BHEEH ZHRBERIBEE -IRERLR T E—FTEES
o B2, BRRNMNLOAMEER, FERECERKSTARDMNPHEEER, XEPREE RS
—MNE— PR ER K BIAFE I YR FEM S B, N p=d" T LUHH
logp=nobloga, XEEIATHHIIE o WHLEZTTE ST IR BAHT S R, SR, WRIFEA]
TE—NRIRRAZ, LR a5 TP FRATE AT DL 452 3f 19 77 bﬁﬁéﬁ‘ﬁ@ﬁ’i\l‘m A, 5L
by RIS R FAERNT BB om R, Fr AR UL N IR HE v 32 T 4B v 15 3R R I
L e=(e,—1e,—2 ey ) (1 e, >0 5 e B9 I FE R, B4 ?ﬁ_ﬁ‘/{{ﬂ’j—-lﬂ_ﬁiﬂ%
B logre | =n IREEEH LI 6(e)— 1 RAR3E, Ho

n—1

5Ce) Ze;

=0

e iHERP 1L, WREBXE— uxmiuﬁmhﬁ¥%i%ZMw%%%ﬁ
hon/2, TERXDAEEPRATT Bk Y= ﬁmmﬁﬁ—m@u
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o WEm BIEEWN ZHGHEE

1) & p<a™, (<n—2

2) 4~ p<—p° mod m

3) mE e,=1, WA p<p e+ a modm

4) A~ j<—i—1; 4of =0, P& B 2
5) Hrdi p,

I8 0] L) A USHORT M ZR/N /P ST, T HEMIRFEENEME B IFAIRUE.

ThHEE: 35445 USHORT £ R & RAMRER
Ei&: int umexp 1 (CLINT bas 1, USHORT e, CLINT p 1, CLINT m 1);
N bas_l(iﬁi%’fi)

e(F5£0)

m 1(HEHO
Mt p LOGRF A
JR[E: E CLINT OK, %R R

E CLINT DBZ, %R M# A4 0O

int

umexp_1 (CLINT bas_l1, USHORT e, CLINT p 1, CLINT m_1)
{

CLINT tmp 1, tmpbas 1;

USHORT k = BASEDIV2;

int err = E_CLINT OK;

if (EQZ L (m 1))

{
return E_CLINT DBZ; /* division by zero */
}
if (EQONE L (m 1))
{

SETZERO L (p_1); /* modulus = 1 ==> remainder = 0 */
return £ CLINT 0K,

if (e == 0) /* exponent = 0 ==> remainder = 1 */

SETONE L (p_1);

return E CLINT OK;

}
if (EQZ L (bas 1))

{

SETZERO L (p_1);

return E_CLINT OK;

}
mod 1 (bas_ 1, m 1, tmp 1);
cpy 1 (tmpbas 1, tmp 1);
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A EEAMMNZE, ZRMNMTREGT TEO T ERIN B e P F—A182E, & F
RMEFEETe QLN HHHEFOHL, RERMNIE F EB 145, MWEbETENTR
1 P4~ i<n—2,

while ({e & k) == 0)

{

k >>= 1;

}

K >>= 1;

st e R THHRF, BNPATTH2A3, LE K EXEFITHE, FREMNAFE N
ChEMH—1, EMRY, RMNFSREARKLM OB D 1,

while (k != 0)

{
msgr 1 (tmp 1, tmp 1, m 1);

if (e & k)

{
mmul 1 (tmp 1, tmpbas 1, tmp 1, m 1);

}

k >>= 1,

}
cpy_1 (p_1, tmp_1);
return err;

}
MIES LB /NS, Z IR BEESE A BN HE. R ZE USHORT 28
#, B4 3 hRERIEE p<—pa mod m PE R LHA CLINT * USHORT 4 CLINT,
R R T R B R, RO R a0 0 T Ho At 38 AR IH 75 e T W1 CLINT B H Y
ek, ‘FABEWMEREH A CLINT B AIXT S, AX BT LLAE ARy
BRI %X
R e, TR AT R S5 BUBCRE BRI AL wmexp_ 1 (), B umexp 1 () HY XL 2F 2, H]
umexp 1 () M5 %0J2 USHORT 2K . ZRIFI R S MIEE W LEA M FRMNHELME T
XA “BAR” WERERE. RECRIRP A EE, AEE b — 18—k 8 £ hg
F—1f e, pMREAEMMPGBIN L, BHEN -GN o HB—0L, XFEFEAHER b
FT 0.

THEAYBRE wmexp 1 () ZFF/NIRECFE K 1000 ik pyds 4. SRAVELET TN H
FGE ML, EREERT KA 10X,

"‘-u._l'l

ThEE. JE#kh USHORT £ MM RiEH
iEi%: int wmexp 1 (USHORT bas, CLINT e 1, CLINT rest 1, CLINTm 1);
N : bas(&K £

e 1(F§0)

m 1(FRFO
M. rest 1(bas®™ modm 1 #9440
JR[E: E CLINT OK, #=R &%

E CLINT DBZ, %R M#&H O
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int
wmexp_1 (USHORT bas, CLINT e 1, CLINT rest 1, CLINT m_1)
{

CLINT p 1, z 1;

USHORT k, b, w;

if (EQZ L (m 1))

{
return E_CLINT DBZ;  /* division by 0 */
}
if (EQONE_L (m 1))
{

SETZERO L (rest 1); /* modulus = 1 ==> remainder = 0 */
return E_CLINT 0K,

}
if (EQZ L (e 1))

{
SETONE_L (rest 1);

return E_CLINT OK;

}
if (0 == bas)

{
SETZERO L (rest 1);

return E _CLINT OK,
}

SETONE L (p 1);

cpy 1 (z 1, e 1);

ARG R 2z 1 M RBARXFHRSHRLEREIT4, A ®, HFRidFT
TIEF, REFAEAMEER, BEYFEFRELEX if ((web) > 0) k&N, b
605 Lis i friefi 58 5,

b=1<¢ ((1d1 (z1) - 1) & (BITPERDGT - 1UL));

W = z_l[DIGITS_L (Z_l)];

for (; b > 0; b >>= 1)

{
msqr_1 (p_1l, p_1, m_1);

if (W& b) > 0)

{ .
ummul 1 (p_1, bas, p 1, m_1);

}
}
BTRAEBE RS OKTF.
for (k = DIGITS L (z_1) - 1; k > 0; k--)
{
w=2z 1[k];
for (b = BASEDIV2; b > 0; b >>= 1)

{
msqr 1 (p 1,

1, m1);

if ((w & b) > 0)



52 H—3yp HEARAE5HK#L: CEH

ummul 1 (p 1, bas, p_1, m_1);

}
}

}
cpy 1 (rest 1, p 1);

yeturn E_CLINT_OK;
}

6.2 M itHEE

EIL IR o o FEEN ZHHEE R, FaE PEIFEIREA L E—2P 4y
. iR, BIEAKXRT 2 B IEBENERXER, REELR 3 PR « WERAE
ﬂgaa XHE, Xt ﬁ#QAEHﬁ%ﬁ M, :I“b%i € ——J‘Ui%ﬂ*}‘j e=1(e,—1€,—2°"*€vo I IH Hﬁﬁ%difr;%;

a® mod m.,

a°mod m BIEEHIM iHEE %
1) #H a* mod m, 4* mod m, -, @' mod m, FHHEE—/IEPF,

2) 4~ p<—a™1 mod m, i< n—2,

3) 4 p<—p" mod m,

4) X e;550, 0|4~ p<pa mod m,

5) A i<—i—1; 4wE =0, P33P B 3,
6) 4 i p.

RAE, DEMFERBRBTIER ¢ WAE e WAL RT M Mgk, Hit,
WA B EFLFR M, FREDCFRIZZIR 3 PSR AT F 2R, MERZH
20 BT BRI a RRNIREER /D, XFFMAT DT E A RIrR E RS,

AR B IEE 2 WRIER M, B M=2", ZEBE_A&KMEN, BATH
IR KB M I BREUR N .

%ui%g’ “H Eﬁz'ﬂ]‘ﬂﬁ‘%

LlOgMﬁ' JlogzM — Ungé‘J (6-1)

KEH s WINTENTR 4 P
llogme | prie; == 0) = l

log, e
R

Jpr(e,- £ 0) (6-2)
R, Hrf

prie; 7% 0) = (1 — 1\1—4)

RAGE e BT —1L e, AHEFRIME, WRIFRABR T 4 LR SHFTH M—2 KT ko
N, IRA M M 35125 e 211

. log eJ 1
. Ok o | 4 o _
/11(/8)*—2 2‘[“ I_lOggCJ | [ P2 (1 2;:) (63)
28 — 1
__ ok | | _
= 2 2—I—Llogge_l(1 ok ) (6-4)

B J5 RIS

=




% 6

= B BRER

o3

X FHEEL e FIBLE m (LN 512 1), A M M=2*,

Rk, Wk 6-1 fras., RPWEAR T B

A L3Rt

8 o mod m FFFEE W

BHatm WRIIBENE#ESRE, 585

=M (2 — 2) CLINTMAXSHORT + sizeof
(USHORT) H 345211 .

NP EY, 24 k=5, REK
SR BOGE B B /NME 640 W, T kB K]
I NS B R K —f ., R, X

—

8 HE A S B T, BT R R BRI YR

%62 HIF T RANXLEFER. RPGE TARMEWIEB USRI £

F*6-1 HEEHERNEXK
k e 1 R &L 7 (FEF)
1 766 0
2 704 1028
3 666 3084
4 644 7196
5 640 15 420
6 656 31 868
B i 2

PR F ., HAPE 768 fiiITEEL, B AT RE RSABBASEFLFHIANEBEARKRE (S ILE
17 8) . WATHBIEF R R LS AW S IR IREL .
# 6-2 HAKXNHIFHMAEHELY 2° 3R R I
6 B ) 3k i 2 4
k 32 64 128 512 768 1024 2048 4096
1 45 93 190 766 1150 1534 3070 6142
2 44 838 176 704 1056 1408 2816 5632
3 46 87 170 666 996 1327 2650 5295
4 52 91 170 644. 960 1276 2540 5068
5 67 105 181 640 945 1251 2473 1918
6 98 135 209 656 954 1252 2444 4828
7 161 197 271 709 1001 1294 2463 4801
8 288 324 396 828 1116 1404 2555 4858

% EE| FLINT/C ®L X B FIe ., 2 k=5 HﬂﬂlJUf‘ili_fu?iZ%J—/\:E; 5
M=2", fR1, XMTEEIZE 15KB =R %ﬁﬁ%‘ﬂiﬁ%ﬁ’] a HIFEa”

M ) 5735 1T LAt -i/F‘EJ[ta M3 [ Cohe 1. 2 77, *
AR M—2 RWF, XREMTE T —LERRNESH,

R AR,

TRIENTF

p a , LB N |

F ERATT A R

R . H e=C(e—1e,—2reo ) v BT EHI M =2" JEHIZRN .

’ G,

-5 L IR TE af

. AT

1M/2¥J\

mod m

DR MR EREEE
2) ’ﬁﬂ% en—l :0 s m'] £~ _P*_].

W AR L AR A fen—2,

mod m, 4 p<p° mod m,

4) A i<i—1, kR i=>0, 3] ¥ 3
5) #rd po

1) + B+ F4# a° mod m, a” mod m, a’ mod m, -

s

pp"

k

2" —1

—1t

mod m, FH 4 p<pa”

mod M,

ﬁﬂ%eu 1#0? 'I:SL@” 1 u'} _ﬁt*u;ﬁ*ﬁ"ﬁ, ﬂl]/\p{_a mOdm? _ﬁ'_/\p(_pzr mOdmﬂ.

3) R e, =0, WiBiFC--((P*)?)? ) mod m(k I -F F AL m), i F p*—pzk mod .
4o R e,750, K e,=2u, E P u A3, N4




ZEIEWIRESTET, FA—MRIEWRITEIEEER 3 PP s ik, XA T
AL a HIRH e, ﬁ’ﬂ%?ﬁf{iﬁé} 2's FEFITIEREN, a B9 u e BAFECTRI) IKBEP IR B TR
T M J7 Z B WA s B 2 7 S R #9-F 05 L, sesh, HATREEBTE I 74 o
A AT KB

N T HTTHR . HATFEIBEF e 1Y £ 6-3 ISHEHEBEN 2 HEN—AASHE

el
o
i

WE—TEMERE e, =2'u, w NEW. T ~, 1 . . % 1 =z
R IR E] ¢ Fw, RATB—AFRIDFE o o o 11 0 11 22 1 11
BT, 63 B/RTH L=50THEN. Lo 12 2 3 23 0 23

AT M EL twofact 1003 2 1 B0 2‘_1 59
g R IS B
. FEEBMBGER M ERMERZHE, 16 4 1 27 0 27
TR E — BT B, X TFAR > ¢ 1 3 17 0 17 28 2 7
0, HATUMEEW Sma b N IR ARE 7 o 7 18 1 9 29 0 29
B=2"#HFTRIFEBIBEG M=2* 3tk § 3 1 19 0 19 30 1 15
RUB? BRI ARRE G ok, & 00 0 Cos oo d

{ITF T LA B #3588 e BIZRR 7 5RM B
o = M BB DLe; o (1602 0€0); z%?aﬁeE’J_LﬁﬂJ%f‘(i_%ﬁTﬁﬂi‘#ﬁ?ﬂﬁ
Fr), (e1e,—2reg)y &= CLINT KRB E e B B=2"#HIZR/KR, M —1e'umz>rre's)u 2
THEL e 1Y M=2" HEifi|z2R, Hora k<<16(M AR B K)o 88 e fEN— cLINT 28] i X}
%'e_ls HEAFFTHNREZE—TFI e t1], Ll [a], , Le— ]y L0, O HIE—
PN ICE AR USHORTRBIMMEH e 1[1], i=0, -, ut1, r:‘%ﬁéﬂ]%h B Y AT —A~ 0,

b,

& fi=|" | BMFi=0, o f4s =0, d =k mod 16, fEikHR T AYM

fii b, FATHLUF R

1) (ei—ye,—p-e) B f+1 47, flan—1=f,

2) e, WET e; MERLE AL

3) ditxmte, e IBRIGARMMHNMNE (M ETHEMN O A, MR i<f HI >
16—k, ﬂK'Z\Tx:e A SRR E e, B, o FTHMCESGAHESNDIE e B AT
TSR M St 0L e W5 T £ /hﬁ{ﬁemk: F LAY A

-ﬂ

I_i

[E_f'_+1B —I—esi J
24
ES -IH.,J! X;j‘::_‘*/l\ﬁ%% 6: ’ Ie {Os "t f} s %1'7%&?%%%&5&'
e; = ((e_1[si +1]| (e 1[s; + 2] < BITPERDGT)) > d;) & (2 — 1) (6-5)

N, 1L e 1ls,+2]1<0, FrRIE i=f BHRFBERMR LT

XTI B —F B R 7, FRNTEBR VT cLINT R H &N EE,
SRR HETHEL 2 097 28 e<<16) HIEBA R L., X F A BT80N L5 4 i Xt
TERHEIT . e, FEHEIITERFEERNETRIREGETRT

'&.—
#z(k) = 2! 4 |log;e | (1 | 2k : 2})

5 GO, HtEWARNBEIRT —4. FAREERMN A EAEULE 6-4) 522 M
MAIAET .

(6-6)
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F6-4 MBI ANRIERNTRGEL 2° FTRAFEERE
8 B0 — 3 s 4 5

k 32 64 128 512 768 1024 2048 4096
1 47 95 191 767 1151 1935 3071 6143
2 44 88 176 704 1056 1408 2816 5632
3 44 85 168 664 491 1325 2648 5293
4 46 85 164 (638 954 1270 2534 5066
] 23 91 167 626 931 1237 2459 4904
6 68 105 179 626 924 1222 2414 4798
7 99 135 2(19 647 939 1232 2401 4739
8 162 198 270 702 990 1278 2429 4732
BN 768 PRI IR RO . LAY £ *EHZZHIJ P&dﬁﬂi%ﬁ?ﬂiﬂ@iﬁﬁf%ﬂ Ay

{HAK 1,

AT itk . BE
A= R[B!

RT R
A, OB

{H.

AR R
A A kA4,
HFF “HIE

H

i
%

A1

CLINTMAXSHORT 183 1), I
=16 Mg BraldE T
A 2 U,

WEARBWRAET 5
DR RN
mexpk 1(), HFF#

& 1T TE
Z AR R GX AT

— R, T
. 1EH
AU,
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Fifg oL T4

X g FH 19 1

ﬂ@‘I*?R"F, TR SE X 8

1, 5 3K E5 B[R] AR
B — B A8

flint.h R E

"\._

£

SRIDBEFFEIREAI AN pe (R LA RS
A BURR . B IR AR 2 B
iR, FATRAFEIRF
- NAEE AR BTE B o BIHRE.

HE (27 — 1) * sizeof (USHORT) *

7 R
Wl ATk SE R B, FE RS

285 - 64KB SEFEAS 127 A CLINT 28 5 (X
RS E
AR A B N TE R L

i

oA b

]

Lt
, 3

() BB %L mexpk 1() .

bz NHEF
L OEUR Y

' Dunc |5

log

L4

R AT
L2 NTFRF sk UL B i
o, HFHE

LUK

SR T
REPEE

%r.

= R
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INEE: &%
i%i%&: int mexpk 1 (CLINT bas 1, CLINT exp 1, CLINT p 1, CLINT m 1);
2N bas_l(}Rﬁ)
exp 1(H 0
m 1(AEE0)
M. p LGRHAA)
#R[E: E CLINT OK, #= &b
E CLINT DBZ, ZeR HI% 0 A&
E CLINT MAL, #=3& malloc ()44i%

BATM A R E IR e, =2u(u A F4, 0e,<<2)MEH ST, IANAEAHAHKLEH
XET, F—MH4 twotab JEATHF 2° v agdeskt, % M4 oddtab[ ]2 2 % 5
0<e,<<2° M4 HH5 u. K, TEGEALE4AE FLINT/C RAHF,

static int twotab[] =

{0,0,1,0,2,0,1,0,3,0,1,0,2,0,1,0,4,0,1,0,2,0,1,0,3,0,1,0,2,0,1,0,5, ...};

static USHORT oddtab[]=

{0,1,1,3,1,5,3,7,1,9,5,11,3,13,7,15,1,17,9,19,5,21,11,23,3,25,13, ...};

int

mexpk_1 (CLINT bas_1, CLINT exp 1, CLINT p 1, CLINT m 1)

{

REEXARFRTHFEGBETENE, B a@EH4 clint **aptr 1, #3%
e — G SERAAA, ZAEWHRN T HEMTT A6 bas 189 %, FiBH e &
ZRWAMAE acc_ 1 F.

CLINT a_1, a2 1;

clint e 1[CLINTMAXSHORT + 1];

CLINTD acc_1;

clint **aptr 1, *ptr 1,

int noofdigits, s, t, i;

ULONG k;

unsigned int lge, bit, digit, fk, word, pow2k, k mask;

ETRAEAFTALETBEEZEEFTH OR 1,

if (EQZ_L (m 1))

{
return E CLINT DBZ;
}
if (EQONE L (m_1))
{

SETZERO L (p_1); /* modulus = 1 ==> residue = 0 */
return £ CLINT OK;

}
HWREFAHBEAHNIN IHEZT a 1Fe 1F, LB AOT SR ER,
cpy 1 (a_l, bas_l);
cpy 1 (e 1, exp 1);

NAEBMREEZHEGHEL, Fa®=11H 0°=0(>0).
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i‘iﬂﬂ

if (EQZ L (e 1))

{
SETONE L (p 1);
return E_CLINT OK;

}
if (EQZ L (a 1))

{
SETZERO L (p 1);

return E_CLINT OK;

}
HTRAT kY FRAMKAL, HAVA pow2k R A4 2%, A k_mask KA 2" —1, X ER&
4 A3 14 1 (), BEE A8 3t F) BOF e 44,
Ige = 1d 1 (e 1);
k = 8;

while (k > 1 & ((k - 1) * (k << ((k - 1) << 1))/((2 << k) - k - 1)) >= 1ge - 1)
{
__k;

}

pow2k = 1U << k;
k_mask = pow2k - 1U;

Siwbta NG, R4 ERnH2THY a lﬁﬁ% ki a 1d@dEmn 1
7 % .

if ((aptr_l = (clint **) malloc (sizeof(clint *) * pow2k)) == NULL)
{
return E_CLINT MAL;

}

md 1 (a1, m1, al);

aptr 1[1] = a 1,

o E>1, A4 \mmﬁm%ﬁﬁ%%.ﬁﬁk—1ﬁxmﬁmmﬁ,ﬂﬁaﬁ*
2R 89 E’F@)‘fﬂaﬁ aptr 1[i]#9&ZEF, BMNELEENRE, HIFZ LA
oA E R IG it ATk, XA T UAAIE4 A B SR p ki,

MRS, RMNTALFE - RBEGWEALFRFTIhAGH SR, £ZFHEIL
T, #E CLINT N Z2 4R HRAERRZIIN LB EER nexpl 1 () A static &
sk

if (k> 1)
{
if ((ptr_1 = (clint *) malloc (sizeof(CLINT) * ((pow2k >> 1) - 1))) == NULL)
{
Ieturn'E_CLINT;MAL;
}

aptr_1[2] = a2_1;
for (aptr 1[3] = ptr 1, i = 5; i < (int)pow2k; i+=2)
{

aptr 1[i] = aptr 1[i - 2] + CLINTMAXSHORT;

}

WAERERTFAMEa 1 PHMEa 9 F, BN E S, o, o,



A EBAER) ,
msqr 1 (a 1, aptr 1[2], m 1);
for (i = 3; i < (int)pow2k; i += 2)
{
mmul_1 (aptr_1[2], aptr_1[i - 2], aptr 1[i], m 1);
}
}
ST RA>1 8L, IHEKRLERT ., HHATTFEmE,
*(MSDPTR L (e 1) + 1) = 0;

AL () ¥ noofdigits £7),
noofdigits = (lge - 1)/k;
tk = noofdigits * k;

WHEEF e, WFEE s, Tlili E d; G544 word # bit .,

word = tk >> LDBITPERDGT; /* fk div 16 */
bit = tk & (BITPERDGT-1U); /* fk mod 16 */
AZATHEF AN HHF e s ey AEE digit &7,
switch (k)
{
case 1:
case 2:
case 4:
case 8:
digit = ((ULONG)(e_l[word + 1] ) »>> bit) & k_mask;
break;
default:

digit = ((ULONG){e 1[word + 1] | ((ULONG)e 1[word + 2]
<< BITPERDGT)) »>> bit) & k mask;

}

BT EN T 2, digit=e, 70 B,

if (digit != 0) /* k-digit > 0 */

{
cpy_1 (acc_ 1, aptr 1[oddtab[digit]]);

P t AR eV 26 %, M twotable,— JAT, p A acc 1 AF.
t = twotab[digit];
for (; t > 0; t--)

{
msqr_1 (acc_l, acc 1, m 1);

}

}

else /* k-digit == 0 */
{
SETONE_L (acc 1);
}

M f—1 4, MR noofdigits K,

for (--noofdigits, ftk -= k; noofdigits »>= 0; noofdigits--, fk -= k)
{

WH e 9FI2E s, foiidi B d;, H G545 word F bit F,
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word = fk >> LDBITPERDGT;
bit = fk & (BITPERDGT - 1U);
Bz F e AKXt F
switch (k)
{
case 1:
case 2:
case 4:
case 8:
digit = ((ULONG)(e: 1{word
break;
default:

/* fk div 16 */
/* tk mod 16 */

%ﬂ‘ e s e JH :{% digit ﬁ-ﬁa

+ 1] ) >> bit) & k mask;

digit = ((ULONG)(e 1[word + 1] | ((ULONG)e 1[word + 2]

}

<< BITPERDGT)) »>> bit) & k mask;

WATH 95 %, 3, digit =e, 70 8., t A £ twotable, |14,
if (digit != 0)  /* k-digit > 0 */

{
t = twotab[digit];

i acc 1 #44 P, it aptr 1l oddtable; | IkitHH a*, 4 u X e 49835

for (s = k - t; s > 0; s--)

{

msqr 1 (acc 1, acc 1, m 1);

}

mmul_1 (acc_l, aptr 1[oddtab[digit]], acc 1, m 1);
WHH pY, p BRI acc 1 AR,

for (; t > 0; t--)

{
msgr 1 (acc 1, acc 1, m 1);
)
}
else /* k-digit == 0 */
{

for (s = k; s > 0; s--)

{

k

it P

msqr 1 (acc_l, acc 1, m 1);

}
}
3
TEEREER; rd ace 14
cpy_1 (p_1, acc 1);
)G, A4 WA,
free (aptr 1);

A m 1 TR A,

it (ptr_l'!= NULL)  free (ptr 1);

return E_CLINT_OK;
}
FATA] Ui — U5

B T2l 15 B B AT BA% M 3E i BBUCRR Gk i 45 A5t 7

. At



¥ &

?Jzﬂ‘vl%ééfﬁrﬁﬂ%lz%ﬁ“ mod 18 577, LT 15 TR B B 5L mexpk_1 () KT -

. B E
?‘ﬁﬁ e=667 A LA I HECN 28 Rk FAXR (SR M #HIEEREE), Hfp k=2,
TRIER e RTTIFER N e= (101001 10 11),2, % a® mod 18 577 {E N 17 354, H T8
WEE RN, FTURIMIATEIIT R E L « R
2. B TEA
PSR o, =2 21« ] 21 « 1 20 « 1 21 « 1 20 « 3
p<—p? mod n — 14132 13 261 17 616 13 599
;‘J*—pzz mod 7 — — 4239 — 17 343
p~—pa* mod n 1234 13 662 10 789 3054 4445
p=<—p* mod n 18 019 7125 — 1262 —
3. /R
b — 1234“* mod 18 577 = 4445
EN— TR, RMNTHONEBRFEEN— 1R RAS, B 2 05 28 i

BB OL . MZETB B IR A I

18 %L

’ X A@%ﬁ[—ﬂd L:k:z:_.

H
HEREAS L, X8

2*{' /13 k *E]}_‘-En

THEE: R A 2HFHORBRFEL

if#%: int mexp2 1 (CLINT a 1, USHORT k, CLINTp 1, CLINTm 1);

EIN: a 1UREO
k(2 5 45 20
m_ LOAE50)
&4y H p_l(a__il_zk mod m_1 &9 | 4 )
JZ[E: E CLINT OK., 4R &
E _CLINT DBZ, 4R E#%k 0 ME

int
mexp2 1 (CLINT a 1, USHORT k, CLINT p 1, CLINT m 1)

i
CLINT tmp 1;

i (E0Z L (m 1))
{
return E_CLINT_DBZ;
}
3R k>0, AL a 1 #HFFH kR#Em 1,
it (k > 0)
{
cpy 1 (tmp 1, a 1);
while (k-- > 0)
{
msqr 1 (tmp 1, tmp 1, m 1);
}
cpy_1 (p_1, tmp_1);
}

else



B6x FNNEE. BEERE 61

TN, 4R k=0, KMARFEZRTa IR —RKnm 1#HLTUAT,

{
mod 1 (a1, m1, pl);
}

return E_CLINT OK;

}

6.3 MMEHEMNEL

HATAIBE LR ETIHFZWENE S, LhFeR N ERMBRESMMER, &Ll
S XTI L. B A EAR B R W R Ay s ik BRI IR . M 3EH 3 M HEf
S A9 901 8 L 2 — A~ ] g 20 X S B A 114 T

T REH AT MO BCRAR R A 42 (Z [ Knut J4. 6. 3 ) W E N FFIRTE L. FATFIFE
TRXEE—AEE, RPEUR: AR A AT R RS BT Ik 3 . e=k+ 1 =a"=a""' =
a‘a's k] BUREH B ARS8 800 B i — R P By
. Zb_l T €p—2 * 247 + e e
F XA FE A, TRUREIE S00 AT A LA 5085 75 i 9 o 149 77 AT
a®* mod n = (- ((((a%1)*)a*=z)*)++)?a» mod n

XAERG RNt R 10 P AR 1Y o BRI RS AR TP A S5 R AR AR AT, HRRAE

€r—1

ey * 2

-1 * 2T €

(epq ¢ 2+ ¢r0) 2

(ermy * 21 erz) » 21 e
(Cepey e 2-F e p) o 24 €. 35) « 2

(o ((epy »2Fers) o2 ery) o 24"t e) e 2+e

MBXFHEANEFEN 7, ¢,=0, WAFF|FIIX—T MR, Flan, FEF %07
et AT A I REE 123 A R E—T T 12 i mmsEeE: 1, 2, 3, 6, 7, 14, 15,
30, 60, 61, 122, 123.

