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Abstract

The verification of gate-level integer multiplier circuit is a difficult problem in the field of formal
verification, and the most effective method is Grébner basis method. In the verification process
based on this method, the representation of the polynomial has a great influence on the amount of
memory used. In the verification tool Teluma, polynomials are represented as linked list of mo-
nomials. Because linked list nodes need to store both information about the data element itself
and a message indicating its immediate successor, this takes up a large amount of memory space.
To solve this problem, this paper optimizes the data structure of polynomials. Dynamic array is
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used to store monomials and pointer array is to represent polynomials. The experimental results
show that the optimization method can reduce memory usage in the verification process.

Keywords

Formal Verification, Multiplier, Dual Variable, Grébner Basis, Pointer Array

Copyright © 2023 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|

T SACIRAE 0] FH - HE 545 i v B AR T2 SO 0 TERRTE[ L] AP 15 7 B V5 i B iR AL 1)
MR R, FAREB A R EE R, B8 H TN, SR, JoH R gk
HL 8 P T AL BRAIE AT AR A — A B KR

WFCEAI IR 7 LA A T IR 88 I B0 J7 32, A T3 2 PR (SAT) I ) 7R [ 2] F 52 B3]
5E BRE B 2HE A1 AARBOEB] . HTEcA U 7 5 AR EGE A 1) Grobner B 757 . K MU I BT A I8 45 1 TAN
MG Z 0 FRoR, B H 2008455 RS B e 2 R B T RS HE.. (HERIEL R,
Z AR TR BT ENL 2, ZEEE T UEREE6] [7].

R AR T, B T AT TR WA A RN B0k Grobner 37715 #2 H T XOR 5 Al Common & 58]
BALIGAIE [O] R N2 4% 5 5 [10]155 77 v, k> TR PR i i, W4k T Grobner 25, 48 57 T 300 AR IR o
B2, ML IR F(FS) IS N E A k28 i, AN Grobner 377 VAR MELRE .

TESCHER[7]H, 2410 FS IVESR ML 6T B i ae pr B 4. 455 SAT SRARAR RENE U0 UE S5 00 PR IR £,
F SAT SKARSIGAE T &4 LI IEMTE, F Grobner JE 75 EIGIE T AL EITRVERS . 97548 g2 B 4 i)
BFIR), 7ESCHR[11], $@H T 7E 2 W gn it AR e os 75 8 9 AU OB AR 5, @ 2 i 8 4 Rk 55
Bk, WL T E24H FS kRS, ST BGAE T Teluma.

TH Teluma H# 2 TR R N I RE R - 2 DI 7R BLRRE I 25 20 I A R A 2 10X
Bt i RN A7 23 0], ETT S22 Grobner 77 1 AR FBIE S R P N AZ I . B TSR 45 ISTE A7 i
AR TRm ARG WFEN, &7 B B RSN B, XA N A2 R

/N2 T R A AE S 1), ASSCARAR T Teluma o 22 550 R B0 45 4 o A FH 3 S AL 176 B i X
¥ 2 KR A — 1 HH 8 [ Monomial $4E 257 (4R 4T 4 K Fa ST E 2 o A LA 0 22 00 R o s =X
MEER, ZHETE T AT B G BRI NAT . SR RR, 2 T R A
2. EipEA
2.1. Grobner EIgit

AT RAZE T Grobner FEERIRIAHICE L, HoAth ) 52 #E L ILAE B 255 SC#k[12]

EX 2.1 BV NR[X] A= T4, #Vpqel: p+gel fivgeR[X], Vpel: pgel . WFKI
&2 WA

SEN 22, % g0, eR[X] 4 I ={g)h +Q,h, +---+ g.h |h e R[X]} WES G ={g,,-. 0, } R[X]
RO BRAL | (e B SR i G AR, EfE 1 =(G) .

DOI: 10.12677/csa.2023.137147 1486 MR 5 R


https://doi.org/10.12677/csa.2023.137147
http://creativecommons.org/licenses/by/4.0/

FR E

X 23 HOELHFRRS, WHTHAEDz, o, 0,, ¥1<cif, Ho,<o,=>710,<10,-

SEX 24. BG={g,, 09, cR[X] NI cR[X]E, #vhel, 39,€G: Im(g,)|Im(h). MES
G FROBEAR | TR & <H)—41 Grobner %.

Grobner I i A HUAR 51 B4R AE T s B2 (T4 7E00 h e R[X] MG = (g, 0.} = R[X].
Flrh 2 EJET G AR, W {g,,--, g, } /& 41 Grobner &, JEAXA A LU —A> 2 7o R ER
TR 2 HACE h R G MARECAER, 2T he(G).

