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IC3 Hardware Verification Algorithm Based on Variable Hiding Abstraction
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Abstract As the complexity and scale of hardware designs have increased significantly, hardware verification has become more
challenging. Model checking techniques,as an automated verification technique,can automatically construct counterexample paths
and thus become one of the most important research directions in the field of hardware verification. The IC3 algorithm is the most
successful hardware verification algorithm at the bit level in recent years. In order to improve the scale and efficiency of verifica-
tion. the design of hardware verification algorithms is gradually shifting from the bottom bit level to a higher abstraction level.
The research goal is to design a new effective word-level IC3 algorithm. Aimed at this research goal,a word-level IC3 algorithm
that speaks of a combination of variable hidden abstraction and implicit abstraction,called IC3V A,is proposed. The approach at-
tempts to combine variable hiding abstraction and IC3 algorithm, and designs a corresponding generalization and refinement
scheme. It is compared with the predicate abstraction-based approach on a test set collected by the open-source community and a

hardware verification competition. Experimental results show the effectiveness of the IC3 algorithm based on variable hiding ab-

straction.

Keywords Hardware verification,IC3 algorithm, Formal method, Model checking, Variable hiding abstraction
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SN BT PR BT P A A G0 XA B R B R iy ) A A
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2 MXTIIE

2.1 IC3 &%

1C3 B30 2 — i L R 1 45 5 1 A5 280 46 56 350 32, i B 1
e TR 2R — IR AR ARG IEE . A
AR I TE SR AR B T M . — AN AR R R
[ 2 5 W R TE S (L Verilog) K #on, I X ERf
PR T B AIR S AR i, X R ROR S B A A RS I
PO, BRI T 94T S Al DL g B O — A A5 B AG 98 f ) A
(XL, TPy Hrp ICXORIEWGHRFZHFWERAL, TX,
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Ry R C R /N W

—ARE s B S AR X R — IR T RS —
FPATHEAR T — RIS I s o505 o0 s TG T Cso) WAL HF:
H TCiose DM FRIA R 0<i<k—1 857, BHEANX P A
B A Al ak RS S5 A DO 2 P 3 A . P W 1% 2 2 T
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A —EH —AH R AR 50 551000 50 (WSO 51 1
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1C3 Bk 24 J03E B — 1 1 4 1 2 75 R 8 8 1 & 4
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S A 5 5 0B AR (R — 55 Y AR L I ELUE I 8 Tk T

Bk 1R IC3REMMAL, HleszilEaiko g
H LB NLRR R B AR G 1 4. R A R, 103 Bk
SBIGE, R P ok Bl KRS LR CGE 4 4. 3% Rk,
IC3FER A Er G 1 L8 E-PIRECGE 6
1. ESRAEEATTHL N RE sGE M cube) , W s &7
MATERARAS T A3k (5 8 7). a3 BT R 28 R Al ik L 1C3
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BTG iR P RS ES S AT IR S R AT ik iy, 2R
SR HAGOLIC3 Bk kA i T 2<i<<k+ 1. 2B HE
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1) Fl & B4R 0 05 g R A 2, 75 U0 5 3 4k S 18 i e O Lk
TR — 50 2R AR, I 38 2o 3 R 5 2ok b 5 2 4] J2: 15 F T K Y A
TR AR BAETE .
k1 IC3EE
B RS LT XA T E2 R P
it P ORSE L BRI cex
1.if IA—P or IA T A —P holds, then
2. return counterexample trace cex;

3. WAL k=1,F=P;

4. while true do

5 while Fx ATA—P’ do

6 let s be the satisfying assignment;
7. if Reachable(s,I) then

8 return counterexample trace cex;
9. if Fi=F, for some 2<<i<(k+1 then
10. return empty trace;// P holds

11. k++;

2.2 IC3PA &%
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false, ELUARSRUL. S £ NH . HRK AR A LT PIIER
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Fig. 1 Sample of generalization failure

R TR bR ) A T — B 2 T2 4k R 5] (Counter-
example to Generalization, CTG) M ({32 1k 7 i e AL G (1
1C3 AL . AR % 2 o, b CTG 826 UF

Pl 1 ep 011 AR A S Bz A R I HiTEK
W FE AR T cube TIEEAS SCF IR A I BR Z )5 1
cube FEAFEFAM G 5—8 17) , WA Z AR, A 23 57 )
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EZAL s I IEITRE (5B 16 47 . IR —A CTG M
FEARR R AT IS SL 2L TR G5 10 17) . FEfR IR T — 1S3
g NGNGBk gk 22 kA0, WA CTG WA Bk 2,
T B BRI B CTG M g i 38k JF L CTG $H
BOGE 19—20 7). XA Z M5 2 be 2t i 9 Ak Uy Y &L
RELF,
Bk 2 ETEARHIMIC3 HEEZHK MIC
A — AR IS SR PERY cube q. WA T AR 1, TR A IR d
il iy - JE IR [l
1. for literal 1 in q:

A

q:=q\l;

ctgs* =0

if 1 #—q:break;

2
3
4.  while true:
5
6 if F;A—qAT#—q':

A
7. q = q;break;
8. with(F; A —q)-state s:
9. if d>maxDepth:break;
10. if ctgs<"maxCTGs and i=>0:
11. if By A—sAT#—s.break;
12. ctgs i =ctgs+1;
13. for j: =ito k.
14. if F; A —sAT#—s':break;
15. MIC(s,i—1.d+1);
16. add —s to clause(F));
17. else:
18. ctgs+ =0;
19. q:=qUs.

3.3 IC3VA ML &%

HRAE A1 ] 5 B i SAE FRAE R (CEGARD , T SR 78 il 52 4R
BB RRT RO, 8 BIEBERE P BHZI S K
1) 85 7 R PAAT o SR 9 A A 0 A R B B R A S TRl T 3k, )
0 UE Ay L A8 E B T I 5 5 D) SE B Sy bR S A R Al
By A5 B BBORS B ks K k. T X IC3VA Bk, /b
G g ORI R R AR . R A48 IC3VA W
Rtk sk,

HfE1 HiE2 W

CRERG A AR E R A
TYNTT PN

2 IC3VA Ktk &
Fig. 2 Example of IC3VA refinement
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e SCUEH B S R I 19 77 2R X Packs, R i T
Pachs, A5 2 o B LT 1L TSR i 35 5 72 B 7 O 3 0
FE g ke B RS PR b — 1 AR 25 R A 2 A — A
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AR A I L G B IR B R L 3L 1 X,

X FBL Ty — T . B LUK A 2 W 6 0 7 98 7 L g
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A IC3VA B R sk 3 iR, IC3VA il IC3
— kLA T W T R F, RS S X R P R
WA E, IC3VA PR RAEL R ZEB, mARSSHIENS
HC, 7 R HTE . TC3VA (i J2 i 26 1/ 1 5 B
%3 IC3VA B
BN WA SAE LT R R T E2 R Pl WA REAX,
i R I I o 3R [ 2 91 K A%
LR AEX B 1A P il Bl As AR
2. X, =X, U{x|x€1Vx€P}
3.if 1[7P return false// IR ZS A6 2
4. Fr=T1,k:=1,F: =P// BHH M
5. while true:

6. while F A —P is sat: //FHLZER Bt

7. MRS il B — 4> cube ¢

8. il ¢ 7EFJ0 Ik W B 28 «

9. WIS ) <= (S .82 90
10. if w0 R B B AACRZS 25 ] unsat:
11. iR o ERAYIIE T S WS s
12. else return false

13.  k:=k+1.F:=P// 1£HH B

14. foriz=1tok—1:

15. for each clause€ F;:

16. i c EAE RS FTaE — S BT FLEERL P
17. add ¢ to Fi+;

18. HE=Fi:

19. return true //

B — A R R AR L AR A e B ZE B B AR
SEAERRYT B, FHLZEPR T 1 et A b — it i R R Y 4 4
Y cubec (B, ) /&5 AT LAREBHLZE (55 8 47) . an 5 vl LI BB 2 , Il
Xt—e WATEZAL I Bz AL Z )5 1 F MBI F) B F, k58
ENT. MR o ToikPerH 2E, W& B4R B ¢ 9l AT IR,
WHREFi—1 A —c PR LL—2B 83K ¢ MM cube s 98 5 14 7
Sl P s, B R IHAY, B A BN R A5
BT, BEARWHZ AR S . SR e B B L AL T
50 PRS2 B BRBGR L UL R BT — AR R .
SR il G AR AT B L AR BE B A AL U4 B 2
DB, DA i il 52 B A2 b 4R HRORS 2 A SR UG RS 4R A X
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TR G BR AE A 1 B0 R U U AR P Y 163 AN IR AIEAR 55, 0 VR i
£ A, TR I T R R 56 K FE(HWMCC? 2007 1y
bit-vector 73 3 _F IR IEAL 55 . 3% 324 A~ B, 9 T
PEHEA 1 b, B A ik 4 SR 3 yosys™ T AT vmt
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4.2 EWEHH

WK IC3PA M IC3VA FIETEAE S5 4 A Al B BT 487
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Table 1  Overall experimental results
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Table 2 Comparison of two algorithm validation metrics
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