_‘J]ﬁﬂéljﬁr —”l\%ﬁ%—*r‘?lfﬂ l=ay, ars azs =, d,—¢€, }‘,{[[5%5{:]*:‘:”_31\ 1=1, e, r%ﬁﬁ'ﬁ:
—XPEEFEG. By k<, 1118 ao=a;taw. FRANTEFRENITFIN N e 69 KEH r d9daik ik,

M R J7 AR XS — e, IR EBJHIEb R E R, WA T EWEHME RN T
FeE R TR AV N g, T SK R 0 o F A S . T 2% R 5 R AR R 123 89
ek 1, 2, 3. 4, 7. 8, 15, 30, 60, 120, 123; JH 2' el A limimikes & 1,
2, 3, 4, 7, 11, 14, 28, 56, 112, 123, SHUA—FE, H I 7 5= 4 69 m 4648 Lk
JoG T R W S0, SRR L e I . SR, B IR SIBR L XHEAT TR i 4, AT
WM EETHS o mod n WFIIRICI D, MR FEEENRFC., &, &, Mg
FEABLEHE e 1 M i 3% 38 BUE N B4t A 77 B 00 98 BOK R

Tt IBCREACER T INR s AR O . G X BT AL . FR AT AT A5 B 0 e Bk Y I
KATRE R IFE A Hlogre- H(e)—1, Hft H()LE e (YINHMTS , s E TR %

© MPa W UFERR =02z A HEXH D n; (B2R[HeQulss 8 %),



62 H—Hp HAERE: CEA

log,e+log, H(e)—2.13, T¥A 403 ¥4 1 e B9 4E (2 0L Scho [ Knut ], 4.6.3 77,
23] 28. 29). ERNINEI T, 488 e=123 BYEIE IMEEENY 1 8, I LAZ B M il
TR NS R IF A BRI

-8 5 S I A A A 1) R I A FR B 2 W (] 9 SR E T s, I REHE T B 28 L
) NP 3¢ A % 78 22 101 2 i 18] P93 O AR T 5 M 2 A e g P SIS ] R, Ho i R i, X 4B (R
WA DL “HFI it ke, EHRTEWITAE R EZR T2 p. &% p AR E K
. StHI, P23 FGH8LE ] DL 7E £ 300 2 8] N R0 1k O e i e ) ) S, ZZ TS 1],
P 282 NP W —-F4, HEUraE 020 =0 e v R B ] LLUAETH & Pk Hb i g

MERSIMEEERE— T NP 242 F M, NPE4aERE/L S NP E4 A H b4
A — A X Y (]88 (2 BL[ Yaco JFI HKW 25 302 5, Ak, AfTXF NP 58 42 a) BUAR Bk ,
N

}JETEE‘ §—~ NP 58 4= [0 @i 4% 3 7 22 20 =X s 18] ) 0 8 P A oo v, B4 FLflb i 5 NP

AN B8 AE 22 100 3 A mfmw TEXREMITE AL R, P26 NP 240 LA & 3F 3] — 4> sl
%Jlrd REEE T, BARFRATHE I PANP, [(H A0 8w RSB R, B eRFRT 224w R
W1 — > s a)

TIRT X, RATELERE T IrE =4 a6 pY sSE AR R AR L AR 48 & Kk, Wl 2%
EINE TGN, LAnAE 2° JERIBCRE P R 8 k. IR IR AT HIGE 2% 3k ] 5 B b A O B
A 4 i sk fa] g

i, 1990 4F, Y. Yacobi #E[ Yaco Wil i 1 4 inik4% 5P Lempel-Ziv 38 ¥ FE 44
AR R X BT 25 W EE T R4 TR 00 R G 7
SRR e A L B, M PR CRE T DA —3 — ik, BTESTEANR . F e s
EAIAR M PR P =B RE 0 M AE R IEEOR /R T8 8, TR AT AR kK BE A3k
FRER U, KO TR RS GRAE G o) DA ERS BRI . SRR A1 EAE M g
B, MR E—IRKREN WSO RGEER LIREFHATLLT, AN ERE

3) A p < p2 mod m = (= ((p¥)E)2-=)2(L k) mod m

WRIE L RAE, AR B0 22 2294 B e K/ 18838 I 75 B R 5 1 W] A8 47 100 2k 4k
Mo 5 M JERER 5, XﬂL:Ei*/I\‘LﬁJE% tWAEEE N (ER MR ATAE L Fr e “1 @
07, BT EF A, B E— KB AMNIRY:, LTI RAGE F. T 28 i
T - J A W Y 20 R R .

"‘-s_'

3" A p<p* modm, FAp<— pai mod m

FEFIE TR ANBIRRT 1% 0 AR SR KIKRE .. AT %53 M 58 S8 TF
AN I@mOfREReEE—01, Bk 1 w088, XN HiEPIFRAANTFESR
il 20 T K BT M 32k 1] R SR i TR A A8 g B B AL Ao 1 AR 06 2 %ﬂi\r’;’rﬁjﬁic i‘?@”ﬂlﬁlﬁa
FEMFE N, AT MR EFRAIT RS —E RN RKE R, SWRABERELR
TTHRCEZHT . f8 RN Yo 243 i IF ARk .

SRIMT » ﬁﬂ53%{11)%&?]ﬁiﬁfﬁﬂﬁﬁ%fﬁiﬁiﬂﬁfﬁﬁ%%{: MWrwgH~0mk 1WA —A
IO L AT LIS B B A0, X FEFNT SR M SBREEEW 1 60, {HRBUFEE Pt
AN,

= ot

© ARSI A L — DR o WBA w OLEOT A SR A KA IR, XPESRTEE—A 2T p, {f
T3 M B S pClogan) o TR UCRIRBURR AL SR B9 SR BT » MG IR, SR BEE » 000 B0y 3¢
Mk . EAZEMEREEMN,
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=

WA AR R A 3395, FRATT T T 9

7Ny ol N S R A T W (= a1 s A ey sl - A £ N
R T NG BEW I RE.

BEH e oMABEEKEINOFTAM 1 &H

1) ﬁn%fr{ﬁ‘m?ﬁﬁc W BFETO, LA BL—A0F a2, i FH2;, FN,
FRlmwe, i3] 5% 3,

2) R TFT—AMJHAFRALLRE L, FEANOOF2, X Z 1, MEAMOEF
%El%m,%%ﬂﬁ%So

) KXW I—1ERFERAL1IEGIF, WRT—AFHEL0, FEOF 2fukit
BB TUNFE—ANTFofks#3 T R3, R e T ARFRELET,
AR A4S H ik,

WNZE AT B 43 it AR A S B IR IR, H A A AR 2, AR IR IR e
A ZHERTTRE, AR EMASHLIR 2 83K e BRI F AWML S, BFaid
oK 3 lébl?lﬂl_ HOSR P20k T T R B T BRI T Sk i

0 4 e=1896 837=(111001111000110000101),, 4 [=3, MIEARA % — ¥k & B =I5

éa e 7HIHEANE -

e = 11100111100 0110000 101
WP =4, LSRN e 47§ .

e = 11100 11110 0011000 0101
FALL B 07 255 58 28 e ICRE, BNy k=2 i), 2R .

e-—-QlllOO]_dIOO(IhMMX)Olol
[=3 0, WefWEOTMBESZIDLED, MIi=4HUEEE 41, XM KBERE
FHHREMRE. H—Im, 22 PRS- mMNAE s A1 a0, #E (=4 4K
LR RioE 37V € SR (L RS Y YN =2 i
+1%ﬂﬁ,@M%ﬁ MR TG, M =4, =123 8f, RN

e = 11100 1111000 110000 101
BRUBESINT1IEHO, BB 0E0, 18 0 ANERFE.

55, AT e BRI bl T O 4B B B S8, WA M E T4
A S REAEN .

\

’1%- REABFONBHONRAKES PHEREZE o mod m & %
) K e A OCHT AL T (1w )y NEGEKEINA L1y s L.

2! —1

2) ++ B 3F 54 «° mod m, @’ mod m, " mod m, -+, a mod m .
3) 4~ p<—q“—1 mod m, i~k—2,

4) 4~ p=<p'i mod m,

5) Hr R w; 70, 4 p<pa’ mod m,

6) 4 i<~i—1; JwR =0, PR3 F % 4,

7) F i p.

WERAZAAW L W HAR=TE, IRADTR 3 2] 6 St TS M, H%REH 7.




64 F—HHy FHRE#®: CHFA
3 de R w.—, =0, E’]é\p*—pgrk_' mod m==Ce-((p*)*)?+)* ([, K) mod m, xR
w1 720, BF w1 =2u, u A18#; 4 p<a” mod m, FH4& j)*—pzt mod m.,
FA B AR 4 i<k — 2.
4y 4o F w; =0, 4 p<p®" mod m= (---((p2)?)%++)2({; &) mod m, 4= w70,
BF w: =2, u H4%3; j’)*—pzr' " mod m, B4 p<pa mod m; BB
/\j)*-—pzr mod 7,
5') A i<i—1; def =0, i F R4,
6') #ril p.
6.4 Montgomery 24 1% F1 B 5
PAER G N, IEENEBA S — 1 EBE 1, — AR M B SE LA &Y
HA, BRI 2 A9FECED 29 AT B S U H — /‘fr%’iﬁ{ n W3, MT 28 ANFEER KR

B, ITLL S5 —{EEBE » AR LENG R XML& 7k 1985 4

P. Montgomery[ Mont | X2/, BIRLIGESEH T ZEERM . XA BT RUT i,
WanfMr BELENELE, 2 rfia E’Jﬂ%{_&:l_mi, [RIEE, fi o' 2R n B r RO TR

JGE ;

WA, X n i=—n"'mod r, mi=tn modr., TR, XTI FXMNE
l—l—rnm = ! mod n (6-8)

FERAE M AR M ZE T, BATHEAT T - MR - GER t+mn=0 mod r, JF LA

EERBOWEZE, BEEASTHE «FAREHE., @SEE 2 0F 2 ERr 096, R
LATESR s m}J\ﬁ{E&%»&uﬁ%@fiﬁ x I, NS AR EUE « - B8, mAEIKRA]
A PGB« HH s PoRELBBRY: . FERXGC-OLAEDFENHTATHHE L ABL, X
B RNWE I ITE. XTI ZEn PRz, FATa BAJH H K2 mod2 1 () (B 4. 3

)

shift 1) (ZEIL7.17%),

X AT n 29 1] 11 R BRI /E Montgomery ZYfaj . O 1 3R 1% L IRATT Z W 1Y 5 58 S PR

WECRIES , FAT TR IT 4RI 5 Montgomery 215, H1 T

“'\.

FRIFER n fr T, L

(11204 FH A7 4% n, %‘p‘a?ﬂaﬂw@fﬁﬂ}h/\r‘#“? T
FRATAT LLF F— & 1 f'|‘1~’-J+m,ufJ.J%|!TJFD§IZFuI_Jé?:illﬁi Wi, TATHE XX tn' mod » {4

B (6-8) LN m, 58 6-9), SRIGH tin' —r Ltn'/r] € Z L% (n' mod r 18 3|
X (6-10), BHEAER G-I, NTF—4WMEN ' €2, G r—1)/n EmRa' 153
T (6-11), IxJaal

D

mod r. X}

b8 0 2y, AT E]0(6-12) -
(+mn 1+ nCm mod r)

L -

— (6-9)
r r
! !
_ ! —]—;H?z y [H%J (6-10)
..', —_—
:z‘—]—z‘.(r; 1) (6-11)
= " mod » (6-12)

252G (6-8), AWK UWT: ©n, t. r€Z, AR gedn, r»=1, n :=—5n""!
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ft) 1= +t+ (tn' mod r)n (6-13)
& A1H
f(t) =1t mod n ' (6-14)
f(t) =0 mod r (6-15)
FRATFE J5 - [ 2l X 45 5
T M Montgomery 218, FRATEHE » WA ZBRI—NEE2FRA(EILE 5 5D

R := R(r,n) := {ir mod n|0 << i <n}

Horp r = EEOE, r=2>0 H 27 <<, 3, ROTEXFA R FEHRF o M
b ) Montgomery A “ X7,

a X b= abr— mod n

r R Bl WAL OTR . WATH

aX b= (r(Gr)r!' = ((j)r modn € R
Hib% R I 34T X G R IKIH7E R H, Montgomery 3 Ff2 F§ Montgomery #4183,
BRI 7' t=—n"" mod ro M n' TATTT LS k8 1=gcdCn, P =r'r—n'n, fE
10,2 2B, BRI YR 09 MOL B o BUE A RF . A T IS ss st AT AT
L7 B g 2]

1 =7+"r mod n
LA B

1 ==— ' n mod r
FFL r’'=r"" mod n v #in FIRENITE, n=n"'mod r Zn B r WREDCTE (S
10. 2 45, HAITEX BAYMAR AT ) . Montgomery FEFK B8 T 598 B 347 .

£ R(r, n)fitE Montgomery 3 F1 a X b

1) & t<ab,

2) 4 m=<tn mod 7.

3) A u<~G+mn)/r(Ze LA, B2,

4) R u=n, B u—n; EM, Wb o, AT L@ RS, EMNA a, b<n
AT m s n<rFou<n, HILK(6-21),

Montgomery JRFITFE 3 IRKIERI W IER:, —IRESTE L, WRESR 2 0 3 LHY
o FATZEAN/NBAE B F R A R a=386, 6=257, n=>533, Ibsh, & r=2",
B n'=n"! mod r=707, m=6, t+mn=102400, «=100,

FEHETAEE B n BITREE ab mod n, BATH L o' <ar mod n, b <br mod n | R
g, BEFEHE Montgomery e p'<—a’' Xb'=a'b'+"! mod n, RIGH p<p X1=p'r '=ub
mod n 5 BB Z 4R , Ti‘i‘a KATT AT —HIGH S p<a' Xb, IR T b B4k LA
R fa— i, BB FEE.

L]

F Montgomery 5EFRit & p=ab mod n(n A F &)
1) BE ri=2", HE 2T <n<2, AFBRWOBRILERALFEFHEL 1=r'r—u'n.
2) 4 a'<—ar mod n.

3) A p<a' Xb, FHdH p.




66 H—IHp HARKE5#H#%. CEH

BATHE B A /BT A 0] T 4T 360 . W o« =123, b=456, r=2", HHEIHH » =
—n ' mod r=963, « =501, f*‘% p=a' Xb=69=ab mod n,
fF2E0R 1 A2 Bt S A A BT R R, B AN IRAS B9 Montgomery 2 6] 72 E
8= iR R IR R K BUE e, TS w B LL, ZE LT CH B 2 0
R AE. HIdH Montgomery 29 i il 17 3 A EFUZ AR HY

AL, BHEHTT S RBISRABEC W ﬁw,%MMﬁwﬁﬁhﬁLﬁ—ﬁ,%%Mé
ANWiESZL, LHEE T Montgomery R ZHREH , X IEFATH E1E 2B W
M#EwlE . hit, BATH R e=(e.mie,nmeds Fl n==Cuym g ooreg)y 7T A NTEE e
MMEE n L B=2" FEEWERXX ., THHFE LA Montgomery LA Z, TIHEF o
mod n, HH 2 RFEK. BEPHIAFEF LN Montgomery e a Xa, HHEERIRNTAT
LLF) 7 B A3

S

{£ F Montgomery SEIRIIE n(n AFH)FEE
1) 4 p<—B'=2%_ A JABRJLEHFILE, T H 1=rr' —nn',

2) A~ a<~—ar mod n, & RG, n)+¥1E A Montgomery FeARAXFEHBHERL, &, -, pranl .
3) 4w 10, BF e, =2ulu AFH), 4 p—(a)? .

do R e, =0, 4 p<r mod n,
AP DLAR S i<—m— 2,
4) 4o e, =0, 4 pept = up)y->%k§ﬂ%ﬂ?=5x5n

&9%35#03 E‘;]':JL L,_Z:M(H ﬁ'ﬁ-éﬁ)s /\p*_(ﬁ ><CI")“
5) 4w f =0, A i<—i—1, H3| T4,

6) #r i Montgomery 42 p X1,

B — 2B WO 1 TT BB PR B £ 3 AE F 52 3 Montgomery RFRA L, i A TE T IR A H
e, U S. R. Dussé 1 B. S. Kaliski 7 [ DuKa |/ frigil i) . 7F 3113 Montgomery 3 fR
M908 2, FRATAT DA SR AR~ 9IS HEFT m<—tn” mod r BYMR(E . ML, 7EHAFT Mont-
gomery 2RISR ATAT AJHITE no +=n" mod BRFE n'. BATEOT AR BT mi<tino 5

, W5 n I, FHETF B #4740, BInk to AT % ab mod ula, b<lu), #E »
7@_[: R EIXIR =Gl n—g o ngds, B4 r =B, rr’ —un'=1, n| :=n mod B,

Dussé 1 Kaliski ¥ Montgomery 382 a X b §yit &
1) 4 t<—ab, ny<—n' mod B, i<0,
2) A~ m,~tme mod BGm; & 4555 .
3) 4~ t—tt+tmnB',
4) A je—i+1, doF <[—1, 332,
5) 4~ t<t/r,
6) de R t=n, i r—n; HFR, Myl o,

Dussé il Kaliski 45813, fi{175 W@ 1bayEEml, E4F Montgomery AR 94 ¢t K r BIf%
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B, HEAMTRAS LW, ERNEHXDMREFZ00, FATA B EE 2w L
HoaXb, PSR ZEET Christoph Burnikel 7| Zieg |[H A9 UED] .
FESG R 2 01 3 o, SRR U 7 s
(" = ab (6-16)

(D = f(‘m )B" = 0, e, — 1 (6-17)
— BI. I — U ’

HETENG? ) ey, H
f(-z) = -+ ((t mod B)(— »n"' mod B) mod B)n

AT E K Montgomery JFFE(LES 6-13NHEF B B KL, HAE () F 4 r<B,

FPal ¢ B9 R A DU Rk

1" =0 mod B’ (6-18)
1" = ab mod n (6-19)
([}
l}_ = abr~! mod »n (6-20)
0
T < 2?1 (6'21)

F(6-18) F= (6-19) A (6-14) . = (6-15), R (6-1D)FR(6-17) IR AEHES L 1y, 1M
A G-1) AT LAER B |t=r |, 1B 1 =dab mod n, 87| (6-20), BSFHRANIET

{(—1

[0 = O 712 m;B' < 2nB!

=)

15232 06-21) (FEEE, X H ' =ah<ln? <nB’)
RN IFEAR R FREh SEBR/NEASER O REREN., XX Montgom-
ew%ﬂ%%ﬁﬂu“ﬁﬂ%%M$ﬂ,E”@&Ti%@ﬁmMJU%ﬁmo

eE: Montgomery 2
1&i%: void mulmon 1 (CLINT a 1, CLINT b 1, CLINT n 1, USHORT nprime,
USHORT logB r, CLINT p 1);
MiN: al, b 1{(AF afb)
n 13 n>a, b)
nprime(n’ mod B)
logB r(r # VA B=2" A K69 3F 48 ; 40 MRk B 1<{n<(B¥F)
gitd: p 1(Montgomery 4 aXb=a * b+ r ' mod n)

void
mulmon 1 (CLINT a 1, CLINT b 1, CLINT n 1, USHORT nprime,
USHORT logB r, CLINT p 1)
{
CLINTD t_1,
clint *tptr_l, *nptr 1, *tiptr 1, *lasttnptr, *lastnptr;
ULONG carry;
USHORT mi;
int 1i;

mult (a1, b 1, t 1);



68 H—fgHg FARAEHKE. CFEH

lasttnptr = t 1 + DIGITS L (n 1);

lastnptr = MSDPTR_L (n_1);

FHAF multOVaIBEAEF a 15 b 188 B R BERABE(ELE 5 F)., oF Mont-
gomery F %, KA EHHEN sqr (). t 1HARGERNRAEFMER, B4t LHEMW
FR, UMEALE € 10T n 18N, EERET o 16948,

for (1 = DIGITS L (t 1) + 1; i <= (DIGITS L (n 1) << 1); i++)

{

t 1[i] = 0;

}

SETDIGITS L (t 1, MAX (DIGITS L (t 1), DIGITS L (n 1) << 1));

B T @G HE R, BHIHER maB (L b m; =tmg)ih—AE— A bt 5 b R 5 m
5t 1k, M, &ZHRDEAERZRANE S D RKGRD,

for (tptr_1 = LSDPTR L (t_1); tptr 1 <= lasttnptr; tptr 1++)

{

carry = 0;
mi = (USHORT)((ULONG)nprime * (ULONG)*tptr 1);
for (nptr_1 = LSDPTR L (n_1), tiptr 1 = tptr 1;
nptr_l <= lastnptr; nptr l++, tiptr l++)
{
*tiptr 1 = (USHORT)(carry = (ULONG)mi * (ULONG)*nptr 1 +
(ULONGY*tiptr 1 + (ULONG)(USHORT)(carxry »>> BITPERDGT));
}
BT @ REERT . — A A BERESE t 1 ORSHRE, At 1HMT
— NS R EAG T —, X—FRLEH, BA 1 EEZERGRBERT T — A
1, MR p 1 ARAREM L 0 kB AT 440
for ( ;
((carry >> BITPERDGT) > 0) && tiptr 1 <= MSDPTR L (t 1);
tiptr 1++)
{
*tiptr 1 = (USHORT)(carry = (ULONG)*tiptr 1 +
(ULONG) (USHORT) {caxry >> BITPERDGT));
}

if (((carry >> BITPERDGT) > 0))

{
*tiptr 1 = (USHORT)(carry >> BITPERDGT);

INCDIGITS L (t 1);

}
}

AR B 095, Kflde t 1 EH logB rii, KA L% t 146 logB r & FK ik
A, KB, W REZ. e LR ERMN p_LARB @, AN €18 H#
#Fn 1,

tptr 1 =t 1 + (logB r);

SETDIGIT L (tptr_ 1, DIGITS L (t 1) - (logB 1));

if (CE_L (tptr 1, n 1))

{
sub 1 (tptr 1, n 1, p 1);
}
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else

{
cpy_1 (p_1, tptr_1);

1

J

53X A RBOM L, Montgomery % sqrmon 1 () REBEVIFEAME: BEHFE m?ﬁﬁ%
o 1, ANMEHE TR sqr(a 1, £t LYERT, Hmult(a 1, b 1, t 1) fré%?w%,
HFaiﬂ@lﬂ%TgﬁT BN . AT, FE{HE ] Montgomery J5 B5 TR B J5 1Y %‘kﬂ‘]-ﬂ%f’*ﬁ

WETEE p <o Xa' ZJF, UHHTRINER p<p' X1=p"" =a* mod =,

ThEE: Montgomery T 7

&% : void sgrmon 1 (CLINT a 1, CLINT n 1, USHORT nprime, USHORT logB
r, CLINT p 1);

MIN: a 1(EAF o), n_1(HEH n>a)

nprime(n' mod B)

logB x(r YA B=2" A R 653738 ; LKL Brer— 1 < Blonr)
wH: p 1(Montgomery £ o’ mod n)

Dussé F1 Kaliski ZEMITA X EFRWBEB T THMY BEBRILBESAEENEMR, EHE
no=n" mod B i}, AZE T LIBU/NITHREKIFHE. RAKGE 10. 2 WHEHANEE.
Xt s>0, ZEHEITEHE —n ' mod 2°, RHFEREBIEAR,

it s>0 F0FH 0, HEFE—n' mod 2° BWEZE

1) 4~ x<2, y<l, =2,

2) 4o R x<lny mod =, M4 y<y+x,

3) 4 x<2x, i<—i+1; 4R 1<s, D) FHE 2,
4) Tl x—y,

AN ERMT UL, HEENEE 29, yn=1 mod x && WL,
y=n"'mod x, B EFE I FHMKEA 20 B, WMREFE s WEME 2 =B, N ”*_Jﬂ
2°—y=—n"'mod 2° HEMWEMLE R, £ FLINT/C {EHE P, 7£ invmon () FE LIk F
ZEENEERR., BERE 1S8R v, 8 H{E—» " mod B,

X L8 FEEOH R FE A B mexpSm 1 () Hl mexplm 1 () WAl P, RATEXE RS

4% O F1— 1 E R

H;];
ity

s

\‘I*l‘:"
rv}
=
P

THRE . A b FHMEF (LA Montgomery K A4 2° 3 4) &, 2% #E4] F %)
iE3%: int mexp5m 1 (CLINT bas 1, CLINT exp 1, CLINT p 1, CLINT m 1) ;

int mexpkm 1 (CLINT bas_1, CLINT exp 1, CLINT p 1, CLINT m 1) ;
BIN: bas 10Uk

exp L3540

m 1(AEEHO
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6y p_l(%i“‘]%)

JRE: E CLINT OK, #=X& &%
E CLINT DBZ, %R H4A O
E CLINT MAL, 4w’k i ZL malloc ()45i%
E _CLINT MOD, #=R A A 1M

XA R AH T 2 JF invmon 1 (). mulmon___l () Al saqrmon 1 () €71 A MontgomeryJfg

Ho TANIHET B E mexp5 1( M mexpk 1(), &8 FARPURE T
A 5 M 3 i) AR (8 20E Hﬁﬂ‘ﬂﬁ: mexplm 1 () H H ## Montgomery HUGF B

B BEY

. TETFHEAZRPIRITEEITE R 12347 mod 18577,
. T E
Ve E e=667 FIILEL 2" (=2)FK /R (S5 6 T Montgomery BUFE L), ML ¢
K22 k=0

e = (1010011011),2
Montgomery R B » & H r=2""=B=65 536,
MAETHE no BYME 20 =234 703,
WA a LRI FRAEARG, o, FHEUTF

a = ar mod n = 1234 « 65 536 mod 18 577 = 5743

R(r, )R a® BN 2 =9227, R NIEE/D, FUATEMHEELH « BT,
2. BNE BN
IBE ;=2 21 « ] 2L - ] 2V « 1 21 « 1 29 « 3
H<Tp> — 16 994 3682 14 511 11 066
PPt — — 6646 — 12 834
H<pXa 5743 15 740 8707 16 923 1583
<P 9025 11 105 — 1628 —
3. R

HEIE . & p RIEN -

p=PX1=7r"mod n = 1588 mod n = 4445
NSRRI B R BT mexpSm 1 () Fl mexpkm 1 () BI{AS4E7 LA K 5 bR EL mexpkm 1 () 4H

KB 7R B BT A0 BRI R . AT A2 F FLINT/C JFACH .

CLINT* USHORT mod CLINT ZREIRIFE L p<pa mod m, AT XA HEF

FEARTRHIFL, FATHE T RE wmexp 1 (), BHILHEFET ZIREE /D

¥, A RETT

:qil

{1 Montgomery

A, AT SHE mexpkm 1 () PAREE . 08 oL F PR EESK W BB 2L invmon 1 () B F 5

ery V5 MMEGEE n ek it &R AH,
(a*r ")b= (a?h)r ! mod n

FATERFE LESIARESERE R(rs n)=1{ir mod n|0<i<n},

"'\_

4% 9 Montgomery ¥ J7, RERNIEANZETEIZHE .. KNTGEBEXFHERE,

A

A1 1 Montgom-

XA R IR ATE R E
JH T USHORT 2 Z 48 ZUM A7 UL EL AY eR 2 wnexpm 1 () B HE X bR 3 umexpm 1 (), BT S
PIANZ GRS wnexp 1 () Fl umexp 1 ()40 L6 W B BB, XF=
Tt RGO M — D EERB, $EE WU FLINT/C AR P EE U,

CX I ERE, X B IR
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: ﬁﬁﬁ] Montgomery H é&é’a B E (£ 3 2 B USHORT % M 9 J& 4 = USHORT £

: int wmexpm 1 (USHORT bas, CLINT e 1, CLINT p 1, CLINT m_1);

int umexpm 1 (CLINT bas 1, USHORT e, CLINT p 1, CLINT m 1) ;

: bas., bas 1(J&KZ%)

e. e 1(FE)
m 12
p 1(bas®™* mod m 1 Hbas 1° mod m_1 4§ F4)

: E CLINT OK, 42X %

E CLINT DBZ. 4= H 3Lk A 0
E_CLINT MOD, 4w R #4484

R wmexpm_1 () A& 10. 5 F9 PRy R ML T8, W LLE R,

F i

B BRI . FRATTATY BB i TR 89 1 1234%7 mod 18 577 e BHZ R %K
1. &

R M FRIRAL Tl e=(1010011011),,
Montgomery 9@ 1Y » {H B r =2 =B=65 536,

ne HIMEZE

CHIE R 280, R n,=234 703,

RiVEE

{H %k p<pr mod 18 577,

2. BURTEA

i B4

1 0 | 0 0 | 1 0 1 1

KN RERSE

£ R(ry, )R p<pXP 9805 9025 16 984 11 105 3682 6646 14511 1628 11066 9350

P<—pa mod n

3. &5

0743 — 15 740 — — 8707 16 923 — 1349 1583

s . A/ p BYE A -

1| Boss |

p =P X1 ="P2r"modn=15887" mod n = 4445

AR5 A FRAT

D X% FLINT/

EMARE, FlFE
TN 25 7 25 LA

"', X Montgomery 2J{a] 2RI PUALhRA B I (8] 355 PEREAT 1 PRANAY 00T £

o _aitine

T

a] LA 2N L 4 A Montgomery s AR FRE T 1000 ~20 0 YRS [|] . [ff 3%

C BRE N — Bt EZ i 8k, MITRSEI S 2k T XA E I, 1 LU
Montgomery 24 {aj RYBUHR: B R B TR T B . B2, XTI M KR,
R i@ RSA BF& 2 (Z 5 17 3), BRA mexpSm 1 ()l mexpkm 1 () B 522
MR LR,

HAN SO RERE T HFE AR R, FEEE, RATTESR 6-5 I T X & 5

BOLA B AT 64 B L B R R 4T3

#F 6-5 FLINT/C FHIERE R

B 44 By F 401 32K
mexp5 1 () WA 2® EHINRE. AWESBENT . HEEREK
mexpk 1 () CLINT %’@@ﬁﬁ’*ﬂgﬁf)[; k Erh R 2% ﬂﬂi‘”ﬁ(? ’ %%E:%Erﬂ] ﬁ:s ﬁ-'f&ﬁr};ﬁ
mexpSm_1 () BURCH AR A9 25 JE8] Montgomery RS, RETAMM MR, Mk
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(%)
6 I 11 45 5%

mexpkm 1 () CLINT 2§ BT (Jir K 4096 8k 1) i e {8 & (A 2¢ k] Montgomery HURE, S04,
W ETCALF . BIRERTTK

umexp_1() RG T UEHRIIRE . B cLInT 288, 45 807 USHORT JE8, HE{LH iR

umexpm_1 () A Montgomery 3Y 30Vl & ZE ] BURE . WEEO0h cLInNT BB, fi5 ${ UsHORT /. &
ﬁhﬁﬁ AR EE 7R

wmexp 1 () BA R BURE, FEX N USHORT B, f54y cLINT 2830, ARk 7k

wmexpm 1 () -Uiﬂii Montgomery - 75 f1R-A& Z 3k BUR:, S8 usHorT 8. 15 # /¥ coint 258, 4%
B Ar 8. BARAR AT oK

mexp2_1 () TR E 2 BIRENIE - HURF R4, B oK

6.5 HEEZEHNZRWEBENF

EX—BPRMBCN TXENE, PEd R0 E T RSN PR
MFERE., EEANE -1 FEAKRE, RSA BF, &5 EH# Tz 80k 517N 2w

%———hmﬁ BAVE R . AR, FHEEEA — R EE—E WO, BAXT RSAEF
BITFETHREZSHARE, ITKFAET —FPiM. mMAeR 17 EhIKAE < H B XA
] &,

XTARE AR SR IEE, RITEBEWAEENEEENFEESHENHYFF, A
Martin E. Hellman ] Whitfield Diffiel Diff |#F 1976 4E42 B B HAZ AT , JE’UVF% Dif-
fie-Hellman B ¥E—19" B A5 Taher ElGamal &£ .