KT LR I 2 TR R[X ] AR TN 2, JA T D-Grobner JEf 8 — i HE R, H
RS AL HARIK(PID). B D N PID, B P NHIAR | < D[X] I, % vgel , 3peP - Im(p)|Im(q) .
MFRES P AR | X F R & <H—41 D-Grobner 3£[7]. AXF 4 D=Z .

2.2. RYUEE

FERN ] Grobner JEFAGHAREGERE T, R RS B 2 e 2 U@ . AT, JATEIETS L
5 Bk il C, B 2n NMRALL ag, -+, 8, 0, 00,0+, b,y > 2n AL S, S0y » LA AR AIG
W g,y TR ERINRR R,

SEX 2.5, (FHRITF)S T AT oy = X" X5 oy =X X o457 i 0, <€, X THH j<i:d;=e,
nH o, <o, .

E SAE T BT T AR 8N

X =ag, a8, 5,000l b g Sore s Spn g Q)

FEAZHETHH u SR v, wZRIPRRFRNM/R LI, L2 DR R
U=V -u+l1-v=0
Uu=vaw< -u+vw=0 o)

U=VvW< —-U+Vv+w—vw=0
Uu=vedws -u+v+w-2vw=0

FATFRIX e Z AN T2 IRETLAR . B G(C)c Z[ X A AIG 75 S0 BRI 1T 2 WS &,
G(C) i 2 W% 7 P HEF,  BIEEAST R A AR AR T A N AR &, XM HE P AR v 4R
NP TR A AR AR O M 1, BATNEANZRE xe X I ERAN x(x-1)=0, FRRXLEZ I
ORI, EATEERFAB(X), B(X)<Z[X]

REX26. B CR—NHE, TG (C)UB(X) AHLES C L TR 1% WL U BRARIE S 0 (C)
J(C)=(G(C)UB(X))c=Z[X].

SEFE 2.1, B CR—ANEE, MUEE X 2.4, FEFHIUT T, G(C)UB(X) A& I(C)=(G(C)UB(X))H
—2H D-Grobner 3.

EN 2.7, % CR—HE,

L =—2§12isi +(ni2‘ ai)(njzibi] ®)
i=0 i=0 i=0
L AMTEZ A, LA Led(C), W CR IR HH.
LS 0 VT A2 i N A 2 0 B R A 5 2R o A L A 2 £ 7 A B P A T R L
CAELHANT T, ZHEE G (C)UB(X) RELAE J (C) 141 D-Grobner J o A4 FLAE AR 53 i1 77 12,
REFIRENE L BRAZ B G (C)UB(X ), JHSES R B NE . AR NETN, HHZIER.

DOI: 10.12677/csa.2023.137147 1487 MR 5 R


https://doi.org/10.12677/csa.2023.137147

FHR E

23 MBEE

TELME I 1] 2 50w o, 2 BIEF | AT 1= 1 % AIG 15 fURIL A5 52 BEAT S« 16 1 BoR Ty |, Al
LI AIG il [ AT 1200k, FTBVE S, 2795 s SO e, 112 B s 4
SHMAEZ . £ BB E R, 25 F R AR IR A BOR AN . Dy A IE S
o], BRI HEE. o TENAEITEREL, 1<i<k, SEREf, LG Ty, Kb
fi=1-1 {01}, AR f; o0 [ KB R, 1EE dual (1) = f, .

wmE 1 AR, S EERE, ST AIG WAl ==l A, UL -+ f f, BT mED, X
1722 T e S T A BN SR 6 N T 2.

13211/\12 14211/\—|12 lszﬁl]/\—ll2
1+, -1+ A

Figure 1. All polynomial encodings covered by AIG nodes
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Figure 4. Maximum memory usage of AOKI benchmark set (left) and large multipliers (right)
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Table 1. Comparative experimental data before and after optimization

= 1 MBI SRR BE

Teluma kS5
ek 3% e
IS [al/s WAEIMB I 1al/s WAFIMB
sp-ar-cl 32 0.13 17.19 0.12 15.92
sp-bd-ks 32 0.15 29.68 0.14 27.38
sp-dt-If 32 0.14 26.55 0.11 2541
bp-ct-bk 32 0.12 16.69 0.10 16.26
bp-wt-cl 32 0.37 48.86 0.29 47.23
sp-ar-cl 64 0.75 67.87 0.64 63.33
sp-bd-ks 64 0.71 139.48 0.67 133.26
sp-dt-If 64 0.61 139.50 0.58 137.43
bp-ct-bk 64 0.48 58.46 0.47 57.66
bp-wt-cl 64 3.73 327.27 3.33 323.20
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