Diffie-Hellman BHEREE BEWBFHN —IKREW, EEE —1TAH EIENT HH R
G(ZNE 178, EEEAERMESE, Rivest, Shamir fl Adleman A7 T RSA Bk (&
[ Rivel]) . & KILATTE KR FFER M {E ML 2P IPSec, IPv6 Fii SSL 471{¢ ] Diffie-Hellman
AR A REITTH S E, X uGE N 77 IP U2 8RS % 3 DA RN HE (A
TRFEEOBEEFm P RIEL S, TUBEH RS SCEREEENS,
£ Diffie-Hellman Pl i# B~ , PID@{EE A /NEF B S g8 DL —Fh & B A9 5 =
MR EH, ZEFEHZEFAMBENANBEEFENE. AHBAET—MRELE p FIE p 89ER
a1 EFHFERE), Diffie-Hellman YT 11T .

Diffie-Hellman 38 8 35 $#1p1X

1) A FE—AMMEEM za<p—1, FF42 ya :=a"™» mod p 1EH MG N4 K% 4 B
2) Bit#ZF— N EEE xp<p—1, F1€ y5 :=a™ mod p EAH MG NEAKEL A
3) AT FH 54 s, *=yu™s mod p,

4) B3 H 554 ss *=ya™8 mod p,

L)
|

Sa = yp'h mod p = a'vts = y, B = s mod p

@ 1IPRHL(PSec), HEFMTEMEFHNETOHE, fEA—1TT BLEUL, © &k FESRMYL IPve g
—H4r. EMETHESERTT U E LW A RSB (PvOER TR, €232 (SSLY £ i Netscape
(MFOARTFEN—PEEU . EMNF TCPHMUZ £, Jin HTTP, FTP 1 SMTPGX &8 5 fi £ L[ Stal ]

w013, W EBHFN MR LE L.
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JrRA bR 4 Zf5 . A F B it i th

T—EAMFHHA. Hp e FHEERE, P11

2 HhAE Wi ya N oy —FE. RN & 22 ﬁi:i“ﬁl‘ﬁiﬂﬁ A B A BRI HE .
INRGMEESMTFEZ, P ya 38 oy THEH x4 B 2w © 0 E—DHRGEIHPEFN o«
@ A o= (B) Diffie-Hellman |7 1) 5+ & g a v BRI B X, B A ENT 2519,

ANah X — i FOR R IR R AR BEY

XA, N THRIERIFNZ &M, BE p BARBR(ED 1024 i, 2048 B

WM ER, WE17-1D). BSHHIE p—1 8H -5 —D /2 BEMRZZLET. L

ok B 167 P AR TR e B B O B O (XA R B E BT AESE 17 P 5 R

(40 RSA B {8 B B9 2 80 i AR il —

AN

X

b, f5EE

‘EE"

L -

“-...'I'i.

}L --I'I

BWE%T:%T%H_IL‘J%M*Eﬁ%w%fl*ﬁi, A A B R A A E B . I
T B AT S HAL AR AL R S M TR R E S B a M p o ﬁ’ﬁﬁ“, ZHUBHE —

SOV AR A, e P R AT BB ya Ty B B ERAEIER . XEERBRFAES
TR PR AT, IS XEEAMBHEE, Ry, oy FHMEE DA yx &

G Kik% A, B,
INFe s AFIBITE “%” 4] s

= yx A mod P DL & Sla P= yxB mod P 1] XB“JIU-E.:L_

VA= AN =y'a =5, mod p T % sny FERHEMM A EER sy, XA, Diffie-Hellman fp
WA A M BZEET, MEEXSAZAUEXSBZEETT. A XA ER
LA sn AN A 3 B S, RS B R e TE B AR 4 A B B BT YR
IWNEWGFURREE, 55 A T B X & A S —J6 T Al .

T GELEF FHHAL A IR SR h X B HE , AT 42 M T B AR Fn ™ g LUE 2E [ %
RS . EATTHRE R T S B A I By B8 UE AY e B . X — s AT DA i — B T pA SR 3K

W, a2 5 E HWAIEDLAG &40 25 fih !

B &TE SSL UM P SEEL T . IPSec I

Py XTREFILIR T Diffie-Hellman

JIE B XT AN HATEEE X (BN 17.3 1), BX T
1Pv6 {di il 4% g ISAKMP/Qakley © )& & ¥y g 4
jﬁ)‘éﬁﬁﬁﬁ%&ﬁ(é%[stal]% 422~423 T1)

AT HMEE (S [Koat]3. 2. 1.2 %7, EH O RIERIE p B9— TR, Wi

i as B EIYRE o' mod p(i=0, 1_.,

; ])—2)"|L Jek Bz, ={1, -, p—L}ITAH

LR (EW 10290, IAMBO Z7 B p—1 IWEBHETF p—1=Py P BAL

SHE p ER

2) it t<—a'*" "% mod p

oo, FREORJE

1) F—AMMELI [0, p—1], 4 i=1

3) R =1, R TR TO, &i<—it1, R i<k, B ITK2; WX >k,

AR TN DR s L

INEE: PBrud2b A p RAR(p A

15i%: int primroot 1 (CLINT a 1, unsigned noofprimes, clint **primes 1);

X T 2 & # 40

©  FEEE O By s, B WL Schn] 1.

6. PLAZ[Odly],

© ISARKMP: P45 I 22 4 JEIE fh e J1A WL ER I .
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)
NS

HIN: noofprimes(FEM- p—1 897K B % B -F &5 A~ 0
primes 1(3§% CLINT st £ 6935414840, M p—1 -4, HFHFEZFHH p—1
B EZHBEF prs o0y pry P E=noofprimes)
BWiti: a 1(# p 16 RMR)
JIRE]: E CLINT OK, %=X &%
—1, R p—1 AF ., Rk p REEHK

int
primroot_1 (CLINT a_l, unsigned int noofprimes, clint *primes 1[])

{
CLINT p 1, t 1, junk 1;
ULONG 1;
if (ISODD L (primes 1[0]))
{

return -1;

}
primes [ O0]J#4# T p—1, EMTUAAPHEEH p 1,
cpy_1 (p 1, primes 1[0]);
inc 1 (p_1);
SETONE L (a_1);
do
{

inc 1 (a_1);
BIMAEFEXTRFT2HARKEADRARGIZERL a #7800, R a BFFHK, L
a R RFBREp, AARHRA «""""=1mod p, La i —Z &) Té(p)=p—1, a
ATHHE, a 1HRBHERT . BAMERA FHK issaqr 1O(HFRL10.3 F)i#Hh a 1 2FR
if (issqr 1l (a 1, t 1))

{
inc 1 (a 1);

}

1 = 1;

t<—a"" V" mod p I H AT B 2 P47, HATE A Montgomery BFH ik, AT A
ME BT p AR, KB —ANRAR, Mz a 1§,

do

{
div 1 (primes 1[0], primes 1[i++], t 1, junk 1);
mexpkm 1 (a_1, t 1, f_l, p 1);
}
while ((i <= noofprimes) &% !EQONE_L (t 1));
}
while (EQONE L (t 1));

return & CLINT OK;



#6F BFNIEE, BEEL 75

PUAE AT re B ke o A B 48 — 4 il 7, Diffie-Hellman & 7 199" fg——ElGamal

MERE, CETEERAEWEMEE T miRdte 4, FHABRKZER SR Diffie-
Hellman A -2 M. B 47 1aFe An 55 (PGP) 2 i 3k i 48 Fh 45 4% B8, 1 IR 14 A SC i 26 1 18] 25

PR, BERERBAR - ZEYE Phil Zimmermann B T/E, i ElGamal B PR #E1THE
HEH (S L[ Stal]12. 1 77) .
Z 535 A IR E & PR E— 2 S AH 2 B W FAE

Sl )

DIGamal % $8 & B

D AigHFE—NMNRKER p, #F p—1AHBEE(Hp—D/2HRXREHBT, FHBZA
PR T EEFREFFRZ, Y—NFEHka,

2) A#HFE—AEMEK B R 1<z<<p—1, 5## A Montgomery 5 J kit 3
b :=a* mod p,

3) AR ZUHEps as DIy FEANE, ST REWMFLAA(PLs as TIn.

ZH5EBAUMANHA=ZITdH ps as 4 B —-ZHE M {1, -, p—11IFKIES
A. IBEUWF .

ElGamal jil % 1Y

D B#F—AMEMEK y, HEI<Sy<<p—I1.

2) B H a *=a” mod p #= B :=Mb’ mod p=_(a")* mod p.
D BEREHELC=(ar % A,

4) AN Ciiid M=pg/a" mod p #t+ F & 8 L,

HT F

B _ B () _ M |
o’ (a")? =M (") mod p

Fr R ZIETHY . B/o” Bl i3 IE B ™7 mod p 31 HEH).
p W E B TFABE RN H s Ny 1024 AR (JLER 17-1) . [R5 025 A 7] 19 7 B,
M, 1 M, B PR IEBEA R BEOE vi Fy.» TN, M
Bl . Mlb}' . Ml
B M,»® M,
ST RLVAE M, 5 M, R, BRI, R ﬁ@ HEX CHRKERZHXM
WA, WELEWRE , X I8 E Y2 I 7 375
FATRIE A4 1 ElGamal BB)FH —F @K 55 4 ?Jn/cIJIL%%‘ﬁIu 11‘1;»;%[3'3{*‘5-3;&
XN E . AT AEARFZ, G THhAGp—D/20FHU ={a" |x JEE)
(ZUL[Fisc|26 1 &), MIE, MRF b=a Ha=a' BT U, P2 " HBRBEF U, EXH
BOLT, WREXBET U, IX M=pa “FHBETFT U, «*FBEAET U N, d—7F:
AMETU, MAIAREL, Bl a R MBPH—-IAREFU, WMBARETFU, FHEH
HEM G T X—FRMER:
DavcUseUska*clU), ZEBH PBEU, WA 2 515 .
2) ST € 27, ueUsu'rP2=1,

"--..!‘I.
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543t CER

AAAgE=m, AEREEREEET M XFENEE,

R, X R—AN

DA A e TR DL

45/ T —3, Ak, 1

CSEEEH, X — GRS A RS B AR
AIUEEREEERRKREHN— I 1E S

T B,

XEEEHW, H %M?ﬁ
AN EHE AT EZ T RERNEER
= 1G5, 3R, &M&

Beok s FATH LAST R i"?ﬁ‘ﬁ%fﬁ—“ﬁ%ﬂﬁt HIMKRK A BB, AT AFBR

MR HIERBHE 2 P

, 3E Mb> mod p B LY,

I Mm&EEz& V(H@®), MDIUGE, HfV

Je— 8 T RR N8 8 gk (40 =3 DES. IDEA =3 & & 0% #5 ¥ Rijndael, &R 11

®), HE—PEFIEE, B o™
AT B Fm BN ARG 1. e, T iE% g
E2H, RIIEERSREMFERE, LHEESE 10 =M 17 Erh,

[ Schr |F1E B2 FH A ZFELSchn [ 5[MOV ]~

45 (E LT LS AE V 5 6

i s AT A Y R
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Cryptography in C and C++, Sccond Edition

via 5 E ML

BENEZRAEGA LB~

Tom Lehirer, {In My FHome Town)

“RZ, BN E AW, “&b-‘?n@’qu& BarBRLITRA; BT A, #
AL A; LAEETLA, THAAL, ARAEH,
Lewis Carroll, { Through the Looking-Glass)

AR RXT CLINT X 3T M B M R YL EHE CLINT Xt 52 #0417
BRI, XERBIRIMNECEHHTREZRT .

BB EAE M RECP— B, e S R R IE XM cLINT 2H BT A% 3,
MR, PMERBOSEEE AL A, XLEEBILAW A CLINT X2 AE S8, REXT I Z #EHIE =
W17 B . 1%1*“1K§%;#’ISTUHIHTL3"%M<FP, T T AR B RS A B RR A R E X I

-HTHR, REEAITYP, RNEEFI M EEEZ AWM HATE 2 WFENAREE,

7.1 BAIEE
ThFE R

Rabelais
HAE—PRRNENXN a=(a,—1a,-27ay)p 19 B HEfil1 B e FLL B Wi FHEITE “BKa
AR efl”, W IREHE BT AW R IE 20, 1B W05 3T 1y - ok i 3fe i
AREE .
aBB" = (dyiem) Quie—z Qo Quey =+ Ao )y
Hoofa,
Qriet = Up) sQpte-z = Uyn 3" yQp = y 38py = 0,2 ,dyg = 0

A B=2, M RS0 W — 4 G125 2 MIRMNEN; % B=10, WX H
5 10 1Y) A 3 145 L .
el il , XF— RO RRE: . BRUL B R, TTHECAX NN E—MEER

ll%,l — (&”“I " ahﬂ'—t' &fl'—r—l_ EEH-‘E_E *ee EEU )B
e,
&: I — °*°*° = &n—;’ — Oﬁf?n—r—-l — - !arr—r—z — au—z ¢ °°° ?C?{} — .
# B=2, RN TF—MBH _UERIERX S 20 MR, MR, XFEAb b
I‘EJF:. Il m o

RN CLINT ¥R ME—NIENFF IR ZH#HERIEXFELN,. T cLINT X2 681
P AE R SR L) 2 MY, TEEAN SRR, A EB RN AL E
MX A E FRANBFACRAERT . EADEAN IR AN g 0 SkiEFE,

i, R cLINT XTRELL 2 195, W RREAER S —0 HEIE 00 A H %
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MR, ABRZERAMSHELH 0 MAEAENWST AN, b, BHB (kK
AN ER—IK

FARFENHBMBHE, Ef cLINT WS 2 (RN REMRELZHEW S, BNTE
HEHTHE e [ logga 1R I2ME. FIREVEH — 4 USHORT HF 3 — 1~ il L. I

A, R T logsa 1¥R USHORT 1H W FFfiE R 1E .

BTk, BITENE 3 DR, B shl 10N CcLINT BB AR AL T — R 5
2 AHEMI T, TIeR4AN shr 1 (OO M TBEREL 2 FaR [B1 48 200 i 45 0L .

HJE, PR shift 1 OHEXT CLINT 8T 4 o #EATR AL E BR DA 2 IR 2° 01 1E.
EFEE—NMEENER S 2 e e WSk E. MBFSRHIE, MikFERE:,
IRAG . MWEFEERE. R e WRRIERX Iy e=Be+1, [<<B, 4 shift 1 () EECR L
17U logpa 1R &% USHORT {E 8 v #4E Sk SC B 3 vk B BR 7% .

X 3 PMNEREUA (N T 1) AFXS CLINT MR #ATEE ., JEAMINHATFRZMBEA, §
FBE R cLINT 3R ITES . #3258 00 I 330 X £k 8 250 ) 8 30 b i 0T Jt 19 17
. Rim, FTHRIFASCEHIENBABMERE Y, HAMTFER WA EGE S S0 A8 &
R HKE: O YE NG, MG EIsch —E, M F&ARESME E CLINT UFL {U{URAER B
LA LIRE S, RAaiEUL, BRER) 2 09R, LLuiBREE R, FUEREN 0. X 3 1R
ST =0T R .

Zl

hee: A4 (EVL 2)

iZi%: intshl 1 (CLINT a 1);

BIN: a 1(#FZ

M a 1GE#)D

JR[E]: E CLINT OK, 4o M%)
E CLINT OF, 4=k Lii

int

shl 1 (CLINT a 1)

{
clint *ap 1, *msdptra l;
ULONG carry = OL;
int error = E CLINT OK;

RMLDZRS L (a_1);
if (1d 1 (a 1) >= (USHORT)CLINTMAXBIT)

{

SETDIGITS L (a2 1, CLINTMAXDIGIT);

error = E CLINT OFL;

4
msdptra 1 = MSDPTR_L (a_l);
for (ap_l = LSDPTR_L (a_1l); ap 1 <= msdptra 1; ap 1++)

{
*ap_1 = (USHORT)(carry = ((ULONG)*ap 1 << 1) | (carry >> BITPERDGT));
}
if (carry >> BITPERDGT)
{

if (DIGITS L (a_l) < CLINTMAXDIGIT)



{

*ap 1 = 1;
SETDIGITS L (a_l, DIGITS L (a_ 1) + 1);
error = E_CLINT OKj;

}

else

{

error = E CLINT OFL;

}
}

RMLDZRS L (a 1);
return exror;

¥
TheE: B CER 2)
&% : intshr 1(CLINT a 1);
2N : a_l(ﬁ}i%é‘i)
W a 1(H)
JREl: E CLINT OK, %R R
E_CLINT UFL, 4 X T &
int

shr 1 (CLINT a 1)

{

clint *ap 1;
USHORT help, carry = 0;

if (E0Z_

return

L (a 1))
E CLINT UFL;

for (ap_ 1 = MSDPTR L (a_1); ap 1 > a 1; ap 1--)

{

help = (USHORT)((USHORT) (*ap 1 >> 1) | (USHORT)(carry <<

carry
*ap 1
}

(BITPERDGT - 1)));
= (USHORT) (*ap 1 & 1U);
help;

RMLDZRS L (a 1);
return E CLINT OK;

3
. A/ EBCRA/BVA2 8T
Bk intshr 1 (CLINT n 1, long intnoofbits);
ﬁlf)\: Il__l(ﬁ'%’['?i:i)
noofbits(2 &9 ¥ #1385 &)
Wil n LGERBRRT, T noofbits #9545 5)
IR[E: E CLINT OK, 4=k &3

E CLINT UFL, 4=k TF i
E CLINT OFL, #=’k Lii




int

shift 1 (CLINT n_1, long int noofbits)

{

USHORT shorts = (USHORT)({ULONG) (noofbits < 0 ? -noofbits : noofbits) / BITPERDGT);
USHORT bits = (USHORT)((ULONG)(noofbits < 0 ? -noofbits : noofbits) % BITPERDGT);
long int resli;

USHORT 1i;

int error = E_CLINT OK;

clint *nptr_1;

clint *msdptrn_1;

RMLDZRS L (n_1);

resl = (int) 1d 1 (n 1) + noofbits;

’ﬁﬂ%n 1 ==0, 3'&441]41{1 '%‘JE'E)%'I:SLE_’% Tﬁ’f{ﬁ%s ﬁ’ﬁ}é‘ﬁjﬁ%}ka :;I-j noofbits==

B ARiE A
it (*n 1 == 0)

{
return ((resl < 0) ? E_CLINT_UFL : E_CLINT_OK);

}
if (noofbits == 0)

{
return E_CLINT OK;

}

BTARBEREH LESRF TRAOE AT E4 5. REBFHIE noofbits ¥ %

X B 8 4 H AT A A R AP
it ((resl < 0) || (resl > (long) CLINTMAXBIT))

{
error = ((resl < 0) ? E_ CLINT_UFL : E_CLINT OFL); /*underflow or overflow*/

}
msdptrn 1 = MSDPTR L (n 1);

if (noofbits < 0)
{

0 B 4L

#E

40K noofbits<0, A4 n | HFFHewl 2%, n | A 4o 449 LR AZ DIGITS L(n 1).

HABHAAGHT, RERTFTHEEA shr 1 () #47844%,
shorts = MIN (DIGITS_L (n_l), shorts);
msdptrn_ 1 = MSDPTR L (n_1) - shorts;
for (nptr 1 = LSDPTR_L (n_1); nptr 1 <= msdptrn 1; nptr 1++)
{
*nptr 1 = *(nptr_1 + shorts);
}
SETDIGITS L (n 1, DIGITS L (n_ 1) - (USHORT)shorts);
for (i = 0; i < bits; i++)
{
shr 1 (n_1);
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'ﬁﬂ%_noofbitspﬂ? }J]&/Z\ Il_l ,léj’.;"ﬁyy\ 2r:nm:«fbit5ﬂI

4o R T E

B eIt MAXg X, # XA

R HBE O, R ARL, RLELHEFEHFHERNIESR, RENALIREEFTALEFH,
ﬁ'fl*fi*]'%’—‘éﬁﬁ-_'f.r-ﬁo ATHS EBEHAG RN, BELFHREHN n 1+MAXB, B G4k
AEFE nptr 1 V. A —FF, RS OEMEH B4 shl 1() ) ¥ gk 2E AT AS R 1R

if (shorts < CLINTMAXDIGIT)
{

SETDIGITS L (n 1, MIN (DIGITS L (n 1) + shorts, CLINTMAXDIGIT));

nptr 1 = n_ 1 + DIGITS L (n_1);
msdptrn 1 = n 1 + shorts;
while (nptr 1 > msdptrn_1)
{
*nptr 1 = *(nptr 1 - shorts);
--nptr_1;
}
while (nptr 1 > n 1)
{
*nptr 1-- = 0;
}
RMLDZRS L (n 1);

for (1 = 0; i < bits; i++)
{ .
shl 1 (n 1);
}

}

else
¢
SETZERO L (n_1);
}

}

return error;

}
7.2 B L: LR FR

FLINT/C E XX HE LIFX CLINT X 2 {3,

TR BAE AL CRAER & | FI-gEfT

BRTERY

PREL. A, EAEXERBZWENFERAR NIRRT HmERINMT 4.
MBCEERMAY R, RINTF—FT X EAAREZEER: {0, 1} —{0 , B A
JCLE (xys vy ) €{0, 1} MG 0 B3 1. — PR WIEAT & UEBNIERXE
. iFE 7-1 s
£7-1 — P HREEH

0 T Th fCxyy ***y x8)

0 0 0 0

1 0 0 1

0 1 O 0

1 1 1 1




A

XT::
Aii IR R 4 Y BR BB IE B — 1 3
f:10,1

% n AR T =(ad, b,

x,)y AR — CLINT 2

CLINT?%@ZIQE}J{JE‘&%! &ﬂ]ﬁ%mﬁﬁ_i 'f_[.m_@.(xlv ey I,,)glé%%iﬁa l‘_g.ii

A FATA LLT 19 R %
b X {0,1}" — {0,1)"

FCT) sT2) = (i (T T2 ) s fo (T sT2) st s fn(T1 s 72))

ST EREL f Ry EEERERI R S

and 1(), or 1 ()BAN xor 1()F

“th

’ I;l;)ﬁ‘tﬂiz ==(I%, I%g vee, xﬁ)lﬂ%ﬁﬂﬂy%—aﬁ\ 27 ﬁ@ﬁ‘(xl’ ces,
SHIE, K

™

» [ilZrs 13) :f(-rf v 5D

EATE M5 A /R R ECE X Y. CLINT BREX
AR IR BRI RY RE N3 T-2~3% T-4 iR .

# 7-2 CLINT &% and 1 ()HI{E

Xy X2 flxrye x2)
0 0 0
0 1 0
1 0 0
1 1 1
F 7-3 CLINT ¥ or 1()RI{E
‘e X2 flxyy 22)
0 0 0
0 1 1
1 0 1
1 )| 1
F 7-4 CLINT BR ¥ xor 1 (VRITE
x) X2 fCxry x2)
0 0 0
0 1 1
1 0 ]
1 i 0

1

CLINT 3

hznzr@%fand 1()s or 1) Al xor 1O)F
TR & DA 5 VHE iY C%Kﬁf?"“ &
RRIPBIENS T, HPRmAERIEL,

1, AR AR LB I AR R T, BE

| A o« SEEEAME cLINT RS — ., XLEEFKU 3 A

22 EN
g — T AEGERAE G,

heE. S WMinia b Bk

EiE

void and 1 (CLINT a 1, CLINT b 1, CLIINT c 1);

BIN: a l, b 1(&FHMEMEH
W c 1 (5FRMENER)
void

and 1 (CLINT a 1, CLINT b 1, CLINT c 1)

{

CLINT d 1;
clint *r 1, *s 1, *t 1;
clint *lastptr 1;
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FAREEH4 r 1Fs 15 BadEALHNE 2, WRANMFZAEHRH, N
s 1 ORI — /., 54 msdptra 1 #H® a 1 W mE— 4L,
if (DIGITS L (a 1) < DIGITS L (b 1))

{

r 1= LSDPTR L (b 1);

s 1 = LSDPTR_L (a 1);
lastptr 1 = MSDPTR L (a_1);

else
{
r 1 =LSDPTR L (a 1);
s 1 = LSDPTR_L (b 1);
lastptr 1 = MSDPTR L (b 1);
}
RAERE -5 € L OB RGH 1, FLRERORAREAME A 10]F,
t 1 = LSDPTR L (d 1);
SETDIGITS L (d 1, DIGITS L (s 1 - 1));
AEMBREALALETORNRALARGBFRAHRLEZNETE P, AL RGILHR
THE LR A S K
while (s 1 <= lastptr 1)
{
1+ = *r_ 14+ & *s_ L4
}
RIS c 1, AHEBR PO T RHFEME, KDL R,
cpy 1 (c 1, d 1);
}

ThEE . 5533 ds 3 34E

i&#%: voidor 1 (CLINTa 1, CLINTb 1, CLINT c 1);

BIN: a 1, b 1(&FHEMN H£40
Ml c 1(RBEGHLER)

void
or 1 (CLINT a 1, CLINT b_1, CLINT c_1)
{

CLINT d 1;

clint *r 1, *s 1, *t 1;

clint *msdptrr 1;

clint *msdptrs 1;
64t r 1, s 13w EiX A,
if (DIGITS L (a_ 1) < DIGITS L (b 1))
{

r 1 = LSDPTR L (b 1);

s 1 = LSDPTR L (a 1);

msdptrr 1 = MSDPTR_L (b 1);

msdptrs 1 = MSDPTR L (a 1);

}

else



r 1 =L1SDPTR L (a 1);
s 1= LSDPTR L (b 1);
msdptrr 1 = MSDPTR L {(a 1);
msdptrs 1 = MSDPTR L (b 1);
}
t 1 = LSDPTR L (d 1);
SETDICITS L (d 1, DIGITS L (x 1 - 1));
AFMBEELEAEASRALRR G FRHITHF LR GTRE P,
while (s 1 <= msdptrs 1)
{

¥t 1t = %1 1++ | *s 1+4;
}
FRRKABRTHRFTFAEANER T, TR, WERIHS c 1, EHTEPH
AR R, KBRS R.
while (z 1 <= msdptrr 1)

{
*t 14+ = *r_l++;
}

cpy 1 (c 1, d 1);

}

DheE: % Mixdist R (XOR)#1E

iEi%: void xor 1 (CLINT a 1, CLINT b 1, CLINT ¢ 1);
BIN: a 1. b 1UF#AME R E0

B : c 1O RF|AE LR

void

xor 1 (CLINT a 1, CLINT b 1, CLINT c_1)
{

CLINT d_1;

clint *r 1, *s 1, *t_I;

clint *msdptrr 1;

clint *msdptrs 1;

if (DIGITS L (a 1) < DIGITS L (b 1))
{
r 1 =LSDPTR L (b 1);
s 1 = LSDPTR_L (a_1);
msdptrr 1 = MSDPTR L (b_1);
msdptrs 1 = MSDPTR L (a 1);

else
{
r 1 = LSDPTR L (a 1);
s 1 = LSDPTR L (b_1);
msdptrr 1 = MSDPTR L (a_l);
msdptrs 1 = MSDPTR L (b 1);
}



t 1 = LSDPTR L (d 1);
SETDIGITS L (d 1, DIGITS L (r 1 - 1));
WAEFBHITAEMZRE, PANBNREAMGHFRTHARLE,
while (s 1 <= msdptrs 1)
{

*t 1+ = *r 14+ 7 *s 1+,

}
Bl Ly B — S T 6 BT AR AL
while (z_1 <= msdptrr 1)

{
*t 1+ = *r 1++;
}
cpy 1 (c 1, d 1);
}

AT R and 1 () M EHEITHE 2° AR, RFEWH cLINT A/ a 1 ERN a,
CLINTZA&HE b 1IwEHERN2°—1, 3 b{H‘J‘ and 1(a 1, b 1, c 1), #AM, [B#E NI H BT FF

KAJERE mod2 1 (VPITHEEWR, BFER T —58, B2 —1 B —#HEZATER{LE 1 #5L
(I, 4.3 %),

7.3 MEANZEFBFRERETN

AP E, N7 EERGEAR — RN B0 R, RANTFEAF X170
], ZEPISRBL, “B—A CLINT SR ¥R 2 H" X — 08 L1 E — ALl n] ik,

THEIRITEIT A 3 HEE setbit 1. ()testbit 1() LA K clearbit 1(), X 34
BB RSk B . M. BRI —1fI. EE setbit 1 ()l clearbit 1 ()& EIR{ERTHE
TR . PMALEN O FFIRTHE, FHREEMET BN 2 RN . En 1%
F 0, MFE setbit 1(n 1, 0)iREI 0, HE n 1 BMERF 2°=1; ZEP setbit 1(n 1,
512) 5, n 1{H3 R 277,

ThEE. WXIHX E CLINT 3 £ 69 % —4=
Eik. int setbit 1 (CLINT a 1, unsigned int pos);
MIN: a 1(CLINT 40
pos({ &34z F . M 0+ H)

Eit: a 1(43%)
12ME. 1, deRiLE pos L L E

0, 4o R 4L E pos Lo RIEHF

E CLINT OFL, “4eRiE H

int

setbit 1 (CLINT a 1, unsigned int pos)

{

int res = 0;

unsigned int i;

USHORT shorts = (USHORT)(pos >> LDBITPERDGT);
USHORT bitpos = (USHORT)(pos & (BITPERDGT - 1));
USHORT m = 1U << bitpos;
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if (pos >= CLINTMAXBIT)

{
return £ CLINT OFL;

}

if (shorts »>= DIGITS L (a_ 1))

{

e RA b F, MOt a 1HATEFIHA, HHHORKREFMAE a L[0]1F.

for (i = DIGITS L (a_1l) + 1; i <= shorts + 1; i++)

{
a 1[{i] = o;
}
SETDIGITS L (a 1, shorts + 1);
}

Do A AR a 1P A ARG S, MRS ni#tfF OR(K)ELEHE
2 Eeg4EREH 1, HHRBRIZEARLEHKRSE, £ R,
if (a_l[shorts + 1] & m)
{

res = 1;

}
a_lishorts + 1] |= m;
return res;

¥

Job
(3743

THEE: M4X CLINT *F 69 3% — =3k 4 5 F
15i%: int testbit 1 (CLINT a 1, unsigned int pos);
BIN: a 1(CLINT Z~40)
pos({Z#4 4L & , A 0 3 3)
BE: 1, 4 f4iE pos L E &R

i.
)

Fl'

0, %N
int
testbit 1 (CLINT a 1, unsigned int pos)
{

int res = 0O;
USHORT shorts = (USHORT)(pos >> LDBITPERDGT);
USHORT bitpos = (USHORT)(pos & (BITPERDGT - 1));

if (shorts < DIGITS L (a 1))

{
if (a_1[shorts + 1] & (USHORT)(1U << bitpos))

res = 1;

}

return res;

}

hEE: MR M CLINT sF %84 3 — 45
i{Bi%: int clearbit 1 (CLINT a 1, unsigned int pos);




BIN: a 1(CLINT &%)
pos({= 894 H ., A 0+ F-)
5 0 . a_l(?ﬁ%)
BE . 1, e RMB KB4 E pos ¥ Lk E
0, &0
int
clearbit 1 (CLINT a 1, unsigned int pos)
{

int res = 0;
USHORT shorts = (USHORT)(pos >> LDBITPERDGT);

USHORT bitpos = (USHORT)(pos & (BITPERDGT - 1));

USHORT m = 1U << bitpos;

it (shorts < DICITS L (a 1))
{
R a 1RARB ST,

iFh5 meg4baEE T AND(B)EH

{, %%,
if (a_l[shorts + 1] & m)
{
res = 1;
}

a_l[shorts + 1] &= (USHORT)("m);
RMLDZRS L (a_1);
}

return res;

}

7.4 LEEBIIEEFF

BT EFER G A WA AR
CLINT R AL M H TR, XE

47 X — RN, WX~ CLINT Xt 42 47 26 A ) Wr B g F & 71 bk E

SEMX L TR ER R ZE cmp_1 ()
a 1< b 1, a l

ARAL mAFAHHMNK a 1 Fas45
¥ g4 LA E N 0,

P ER SN EE R
B, IKAREST “WEARATET f# CLINT B TS

FALW F AL, MEE
B GR W IZAEE R A IRE

e j(fj\;t%éa HFL, X_J-_:

HY T T T HY PRZX .
ERETHA CLINTH a 1 flb 1 JBF

==b 15a 1>b 1 Fhﬂﬂlﬂﬁﬁﬂaé%n KW, 5 CLINT X5 i %%

(RFEAFEFNTLED, MRMBMSE, KaNERRARAITLGE, — B H AR,
M| b 2% 1k
INEE: AR A CLINT 3%
i#i&: int cmp 1 (CLINT a 1, CLINT b 1);
HiIAN: a 1. b 1(5%)
R’E: —1, R(a 184E)<(b 1 8944)
0, oK (a 184)=(b 1 #544)
1, 2o (a 1 894EH)>(b 1 494E)
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3§

int
cmp 1 (CLINT a_l, CLINT b_1)
{

clint *msdptra 1, *msdptrb 1l;

int 1la = DIGITS L (a_1);

int 1b = DIGITS L (b_1);

BREEBANAZBGREZLTHN 0, LA, AREFTHA 0, REXRITAMN
if (la == 0 && 1b == 0)

{

return 0;

}
while (a _1[1la] == 0 && 1a > 0)
{
--1a;

}
while (b _1[1b] == 0 && 1b > 0)
{
--1b;
}
if (la == 0 && 1b == 0)
{

return O;

}
if (la > 1b)

{

return 1,

h
if (la < 1b)

{

return -1;

}
o RBAKGEHEME, ALAKRLKRLLIRE, Ab, RN Z S H KL F 4,
F— AL — Az dt 4T, HLE| B ABHUMARARFRH B & REA KA,
msdptra 1 = a_1 + la;
msdptrb_ 1 = b 1 + 1b;
while ((*msdptra 1 == *msdptrb 1) &% (msdptra 1 > a 1))
i
msdptra 1--;
msdptrb l--;
}
LA BAT B SR, #sh B R 5Fi8 & 48 R o) & AL
if (msdptra 1 == a 1)
{

return 0;

}
if (*msdptra 1 > *msdptrb 1)
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{

return 1;

}

else

{

return -1;

}
}

WMRILNT AP cLINT HREFHERME, AR cmp 1 () WA ABLE G /NE
T o XAEHT . FoATAT AR B —F 50 1 82 0 R B AR, R AT SRR AR R/ B

hEE: WA A CLINT 5t £
#i%: int equ 1 (CLINT a 1, CLINT b 1) ;
BIN: a 1. b 1(£30)
B’E: 0, 4eR(a 1 64H)F# (b 1 &4
1, dwk(a 1 &48)=(b 1 &944)
int
equ 1 (CLINT a 1, CLINT b 1)

{

clint *msdptra 1, *msdptrb 1,
int 1a = DIGITS L (a 1);

int. Ib = DICITS L (b 1);

if (la == 0 & 1b == 0)

{
return 1;
}
while (a 1[la] == 0 && 1a > 0)
{
--1a;
}
while (b_1[1b] == 0 && 1b > 0)
{
--1b;
}
if (la == 0 && 1b == 0)
{
return 1;
}
if (la 1= 1b)
{
return O;
}

msdptra 1 = a 1 + 1a;
msdptrb 1 = b 1 + 1b;
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b

while ((*msdptra 1 == *msdptrb 1) && (msdptra 1 > a 1))

{
msdptra 1--;

msdptrb 1l--;
}

return (msdptra l > al ? 0 : 1);

}
XPN R RISTEXRES FEAP HBENE R, BHE, B oap 1)K
ERYE SN ZN IR fE OO E AR E R . T RA R, A3 T REMNE, Sy
A—F R TCIZAS AMEBEM T XRABEXPRRELHZE C . Fldn, |ATHFWT R ZE,
EATATRALE a 1 M b 1 iR i1E
GE L(a 1, b 1l) #Xal=bllKHEI1, HFMEKEO
EQZ L(a 1) Wik al==0M#&KFI1, wXa 1>0NEKHO

ll‘"* f?m

‘\_




Cryptography in C and C++, Second Edition

| 5% 8 3

BN . K. TR P dE ik

AARLRELBEFE G =S HRBE 44 -----881, 883, 887,
GO7 e+ HANR®IEEDH -] E,

FRAT LA TR A B B33 A 05 17 B T I R Bk
45 5 — A~ CLINT X4 a 1, T

Carl Sagan,

BAE, NTH CLINT X4 b 1 K1H
IR E— N EREEER b L IBTFENE a 1 B,

<< Contar:t>>

X—FHHRATERE. MUEXNR Db 1 ERAEZE a 1 BB, FRXFHAXT
NI, Bl b 1 MM E, BXra 1 AR ZHEE sl o 1 F, B3

R ARTA 7] [F] —

b 1IMHAS, KZIR,

A, X a1 e P AE IR Y DS () AE] fE & 2R
MRNEABE ZH o EA C++ LUMEZRFF “=” (BRI

14. 3 ) B, FRAT]

i 2= 8] 2 55 28 MR AE X A 7] AL |
B—A CLINT SR ERA S —4 cLINT 34, AT HES cpy 1 ()RS,
hEE: H % —A CLINT &%, 4F#4 M1
&7k : void cpy 1(CLINT dest 1, CLINT src 1);
BN : src 1O T é948)
it : dest 1(H #R3F %)
void

cpy_l (CLINT dest 1, CLINT src_1)

{

clint *lastsrc 1 = MSDPTR L (src 1);
*dest 1 = *src 1;

T—%, EAFEEFLE. A, HEDAFTE0EK,
while ((*lastsrc 1 == 0) &8 (*dest 1 > 0))

{

--lastsrc 1;

--*dest

}

B, W R TG 6978 K 5 IR

1;

while (src 1 < lastsrc 1)

{

*+1dest 1 = *4src 1

}
}

FEZE SWeP L AJTREIR, afLLSEEIM S CLINT %418 1 & %,
7% SWAP WZARE, BRell—FhAa a7 X4 FE

L I B AT B By P R 2SR

#-B AR, AREdEK

3
?**

XOR #:AE L 8L W 4~ 48 B

% SWAP L4 FLINT/C tf
H) HH, MAHE
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#define SWAP(a, b) ((a)"=(b), (b)"=(a), (a)"=(b))
#tdefine SWAP L(a 1, b 1) \

(xoxr_1((a_1), (b_1), (a_1)), \

xor 1((b 1), (a_ 1), (b 1)), \
xor 1((a 1), (b 1), (a_1)))

INRE. R H# A CLINT 3f £ 6544

i&§ik: void fswap 1 (CLINT a 1, CLINT b 1);
BIN: a 1. b 1R #6510)

Bitl: a 1, b 1

FLINT/CFEF AR G HEXNH WA Fa A/ B EN R I N 2RSS A
%a @%Xﬁ“ﬁgfh 7§s$§|€1«5@ 1]%%ﬂ1ﬁﬁﬂﬂq ﬁ‘jTjk‘ s i fﬁ}?ﬁ‘j‘%—?‘icé‘:, EI]
char BB BHHTMASHH ., Wb, TEAE TAKE ETZ AR EE str2clint 1 () F
xclint2str 1(): B RF— /’*%‘i{???"" P A CLINT Xf 48, A, o4& % —1 CLINT
SRR — N FFE . FRRERROIEHEN 2~16.

PREY str2clint 1 () A—FRFIEETFHEE B WoREMME LA T crnT 268 2 35 & A
BB ESR (B W[ Kout] 4.4 39, ZRBECHRMTMELEN B8 . BRENFER. =18
L, FEaR BN B SRS . LB B AT (an “oX”, “0x”. “0B”
“Ob”) FR K 2. 1t

NEE: H— A5 44 8 &M 4 — A CLINT 4 £
i&i%: int str2clint 1 (CLINT n 1, char *str, USHORT b) ;
HIN: str(38¥ char 55 69354 base(FHF AR F £ 78 L5, 2<base<<16)
mitH: n 1(E4F CLINT & %)
j8[B . E CLINT OK, 43R &%
E_CLINT BOR, %R base << 2 & base > 16 & #& str #9428 X T base
E CLINT OFL, e i &
E CLINT NPT, 4R strtfA —ANE 484845

int
str2clint 1 (CLINT n_1, char *stxr, USHORT base)

{
USHORT n;
int error = E CLINT OK;

if (str == NULL)

{
return E_CLINT NPT;
} : :
if (2 > base || base > 16)
{
return E CLINT BOR; /* error: invalid base */
}

SETZERO L (n 1);

if (*str == ’0’)
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{
it ((tolower 1(*(str+1))
(tolower 1(*(str+1)) ==
{
++5tr1;
++str;
}
1
while (isxdigit ((int)*str)
{
if (lisspace ({(int)*str))
{
n = (USHORT)tolower 1 (

- %) |

‘b’)) /* ignore any prefix */

|| isspace ((int)*str))

*sir);

EFHARZREHHILT, # %4 ANSLARAE LI C BEE F 65 B4 tolower () 2R
B R A Ay 4K, FLINT/C S tolower 1 () AT X5 A~Z F 8 M tolower (), & MHF

BB R K 6T
switch (n)
{

case fa’:

case ‘b’:
case ‘¢’:
case ‘d’:

(

case ‘e’:

case ‘“f’:

n -= (USHORT)(‘a’ -- 10);

break;

detault:

n -= (USHORT)‘0’;
}

if (n >= base)

{
error = £ CLINT BOR;

break;

}

if ((error

{

break;

}

if ((error

{

break;

}
}

Hstr;
return error;

}

I

PREL xclint2str 1 ()5 str2clint 1 ()%

umul 1 (n_ 1, base, n 1)) != E_CLINT OK)

uadd 1 (n. 1, n, n 1)) != E CLINT OK)

vy Bk ] — A~ 45 ] static G2 ) 7E fif 24
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e

NI E X s (B[ Harb] 4.3 1), ZEmMXKASi B HWEERs AHAE, H
# xclint2str 1 ()RR S

PAKY xclint2str 1L Ol —E R B 3l R B cLInt R R g e B8R R
W

Jng

IhEE: & CLINT S £ #L A FH $
== char * xclintZ2str 1(CLINT n 1, USHORT base, int showbase);
BN : n 1CKEE4 408y CLINT x4 %)
base(3§ & 8 F /& $ A& 7 65 £ 30
showbase({A R H 0. # base=16, ME AL T A — AN “ox” I LE;
# base=2, MHFEH—A4 “0b” AW E., AH 0. RFAEAT
&)
B . HBaitFE BT RE SR, A
NULL, %2 base < 2 = # base > 16

{
1L

'Elf

static char ntable[16] =

{[0111'1,,{21’(3JJI4JJI'SJJl'6.ljf7}‘1f8} fgjjfaJ fb.i fc.l,i'd.l fe.l' f.I:J}.
char *

xclint2str 1 (CLINT n 1, USHORT base, int showbase)

{
CLINTD u_1, x 1;
int 1 = 0;

static char N[CLINTMAXBIT + 3];

if (2U > base || base > 16U)
{

return (char *)NULL; /* error: invalid base */

}
cpy 1 (ul, n 1);

do
{
(void) udiv 1 (u 1, base, ul, r 1);
if (EQZ_L (r_ 1))

{
N[i++] = ‘0’;
}
else
{
N[i++] = (char) ntable[*LSDPTR L (r 1) & oxff];
}

}
while (GTZ_ L (u 1));

if (showbase)

{
switch (base)
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{

case 2:
N[i++] = ‘b’;
N[i++] = “0’°;
break;
case 8:
N[i++] = “07;
break;
case 16:
N[i++] = ‘X’;
N[i++] = ‘0’;
break;

}
}

N[i] = “0%;

return strrev 1 (N);

}

RTEHAFE 1P HEE clint2str 1 OIS, W clint2str 1(n_1, base) &
XH%E, BFIHEE xclint2str(n_1, base, 0),
b, ARG T % HEXSTR L(). DECSTR L(). OCTSTR L () #l BINSTR L (), iXLt%
RABE I SEUE RN cLINT X4, flE—Ha hE2HE i BERSN (EAWRTEE) 15
e, OKEREASRENSHBLRERR PSR O,
% DISP L MR cLInNT i i pIAr B 30, XHE B S EE 38 744 2 48 £HF1 cLINT X
SHTAL R, RIS HS, FRNREI ML A cLINT EHAEE, I “a 1M b 1 K3k
ARy =ee e ”, CLINT {HAUHN 2 7S idbd, Wi dvd, %0y 16, b, DISP L O)FE—1Fr
B4 48 E /Y cLINT SR IWA N ki B (A RART RO NEE WK O,
IR FEEAEFE M CLINT X RZ @B T8, B4 LIFI R ET byte2eclint 1 ()
Al clint2byte 1 () (ZH[IEEE]5.5.1 7).

R FTHE A 256 S M BEFRNX, NGELAEZBHIE K., T X Ry L,
EHET S22 flint.co X B IRNTE X REL TR .

SN
-y
Ihex]
[ hid

heE. W &M A CLINT 3 %
iEi%: int byte2clint 1 (CLINT n 1, UCHAR *bytestr, int len);
I : bytestr(45 & UCHAR A3 &) 35 41)
len(E 47 #4869 K B
Bitl: n 1(B4F CLINT * %)
JB[El: E CLINT OK, 4w m %
E CLINT OFL, 4=’k _Ei&
E CLINT NPT, 4¢3} bytestr A =354t

LHEE: % CLINT A £ 45400 F ¥ &4
1&3% : UCHAR * clintZbyte 1 (CLINT n 1, int *len);
HIN: n 10354045 CLINT 2F £)




NULL(E /£ len A T 34H)

. len(BF A 09 F 9 £eendy K )
iR 8] . 35 & BT K 5 97 204849 45 4

ulZclint 1 ({
1 CLINT é«‘ﬁ{

[ER =

%I unqigned(%?":%‘){ﬁiﬂ CLINT {5 4% = By %% 4 vl LA {5
BRIZN u2clint PN ) F1 ul2clint 1¢

B2 u2clint 1 () A
) 1 5K USHORT Z %01 ULONG 2% %%
ST BB ulz2elint 1) JyBRd ELaE 4T A

L BE
BA .
BN :

: & — A ULONG £ B 494454 %5 CLINT T £
void ul2clint 1 (CLINT num 1, ULONG ul);
ul(4F 340 a5 48H)

: num 1( B #F CLINT x{ %)

]
f’é L%
B,
1
A
A
1 JiE

& AR

LA B

L]
L

Fix 3fe
25 i,
2=l
WAl

H (2

void

ul2clint 1 (CLINT num 1, ULONG ul)

{

*LSDPTR L (num 1) = (USHORT)(ul & oxffff);
*(LSDPTR_L (num_1) + 1) = (USHORT)((ul >> 16) & oxffff);

SETDIGITS L {(num 1, 2);
RMLDZRS L (num 1);

}

FEARTIRE, ATE L

JERE, B Y

—

s hl R B, XF
= = Y

i,

7 IEINE S

Fﬁ] assert 7

LMurp |5 4 &,

— B Z,

TE R A

Sk QAR ibE

E @ﬁtll ’

SH0E WA, T E H
FLINT/C sREWIT &
— AR LR 2 A A R
F R

AR BN BB AR ST
H FLINT/C R
ARG o 0 SR X A
e, A R4X
12 )

BR %Z{ vcheck 1 ()

o B 1Y T AT
BAMIAAESFEF— 1815 AN cLINT S 83173
— e s A,

oL T,
f!"ﬂ‘tﬁ%?’ls‘i”“,t_h A H

% bR B

R G5 0] LRI,
HL S8, BT EEH A
, A BTk I E TS & AR |
33 ol A 2 R BT =

[ 1k S 5z
—iE I, FHEATDEE
i H7E 4 PRI 1T # de fine NDEBUG anLbU’r = I FEEEEF
[Pldlj% 1 %),
TS RIAAFAT N,
RoRIEFL L. HEBHX ”ﬂcﬂﬂ_y

{H4 FLIN

pdn

JI)L;

i 2 &

"'\_H

T Bz FE R R

1 FSC % CLINT £t
SR HA TIETFRA P ut— LA B 8 5 A R A BT
T — AL B ¥ A B HE R
7 R E P

TﬁJL/‘?c'{umni
HOLFIAE

"/ C A

2 JE 118 T4 e —
A7 e

_-f_.

gl

TR DL,

RS 2 Y A AR AT
s i 22 A
VA o S LS
MBIF R wmAES
WAER . S T I
Wr 5 1E 7 i

THT - 1B fEE

i ﬂﬁéﬁiiﬁl

-
FTLRY

_]

| ™

LT

-‘_-.—"l

BRI AR

'1

111
i

T 14 g W

ﬁ’J M, LA FLINT/C FEre

=B AT CLINT 2 B0k 200 4G 2% 4 2 19

%Ei'fﬂll ﬁt 7R 1’[ T?’E
551; JEN 9 L,L?!‘T/!’%J’L[Magu],é 2 E%ﬂﬁg 3 &=,

ElEE
=T IR, R
A AFE T T A 51 3l 25 2% FEO X A4 35 il 4T
YTEEIT T#’Oﬂ%l E‘Féﬁm—/‘{ﬁﬂ/l\ A
o T 1) B R TR T

Rt
X

b T C 5

JE R Y BR BN AR A

1
R
W
555

5 [Ln

73X AE g — A SR ) B
7 2B TR I A F AR

YR

A A5 W 1

A FHEP
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FLINT/C s# LA B 1538 To s 9 28 E N CLINT 14,
IhEE: MK AT A A M CLINT #4E % X
i&i%&: int vcheck 1 (CLINT n 1);
BION: n 1 (Hrml X e s 2)
JR[E: E VCHECK OK, #=RA& X £
ik ek, REE 8L
& 8-1 HRE vcheck 1 ()VRIFAIAE
3% [l 4 i) 53 i
E_VCHECK_OK t =X E B ZBE - DT AR T —AE CLINT KB AYE 5 A
E_VCHECK_LDZ il % & i ZEAEAWSE, BRI -HMm. B A E AN RUE
E_VCHECK MEM W FERE B hitk: 1518 7T =5
E_VCHECK OFL W IERY YiR: (EAREKRI: BSHEFR I — CLINT M4
int
vcheck 1 (CLINT n_1)

{

unsigned int error = E VCHECK OK;
WEEA . REAERNHER.

if (n 1 == NULL)

{
error = E VCHECK MEM;

}

else

{

dEd. ZHRAKRSZHETF D
if (((unsigned int) DIGITS L (n 1)) > CLINTMAXDIGIT)

{
error = £ VCHECK OFL;

}

alse

{

R, X2BEMNELZLEH; -)
if ((DIGITS L (n_1) > 0) && (n_1[DIGITS L (n 1)] == 0))

{
error = E VCHECK LDZ;

}
}
}

return error;

}

FHOE FE N £lint . h 3CLEF

IR B ELE 0 /],

A

b fRj &

SRS . 36081 4R LT XX s

B 1
35 0 MEAT LLBOI AT DL IR A AR . AT R




w9 i |

Cryptography in C and C++, Second Edidon

Bl & A AT

u} ﬁ,/%\/\fﬂ%ﬁ?; g(i;«,m,-ﬁ 17 Marvin ‘ffi,% ﬁf#&% VL g %ﬁﬁ%‘ﬁ‘ 7 O

2]

FIE 4% CLINT 7

Hiik, BT B3BBGk T A2/ cLINT X%
18 . T EHX

F R

=y

A% Tt J2 A 2

Douglas Adams, {The Restaurant at the End of the Universe)

Ab, G E BN E
169, ATHE LT RE, )

\ l“-}i

F 4

lH

. R, . B3h—4 coint X8, BTSN A4 . ~ﬁzﬂ12§ﬁi~?§ﬁﬁ@%&% 454
X H2R [Skaljﬁmﬁﬁwm, H-B T cLINT X5 R 40,

BATF X B B B N AAE B R BRI A E R GEIN T H T E YT IAER
PRECE 2T Y. 28T, FLINT/C pREAR S FHAE A0, B I 3 4 a5 8 19 58
I 0] B RBCRRIE

YRF IEEZITH O] HF A E M 2T g E e, ARG E—-1HSEE
NoofRegs i FHFEmMIE H , ZAEWE XN # {6 NOOFREGS,

static USHORT NoofRegs = NOOFREGS;

EFANTE X

struct

{

RS L AF 7 A 4L A9 3

clint registers

int noofregs;
int created;

clint **reg 1;

};

75 4y clint registers

noofregs ‘248 & 1F 7 2H Fr

/@‘ﬁ‘,’v"r‘

A4 noof

reg_1 98 [ BB &7 17wy 2 46 ik O %04

static struct clint registers registers = {0, 0, 0};

& B 7 7w B9 Z0a

SRS E I A

/* 35 W) CLINTH i 20 40 ey 4541 */

regs,

created LA KIG 4l reg 1, H
, created ¥/RFFaHER

—
-

W 41 BC »

MAEIERAE B R R BT T ?E%i‘zﬁi’?%%éﬂﬂﬁﬁﬁ allocate reg 1 ()HMA TIHERH
Fan 1 %L destroy reg 1()., EGIRE T A At A8 g, &E— 38 m 4
 register.reg 1 BIFEE . %*ﬁ%iﬂ ] CHRiEFER malloc () A — DT A B HNLE .

CLINT %’ﬁ%ﬁm
o TE 13. 2 55 P IATRE B 206 {5 4 5 49

Ii") -.

static

malloc ()4rBCAY N AF 8T,

AT

1B N AE

int

allocate reg 1 (void)

{

USHORT i, i;

LR

if ((registers.reg 1 = (clint **) malloc (sizeof(clint *) * NoofRegs))

{

AT HFEI GBS EA G,

return E_CLINT MAL;

}

== NULL)

HLTER L FLINT/C iR EEE
IR A ] HE
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RATHEBNFAEGSB, R AT HEFHA nalloc () A4FE S, N ATAH L
WoB TG BHNkFArk, LB 4% E CLINT MAL,

for (i = 0; i < NoofRegs; i++)

1
it ((registers.reg 1{i] = (clint *) malloc (CLINTMAXBYTE)) == NULL)
{
for (j = 0; j < 1i; j++)
{
free (registers.reg 1[jl);
} _
return E CLINT MAL; /* malloc 451% */
}
}
return E CLINT OK;

}
bR ZX destroy reg 1 (VAR FZHE create reg 1 Y. HEH 0 EEHFFARLUE

HHHARES. ZHEE1TFANEDT free VIR, &G, Bl registers.reg 115
[0 ) AT .

static void
destroy reg 1 (void)

{

unsigned i;

for (i = 0; i < registers.noofregs; i++)

{
memset (registers.reg 1[i], 0, CLINTMAXBYTE);

free (registers.reg 1[i]);

}

free (registers.reg 1);

}
METIEHATHFFREHN AT R . FHEEZ create reg 1(), AlE—1FFF2r
H, FAERKEEHB NoofRegs M. FETHATE BRI allocate reg 1(),

h-l

IhEE: CLINT £HM e A#524049 55
iFi%: int create reg 1 (void);
BB : E CLINT OK » #eR 4 8LAL Y

E CLINT MAL, 4=k malloc () i 4

int
create reg 1 (void)

{
int error = E_CLINT 0OK;

if (registers.created == 0)

{

error = allocate reg 1 ();
registers.noofregs = NoofRegs,

}



100 #F—I4Hg HAE#HE: C LW

if (lerror)

{

++registers.created;

}

return error;

}

ZEH registers P NS registers.created, 1ZAFar [T X 23K G 8L ZF A7 as &L
Dﬂf*ﬁ‘ﬁ%ﬁ WA T H R0 R free _reg 1()H LA FE reglsters created {H A 1 I
Bl Arfrandl. B0, registers.created i 1. @it AXFERHES5 ZHIPLH, FKAT
W — MR FFRAN S — BB EEBE WL, B—hm, 85—
P R create reg 1 ORWIHA AN KL, N A IFH free reg 1 OBHRE.
ah, —feds, FE—1PREERAE . AEEEF T E ST EIE.

A5 it NoofRegs HE create reg 1 (VTEIEAY A8 H ., 1 i set noofregs
L) BREAS . AR, X— B B A B0 0 AR g T BR A X create reg 1 A #—
MR e 2 JE A 5L

hee: XEFHEHEH

i&ik: void set noofregs 1l (unsigned int nregs);

HIN: nregs(F HRAPFHR6458)

void
set_noofregs 1 (unsigned int nregs)

{
NoofRegs = (USHORT)nregs;
}
Eﬂ&é’ﬁ_ﬂ)jﬁﬂﬁﬂ—*/‘%ﬁ"%ﬁéﬂa WA AT XFAY RS, X T A B 7F 4 AL W]
YilWe? Xfk, UIHKIEH create reg 1 OBNIESEH LR E LMK clint reg #

Y 3 1l 455 reg_l-, :1_4% TG AR EE get_reg 1 (ORFEAL, BRI — 48 7 5 77 £ 4H
PR AR BT . BRI — 198 E R PSR — 8o B BY 3 77 4%

IheE: wrd — NG FH 560454

iEi%: clint * get_reg 1 (unsigned int reg);

BIN: reg (FHEF)

BE: O EFTHEE regi84t, e R F 4 B4 480
NULL, 4R 4 F 5 KK 5

clint *
get reg 1 (unsigned int reg)
{

if (lregisters.created || (reg >= registers.noofregs))

{
return (clint *) NULL;

}

return registers.reg 1[reg];

}



-~ T

ap—

]:I'i

Hgiflﬂiji. . [ BIEN], T H

B EAN T IR . X T EHFEARA ML, FELF AR
AR BN JLANTE DA -

#define r0 1 get yeg 1(0);

A BE AL, 7E3CHF flint. h

Y1 B0 AT LU G A e H T A9 SE BR stk o 3R

. PHEITAIIKEE purge reg 1 )—IJE‘T@. B EREE A .

F9F ZETHE 101
Hf S AR U FIZE N E R AL E T A A SES . Br IR EE B e I35 7 3% Jo A

Thee: B3 H 0 R4 EER AR FHFEA P —/ CLINT 74 &

iHi%: int purge reg 1 (unsigned int reg);
HIN: reqg (FHE5)
JR[E: E CLINT OK. oMM % )

E CLINT NOR, v} % A 25 K44 B

purgeall reg 1 ()#17

int
purge reg 1 (unsigned int reg)

{

if (!registers.created || (reg >= registers.noofregs))

{
return E_CLINT NOR;

}

memset (registers.reg 1{reg], 0, CLINTMAXBYTE);
return E_CLINT OK;

}

|1m|l

ﬂ%{ﬂ i o

W27 a0 1 LAH BB purge _reg 1 () {H BR—

f, BA A Far AL

BRI X

heE: M0 EBFF% A M CLINT 54 &

igiX: int purgeall reg_l (void)

JZE[E]: E CLINT OK, 4o % &2
E_CLINT NOR, 4w ¥ 7 8 KK 5 AL

int
purgeall reg 1 (void)
{
unsigned 1;
if (registers.created)

{

for (i = 0; i < registers.noofregs; i++)

{
memset (registers.reg 1[i], 0, CLINTMAXBYTE);

}
return E_CLINT OK;
}

return E_CLINT NOR;
}



102 H—F5 HREH#E: CHLIA

— AN U B i AR KA T T R A AT AT B ) N E R R I L. [ FH R 2 free

reg 1 OT AR HAFESA. A, IEMBNIBIEFEMAK, REESWH registers
1 & 21t registers.created BN 1 5, B NEA REH H IEBIL

void
free reg 1 (void)
{

if (registers.created == 1)

{
destroy reg 1 ();

}

if (registers.created)

{

--registers.created;

}
}

WAEFANEIR 3 - BE, KBTI

N

FasHE M, BN 4. 15 BR R

A~ CLINT #1F 7k o

IJJ%‘E o B.— A CLINT £ 8t F 45 %
&k clint * create 1 (void);
iEﬂ RE B F A B4, WRSBRARY
NULL, 43R malloc () 4%

clint *
create 1 (void)

{
return (clint *) malloc (CLINTMAXBYTE);

}
X AT AL create 1 ()R [F B F8 £

LEH, EA “ER7, BN, KKV

fl
[trmls

o] BB N FFA . F

il

5 5]

7‘2

clint * do not overwrite 1;
clint * lost_1l;

/¥ ... %/

do_not overwrite 1 = create 1();

/¥ ... ¥/

do not overwrite 1 = lost_1;

/)'}gﬂ—-/\i#ﬁi W FETE— B IFR A do _not _ overwrite | & 1,
XA REENFFEWNE-NTIH, BafEkE—&E4

do not overwrite 1 = lost 1;

ZE, FERER, XEBTEESPH IR,

S{EfrHAh cLIINT 88, —F ?%%ﬂl 1N T R BRI EL purge _ 1OER, MAX

T TRENANFR 0EE, HILWEEE.

hag: Mt %M 0 EHFFHBR—A CLINT & £
&% void purge 1 (CLINT n 1);
MIN: n 1 (CLINT & %)
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void

purge 1 (CLINT n 1)

{
if (NULL = n 1)
{
memset (n_1, 0, CLINTMAXBYTE);
}
}
THRRE NS ET TR ZERENEFSEN N, e, ZFFHEAE
BT
IHEE: WRIFHFHK—A CLINT F /8
Bi%&: void free 1 (CLINT reg 1);
BIN: reg 1 (3% —A CLINT F4 %64 4540)
vold

free 1 (CLINT reg 1)

{

if (NULL != reg 1)

{

memset (reg 1, 0, CLINTMAXBYTE);
free (n 1);

}




% 10 F

Cryptography in C and C++, Sccond Edition

B A B8 HA 2L

BEERHE, OHAGHRRDIADABRT G S

b4, LEA-NBAFRTRZRAGRE & I,
——®. R. Hofstadter, { Godel, Escher, Bach)

AEENHLEET
SEEER A Py SE I |-

AN AT LT B R I

TR IR AL
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T R A&7 B2
1, B, BRESMNOHE T BN Er
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ﬁ%;%%ﬂ/ﬁlﬁﬁﬂ 225 WK

17 B
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Schr |25 H

th T 208

AR B0 T 2 R A O T YA L

745 T 6 9] a3 Y e R I 24 U e
REYHZE . FERI R F - J7RAY T
] RE . A =5 Dy 33K 6 (] A1 ) 316 BE R #b 3T 1 AH DL Y 3K,

/l‘%%‘rl?l@i:ﬁ@%ﬁﬁ’f:ﬂﬁ%,
BT R JLER ETE
) Bl 2 3 2R MBS T B
L, DMEEEJLEH AR A R IX s A B A

I H0GE
o

SR EFAL

/J\/\’fﬁﬁ[
B R R

| Rose |, jCTﬁ}\[Cohe]XTﬁ SE A
N FH ) —

— AT

SRl AN
R H

B, AR

PRAE NS 0 2 ) NGB =
REM I — 15
SRR
CHL AR A] U.El”’ HE 7R YU Y

*F')—L.)

IR 25 2 B — LT 2 WY
CERE LS Y R R LA K e AT T e Y B

KRB

4= D
A

, XA

{EL

E%mk

X 25 H Y

T S TS T B R 2S5 [ Cohe ], [HKW], [Knut], [Kran]#i[ Rose]
, IRATHR R AR AR 2 89 b
o P T S B T T Y A= IR

AL MBI R MIEA T f#E

AT MEAR, T

T

=d

e |

RIIF YT
o A EF L B Z B
TR T RE, Rl A 45303

SRR

E"J%fﬁﬂlﬂfﬁ%
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10. T swRALIEH
AEERABLBINFTEBSIBAITRAINBRORAUHYL, aLALAR

h 8 Euclid ¥, SARTEF LR F,

——W. Heise, P Quattrocci, { Information and Coding Theory)

RIS Z, B a Fl b AR RN AR (ged) FiRHALIBOFRERL o T b BT A LB IR
HIIEBRE. Wb, mARAHABCEME—IT. ELEEPR, WD EE « O CRFER Y 0) fY i KA
AR AP EN: d=geda, b): ME d>0, dla, d|b, FHFEAIHEHRE ' |a, d'|b
iR R d A d [ d

A DL 8 3R 2 R YR g AT

ng(Oro) = (
AL, K ABGEXN Ira BEOH 2 Xy, JLHZEM CLINT WREFRMEE . RAA

1) gedCa,b) = ged(bya)

2) ged(a,0) =

|a| Ca B9 4 3318




3) ged(a,b,
4) gcd(a !b)

Hd, BHF 1)~3)Y5 CLINT X E2HE,

c) = ged(a,ged(b,c))
= ged(—a,b)

(10-1)

HENEZNBITERRAAFWEL TR, ZIBEHFERFEZEK Euclid(AJ0HT 3
A, bt Knuth BT BB (S L Knut 58 316 7)., Euclid B 4

T —RINHREE. ZEEM a mod b BRE

&, RIGR b mod (@ mod b)), LLIMIEHE

W& a, b=0 BI5 KA 2% ged(a,
1) % b=0, ¥rth a F4ERF*x,

2) Z:}'\?'*_'a mOd bg a*_b, b*__?‘s ,n:

b)H] Euclidean & %

EHBTR 1,

I Euclidean FIETTE HARE a) N o, WK AAER SR -

ZERN -

a, = da,q, + as 0 << ay < uy
Ay = dy{z T dy 0 --<-\ a; < ay
Ay = As(y T ds 0 << a5 < a;

4 m—2 — m—I\ .'(Im-—fi' _I_ ad,, 0 g a,, < d)—1

dyp—) — amq m—1

ged(a, yay) = a,
Ll gcd(723, 288) 44|, & iRt FET]5% .
723= 288 X 2+ 147

288 =

147 X1+ 141

147= 141 X 1-+6
141= 6 X 23 +3
6= 3 X2

ged(723,288) = 3

A 3 R B ARk 2 B
FEL TR i ﬁ)fL,UL:]ijrALLIgEﬂ;

(Al

R, X ER
A — LR R T
it H] KK JL B

% BN B R 2 B0y AN vk s o
1) a 0 b ZAH %K =ged

EP B RAE T A BB EREE 1)

=y
(a,b) = ged(a/2,6/2) X 2

2) a #BEEL EFHFLK =gedla.b) = ged(a/2.b)

3) ged(a,b) = gedla — b,b)

DYaFfub THEK >a—b FEEHEH la —b| < max (a,b)
R EaddER, WTFREEBENILAERER

™

LR BRI R B R A AER LT B2 ME IR,

2] T R/ANXTE . i cLINT X
AN E R EWITANE, FR4 XS EE(hERAEE
FLKnut ]4.5. 2 & B pHFI[Cohe 1. 3 Y- 1.3.5 ¢

] PR AL RAT IR OAE . X O Y 72 1R A

(10-2)

RBALF 1B
RIEIBE )L

SRV R



HE a, >0 HEmKOAE ged{a, b))t #l Euclidean &%
1) Fa<b, MEXIFEafdbdi{i,. %b=0, HbBaHERrFEER, TH, 4 k0,
REBaFeb HABEE, NPT T 3 MB4E: k<k+1, a<a/2, b<b/2,

(XEERTITXHEARR L), X afdbHREHAIBE,)

2) REa A58, NELIIFa—a/2 B3 a AFE., XF, BwbHBE&, NELR
ITb<b/2 AB) b HHHEXEE T HIXRERAER 2, B o bhBMAFHT )

3) A t<(a—b)/2, =0, WHrE 2a FELRFEk, EXZHLATHRAD. 225 3),)

4) RE ¢+ A1, MNELIAFTt<1/2 A8t HFd, £>0, Wh a<wt; T4 b
—t, REHIE 3 ¥,

)

BEWT BB R R, RIESCHk[Cohel, ANHTESHEE 1 PHIMIIT T H KL
H4 r<—a mod b, a<b Fl b<r, XEEFTEIER o T b BIA/INE R LAMEL LTRSS s TR ],

heE: w43

i&i%: void gcd 1(CLINT aa 1, CLINT bb 1, CLINT cc 1) ;
MIN: aa 1. bb 1(3RAH) '

MW : cc 1R KR53

vold
gcd_1 (CLINT aa 1, CLINT bb 1, CLINT cc 1)
{

CLINT a1, b1, r 1, t1;

unsigned int k = 0;

int sign of t;

F 1y Bt RraF, NHERIGLAMMMAL b 1. Fb_1=0, M a 187k
LR ORI AL
if (LT L (aa_l, bb 1))
{
cpy_l (a_l, bb 1);
cpy 1 (b 1, aa 1);
}

else
{
cpy 1 (a 1, aa 1);
cpy 1 (b 1, bb 1);
h
if (EQZ_L (b 1))
{
cpy 1 (cc 1, a 1);
return;

}
TEROFRBEATERGENEKa ), BHRKF2HEMNa 1FDb 1 vk,
(void) div 1l (a1, b1, t 1, r 1);
cpy_l (a_1, b 1);
cpy 1 (b 1, r 1);
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if (EQZ L (b 1))
{
cpy 1 (cc 1, a l);
return;
}
while (ISEVEN L (a 1) &% ISEVEN L (b 1))
{

++K;
shr 1 (a_1);
shr 1 (b 1);
}
% 2Y,
while (ISEVEN L (a 1))
{ shr 1 (a_1);
}
while (ISEVEN L (b 1))
{
shr 1 (b 1);
}

F#3Y.: XRWda 14b 16 HFa 1Ab 1 EEKDYEE

5

N, WAL E

oI HRARAE 1P, MENHTNAKEREDEF sign of t P, £t 1==0,

B4 g,
do

{
if (GE L (a_1, b 1))
{ :
sub 1 (a1, b1, t1);
sign of t = 1;
}

else

{
sub1l (b1, al, t1);
sign of t = -1;

}

if (EQZ L (t 1))

{
cpy_ 1 (cc 1, a 1); /¥ cc 1 <- a */
shift 1 (cc_l, (long int) k); /* cc 1 <- cc 1*a¥*k */
return;

}

FALY: RF L IAHT, Ft 1555 8% a 1xb 1.
while (ISEVEN L (t 1))

{

shr 1 (t 1);

}
if (-1 == sign of t)

{
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cpy 1 (b_1, t_1);

}
else
{
cpy 1 (a1, t 1);
}
}
while (1);
}
B REAERESR NN LS ELERN, B2 RER, EA—
FLINT/C PR, 101 TR SE B RADEE LI AL RN TFWE1TEM. X
TXMTFEMAE, HbrEMEFNEES, A EBETRERF IR LRI

5&££??E§ﬁb\ﬁﬁ§§?ghégi SHY 4514
Z AN SE IR R A AT A LUGE F 2 W AT R ged_ 1 () k3K
VT 3), T8 M B 1E T BT L3 U e 2 1R DR S S B0 S E
ged(my 5o on,) = ged(ny ,ged (g 500 ym, ) (10-3)
*ﬁT%ﬁA%ﬁaﬂTUﬁ@ﬁﬁﬁﬁﬁdmwﬁ%alﬂblMﬁ¢/Fﬁ&mh
TR ny s oy 0, WERADARBEOTUEXHESG (mENT |0, BE m, i=1, -, v}

%&ﬁin*%ﬁﬁééwﬁﬁ%ﬁﬁm%%IIM\ i EEIES ., WTHASE a

bezy%m&%ﬁﬂubﬁmﬁﬁ%%ﬂE%M%kﬁ%ﬁ%ﬁ%:
lem(a,b) « ged(asb) = |ab| (10-4)
ARz LU M3 H a1 M b_1 B R/DAEE

N
Il

A K2 (10-1D) )

il
—_
s
.

ThEe: s ha4g8
i&i%: int lem 1(CLINT a 1, CLINT b 1, CLINT ¢ 1);
BMIN: a 1. b 1(3EHO
gt . cc l(ﬁ%i*]‘/ 4% 30
JREl: E CLINT OK, =R &%
E CLINT OFL, X i Hi

int
lecm 1 (CLINT a 1, CLINT b 1, CLINT c 1)

{
CLINT g 1, junk 1;

if (EQz_L (a_1l) |] EQZ_L (b_1))
1
SETZERO L (c 1);
return E_CLINT OK;
}

ged_1 (a1, b 1, g 1);
div.l (a1, gl, g 1, junk 1);
return (mul 1 (g 1, b 1, c 1));
}
FIRE, 25N S R /N A 2 050000 R T L2538 00 24 095 /2 2 1 T




A
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lem(7y 5o yn,) = lem(ny ,ged(ng yoom9n,)) (10-5)
HE, XNA-DHAHEELNTSEHWEE: BRWBBELPLE lem(2, 2, 2) » ged(2Z,
2, 2)=47#2%, HE, MEFLELT SRR RKRAABRSEE/PABE XA ZIL. Bl

s

lem(asbh.c) « gedCab sac )= |abc (10-6)
ay. ged(a,b.c) » lem(ab,ac,bc)= |abc (10-7)
BRANAENENABEERNT AR IO RREAII—TEABY AN P EIEDN

X. HABZLET, EARNPRGEERXAAEMB/NAEEWER, AN IERERER
A2, AN 10-6) MK (10-7) . X FRmRAABMB/NAEE, FlES A4, H
ged(a,lem(b,c))= lem(ged(a,b) ,ged(asc))) (10-8)
lemCa,ged(h,c)) = ged(lem(a, ) ,lema,c))) (10-9)
HHEFEHZE (S Schr]2. 4 77)
gcd(lem(a,0) slem(a,sc) slem(bs¢)) = lem(ged(a,b) ,geda,ye) ,ged(b,e))  (10-10)
& HIR AR EEBERNETERZ/, XEA Tﬂ/ﬂﬂﬂﬁk"%?ﬁﬁ?d\/\
R ETR AL T o B aat, LA aE B pR Bl gl BRI 3 Y G A E S LS 12 B
FAERABURXEZERETHRGHA,

——— Steve Maguire

10. 2 FHREIH P RYFRIEE

SBAaRELWEEAE, NE—ERiEFME, ERREIF P DI HIFED.
it 22 8L 3 %%ﬁﬁ%lﬁ%%ﬁa maEHpPHFAIPbITRe Z, BFE—NTEENTE Z,,
fiffa-z=1., XHEFTHF a* 2=1 mod n fla + x mod n=1#MWr. B, 7EZ ..,
3FS5 —_E'Lj'\jﬁ?z'i;L_, KA 15 mod 14=1,

7, PUENTFRESOAAEFABMES W, 7258 5 =P, Fig{ULE(Z.,, - O)DEL

1 R0 Eﬁﬁl‘ﬁéﬁca‘f&—hﬁ it Euclidean BIE T UA M GE a€ Z, FEFRELH—1
sard. 10. 1556 1 4 Euclidean 55 4 B E 8058 =53
Apez = Up 1 Guez T, 0 << a,, < Ay

a] LS

Uy = Az — Upm1 * ez (1)
UAb2EHE, AT LASRAG A0 T S5 5K

Uy — Q=3 = A2 * {3 (2)

Ap—2 = A~y — Qpr3 * Gu—1 (3)

As;= a; — dz * q (m—2)
#H AR (D P a,— AN B H AR, 4 -
A = A — @z * Az — Gy * Az )

= (1 T qus * gz — Quz * Qu-y
L) b2 4 E?J‘E(m—Z), EEAUEE] a, Ha, e, WERHEHE, FFEHPEETH
i, Euclidean 33k MR ¢ B 7R K.
XA AT LS R gedla, D)=ucatv-b:i=g B —FFREIERX. g Lo flb
MRS, FHFELL w o EEEE T, K utla/g Fio /g ERME—M . EXFTFIL
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F—3 5 ﬁﬁk-‘gﬁ'}ﬁ\

C %4

Zzac 7,8 gedla, n)=1=u-
-Fa “ﬁ %uﬁ—yﬂ

Ne FRAI

B A] LIRS

I 2R f5 R 2 S B0 PO T

TRUHMEZ, Fa i, XE

a+twve+b, M 1=u * ¢ mod
IR B TR Z, PRITEFHET
v A5, IF EL RIS AT LARTS — M X R S R, ZGT AR DA R IR Bk

TE B AT E T ged (723, 288) Wi AE

‘e
-

=—47 -

B K2 PRI YRR TT 5 -
3= 141—23 -
— 24 - (288 —147) — 23 -

= ]41 —6 « 23
6= 147 — 141 » 1
141= 288 — 147 « 1

147= 723 — 2388 « 2

(147 — 141) = 24 » 141 — 23 -
147 =—47

n, B a-n=1, XL

147
147 + 24 « 283

(723 — 2 - 288) + 24 - 288 =— 47 - 723 + 118 - 288

A F. A THRERENGFES

A1 55 B [8] 2 [6] %'ﬂi—*/“
SERRERE, FEM
BRANARAFHE—FITE, Z,

Jﬁﬂﬂétﬁﬁi : 7f:T Z

"Nive |

IR EE M HEE

IR BN A UE B, E L 2. 13 pYIEiD .

TTE A€ 7, it 4E

T BT E
6], X IR AR
L, XU RE PRI E
B E M Euclidean & 3,

T g (IR B B3R D DA 3R L4 ] 35

A, HOEEGEHARN

I*WMWﬁiﬂ@ HTH/E—
FHRRAABIEN—TLREAGTLES
FITE a HFW R ged(a, n)=1, MEEN € Z..
PRI L E a BB, WA ged(a, n) =1(EF 0] UL TE 22 WL
X B, WA EFEREE AN EE)
BHTFHRZ

= {a € Z,|ged(a, n)=1},

BIBR T 1 IAMAFEFITTE a 5n BHE LM ALEE, WA UBRE -1 TREBEERNR
WHE, EESE, RIMNESEHZY, < )FR, (Z,, «)EWHBNIGHARTYEE, BEA
EI’JU\T"—%pZi:(Z,, .,. )ﬂlﬁiE:

o (Z,, * YWHEHH

o (Z,, )E’Jiﬁﬁ%r*

o FTERNIIC: MTFHAEMac Z, FF1E 1, Fid 2 1=0,

FHRFMEFE THE NN TE, URESENEFEEEGRILET. T8, MEHAFE

EHHEm®E, BZ FRFEATTEaMoERa- o th 2z, PRIEE. %ﬂ?ﬂ eyt 8 ST
(. Zaf oS n BEE, WafibWERS n AEREFIEENLBANLEFEIRT 1 LM

BEE, &

© AEEMMRT. Z, B LR—AH, HHC(Z,,

S

Wa-bWBTHEGZ). TREZ
PR BE . EA{L. 2, -,
R P B —,‘Eﬁ?\ﬁn_fu‘ﬁlﬁn—p

WA NE n Zx 0 Fl e EB,

n—1H5 n HEAEENNEH Euler

2 pl s ST

¢(p) = Hj) (p; — 1)
(Z L[ Nivel2. 1 9 F1 2. 4 ),
MNILHE®,
= ged(a, n)=1,

J AR % 9 2

Flan, =HEmRE

L (Fermat) /N EH
a*” ™! mod n BYTHEFIHE T a W

+HYFCZ L,

R P REE, Wz PEFE p—1

i) Euler #:7°°, a*” =1 mod n, F&

LW, BN, ZHa=p - qit, Hi ptq HEREE,

*)=(Z \ {0}, - DWEXHBLE(ZR

[Nive]2.11 %), FREAEFEH, G NEE, BifERA SR u s TEn e,
MT—PTREp AL EEH e, Bar=amod p. Y p AR a ETFI, a®'=1 mod p

Fermat /NEE W,

(Z K[ Bund]% 2 %,

% 3.3), Fermat /NgEH ]

L Euler fiE] " REGE PRI RN EA.



. - =

# 10 RAHKLFH 111

A a9 P mod n FifEa Bn B, HZE, BIE
XN ERERAM D oUog® ) IR REEB R

EA A SR &S El Euclidean B9, 7] DIZER HIE Euler A%
TR FEMRE o(log?n) . HBIAZRAE u« Mo, TRELE

a; = w,a + vb

a&c 7>, Ma?P" =1 mod n,
E () THBEFATIRT

{E5 1T 0L F 3%

~

T

- 10. 1 58—~

Euclidean 3 =25 H

-

H B PR R M S R R IR, K

i H =5

agy — a;—; mod q;

XEFRERENEESEE THHHL o« #lo WERHEHESES

AR A Bt Euclidean H-7,
T 1 1 Euchdean B Y B ERA[Cohe]l. 3 3y Y: 1. 3. 6. BIFEK
I

%ﬂﬁ; % ]ﬁ}:u‘v —(d—u-a)/by

IR KA A ERR, X

MT

ot

=t
w v AR

@

H

—

3

¥ B Euclidean &%, i+8 ged{a, b)F0
0<la, b
1) & u<l, d<a, % 06=0, ME v<0FERF&E; TN, v<0, v,<b,
2) Jﬂ%?‘%%ﬁ gFe Ly, P d=q* vs1t; B t3vy, AL ty<—u—q* v;, u<
Uiy d=<—V3, U <t F0 v3<tl;5,

M A~ ve—(d—u*a)/b 4

<+ u, v LA{E ged(a, b)=u-a+v - b,

Fik; &M,

3)%7)3:03 Eél]%%z

BT RENBRER xged 1O T BB E sadd () il ssub () 3 G # HH) 8
SRS ﬁﬂ?ﬁi‘ﬁl?ﬁi?’% LR RIS FTTREN DN EHE NS ITAHE, REH
ﬂﬁwﬁﬁawﬂﬁmmﬂﬁUﬂ%Eﬂ X P % L BR BX 3 5 R AT 0 2 e i aE
2% e e M 1a) R HAREIBRIE R div L OBH — N H IR B smod (), 4

HITR a modbéﬂé’r‘éﬂla Hra, b€ Z, 6>0, XEHBRPTEGTHNETHRERE
B, FERZ chinrem 1 ()(W 10. 4.3 W) F 5FEFREMMNHEEENR., FEAOTHER
B FLINT/C FER — R BB Y A, W PUKE o 26 e 3 R A B £ S B B B 5
FEHITREM FNESHN: BUSEWE a, b>Nmu/2 YE N A% xgcd_1 ()R
ENEFufMovSrdEl. AXMERLT,

IR w Flv R BEBHEN, BNFE
)l CLINTD By CLINTOZEFU A MBS ER B (WEE 2 &),

I

T

S E

e

H

Th&E .

[ :1'1:.:

¥ /& Euclidean J-#, it H AR a, b IRIXANHEK gedla, B)=u+atv-b
void xged 1 (CLINT a 1, CLINT b 1, CLINT g 1,
CLINT u 1, int * sign u,
CLINT v_1, int * sign v);
: a 1. b L(IRMEHO
: g 1(a 1/ b 1 &R KXN25)
ul.v1(gl¥xrFPalfeb 1l
*sign uCu 1 698 5)
*sign v(v 1 894 5)

] F)

void
xgcd 1 (CLINT a_1, CLINT b_1, CLINT d 1, CLINT u 1, int *sign u, CLINT v 1,
int *sign v)



112 £ —3%4 HFAXKE5#+4. C %L

{
CLINT vi 1, v3 1, 1.1, t3_1, q_l;
CLINTD tmp 1, tmpu 1, tmpv_l1;
int sign vi1, sign ti;
;ﬁ 1 ﬁ: 7 2 O
cpy 1 (d 1, a 1);
cpy 1 (v3.1, b 1);
if (EQZ L (v3 1))
{ |
SETONE L (u 1);
SETZERO L (v 1);
¥sign u = 1,
*sign v = 1;
return;
}
SETONE L (tmpu 1);
¥sign u = 1;
SETZERO L (vi 1);
sign vi = 1;
% 2. MK T HERRXAYGEI u.
while (GTZ L (v3 1))
{
divl (d 1, v31, g1, t31);
mul 1 (vi1, g1, q1);
sign t1 = ssub (tmpu_l, *sign u, q_ 1, sign vi, t1 1);

cpy 1 (tmpu_ 1, vi 1),
*sign u = sign vi;
cpy 1 (d 1, v3_1);
cpy 1 (vi 1, t11);
sign v1 = sign t1;
cpy_1 (v3_1, t3_1);

}

%34 H v, FERITE,
mult (a 1, tmpu 1, tmp 1);
*sign v = ssub (d 1, 1, tmp 1, *sign_u, tmp 1);
div 1l (tmp 1, b 1, tmpv_1, tmp_l);
cpy 1 (u 1, tmpu 1);
cpy 1 (v_1, tmpv_ 1);
return;

¥

W REEBEAAABER I1=ucatv e - n FHRHE Fu, i

ST T v iR

HFMEH FLINT/C 4 M A7 ES A ITE . B UTETT
{:Jeusﬁ* Hia

TSR PAAFZ BN EE. THHNEEENHREEN—1ZE, X

o3

.
3

HEEXFE— LR u,

3" & Euclidean &%, 1T# ged(a, b)EAK a mod n §Y3

1) /-'i-\u*—]., g<%a, U]*—Oﬁw'vg*—nu

i

1}




2) Bar&tEdH g by TP g=q-uvT6 Lt;<vy BIE th<u—qg * v mod n,
U<—T) < Us\ V<l A9 U313,

3) Fv;=0, Mg B gfAZIANHNIH gedla, WA utEHa modn 85, H4E& R
ik, TN=3H82,

BT h<u—qg* vy mod n ARIET . vy Fl w BRRIETM B . BEHEE] v {1, -,
n—1}, HKEENREBEDR TINTFRYEE.

WEE: £ Z, T A REE
i#7&: void inv 1(CLINT a 1, CLINT n 1, CLINTg 1,CLINT i 1);
MIN: a 1. n 1(3EEZO
HMitH: g 1(a 14 n 1 MR KL E)
i 1(a 1modn 183, 4REXLT)

void
inv 1 (CLINT a 1, CLINT n_ 1, CLINT g 1, CLINT i 1)

{
CLINT vi1 1, v3 1, t11, t3 1, q l;

MIXIBERRETHO, XEPF—ANREHAO, WARAELEYE, BHEERRAAM K (A
RI10.1%), BREF 1 IREAELT, #BE ALK O AT,
if (FOZ L (a 1))

{
if (EQZ L (n 1))
{
SETZERO L (g 1);
SETZERO L (i 1);
return;
}
else
{
cpy_1 (g_1, n_1);
SETZERO L (i 1);
return;
}
}
else
{
if (EQZ L (n 1))
{
cpy_1 (g_1, a_1);
SETZERO L (i 1);
return;
}
}

% ] ﬁ: E%%ﬂﬁé’f%o
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cpy_l (g 1, a_l);
cpy 1 (v3_1, n_1);

SETZERO L (vi 1);
SETONE L (t1 1);
do
{
%25'%%zﬁﬁGMLw3uﬁﬁ%% R JE — RAEH M R 2 F A mmul 1 ()
Ffemsub 1(), AFIREALERLE i 1 KA.
dlv_l (g_l, v3.1, g 1, t3 1);

if (GTZ L (£3.1))

{
mmul 1 (vi1, q1, q 1, n1);
msub 1 (t1.1, q 1, g 1, n 1);
cpy 1 (t1 1, vi_1);
cpy 1 (vi 1, q 1);
cpy 1 (g 1, v3 1);
cpy 1 (v3 1, 3 1);

}

}
while (GTZ_L (t3_1));

3% ARELTHRA, NEFT v 1 PEFRRAYGHE, REANMGHK
A1, MTAREE v 1 PHEFa lthig,

Cp}'_l (g_]-, V3_l);
if (EQONE L (g 1))

{
cpy 1 (i1, vi 1);

}

else

{
SETZERO L (i_1);

}
}

10.3 WREITE

— KB AT CLINT MR AE TR BEI 45U 2 AR R .
i ﬁ%%ﬁﬁﬁA@ﬁm%F%,*%m~A@ﬁ Fal. XF— Aﬁ%ﬁmawﬁ%%
— N e, (15 22<<a<lQM', ZKE e=llogea |FiE a ML 2 BT E 45 R A 3 80847,
H2ASH o BASEPIERTS, WTUIH TEAEE 1d 105 153, FLINT/C*’@.FHEQE{ME
ZRBEESHEHEE 1d 1), REENSE, R cLINT X4 54H 3 3t il Bok T

LhgE: CLINT T %89 i 4l 40 5 69 £ 8
i§i%: unsigned int 1d d(CLINT a_1);
BIAN: n TGEREEO

IRME: n_ 1 & =84 8 F 4Lk

unsigned int
1d_1 (CLINT n_1)



{

unsigned int 1;
USHORT test;

51 . ARV B A AR AR X B F LR
1 = (unsigned int) DIGITS L (n 1);
while (n 1[1] == 0 &% 1 > 0)

{
__l;

}
if (1 == 0)

i

return 0;
}
2. MARSAAEKFHME 4L E, £ BASEDIV2 EXL T HRHEH 1
H AR 0 #g g a9 (p, 2PIPERDETTLY
test = n 1[1];
1 <<= LDBITPERDGT;
while ((test & BASEDIV2) == 0)

{

test <<= 1;
--1;
}

return 1;

}
TN FRIEL MM Newton 3: (WL FR A Newton-Raphson ) Ri+EH BAR BB FH

BB, XEEAAWELN T EEMERTPENNE. BIREBER () EXIE
(a, b1 E—W#ESETR, — S @ FEla, 6] ERIE, NA

f(x) « 1 (x)
max| T o | S L

2 x,€La, BJR—MEE F(HD=0 W r BEERME, W x0 =z, — f(2)/f () E
BIETF r, FEXFHREXWTFIRSET f BB ZT R (R LEndl]7. 3 ),

BiX f(z) i=x*—c, Hf >0, WIFF 2>0, H f()FH L R Newton ¥ I 85K
. 3HHE.

J{fé’ = L+ )

FRA BB TV TS . hTFHBGMWSIT R, BTl Newton %28 kA FHES
FIRH—THFRFE.
F HEREBEI S r, M r R A< 1D)2, Hp c AERE, FFUR

PR T R A E T A R AR . T RAER o >V TR Eﬁﬂ%%ﬁk?j%;m
m—AE, MR B — R R AR . BAR, BB R R BTG iZ SRR

— ANRIFRIERE., STTF CLINT X R{E c flle :=| log,c | LA 222 | >, 3BT CAT
W, AU EAER 1d 1O FEHITES e f1L2¢7272], BT,

Lyt = X,

P~

Ha

HEBRE n>0 I EFTROBE IS r WEHE
1) A x| 2022, H b ¢ :=log,n],
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2) b y—|(x+n/x)/2 ], & y<zx, M x<—y FEEZHIE 2,
3) ik x FERFE,

ZEENIERMSIEIFAESTE 4, « BB IFIBLENIE, TLULEE -S54 K.
MR y=(zF+n/x)/2 | =2 BEHBER, TUMRE 2=>r+1, Tl o=r+1>Vn, F 22 >n
8y n— 2 <<0,

{2,

.2
y— 2 — [(r—l—zri/.r)J_I: (n 2;6 )J<O

X GEILMGE WK TE. TRIAANRK x=2r+1 LR IRA, BWSE x=r. TH
F T S 5 iR BB BG4 1Y B BB L vy +n/2) /2 | R EBRIR A RRY

THEE: CLINT %f £ -F 7 ik &) B 45 o

i&i%: void iroot 1(CLINT n 1,CLINT floor 1);
BIN: n 1(FEMEH>0)

it : floor 1(n 1 &9 & F 7 7k)

void
iroot 1 (CLINT n_1, CLINT floor 1)

{
CLINT x 1, y 1, r 1;
unsigned 1;

R g 1 1) A B4R 1 AL loge (n D] +2)/2 ], M4E A setbit 1 () T ¥A
# y_ L RALA 27,
1=([1d1 (n 1)+ 1) > 1;
SETZERO L (y 1);
setbit 1 (y 1, 1);
do
{
cpy_1 (x 1, y_1);
# 2% F% 3%, Newtoni&ii ikfied H
divl (nl, x1, y 1, rl);
add 1 (y 1, x 1, y 1);
shr 1 (y 1);
}
while (LT L (y 1, x 1));
cpy_1 (flooxr_1, x_1);
}
I RRAYHET AT LSRR 7 19 0 WRAR BB 03R4 Bln L »'*), Hir 6>1( W[ CrPa]
5 3 01D,

AVidhy

WH b RIREBEHE S HEE

1) 4~ I*_,me_un}/ﬂ

2) & y< (b= Da+Ln/2"'D/b]), & vz, W z—y HFTHEF8®2,
3) &R x4 RE %,
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SEMZEFENTELIR 2 X 2GR T No WRRIER

INEE: CLINT *t & n 169 b RARM I 5

i§i%: int introot 1(CLINT n 1, USHORT b, CLINT floor 1);
BIA: o1, b(EEHK s, b>0)

#idd: floor 1(n 1 &9 b RAREFH AR 5H)

int
introot_1 (CLINT n 1, USHORT b, CLINT floor 1)
{
CLINT x 1, y 1, z 1, junk 1, max 1;
USHORT 1;
if (0 == b)
1
return -1;
}
it (EQZ L (n 1))
{
SETZERO L (floor 1);
return E CLINT OK;
}
if (EQONE_L (n_ 1))
{
SETONE_L (floor 1);
return E_CLINT OK;
}
if (1 == b)
{
assign 1 (floor 1, n 1);
return E CLINT OK;
}
if (2 == b)
{

iroot 1 (n 1, flooxr 1);
return £ CLINT OK;
}

/* step 1: set x 1 « 2/ D/]

setmax_1 (max 1);

1=1d1 (n_1)/b;

if (1*b '=1d 1 (n 1)) +1;

SETZERO L (x_1);

setbit 1 (x 1, 1);

/* step 2: loop to approximate the root until y 1 > x 1 */
while (1)

{
umul 1 (x 1, (USHORT)(b-1), y 1);
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umexp 1 (x_1, (USHORT)(b-1), z_1, max_1);
divl (nl1, z1, z 1, junk 1);

add_l (y_1; 2_11 )’,_1):

udiv 1 (y 1, b, y_ 1, junk 1);

if (LT L (y 1, x 1))

{
assign 1 (x 1, y 1);

¥

else

{

break;

}
}

cpy 1 (floor 1, x 1);
return E_CLINT OK;

}
FTHE— N n BB —DEH 6 IKAR . B introot 1 () W%y BT b%%Lﬁ‘
Ha 00 RFEHITLLEBEIA ., BOXWNMEAEE, MELR» AR—THR. TR, XHA
IR FRERN L. ZRSBBIET, B HAFRMER KR %ULM%&T%%‘*E, -
HAREE AR E L F2E ., [Cohe]PHAEH TXH—1TEH. BEH 413, 411,
q63. 64 1 ¢65, Hrp R 11, £ 63, £ 64 FIf 65 B KPR “1” FriR, WZKIE
FlRMA “0” iR
gll[k] <0,k = 0,+-,10, ¢ql1[k* mod 11

q63[k] <0,k = 0,-+,62, ¢63[k% mod 63

1,k =0,,5
«~ 1,k =0,+,31
q64[k] < 0,k = 0,---,63, ¢64[4* mod 64] <1,k = 0,+-,31
q65(k] <— 0,k = 0,---,64, g65[4* mod 65] <1,k = 0,--,32
MAE 9 58 2B /NI AR B TR 2R 3R 3R 1] AR M R T ¥5 3R 78 BT A 19 1 7 %K.

| b—J L1 L1

FI RS n>0 BEHEFEHEE, HHH n BEHR(L[Cohel& % 1.7. 3)

1) 4 t<nmod 64, #& g64[t]=0, M n RAREFFHALRFIE*. T N4 r<n mod
(11 - 63 + 65),

2) # ¢63[r mod 63

=0, M n AREFFHFLERI %,
3) # ¢65[r mod 65]=0, M n REFFHIFEXFEE.
4) % qll[r mod 11]=0, M n "2 FFHF LR FE &,

5) A F# ircor 1O)HH g<Ilvnl. £ gFn, Wn RRFFHEFLEREE. F
M, nZFFHHMEFFTIR,

4 1 |}

ZEBPHAWBE RS EEBFERIC, H2E, RORAETTIHEFAER.
Bon X TEEEBE LR AEEETHOVIE, M —E2FFE. IHE &, &b%ﬁ
il Hma ARE L BFTE, WEEERPOARFEF . Sd{FHWEEE T HE
1B IR AT LIFIE » BB 64, FE63, £265 80 11 BT HE. #ed g 12 4HF
JTE, BE63 g 16 NP HE, B65 P 21 MEFEL W11 HE 6 NS, Hik4 &
LG — BN B 5 Bom B 3 2 AR R
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BIEH n 1

0

(1—%)(1_%)(1_%)(1_%)_12 16 21 6

Eo ABLE6. S WHBETT T A RETT IHEBRERE p 1 AR 195 %

~ 64 63 65 11 715
RAEFEMILE/PMERT AMITHEIE S, MEMNAWERESEN, W E2E2—7FF
LR AT E . EAT 1 8208 4 g2 /90 5 B A B30 57 89 3R g

ER: SR

LI HE «
& iA .
BN
M
& [ .

FIBF— A CLINT# n 1 T AFH7HK
unsigned int issqr L (CLINT n 1, CLINT r 1);
n 1(#¥EHK s, b>0)

r 1(n 1 8-FF4k; AFn L AEFHFER, 4 0)
1, %X n 1 AFF

0, &

static const UCHAR q11[11]=
{1: ,0,1,1,1,0,0,0,1, 0}3

static const UCHAR q63[63]=
{1,1,0,0,1,0,0,1,0,1,0,0,0,0,0,0,1,0,1,0,0,0, 1,
0,0,1,0,0,1,0,0,0,0,0,0,0,1,1,0,0,0,0,0,1,0,0,
i, 0,0,4,0,0,0,0,0,0,0,0,1,0,0,0, 0};
static const UCHAR q64[64]=
{1,1,0,0,1,0,0,0,0,1,0,0,0,0,0,0,1,1,0,0,0,0, 0,
0,0,1,0,0,0,0,0,0,0,1,0,0,1,0,0,0,0,1,0,0,0,0,
0,0,0,1,0,0,0,0,0,0,0,1,0,0,0,0,0, 0};

static const UCHAR q65[65]=
{1, 1,0,0,1,0,0,0,0,1%,1,0,0,0,1,0,1,0,0,0,0,0,0,
0,0,1,1,0,0,1,1,0,0,0,0,1,1,0,0,1,1,0,0,0,0, 0,
0,0,0,4,0,14,0,0,0,1,1,0,0,0,0,1,0,0, 1};

unsigned int
issqr 1 (CLINT n 1, CLINT r_ 1)

{

CLINT q_1;

L]

USHORT r;
if (EQZ L (n_1))

{

SETZERO L (x 1);
return 1;

}

¢64[n 1 mod 64 & 5 7 .
if (1 == g64[*LSDPTR_L (n_1) & 63])

{

r = umod 1 (n_1, 45045); /¥ n_1 mod (11-63-65) */

if ((1 == q63[x % 63]) && (1 == g65[r % 65]) && (1 == q1i[r % 11]))
EEWMEARAXYRKBNELEARAETFT, 2L Harb]7.7 %,

{

iroot_1

(n1, r1);

Sqr_l (I_]-: q_l).;
if (equ 1 (n_ 1, q 1))
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return 1;

}

SETZERO L (7 1);
return 0;

}

10. 4 FRFEARPREFTR

HUYE B 28815 Br A B e )y IR a3 o7 M3 808k 41, T kR EFRE, B
FIRLEPHEFEIR., E—BERARET,. FAEAXFPFETLTR, REERZSEENR
X g R IF A - E (Bl —AonE Al mﬁﬁ%/\i’ A . FHARE B HA, (A
WEXN T—PnK a€ 7, BEGERDL, #E F=a, EHLPIES ), XEE
AT . FREBED R ZIKFER 2°=a mod m Z2ER M, H=FHH, WEEMAA4.

#gcdla, m)=1 HFEM 65 18 0°=a mod m, W a EFRA—THm 6§ Z K F &,
”‘Xiﬁﬂﬁ*‘&ﬁfﬁ?ﬁ WFRa AEm S RER®., HF ORI —1H, NER b—l—m&
B, TRAFEXZESE » ARGFE R,

o PAZEN 338 . W R 32=9=2(mod 7), JTLL2 BH 7 f —IRFIL, 3 RS
1 IR AER & .

Mom JEREAT, W — MR R m W R RRAES T, BT —FEFEN
DM EE . BHE, THE—DESEM-F 7 BN E g T2 5 A8 X 20 m 893 809 i
A ANHIE XA G E B, WISR i RKEEE m W TR TE NP B2 B 2R (L5 6 2)
PEFEEMERE T, MERXAHEEREXAFRIETHAREEREENEZ M. 1
10. 4. 4 WA EZ R T .

FIW— RS —1P KBRS R RN TREWN AR WITRR&E, HE
ZEARFMBE R, ETRMETBEEDMABEMELI., HEZEH—UETN—TEE
BB IR FEI R 2. AR TTAEEREN IR, a4 i 5809 R 7 k.

N

5

At

10. 4.1 Jacobi ff=
AWMU —DENTF: % p#2 B—1NEH, o B—IEH, Legendre # 5
() GRAE “a ¥t p™) 5 24 @ RBEp 09 = URIARTBAFS IR 1, T2 o 2 p 0=

U RIAT A S W — 1. 2 p BEMBR o BF, U (=-)=0. MUEXHKE, Legendre ff

SHERLZKAL, B THEX TSN ELBEBHE « BEIE p B—ZKFE
Ko 1HiZE, WTLAX Legendre ff 5 TR HFMEHE. RAEBEAARBEBEE LY
e KTXA, EHETLZE [ Bund]3.2 35, HEZ2, X B 5] H— M 5 L 23 B
Legendre fF5 W1 B H — AN T i -

© B RERGEE A Z AR B R 7E[Rein]th A M T PANDP £ 7 5857 %515 % 19 2% 59 S 57 ™ A3 36
X. —1 '%%Fafﬁnwﬁiﬁ%ﬁﬁwﬂrﬂﬁ SHER Oy, MEXF R ZDNE n ki, EBELEATER
i . ﬁffnu:j%f%;?i\runﬂrﬂﬁzfﬂm O )‘quﬁﬁﬂ{la@-kmﬁﬁ EEEAdBENESHHE IR
SR H-T PAI NP BGHR. REFRETNEZSEEBIEE RN,
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i

54:‘&—

Fl0F AL

1) R4l 22=a(mod p)RMIIE N 1+ (%)o

2) HE p B IR FBIA B BOR AR A A BURASE, BE (p—1D/2 4,
_ - a\_ (b

3) a=bH(mod p)ﬂ(;)—-( )n

P
4) Legendre 5515 £ e =1 . (t{;b)—(; )(%)u
0 5 ()0

6) &tp—mz:(p )(mod p) (Euler ¢,

T
N
(9]

) MTFT—1TTFEK g, ¢FZp> ])1”75(:;)) (— 1) blmbA (—f}-)((}auss —IRH

2) (‘—p]) (—1)r—rz (%):(_])@2—1};3\ (?1;))_]“

it Legendre £75 M i iy IE W] AT LIZE AR AE R BOR Z 2 WA 4k 2. 4l 1 [ Bund ] 5%,

[ Rose ],

1 _Ead PR 200 LA B3R Legendre £f75 A9 B E S ™ LUMEA Euler #EN b) 2k

W a7 P (mod p) . BHBHTE - KBEREH GFREIRE N olog’p)). FIHIE A,
ATRABAT T A R, B TR 3. . D8,

S o T EH p B Legendre 15 2 (;’j )miagua;é:fﬂs-

])ﬁﬁ%aZl,M(;)—lwiﬁSNn

a ) ( 1)1[;,2-—1}!3(%%)(,&& 4)%2 8)),

:Dw%a%%ﬁ,mb

3) mR a7l FFH a=qi - q AFHFEqs s g B9ER, W (;’ )— Z(%) o

mﬁwzwﬁm$%1ﬂ$%3ﬁﬁ(iy%—nwmwwwpﬂ@%ﬁgﬁm\@ﬂau

TS ISR Legendre ff ST AR BHIAR ZHT, BATEFZ BERETEE S W

OL T PATHIZ A0 . BN LR VEfR DR E B E N F TR R A, Bt FREEGEE
ﬁT%j( ] E}JI]_J‘IETJ(;(H 10. 4. 3 “‘E}J'I% Hﬂgﬂlﬁ‘lmﬁ_‘) XJ _‘“‘P?l':—']ﬂfs Tuﬁti :”—]lJ:‘ZL.,;fCE 5(_"-

ﬁ:t

TR a FNIEEL b= p, po+ oy HP p, NUEH RHAE, Jacobi 445 (8Y Jacobi-Kronecker, Kro-
necker-Jacobi, Kronecker 45-5-) ( p ) E X/ Legendre £#5 ( ']j)a— ) 13 FH .

(4)= 11 (£)

i=1

(i)-=<’0 a%'ﬁ%#{
2 k(_ ])(az—l)/ﬂ a %ﬁﬁ
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HT A, MFHREWac Z, #X(T) =1, Ha==F1, () =1s mu(%) =0,

B AGMEBTFER M E=1), N Jacobi 45 i Legendre 5 W EFAHE . WA,
Jacobi(Legendre) fF S FH o« BB NEI M _RE L, NREBHFLE—TEBE iR =
a mod b, %@%Eﬂ[(g )_1, & (g )_—1(ﬁ%"{ﬁi% a=0 mod b6, N (%)ZO)O & b
ANEBEBEE>1), MY ENY geda, B)=108f, o R0 W KFE L, Ha b T

BEFRZKFE R, BIXT o A K FI Legendre ﬁi%(ff)(i‘;l, o RYREBEY 1.

48 Jacobi 45 (- ) MMEA 1 METEMAR T : FARANR 2*=2 mod 3 Tfif, FTLAA

(5)=—1. B, mawm(2)=(2)(L)=1, REMFRKHTE =2 mod 9 i

RIME. H—Tr W, B (7)=—1, MaBWAHREL B RERLK, MER

(g )—o WA LM T ged(a, b1,
M Legendre &5 1 BT 7] DAHE S 40 F Jacobi £5-5 By — Btk i
D (L) =(£)(2) HEMRE -0, W(5)= () ():

2) a=c modbﬁ(g )_({f )..-,

3) WFZHE 6>0, ﬁ(?) (— 1)@=z, (g)—<—1><’»’“'”ﬂ, (}))—um,ﬁfjﬂ@
MR 8)).,
O XFAR a. by HoR >0, HERARGLMTIER 1) () =(-Devor (22,

M Jacobi £F5 B PE 5 GIE B3 225 7 [ 128 B 59 2 2% 3CH0D 7] RAEAS 40 T 89 Kronecker
2%, ZRBK M Cohe]l. 4 77, AR IF T I E PN EAY Jacobi £1-5 (FAR 5 45 4 [R
i, J& Legendre ff5), HEKFEERT b W — 1T RNFS, FUXFFEHR a>0 K

a

(47) =1 TFA M <0, () =1,

TEEANES a, by Jacobi FE (g )H’JEE

1) 6=0, ML athdstfi|a| A 10, B 1l; T, HEOHFLEREE.

2) Fa, bARHIGE, Mk 0 FERFZH, T4 v<0, REbHBHEAPIT ve
o1 beb/2, PBFE v HBE, WA k<1, T4 b<(—1)C D8 2 p0, @)
L~ b——b, F a<0 WL bh——k(H IR 3)).,

3) Za=0, ZHb>1MimHK 0, TMmBeHERFE, TS va0, FHEAEaH15
HAMAT vevt]1 Fo a<a/2. HBE v AFH, WA b(—D“ D8« p(HARE K
).

4) b~ k< (—1) PO o b ye—|a|, a<bmod r, b—r, KEEHF I ICEARL MK
Jx 2)Fe b By 4)),




ZRBAHAT AR o(logEN), H¥ N=a, 6FERa, 6 I LA . #AXT T Euler
HEM, A EFEK A,

o Zﬁtl/F?’r?‘kfi .

aﬁk%_‘/l\ﬁﬁo E ’ —L/F'%

B E

A

At 8 GEFEFR (a— 1) (a+1)=

(_1)((u mod 8)°—1)/8 (ZL__I lf/[%’ﬂ:

Sy

% a mod 8 X 0] DL K

™

TS B A &I AT LAE2
o ZEATE 2 FIHIE 3 Hh, (—1) DAFI(—1)Y VORI I TS AR IT SR

EW
3R o, X

"s..

BP9 2

2] Ca—1) Fn 4] (a+ 1D

4] Ca—1) F1 2| (a4 1)

=a*—1,

CPU#4/E., A THMEE _1E

*I!.:

1, —1. —1H11,

ATRER S HMS

CIRYS 27

—1, 0, —1, 0, 1}, FEAITIHE a mod 8 FLA] LIRS (
ae7 U, XH s kKRR S5EH, T2

2| Cohe |1. 4 7,

1, (— 1)@ e b s BMMEAT I H C FEiER if (asbs2) k= - k EITE,
Lrh & N SEE,
iiﬁiﬁ 15 AR E

)ﬁﬁlﬂ: Eg% G J ﬂﬁﬂ{%’}v

BB AT SEE B, SRR 5 AR TT LA 2% HO 4 S A 1t B AN B AT D
W R BRI (— D@ A )
~H ¥ a, K

FRDC AR, B, (—D@ =

SRR EN a=k 8+, F
(H a mod 8=+1 Ff1+3, HEHEE

I, 0O,

18 BOI AR TF 4 4>
?E‘i‘ﬁkf /\ﬁf{ﬂqﬂ{o,
__.1)(u —1)/8 EIjE M%@E‘QT

3 B0 TR A A PR AR 22 /Y

(a—1)/2 5h—1)/2 B RH R EF

2, lZ(a—DG—1)/4 HHEBT, F(asbsl)F#0,
e, WS IR B8 twofact 1 () RHIELTE 3 P2 b BT fa WE, [
M, LR3I P o BE, XERBENAZEH. B twvofact 1 () — CLINT {H 5%
NEE 2 BHMN—TEFRMIEIR.
hEE: H—A CLINTH S5 MA a=2%u, L+ u AHFHK
iEi%: int twofact 1(CLINT a 1,CLINT b 1);
Eﬁ)\: a_l(ﬁ'é’f’?ﬁ)
Wit : b 1(a 1 #F 435
B[ k(a 1 @3RG TR 2 H KA 3880
int
twofact 1 (CLINT a 1, CLINT b 1)
{
int k = 0;
if (EQZ_L (a 1))

{

SETZERO_L (b 1);
return 0;

}

cpy 1 (b 1, a 1);
while (ISEVEN L (b 1))

{

shr_

++k;

}

1 (b 1);

return k;

}
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AT Lmesiapag, B LI — SR B8 jacobi 1 () K15 Jacobi £F

Ih8E: # H M A CLINT *F £ 49 Jacobi # 5

ik : int jacobi 1 (CLINT aa 1,CLINT bb 1) ;
BN : aa 1, bb 1(3RAF )

BE: =1(aa 12 bb 1 & Jacobi &5 #514)

static int tab2[] = o0, 1, 0, -1, 0, -1, 0, 1;
int
jacobi 1 (CLINT aa 1, CLINT bb 1)

{
CLINT a_ 1, b 1, tmp 1;

long int k, v; )
% 1% . bb 1=0 8t H.
if (EQZ L (bb 1))
{
if (equ_l (aa_l, one_l))
{

return 1;

}

else

{

return 0;

}

% 2%: 1M bb 1 FHI153IHH
if (ISEVEN L (aa 1) && ISEVEN L (bb 1))
{
return 0;
}
cpy 1 (a1, aa 1);
cpy 1 (b 1, bb 1);
v = twofact 1 (b 1, b 1);
if ({(v & 1) == 0) /* v even? */

{
k = 1;
}
else
{
k = tab2[*LSDPTR_L (a_l) & 7]; /* *LSDPTR_L (a_1l) & 7 == a 1 % 8 */
}

B3P Fa1=0, MIHLR; TN a l@BEiyeEmin,
while (GTZ L (a 1))
{
v = twofact 1 (a 1, a 1);
it ((v & 1) = 0)
{
k = tab2[*LSDPTR_L (b 1) & 7];
}
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w4, BAKRERE,
if (*LSDPTR L (a 1) & *LSDPTR L (b 1) & 2)
{
k = -k;
}
cpy 1 (tmp 1, a 1),
mod 1 (b 1, tmp 1, a 1);
cpy 1 (b 1, tmp 1);
}
if (GT_ L (b 1, one 1))
{
k = 0;
}
return (int) k;

}

10.4.2 W p"HFAR

RELZNE—TRBEZET AT — DB IRFRFF A AMER, HFHE S
RS MIE TR EREF. BR, Eﬂﬁﬁi%%ﬂﬁ—-/\%?ﬁ{aﬁﬁ%n F IR 2R
A WMARTEHE « PR, LHEHBE 2 BRN., FTRBEEL, ATLIEEMR K
KBWHFE TG ZE. BETRNESHER K FERTRE

- =a mod p (10-11)
o, B p AERE Ma A p B9 IRBIR, XFEA] uﬁﬁ:]:]’%jiﬁﬁﬁ? Ty 2 X 4y
p=3 mod 4 fl p=1 mod 4 XHMHEE. AIAEEH: = =4 mod p BEFRKFEMN
fife . HN

2P =a""P"? =g« a"*"* =g mod p (10-12)

H a(“’_”m:(; ):1 mod p, ZI\E Legendre fF 5 BT 5), B[ Al 25 H #Y Euler
i,

B[ Heid JRMEBFOTHFE, SH—-NREIRFTEMGHESE, B9 23T HE —fiE
EHRA SRR, p=1 mod 4. I8 p—1=24, e k>1 H g HAK. 5N —AEEM
ZIRAEFIAR n mod p, EHH a AEFEH—PHEYVEEE 1<n<<p. FEHHE Legendre 4

2 p)ﬂ AT 5 MRS B — 1, B AR AR B R e &

T — /2 o b

“\.!

yo =n' mod p

zy =a” mod p

ro t=4k
Fermat /NEMAH, X FREH o« BN A0-IDHIFRE, H o' Pi=20 Pii=sqpri=
1 mod p. [ABf, XFZWERR »nH 2 " =—1mod p. TRA:

az, =x; mod p

—1

yi' =—1 mod p (10-14)
22" =1 mod p
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ﬁﬂyE-c e =1 mod P A 'Jl’u %ﬁlé&‘iﬁ(lo—ll)%*/f‘ﬁ#g E‘ﬂ”a ﬂ“ﬁﬂ?ﬁ”ﬂfﬁﬂ Tin Vi
Zi~n Tio ﬁw‘f

az; = x* mod p
¥y =—1 mod p (10-15)
22" =1 mod p
Lthr>ri . BEZEEREHE 2z =1 mod p, Hx BRACIDH—NMFE. REEFEm N

i zém" =] mod p Fise/D BIREL, H me<<ry—1, £

\
/

—

iyl — :.}’: i-l mOd p
Vit = 3’;‘ " mod Y2 (10-16)
Ri+1 = Z.'y?iﬁ ‘' mod p

¢
ki

H rp, t=m; t=min{m=1|2! =1 mod p}. T&

22 =iyl " =azpyl’ " =azu mod p
YT = T = T = 7 =—1 mod p (10-17)
f::“*‘ =2 = (2! T =— 2" =1 mod p
F (2" ) ="=1mod p, FIARAETHERMEH 22" =—1 mod p i m, P&

/IME
ZMHFIE T — 1 BRAFTELENIETME. -
B (Z L] Cohe B B 1. 5. 1),

L4
X
Ef

SR LE W T § D. Shanles &

HE— 1 EHEFEHp WETREZE
D) e p—1=2'g, ¥ qhHdk. dHE—Aiisa, £31(5)=—1.
2) 4o x<—a'*"""? mod p, y<n’ mod p, z<a -+ x* mod p, x<a* x mod p F= r<k,

3) wR z=1mod p, ML x FLEREH, M, FHEKHFHL X 1 mod p #5%
¥ m, :&ﬂ%m—r, MErBIZE: a A p W RIERNELF LRI %,

4) A pery? " mod Py, y<t°mod p, r<—m mod p, r<x *t mod p, z<=z

vy mod pH & 3| ¥ B 3,

BR, HFxZRAKRTEN—1TE, W -z mod pth B2—1W, A (—2)=
x° mod p.
EMTHERPETHFEITRE p I WIER &K, AN 2 FiHAE—1 8 R
K Legendre 5, DUMEELMANBEARE —P_KEFR. FEXLL, MRBHE
R HISIEHA MY B Riemann B 1% WAL (Z W[ Bund] 7.3 9, EF# 12; 5[ Kobl]
5.1%; B¢ Kran] 2. 10 %), M —EALWAMNBNRAXHEN - KIERFSL., WE
EFEMBE XY B Riemann RIR M IEFERF T ESE, M| Shanks & 2l & — %
R EKJ%:H&
W E W T KB proot 1 () BISEBR N A A AT Z 8% & 3& 0935 52 31 7 S #A v 3 35 at
IﬁJj%J%Iﬁ'iE’J B LY 5 S % [ Cohelss 33 7.
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hek: HH a#lp 69 F 4k

i&i%: int proot 1(CLINT a 1,CLINT p 1,CLINT x 1);
BMIN: a 1. p 1(8HK, p 12K T 2 8FEH)

Ml x 1(a 1 p 1&-FFR)

BME: BREFa 1Z2Bp 19 RKRFAER, MEFO0; FTRAET—]

int
proot_1 (CLINT a_1, CLINT p 1, CLINT x 1)
{

CLINT b 1l, ql, t1,y1l, z1;

int r, m;

if (EQZ L (p 1) || ISEVEN L (p 1))
{

return -1;

}
JoR a_l==0, MLERA4 O,
if (EQZ_L (a 1))
{
SETZERO L (x 1);
return O;

}
F1d . RE A RIEH&.
cpy_1 (q_1, p_1);
dec_1 (g 1);
r = twofact 1 (q 1, q 1);
cpy 1 (z_ 1, two 1);
while (jacobi 1 (z 1, p 1) == 1)
{
inc 1 (z 1);
}
mexp_l (z 1, q.1, z.1, p 1);
2. #lasgmistit,

cpy 1 (y 1, z 1);

dec 1 (q 1);

shr 1 (q_1);

mexp 1 (a1, q 1, x 1, p 1);
msqr_ 1 (x 1, b 1, p_1);
mmul 1 (b 1, al, b1, p1l);
mmul 1 (x_1, a_1, x 1, p 1);

Z 3, ki3, TUNEHBL 22 =1 mod p IR D m,
mod 1 (b 1, p1, q1);
while (lequ 1 (q 1, one 1))

o
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++M;
msqr 1 (q 1, q 1, p_1);
}
while (lequ 1 (gq_1, one 1));
it (m==r1
{

return -1;

}

FAYF: Hx, y, zAr @t fFTEEHIE,
mexp2 1 (y 1, (ULONG)(r - m - 1), t 1, p 1);
msqr_1 (t_ 1, y 1, p_1);
mul 1 (x 1, t1, x 1, p 1);
mul 1 (b 1, y1, b1, p1);
cpy_1 (q_1, b_1);

r = m;
}
return O;
}
AL LA p MG R R T BEERBOR R p 19 F TR T . BAFERRTE

1* = a mod p* (10-18)
BRL T HE A+ %5 — NIRRT 2 =a mod p f9— ARz, ATBI4 x =
-1'1-*_/) * X Ejﬁﬁ

2 __
—a=at—a-+2pxr,x, + ptai = p(Ilp ¢ 2.:1:11:2) mod p°
FRAT LUK (10-18) By K fg R fb M i =, B &R MRS
2
x e 21 I‘p a:Omodp

IR ATIZ S R IR AR UGB EEE € N REKR T 2*=a mod p* 9— %,

10.4.3 wmEnBERR

HHREREBORFW RS E MRS T AR EE -, XA R EE —
BRI — B8 n R AT 2°=a mod n. MR, HAFEWUV AR RMIXFEN K
) sl AR R . B b, IR RY KRR 2 OB W T S T (E] B AT B & R
R n PN 2 B0 . NERBHISWAEALE, RRITEKBE S » 17
RETERIKMER R SR . XA EE T NP BMES(Z W% 6 ), Ak, W8
‘Lﬁﬁﬂ@ﬁﬁ' 55 AR LB 34 OR Jx PH 25 3 2 A (8] 30 3% i e ey [l UXE EAH 2. G, X T R »

& A — R TE T 3R 3 — AR Y SR vk

@%?ﬁﬂﬁha TR E T BB I DL EZ EE » Rl s WRAIRTTRE y*=a mod r i 2=
a mod s 4 FERAIRGE R T 2°=a¢ mod rs i, XBEFEMHE B H 4222,

B R A AR 2*=a, mod m;, P AR m, . m ZHHEEGCH

ST AEE S 55, A gedlmy, my)=1), M3FFEHKa ., -, o HE—NPEFE

A o, FEZ AL S A R T my » myeom, ;:%"/i'iﬂé’]

# TR — LR 25 B2 B IENT ., Bz @ B AR B i — A SRR B A 300
B S mi=m s mpom, Mm; i=m/m;, W m;, B2—PEHKHE gcd(m', , m;)=1, AP
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10. 2 ¥l &1, XFF j=1, =, r, TN o Flv;, #18 1=mju;+mv;. [EFETET U
(748 3 L
B e — A
Ty = Zm U ;
TE5 m w; =0 mod m; Xf-F{EEMN iH£) %ﬁﬁﬁ_{_, IRy A

Ty = Engu a; = m;u,a; = a; mod m, (10-19)
T A2 30 Al A 3 K [R)E AY — S 1 Xﬂ‘f:ﬂﬁ”l\lﬁlﬁ%ﬁﬂ xo=a; mod m; Ml z,=a; mod m; BJIF,
A xo=x; mod m;, XEWNTF 20—z WEEGEFRIBTGITE T m; BEr, WPLER LAY m; 1Y

NN RS E T EH’ m; Z MW EZER, TR/ AEECERE m: R, &
WE G A xo=x mod m B{ir.

BLAE AT AN A P B 38 R SR R AR T2 2°=a mod rs, EH A ged(ry, s)=1, T~ #
s AARIMHFRBEBIARBE R, RIXMECLABEFTE y’=a mod r Fll z°=a mod s I
. Wy AR an oy sk — Al 2 Rl s R4

=y mod r

r = z mod s
Hrer, FEIEHR 2, :=(zur+yus) mod rs, T 1=ur+wvs, THH zi=a mod r H x;=
a mod s, X HEH ged(r, =1, rIH zi=a mod rs, BB T LR RKFERFTER
ff. HATHEIAT AN, B r AL s W ZRKEIR T HEL AT WA, B2y Mtz WE rs Y
MR FEA 4. BTy ALtz 205

To *= zur + yvs mod rs (10-20)
T, i=— 2ur — yvs mod rs =— x, mod rs (10-21)
T t=— zur -+ yuvs mod rs (10-22)
T3 = zur — yuvs mod rs =— x; mod rs (10-23)

TRIMAT —PBEEFTH N RF S TE 2°=a mod n BRKGHEL AN ZE p HISK
. HMWHFEEBNE n=ph - ph FHEW p, MR, FETLUES 10.4. 2 M NBH
BWIHREIRR TR 2. =a mod pi WE, RJFEIEZH T E R & E IR X iR & i 7 3
2*=a mod n Wi, XEHHEEERNRRIAITE 2°=a mod n {ERHH, TLLHSZFIIJ , &
B —NEHRIRE: n=p - g BFANTRE p g WEM, HiHERKTE |

x* = a mod P
% = a mod g

AR 2y Rl 2y o H 2 F 2y AT DAAR 95 I 0 A 05 1A E B R 5 R
x° = a mod Pg

IR , FHn R pg B a BIE/NFETR.

TheE: st Z## p g FRp cqgta 9 F ik
iZ§%: int root 1 (CLINT a 1,CLINT p 1,CLINT g 1,CLINT x 1);
BMIN: a l, p 1, g LOGBEHK, p 1, g 1 2XT 2 8E40
MitH: x 13 p 1*xg 1TF a 165 54R)
BME: 0, BF a 1A p 1*xqg 16 =RKRFEH
—1, &
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int
root 1 (CLINT a 1, CLINT p 1, CLINT q_1, CLINT x_1)
i
CLINT x0. 1, x1 1, x2 1, x3 1, xp_1, xq_1, n_1;
CLINTD u 1, v_1;
clint *xptr 1;
int sign u, sign v;
A& proot LOHFEp 1 gl Frtk. BEFa 1==0, MEXRA O,
if (0 != proot_1 (a_l, p_1, xp_1) || 0 != proot_1 (a_l, g_1, xq_1))
{

return -1,

}
if (EOZ L (a_ 1))
{
SETZERO L (x_1);
return O;

}

AFTFEHALTRETEHFER T u 1fv 1HFF, FAFHYEFE sign_u e
sign vEA R, M FAMLAHHBHK xged 1OHHRF. X—FTHERER 20,

mul 1 (p 1, q 1, n_1);

xgcd 1 (p 1, q 1, x0 1, u_l, &sign u, v 1, &sign v);

mel 1l (ul, pl, ul);

mul 1 (u_l, xq 1, ul);

mul 1 (v 1, q1, v1);

mul 1 (v.1, xp 1, v 1);

sign u = sadd (u_1l, sign u, v 1, sign_v, x0_1);

smod (x0 1, sign u, n 1, x0 1);

i)@/ﬁ'—"’l’ﬁ*& T\ T2 A9 T30

sub 1 (n 1, x0 1, x11);

msub 1 (ul, v1, x21, n1);

sub 1 (n_1, x2 1, x3_1);

BRGNS RAE,
xptr 1 = MIN L (x0 1, x1_1);
xptr 1 = MIN_L (xptr_1, x2_1);
xptr 1 = MIN L (xptr_l, x3_1);
cpy 1 (x 1, xptr_1);

return O;

WA SR E R ARSI BASA A EE L, 3 HE b B R &
A, XEMABISBROTREERAE, ZEEH Garner 1 (Z L[ MOV [ 162
), PEXNFEBREHMONMHAFEEANLE. BAENTEE m=mm,-m,., & m
BB FE I [B]_E 75 IR KB A

=

REMRRATESE x=a mod m;, 1<i<<r B3 ij #E ged(m;, m; )=1 &% 1
1) &~ u<a,., x<uFfei<2,
2) é\‘ C,:"‘_].a ]""_’].n
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3) 4~ u<-m; "' mod m; (A Euclidean ¥ %4+ 4 )C,<uC; mod m;.

4) 4 j<—j5+1;

BEi<<i—1, NE

E 2

—1
5) 4 u~<— (a;, —x)C; mod x; = x 4—x+uHmj ;
i=1

6) 4~ i=—i1;

’fFi% Zgr: y\h] @él‘lb}:% 2o %}ﬂ’] y

Wl x,

MrElr+1 EBHNAER, BIREFEREIEAN =2 RHEE

I E , ZRELF A
Lr=2, TREFSLTPH

BB EE R, (HS

T3 A,

x = a; + ((a, —a;)u mod m,) mod m;

TFRBMA r=a, mod m,, KW, F1H

x = a, + (a, — ay)ym, (my

IEar-f-l mOd My 0 ﬂi}: H EIJiE‘Td[B‘i 5 ﬁ

X BRFE RIS i=

—1

=z, + (@ — ) Hm-1> mod 7,4, )

xEIr_I_ ((d,q_l

Ell:l:i?ﬁfﬁi’ﬁ: BRI .

Eﬁ%ﬁﬁlﬁl"“ﬁﬁﬁﬁ
WiEdRE. BIENE, IR
AT B SR AL BR [] o

EESTENMTHEES

NP T A [ R S ﬁu@ﬁ‘"ﬁ?ﬁiﬂﬁ

TEREFF

%

*% Tﬁg%‘.&f T,

,WUﬁﬁEﬂﬁM@F

, RFHBIRE

TE‘%/‘\W{

RE [Fl s 2 I 2L

mod m,) = a, mod m,

pRfE ., REEM—FRAK

Hm

a; mod m;, {H:&ﬂ?ﬁ

I)Hm . ]___[m_l) = a,; mod m.,

PSR P o]

B,

7\

A N E A B8 T 535 5

3 XA T IR T B OCH

tﬁ m; BEBLE, BEVIALLLLE R

ﬁﬁéﬂ%ﬁﬁ a; Mm;, F

P i=1,

[ Cohe] 1. 3. 3 7.,

ey ry M7 ]Jﬁ}r;‘“ 3‘(#%@

MEERRAFESA x=a, mod m;, 1<i<r BT i7j i

1) 4-i<1,

2) {Fiﬁ?.“—'?'a ﬂﬂ?ﬁtﬂxiﬂf‘ ﬁﬁ:li‘ %_ﬁ!'], 1"‘""1_l_1 ff‘ﬂ_l

m<—m, F r<a;,

Euclidean H &4 3 u # v,

3) 4 x<uma;,+vmx, memm;, r<—x mod m F+BF]FH 2,

5B ged(m;, m; ) =1 HIE % 2

um—+t+ovm; R Y &

WLEESL B

R EE., T

MK 3ANHFE r=a;, mod m; =1, 2, DT EFIE,
FER2p, =28, F
1 = wuymy + vym,

LR3I, F

X1 = uymd; +vymya; mod m,m,
HETEHRN T —KA, (=3 B SE a; Flm;. FELE 2 FH

1 = usm + vams = u,mym, -+ vyms;
AR F, H

Lo = U MA~ —l_vzmg.x] mOd mm

= UyM1M3A3 + VoMa Uy M Ay T Vs MzUyMya, mod mym;msy;

bl




132

A

v

—3 sy FREH#: CHEA

OIEIE g )

R

[T

TEA A my (R & o B, BEINE womimeas A vomzuymia, BIRH T, 10 HE I E
v, ms=wv,m, =1 mod m;, x;=a; mod m, EH —TEIEHFENM., FLETH, = 2=H

4™

FEE TR B chinrem 1 (), B EH BHRKE LA E IS TIANZER, XK

G BREIANTRERNRN. IFEEE - HERAFE M cLINT XTZATE S
Qﬂ)ﬁﬁgﬁéﬂ! ;;‘:’ﬁil’klfl iy My Uzy M2y Az s Nz, "{/Ej[glﬁ]%ﬁ*%gﬂ x=a; mod m; Eg

e
[

B TRET RRTROEMS BN FBEE S K . B, MZEEX

B IR

R TRAE BAE N R R R B

S

EL3E ]

FRIAKFBY r=a, mod m; fREEFINEEU D loglm) KK, BTLAZD
£ H)

Ly gE -
V&
BN :

4 |
1R

A PEHRBRTEBERER ST AZH
int chinem 1 (int noofeq,clint * * coeff 1,CLINT x 1);
noofeq( B & F #2654~ 2)

coeff 1(3Fw Rl 4 % A2 4 r=q; mod m;, i=1, -+, noofeq#y & 4L CLINT

a; Fam; 69354 B 48)

: X_l(rﬁ]%ffﬁiﬁﬂ.ﬂﬁﬁg)
. E_CLINT_OK, X &%)

E CLINT OFL, +4eXi& &H
1, 4R noofeq # 0
2, 'ﬁ“% miﬁz%lﬂj ﬁi%

int
chinrem 1 (unsigned int noofeq, clint** coeff 1, CLINT x 1)

{

clint
CLINT
unsign

¥al 1, *mi 1;
1, ul, vl ml;
ed int 1i;

int sign u, sign v, sign x, err, error = E CLINT OK;

if (o
{

Ie

}

== noofeq)

turn 1;

M NG —NRRT R R
cpy 1 (x 1, *(coeff 1++));
cpy 1 (m 1, *(coeff l++));

B35

FEREEGF AT, Bl no of eqx> 1, MF THESFTRG AU, LEZ

. BEmi LE5WEERR 1 PHERRILE, NHBEERTLE 2 EH4RMEE,

for (i =

{
ai l
mi 1

xged

if (

1; 1 < noofeq; i++)

= *(coeff 1++);
= *(coeff 1++);

1 (ml, mil, gl, ul, &ign u, v 1, &sign v);
IEQONE_L (g 1))

T

1% 18



AA

# 10 %

<

{

return 2;

}

TaegFaE 50 T & B 447

exr =mul 1 (ul, m1l, ul);
if (E_CLINT OK == error)
{

errIor = err;

}
err =mul 1 (ul, ai 1, u 1);

—— —

if (E_CLINT OK == error)
{

eIToY = eIr;

}
erxy =mul 1 (v.1, mil, v1);
if (E_CLINT OK == error)

{

€IIor = €IT,

}

err = mul 1 (v.1, x1, v1);
if (E_CLINT_OK == error)

{

error = err;

}

B RE, BREBKEYHGME error P 4% 7

MR sadd()f smod (VR AL EEF u 1 F v 1 8945 sign u# sign v.

sign x = sadd (u_l, sign u,

v 1, sign v, x 1);

exr = mul 1 (m 1, mi 1, m1);

if (E_CLINT OK == error)

{
eIIOr = err;
}
smod (x_1, sign x, m 1, x 1);
}
return error;

}

10.4.4 ETFITXRFIRHNERE
AT G R R SO w2 N 7 TR ARG . I S 4 Rabin i

w

i
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yQl

5, ARG A Fiat fl Shamir
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1979 4=, Michael Rabin £ZE
Mitk ., HEBEEENE SR L ER L85 4
5.6 W), HTXFMEMs Iz’

WIE 7 £°

1% 3 (JLLRabi D 1

E T o g7

i

© SARXFMEREAME, S0 17 &,

i.jj‘,

sk TR 2, BT TR
B 55 R F
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Rabin % $H &4 AL
1D AERBANKRERK pq it FHn=p - q.
2) A nHEA NN, FH<p, g3 AHEFRA,

BATLLAHAH na I SCEBE M e Z, LT 7 NS T RIS OnE) 3F x4 A

Rabin il %5

1) B A &4 msqr 103 H C: =M mod np, B EHILRKC XiEL A,

2) AT RBHE, AMNCHE R, 4 ANMTFHEMG=1, =, 4), ZFHLAT
F3 root 1(), X EHIFTESHERMEFRT R DGRASN, Ei 3 MRE
A B MBS, AP —MRAEALAAIL M,

AIETEE’JI‘EJ%%@‘B%Q 4 PR M, P EIRE A Z2HXM., F# BEMNEHEHITHREZ
HIMALTIRGELR, flfxs r MEE K, IFREEANS A, A A Hia] RURF] H
15 $ 1E T 19 B 30 Ii.ji!%H/i‘*E‘P%ﬁiﬁmﬁﬁﬁ-*%{[EE@%?ﬁ?féﬁa

[[HS, TTRWRERTF LI T 41 % Rabin B EE . BE —1THEE X EHF - THEYLEL
Re Z; H BN AREFTR X :=R* mod ny KI—R R CRBMAMT IR A 38 1%
WHWE D, M R,#ZR mod n, WAERAKIRAG 1/2,

HZ, npa=p*q|(RE—R*)=(R;—R)(R;+R)540 0l Hl, 17#gcd(R—R;, n,) €
{p, g}, MHEHE XA LIS 287 na R IZ B (S0 [ Bres] 5.2 W), A—F
SRR, W ABLKRESTEHBMMTMBRET SERNHEI., T£ ﬁg,ﬁ?ﬁ A ﬁﬁlﬂi
& RUBE R WECEEMA, MUHE X A/ ARMEHE H %

EB Lt A, FRAZISEN— T OESRMERE, B P E BT EH A
R XE R R,

BETFTRETF_RFESEFMEZN HYB 2, 1986 4£ Amos Fiat F1 Adi Shamir # 1 §Y
é'éf‘ﬁ\mﬁ’;l?‘i%o ZEBESHE-REZNN A RER. BEFEhl. 4 12—
AP A BH{ERK— ?W%ﬁ'ﬁm%ﬁAk?ﬁpﬂq%%hnﬂzno 2w H—N
FEHVLEREL, BT EFRKENFA Z F LR A AT 300 5 =X 4 BB B SR E » i 57 7% 5
REAZ., PHIIGER. B m WEREF » flqg RFANIEF.LHIE, HAEMM AEAH
B, TFRESGHDH IMELMMEN LE N, AIEF.OHESZ L AT 5 72 A4 3 4

A

IHIP

"‘"\_‘l‘

Fiat-Shamir TR FRZEHERE X

D sfizkeEN, HF vi=fU, DEZ,,

2) v P#IFEANERMAAG KM R v, s v, FEZ, FiTFE o', -,
v BT F A S, s S

3) 1]%'-{%1'.15?\?5,-] , e, s;ﬁ-’ﬁ?éi@ﬁ-'ﬁg‘ﬁ;‘kﬂ ik RAZ A 8935 B (5 4, B AR X4
Fi).

© W gedM, n))=1 BBELHFECH A PNARAMR, FMER%EE BRW LA ged(M, na) 4Rk
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A LI F RO T A 45 B9 B 4L acobi_1 ()l root 1 () RABESA s » WHEE /7T LMEF
17 ENBRBF K FE, Hl RIPEMD-160. iE#i Adi Shamir 7 — K ST U H ;

“AE AT IE BY PR RS AT LA EAE

FENEFORBURE SRS R, AgiaTEEFENX T BiEH B WS4 .

Fiat-Shamir 1A iE 1Y
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3) AigdF—AMMNE r. € Z,, % x.=r £i£E %L B,
4) BH ARFE AN eECe, » oy e ),

5) Ay, i=r |5 € Z, Kit#% B
e, =1

6) BBk x, = y2 || v ZF AL,
e =]

2) B j=1, s kERv, =fU, iDEZ,, HBTRATHEI~FTHEE M c=1~¢

O AWEREE s, 0 s WELTRS PAH
EHU_'?’;[[ Hv“r Hv'v—r
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o AGEBZEIAXHEMEIEES.

o I MITTE TR, LSRR ER.
[Fiat ]F SR TR&Fh e BW Rk - =72,

WR T . B, SHE—MHELOBHERIERCER, XTXEE, BEEFE

BB, DB S R T R 5, BOTERE . & ¢ (B DL B BA AT ASL
(ERTRESAE R m RN FIAET p A q AT DS B 8R4 5., FBREXAS ARt

T 1) 5

A5 17 %, ZREITICH RSA FERI A4 il BF H R A 25K,

Fait 1 Shamir W 7F — 1T EZ 2R, AU ELZREEHMIFH A B0

AHELSHEECHAHAER. BEAXERENEER I L oREE£ (S
32.11 W),
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EFH8AP T,
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Ak dTHEL, K Mersenne £ 8% M, AT LAH H

S r B E AN, TF 33754, Bwp T—28] —©.

4
Isaac Asimov, { Adding a Dimension), 1964

KT H 41 A8 4@ Mersenne £ & 11!

. atm( May2004)

RPN HERIM R 2EGE PR 20 X Z—, FidEEENENEAZ—. A

WRBGEENX KT 1 BHERT 1 MASLUSINEEARYEREIT R, MRT —RIE
R ER LS N LR EER AR, HP T2 25 ERUMEBURGE MR, XY SR

. “EBMDEEICS g e”
R U E — BN RER, BIAEEY” "R3B —1 3B E R E 27
Z AR IR T

Euler 7E K%Y 2300

JLHREEE 39 TUMES 40 ﬁ?ﬁf@ﬂ’ﬂu;

RELXREEZES N,

Gt

XEFH TR TR ER . B,
HAERE IR P B R4 i _

A LRI LA 560 O W — RPN BE R 3F 17

T

= E SR BT = 0 'JFJ’J‘?” “ U] S W — A RUE A

RH 25 Ff A0 2 4% (19 B BS Ff) . 7':3' NMEEPMAHE WE
T QD RENESE, MARGEHESIEH)E. BRI A EHF
—PNKF 1/ Eﬁ%’i&’t%ﬁ_fuﬂﬂé—- RN AHERENZHAERE I, THME—MIER

H 55 AN EBAAAE NS (S [Bund]% 5 7,

lLl.lLl

L R IE A B AR BRI R T

=TI AN 2 R A R e e A &b B g R T A R O, R

TEARBTTE . (HEESGEERNR, [RHEUR R R K

AR KRR A T B 5 FH 350 0 S A ] ..Elﬁﬁ%i’lﬂ%ﬁ%

GRNE S N -2 G R Be3E B i

A %5 M A nd 2 =3k A RAZBITEAE N
tE A B9 ELAE (JL 3% 10-1 F1 http. //www. mersenne. org)
£ 10-1 104D ARRAKBER(EE 2004 £ 12 B)

%1 fﬁﬁ RIH RIEAR
274035583 — 1 7 235733 Findley 2004
220996011 —1 6 320 430 Shafer 2003
2131466917 —1 4 053 946 Cameron, Kurowski 2001
20972393 —1 2 098 960 Hajratwala. Woltman. Kurowski 1999
5539 » 2505430241 1 521 561 Sundquist 2003
23021377 —1 909 526 Clarkson., Woltman, Kurowski 1998
g2orez2l 895 932 Spence, Woltman 1997
1 372 930131072 -1 804 474 Heuer 2003
1 361 244131072 4-1 803 988 Heuer 2004
1176 6941310721 795 695 Heuer 2003

NN R KB EBAEL 22 —1 BWIECHIAA. AT T BRI BERTKR N
Mersenne Z %, LA Marin Mersennede(1588—1648) B F ik, ME X £ #H WP %

T ZEN X Fh RS,
B, Fldn 496 B —1
X T p BE—AEH

© TIFETTIZ. &M Asimov E XS4,

By, (hn SR —

5t EL

S HAREWESSE TFHERETF

k.

"L

HAETF, JFRIX S ECH 5T 26

A 496=1-4+2+4+8+16-+31+62+124-248,)

T, #HAH2—1HE2 -1 WHEF. FARE p=ab, fTL
2; _1 — (2” L 1)(2;4(!:—1} _}_Zu(!;—?,) _]_ _I_l)

1T=1012_ [Hir T—281 %-;—ééﬂ—; 1012 - 281.25 = J()3375 o 911 2115 _
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A, HAY » BERE, 29—1 A RWEH., Mersenne A8 AfE 1644 SEFEFRCY BT IA R 5E £
WED % p<257, RAEN pe(2, 3, 5, 7, 13, 17, 19, 31, 67, 127, 257}0f, AH

2 —1 [ﬂs%%ﬁ o
1) LAt 75 JE 3B 4 Ik BH 2

A Bund] 3.2.12 F

) o

BT X p=67 Fl p=257 )5

ESE 22 —1 AR ZEHLLS, Mersenne il
IETE, FEIEXTiF2 g B ua R uUME R (W[ Kout] 4.5. 4

fRHE H H) Mersenne ZE W AW LIHENFATLST ZNRE p TlaWJI’E Mersenne &K
2, [HREHL HizsEE R (L[ Rose ] 1.2 35) . E[Rose |28 12 &bl LLFH 2 ,
Z S T [ A H lh— 8 3 SR A% ok [R) B — N8 R AT A

T AL AHE R TESEM, ZR MR EZ B REWRE., ik

BB AE I B 5 15 2 B FA 375 85 ep A4 &wﬁ%ﬁﬁlMuﬂ%Mﬁﬁ“mnMﬁﬂM
PEER AR UL NG — D AR RRBRWIE R Z R EBP AR, 5240
HE R LR R 2 89 RSA I8 M8 159 5= v 3 AR 3k F 40 1 22 (A & — 1> W e [l & O\ 3
REREMAREE., BG4S R IEZ A 25 8] N2 ISR IR 19°

HERE, AB— MR NEFOHEE M EMIESR R E R — R FERS

R IE T i g 2 = i
- H— HLif

BOED NFE B,

T 3R [ P 00T LA #ME DG 2R 09 269 AN

— AN BCH T R B
BE/ANFIEEA .

— N HEHKLGE E
K2 K Eratosthenes(/AJUHT 276 — A JGHT 195,
7 Eratosthenes if % . B3¢
IRRFER Y

MWE —-NEH 27

hrds, ZATREFS
=/PNTFEET

=S

7 Bl

UL
2 [k

FHHh, §
i 7N ) B 18 Y R
e ZNTES

L

K -F

WA . EFREFBEMNE, U
BUTILE: H

"'-.J

RV . A%

(R /Y 1] F P A 2) 0K

— 15

SREU N meﬁﬁmﬁm@ﬁ'ﬁﬁﬁﬁﬁﬁﬁﬁm ;s
Saga D1#H

FE) WAL T DLl e E

]

)

N WA R
T 1 A B H#h 3R O AT 4 Eratosthenes S AE A
RS R B R vk Bk 2=
T DL TEZ T H0 B &
UERE N RPARAESH ZB 5]
HFEX p<<V/'NH M E

¥, BTl T<SVN., A

Y88 — AN B 2 3K
- IR BT B

Al

1L

:I
T2 p WAERET
I B

A

fa] SZBE X £
HET 2

Z WL

SRELE T ORT 1 i/
A 2 R 2 MR ER &, 5
KRN AZER p, =
FENE —1~

TG T

\_.

" Y.
FERREIE AR B G, JAMEE AT L

AN

>N,
-

9 4N R

AN
| ™=

%

PR

k. (ERARSRATTE — BBAG U6 BB L) AR /N B9 R 1 2 A B b — >
ERE N SE NWHZHWELmE T . XEMEREREAUIES
A IFE B X F B FH
i RBEIR

=7 (R 4E 1% b J
M#Fﬁﬁﬂﬁﬁﬂi

-
.

?irﬂjkﬁ%%?i%ﬂ

=T AR j)([)—|—21)(z—0, 1,
UV NIRRT B Rk,

ENTR - i

Al 2

TEREREE 7o K
BV NSRRI, NZEHEH

F p<Vn<<V/'N, WA n S RIEVER p WEEI MR ET, X518
FRYTTE TR . FE M HESR,
MR BEHE, U AR EEN

HE G 2%ERE, B

NmuﬁﬁM£,%E
AN R Y e W) A A 2 A
- ) Al [F) A DA 3R

TR P H R R g R 2 B9 200k

N

T#N

RN R

E R E A Ak

EHRIGH TR, TUWEE f, 1GKIIIN—D) /2 [SeERB 201 (EREBEHATEE

I BT A AT 8. IR, ATl
R —A~, TAZE s B 251

Q@ WERMTMREGERRIEMRFMATIE, WTRASEHIHKWISE 6 @a{[Schn] 19. 3 ¥ H 20. 8 37,

AL W —EMN2H ek, RN EE BT LLUEEA S 10 4 510 .

{41t p
pr=(2i-

£ 8 47T

—{ Hl 2i1+1 H}J'ﬁél.a T}"
-1)%, Bl s=2:242;.

E 2 (RS ) Rl A7 B3
T2 i T LA A 3 0 o T Bk
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(ZJ[Knut] 4.5. 4 373 8),

Eratosthenes %, itE/MNFHET N BRABBAEEL

1) A& L (N—1)/2], B=—[+/N/27, sF 1L, 4 fi<1l, 4 i1, p=<3
Fas<—4,

2) B3 £,=0, MekBFH 4, TN, Hh p A —ANFHFS5 ks,

3) B L, M4 fr<0. b<b-t+p FFEHTF 3,

4) B2 i<<B, Mo i—i+1, s<s+2pFep—p+2 =B FH 2, TN, Lk
%R,

HAEEA LRI W, ZREFIR B — 35 M ULONG {HF R M54 . MiZFIFE
HRERE D R HESI BB /D T8 AE R Z HL.

TheE . Z= % % & 2 (Eratosthenes #% 3%)

i&i%: ULONG* genprimes (ULONG N) ;

ﬁﬁij\.: tq(éiﬂiiéﬁiﬁﬁféﬁ.i:éﬁ?)

RE: —AFEDTFRFT NG EHRK(ULONG ERD ARG RK B4, (£ 0854
AR TR G EHGAHKD
NULL, #=% malloc() $4&

ULONG *
genprimes (ULONG N)

{
ULONG 1, k, p, S, B, L, count;

char *f;
ULONG *primes;

% 1¥. TEwdbi, &R ul iroot () AR+ F—A ULONG & F -F 7 4R 6§ F &
By, ARBAT 0.3 F P A MER, REASHSIAS BN £,
B = (1 + ul iroot (N)) »> 1;

L = N> 1;
if (((N& 1) == 0) & (N > 0))
{
_-L;
}
if ((f = (char *) malloc ((size t) L+1)) == NULL)
{
return (ULONG *) NULL;
}
for (i =1; i <= L; i++)
{
f[i] = 1;
}
p=3;
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2, 34T AR ENFiE, TE 1 ATFHM 2i+ 1,

for (i = 1; 1 <= B; i++)

{
it (f[1])
{
for (k = s; k <= L; k += p)
{
f[k] = o;
}
}
S+=p+p+ 2;
P += 2;
}

WETARESEZHHNH, FoEfaEEF6 ULONG T 6T,
for (count = i = 1; i <= L; i++)

{

count += f[i];
}
if ((primes = (ULONG*)malloc ((size t)(count+1) * sizeof (ULONG))) == NULL)

{
return (ULONG*)NULL;

}
st £ |F B ATIE45, 7 primes FR G AIFIRA TR H 2i+1, BE =2, N

2 AT R,

for (count = 1 = 1; i <= L; i++)

{
if (f[1])
{
primes[++count] = (i << 1) + 1;
}
}
if (N < 2)
{
primes[0] = 0;
else
{

primes[0] = count;
primes{1] = 2;
}

free (f);
return primes;

}

RIFETSCRTIR, AT ENTFEHETVNRERBES », TUHM—NER » BTN
TR BMEFERBZFENETF, Wa B E—1FEH, MEBRRBEAMNHETER
Eratosthenes fid: 4 . (EEX N HEHALH, BRHEERI N Z NN B M oy
KEQEE KW, FelE, B A M. Legendreﬁhﬁﬁ’%ﬁ, Bl E# x5, WE = TR




ok, B pC<p< B (O HEEEES] x2/Inx(Z W, [Rosel# 12 ), /INTFHEL

126 T 1 2 B AL B A ORI R /D

x Y 2 B — F 4 BORS {EL T L
x/Inx, FiHEN/NTFERET c WEBHIIIANE, 5ENTL
SRR EA A IE .

* 10-2

INTFEFIRS x EBAK

# 10-2 24
H. &E—1TF

BT w ()M
LT A% Y A

102 101 108 1016

Vi

1018

1011’}0

z/lnx 22 1086 5428 681 271 434 051 189 532

24 127 471 216 847 323

4 X 10%

25 1229 5761 455 279 238 341 033 925

w(x)

24 739 954 287 740 860

SRR AT BB IR A
BRGNS TREZMPVREAMT S RALHAN . DIZES,
B‘Aﬁfﬂéﬁf@—*/‘%ﬁﬂﬁ {020 % R R X
X EAEAT AR HIEE T WEEl Fermat /NEBLA H,
= P E}J”F’:ﬁm A% a, WA o« '=1 mod p.
oA E LAl L4
fgcd(a, n) 71
@z a"'=1 mod n TFE O(log®*n) ) CUP #1E,
REBWER. 2, dwH 55, E%@Jﬁ'l‘&ﬁﬁﬁﬁ%ﬂ? Fermat
R I 5 T K 4 i) B

B e X E
4 ged(a, n)=1
I Fermat %5 %; .

S« MBI R T E R

eﬂ

X EE 2 BR A Carmichael 20, N T 42 45

z*a%ii‘i‘ﬁ{t
WJJ%%{%Y‘{WJE;
iR TR —TMERBENRN, MAREERE
BT — 1R p AL
8- TREERE T, RN Fermat fg . W2R
HH Y ged(a, n)=1HFERK 1=a""" mod n Rgr, W » BHEE, B
FHLWmFRA RAHR DG EEIR
1E .

JES

ILY, A 40t f

b Az

SF A o A

% i A

A

A B

Fermat /DEPB LA H AN : ABITARER » (1<ain—1),

ia” '=1 mod n BfiiiA R n REE. RE a fln BEB S »n #0] LLHE
Zvif)b%‘ Robert Daniel Carmichael

(1879—1967) , XLeFH FEPI R T /NN
56l =311+« 17,1106 =5+ 13 - 17,1729 =7 « 13 + 19
fifF Carmichael 20#fE — 4L RE AOER, BI#EAE 24 3 MPARMREEE T (W[ Kobl %
5 &), HE 20 itz 90 ~’fJCZLu i Carmichael I 7E TGIR L4 (& [ Bund] 2. 3 35)
/INF n BB n BRI LR N
1— X (10-24)
(PFR%T ¢ 328 Euler R0, FTULSEAREZRRBE » (B LF3ER 0, AL, FEXZE

BAEIE T, TEZ M) Fermat K560 353 22 — -1~ Carmichael ﬁ%%ﬁ%%ﬁo {
(2<<a<in—1), RAKIAN—1TnWE/NDNEFHF, PLRATHEY a RERNZ

$ T Carmichael $xLL4b, oA HAhdw 548 n, 77

" '=1mod n 3. XEHFEILL a« HERIER. B, T

DL 3 MM E 2, BIanE R 25 X10° 1kt RAE 1770 N (E

RN 2R (2 W[ Rose ] 3.4 75) , {Hist&ry =2, iR %& A — M,

Fermat [F) X f# W80, B Fermat #6536 i) o] BAE T HOAH0 58 7
REku A G4, R EMRERETESERILE.

TH9 V¥

WL 3| H

il

S a WIS
BRI A n N

H®R a, 15 gedla, m»=1 H
DECLL 2 3R,
R RLL 2, 3. 5 F1 7 NIE
i J7 Sk A 2 A B0
56 B K B o) 7

7= 15

© KEEHSHH Jacques Hadamard Fil Charles-Jacques de la vallee Poussin {E 1896 4E & HMriFMA T (B R

[Bund] 7.3 7).,
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(BB, 4 Euler MEN AT LR MSXEEMEE R (B W 10 4. 179 XTF—18 %2 p, Br
BEAE p IS ER ., #H

Qi = (;—‘) mod p (10-25)

SN ):—__l-l mod p F/~ Legendre-Jacobi /5, AL, #HH#E Fermat /N g FRAT LAd 53 4n
3 75 i S A8 — A HE R v U

WS F— A BB 0 FAE— M. Wi ged(ar m)=1 H o™= (") mod n,
W n ANTTHE R

FESLZHE N R T AR 5 Fermat #5304 1R] , 2 OClogn),
U] Fermat 8 PAEAER N B —&, TS5 n, IKKREFETE—1ENE a, [

J

2 Euler fEN] . XFERIEL n FRFLLa AIRHY Euler A& % . — Tl n=91=7 « 13 &L/

~. - o "L —f= 4 J 10
9 10 KKK Euler thEH. FAA 9°=(g; 5

el

):1 mod 91 %ﬂlo'm:( ):_’1 mod 91 %,

uaﬁEmEmawﬁﬁ—i%uaﬁﬁmmﬁﬁ,ﬁ%ﬂwth{jym@m%z

FEIN YT B """ =1 mod n,
{HE, X T Euler i M| & 4 Carmichael 09 X7 w38 47, 3F H #R 3§ R. Solovay Hi
V. Strassen AL AT AF El . X Euler TR Z0RHA M XS 2 2 A iR B HE 13 B A 2

) StF— a8 n. “Lwﬂzzﬁjmmnﬂaﬂz I B o 1B M

(X

%Sé(n)(éi‘f&[Kobl] 2.2, 821, dsta] IS ENT Ay A,
2) MF—NEE o, WHLIERE &k DER ), - a0 5o EBFE 1<k, 15
a,-‘"‘”’z:(i") mod n WML T 27°.

XS] LAKE ISC I Euler AENAE h— MR Z BRI ik, Hirp “45ZF” E I
EGIIREINERE " n AR—1NFEE”, WiZgi R EWER . (HE AW » 058 —
MR SH —E R,

)

Hik: BERFEHEHL Solvay-Sreassen, FEHE— T BRYUn 2T AEH
1) g — AWM an—1, #HE gedla, n)=1,

2) m K ik a“'_'”z:(: ) mod n, MimE “nTEA—AZHK” . TN, #rdh “n
IR

ARG T B OClog® n) 1Y T 1N (8] e i 4748 $ iz B M Jacobt {5534, W EE 5
iZﬁJﬁ'IU%%%% 2 FPH’J%EME?-? @, XtHF E=60, H/NF 2 ~10"8 1 JLFA7TL
AN R, FET D, Knuth 3845 Bz E/D T RS 4452 853, mland — 1 o Br

© BHHNEZaH 34 9BIH. 61 10 B, AT 9°=10°=1 mod 91, [H I} 95=9%"1"=1 mod 91 fil 10¥=
105 73=10"=—1 mod 91,
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FARAE N CPU 8 477 1 U3 — AL Y (H T 7 BV 5%

PZET LA R T %465, EAWRERESIRMERIENTFNESERSHBNEEL.
{HE, AA—-SEETUSHENSRME L. HIa S0 48 0] LU B3 2 Bl L4
AR ZHMBRANERIEE—EE R,

BRI n BEEK. MBHE Fermat /DNEH, XNAE »n WHEHMWER e, FH o'
lmodn, TR« 'modn WEFRIMAERL 18i—1, HAXERERFTE 2°=1 mod n
— WS 10. 4.1 799) ., AFM a7 mod n W ITIR A1 BTG L2 J7 iR

(1) /4

& I

{
a‘" V"% mod n,a mod 7, ,a V"% mod n

HE(—1/2 AEEAIE, BMERIEPFE-TFRRIAR L, NXPERBERGER
—1, H 2 AT NREE, XA RXMN. FXE—FFRARTImME—11
HWE, BiIFBRE»Z2—1TEE. A, Hn2—1TE8, W » BFTXMRERER N —
NMla HEREBEBHFHR. e WRMWBHER R « NIEH Euler EXIEE J
[KObl]ﬁg 5 ﬁ)

A TEEBMATEOMBEERED, RENTEREMNAREFETLEITAR
b=a""V" mod n, Hi(n—1)/2" H&H%, FEEXMERN 1, MLLLEXT 6 H#HTFEFiE
BEHIAFE—-MMERAEL HEF V2 mod ne MIEMBEL =—18 4 n e, %%
BEREENBEEERATFEITREEENFEH)#K H T Cohe] 8.2 75,

X FFE n>1 B 3R R (4238 #Y Miller-Rabin & %

D An—1=2q #HixqgFt, LT qhyFE,

2) it F— /NI EE a, 1<a<ln, b e<0, b<—a’'modn, wF b=1, #H B “nT
R —ANFR” HEERF &%,

3) RE&pxxZ=+l modn He<lt—1, M4 b<bh" mod n, e<—e+1, doF Lot b£A<n—1,
Miamd “n AE6K", TR, W8 “nThRE—-AFHK”,

Miller-Rabin £ 3% (5] FF MR #238) M FHF 2 Olog’m) W5 Bz m |, FEEE L&E |
Y5 Solovay-Steassen %z 36 By FE FEMFIHY .

BRI EREBWAFTEEKRSE Miller-Rabin 2RI EREME T X SEAH EHEHE . &0,
ECRBIAE T 91, EBLZLL 9 MK Euler (hZEL, RINWEZL 9 RN BRI ER, B
Z RN R PFH

2152 302 898 747 = 6763 « 10 627 - 29 947

Al
3474 749 660 383 = 1303 - 16 927 - 157 543
XA EE I0P LT 2, 3, 6, 7 MIERNE R MNMIEER(EIL[Rose] 3.4 7).,

MR, mARBNNRHRE X ERWFEmMA /ST, M. Rabin §IEB] T % F—4
S on, FEIENT n/4 PR a2<a<n—1), T » A ZEEH (S W[ Knut] 4. 5. 4
T, Bk 22 M Kobl1%E 5 &), HUMLA LLE N %E £ MEILANIER e, -y a, THEBE—A
REMEEER, ZEEEER/NT 47 RIS e R M R B IR = ., Bk,
T AHR B TAE R, Miller-Rabin K 5% bt Solovay-Steassen #5386 E L, EN 2 IREE K18
BERF G IR LR IR ETE 27 LI,

5cBs 1, Miller-Rabin #5535 R FREUS 4, BB 7E 48 KL 8005 LT 32 brél iR 6 4
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I, Rabin FEH TR R T/NE L (B LIMOV] 4.4 35 F[ Schn] 11. 5 ),
FESZEL Miller-Rabin #5302 81, SE& W LILRL R I T
LB B0 3 E 9 Miller-Rabin & 88 IFIR ., R aE M BB EIR/DRE, T2
DI — 14, BEEX T SERHRE—EF, A'J:X’i‘@éﬁﬂﬁﬂ'%_fuﬁiﬁﬁ@ﬁﬁﬂiﬁ%
Miller-Rabin fg ¥ 4b3# . T2 BB 222 A AIT MR %le‘z AURER £ D2 2T LUFR
KR EARIE, BHE A. K. Lenstra, Tuénxﬂ 'A‘iﬂl)( x4 F 2000 A Y 303 PEEL
EERESEHRERME(E M Schn] 11.5 77) . X451 fr 2 —*H’Jﬁ &, 1 n LA BAF
&ﬁ?ﬁ*fmwﬂﬁ$kﬁﬁllwmunﬂmouW%iﬁWWAﬁTuﬂﬁ“Nm
Rrs Z B ER 85 0 A 4k, TR/ MRIE R EEHTRAMERE,
BHB—WKHA/NREEERE R E OUnm) By By E N 8] . B bl L4 &S0 BR 61 O
FLR/NEREO Sk Mg 13 B 1 T 3
Srebim e vl DLFHAN T AY R %Y sieve 1 ()ﬁ;ﬂ BRI B O /N T 65 536 HY ZEE B IRFETIAE
smallprimes| NOOFSMALLPRIMES |FE W, XEEHITNFEE, HPEBIMEFEEFEFLIFD
i 25 T ﬁﬂw?ﬁﬂﬁiﬁ@'ﬁ—APHMWﬂ,*ﬁ%mﬁ 178 52 B JI 5 {af
R, HETEENR, WREREHASHEOSERPH/DES, NTHFERENEE.
xJo . B LATERN ) MR faie b A/NR St 2/ hE% 2, 3, 4, 5, 7, 11, ---<<Bfy
TR P IREEFBEMARITTHEEILEFENRE(ZE 6 32)., BIFELE, XM
AN S 52 Ve fo B B 465 2R
AN ABRERT . ZBREF AN ERE div 1) A BRI /DERERI R B B7E .

'

Ll

IHEE: Rk pit
Eik: ULONG sieve 1(CLINT a l,unsigned no of smallprimes);
MIN: a 1CE M &ehiEs40)
no of smallprimes(i& T 2 ¥ASh, 4 M85 550
RO . FHETF, wRKIH—4
1, e RIERBAGHRAZFR
0, 2w RARKIE-T

USHORT
sieve 1 (CLINT a_ 1, unsigned int no of smallprimes)

{
clint *aptr_ 1;
USHORT bv, rv, qv;
ULONG rhat;

unsigned int i = 1;
ATREN, HAhba 1LFTAH20EHK, BEa 1 PAM2, NET], fa l
2 KEAEE, MEFZ2HABATFEF,
if (ISEVEN L (a 1))

{
if (equ 1l (a 1, two 1))

{

return 1;

}

else
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{
Teturn 2
}
}
bv = 2;
do
{

LA YA AE smallprimes | 6 F 8 A G4 £ L F by T &AL 48 e o 45 F)
by, H—ANAERHGEHKAE 3, A —A USHORT £ & Kt 6§ rhik (L 4.3 ¥,
Iv = 0;
bv += smallprimes[i];
for (aptr 1 = MSDPTR L (a 1); aptr 1 >= LSDPTR L (a_l1); aptr 1--)

{
qv = (USHORT)((rhat = ((((ULONG)rv) << BITPERDGT) + (ULONG)*aptr 1)) / bv);

rv = (USHORT)(rhat - (ULONG)bv * (ULONG)gv);
}
}

while (rv != 0 88 ++i <= no_of smallprimes);
e R E — A R IR Bk (cv== 0 H bve£a 1; B, a 1 AZHAE—~AEHKD, A
BE B, R a LA HA-NDEH, MEFL, M, B0,
if (0 == 1v)

i3
if (DIGITS L (a 1) == 1 && *LSDPTR L (a_ 1) == bv)

}

bv = 1;

}

/* else: result in bv is a prime factor of a_l1 */

}
else /* no factor of a 1 was found */

}

bv = 0;
}
return bv;

}

PREY sieve 1 yA] ARG cnINT X H/NTF 65536 MEEH A4S k., Mitb, 1E
flint. h F15E L T2 SFACTOR L(n 1)KV sieve 1(n 1, NOOFSMALLPRIMES) DA {8 F
FAETE smallprimes| TR ECER K F A n 1, j+f & %5 8 SFACTOR L () 34k
R TSR 5 M Bt 7T LA/ T 2°% 10 28 i R 7 A o 3 79 AR B T BE 3% 3R B BO AR 4 i .
RAELRBEF, WA RIEELLI—NELL.

R R IR B BT prime 1 (VA T BREMIER Miller-Rabin #5 , 0 TIRFRHH AL
Al M, A B B AS TR B Y B v I RN 3 1 Miller-Rabin h?“E’J{"*%’ﬁUPFj\J?"%ﬁ(%J% |
N T ACR A, AT R 7= ISPRIME L (CLINT n_l)§§“ﬁ; 17551 B S EU ) B EL prime (
¥ FREFETEE L /0K Miller-Rabin # 36 2 AR 1F 7] 4 (19 25 5 2 — 4> FF ok 1 =) 3 TE
ANFE ) SCER P A AR BN, Fan, [Gord [ Schn WM T HEEMWHKW AT LLELE S
W, Ti[Cohe B s M E T2 25 K. [Knut]@W @ BSGA BB o A 25 RA] DLfE 15
10 ZA BB P % & B R M 3 32 R B AT AR/ T 1070, RSB 25 FR9E AT
Mg, UZETEEEE2RE - AW AN “FITES EK 5B ZEHET ™

.|
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W RITER] 27 ©
TER AL R S, —fM AN ER AR IRERIE 27" ~10"" UM
DI3ESE T (ERRPY . WIFFETHEX DN RIBAI L 27°~107"%), XFEEBMAIEEEAE K ENE
Y, fERILTEsEen Mgk . T3k [(Reg TIAE 2010 4F @ 30X M BE ARG T 271,
H &% Rabin X4EiRER A, FokF 77 E 31T 40 8 30 ¥k Miller-Rabin ¥ 5, X4&
R I0 B BE R T T S s ] o ok, S b, WAEERSBIEMS . BE0IAUK
W 36 Y YRR, [T IS AR T 2 R e B B B (B L[ DaLP [ Burt]) ., #E[DaLP]H
HEBH TN R ARSER, Hrp p SRR BEALEEEE [ i 6l K E s 8 FE @S £ IR Miller-
Rabin # 1 J5 H 48 9 4 5K O HE 2% .
Do < P40 1> 2 (10-26)
Dra < DBP2KpTVE4EVE b =2, |>188, ®W3<LELI/9, =21 (10-27)
Pru < gl e 27 LU g 2 19 SR U/4, 13> 21 (10-28)
Prp < —%-z”*f"z—’f’?—?* > 1/4, 1> 21 (10-29)

M EIRARERTT LI X F 465 @ MR B 34T £ 20 Ik Miller-Rabin #5367 DK 55 1=
MEREHNLHRMRERE, iZFNTEEERHMEBNERTERITEZ LR ., XL T
i F Rabin BI#ERT, BRI Rabin W EHFE L REE A B ERBEERIE 47T,
2 10-3ULHA N T ARG IRMER/NT 27°F7 271, Iris BRI IREL £ TR IR 2 L By 36 )
KEMRKR,

F10-3 ATXBHBMBEANTF27°M27Y, IEERRIORTE K NERE/

B SR EN X Z (RIBLDaLP])
1 22 <2 8 HEE 322 < 2 — 100

z P z k
49 37 49 47
73 32 73 42
105 25 105 35
137 19 132 29
197 15 198 23
220~234 13 223 20
235~251 12 242 18
252~ 277 ] 253 17
273~ 299 10 265 16
300~331 9 335 12
332~374 8 180~542 8
375~432 7 h43~626 7
4133~513 b 627~746 6
514~637 0 747~926 D
638846 4 927~1232 4
847 ~1271 3 1233~1853 3
1275 ~2860 2 1854 ~4095 2
==2861 1 =4096 1

© X#E[BCGPJiEE M Knuth iYHiF X {L

X

AMREZBEEEEFRROBEREL DT /A UTABL, FW

Knuth 45 A58 BRI R BE BRI T 45 8 00X 4N 51
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FEFC(10-26) ~3 (10-29) Hh 3F K Z B Miller-Rabin 836 2Z Al 1T HIBRIE R 1E. +
B B LR & A R RN S B e BN 8, BrART LA X T4 L F k Brig i &
&S IRAE R L BB £
LT IEREHL S B A0 4 BT AR P 5 45 R R A S I R F R N D R B E . e
%[ BCGP A MOV ]4. 4 77,
FEUN T AIBEEY prime 1 OFF, FEEER 10-3 RM{E. HHPHEH T FZ2EH B wmexp () &
FREEEE T Montgomery B, EFIFAMNNEEHITHEERENLEE(ESILE 6 ).

ThEE . ik 05 %69 Miller-Rabin # 2 -#£ 14050
iEi®: int prime 1(CLINT a 1,

unsigned int no of smallprimes,
unsigned int iterations);
BN n 10 4R 40
no of smallprimes(/Jf T Ik ¥k i ik &9 2 2 A 20
iterations(Miller-Rabin #3465 4% K3 ; 4R iterations== 0 B § &
10-3 3 5E)
RME . 1, eRIEERTREFTHK
0_, Jo RAREBAGHRF T 1

int
prime 1 (CLINT n_ 1, unsigned int no of smallprimes, unsigned int iterations)

{
CLINT d 1, x 1, g 1;
USHORT i, j, k, p;
int isprime = 1;

if (EQONE_L (n 1))
{

return 0;

}
WERATHRZFLE, 2RXRKIB-F, WHHEEZERFEF 0, R sieve 1 ()EF 1,
MiEFn lAFHREHR, TRABHELRFET 1; FM, A Miller-Rabin 5%,
k = sieve 1 (n_1, no of smallprimes);
if (1 == k)
{

return 1;

}
if (1 < k)
.[

return O;

}

else

{

if (0 == iterations)

e RAFHE S iterations == 0, WARE n 1 HEHKTUARETBREL 2 YUAANE
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&9 s AR 89 2 4K R EL,
{
k=1d1 (n1);
if (k < 73) iterations = 37;

else if (k < 105) iterations = 32;
else if (k < 137) iterations = 25;
else if (k < 197) iterations = 19;
else if (k < 220) iterations = 15;
else if (k < 235) iterations = 13;
else if (k < 253) iterations = 12;
else if (k < 275) iterations = 11;
else if (k < 300) iterations = 10;
else it (k ¢ 332) iterations = 9;
else if (k < 375) iterations = 8;
else if (k < 433) iterations = 7;
else if (k < 514) iterations = 6;
else if (k < 638) iterations = 5;
else if (k < 847) iterations = 4;
else if (k < 1275) iterations = 3;

else if (k < 2861) iterations = 2;
