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Formal Method Based on HOL4

ZHANG Jie', RAO Wen-Bo', WANG S\hao—Chaol, LI Xiao-Juan®
!(College of Information Science & Tecﬁnology, Beijing University of Chemical Technology, Beijing 100029, China)

?(Capital Normal‘University, Beijing 100029, China)

Abstract: In order to solve the correctness issues of computer system design, a formal method which is complete on the

test space is studied a general method of formal verification of hardware system in HOL4 is discussed in this paper. The

method includes how to use the higher-order logic to describe the implementation and specification of hardware system

and the general process of proving goals in HOL4. Meanwhile, taking multiplier as example, a functional decomposition

method for modeling the design of circuit logically is proposed. Relevant properties of the circuit are ratiocinated and

verified using the theorem prover HOL4, which proves that the model of the circuit design satisfies the properties.

Key words: theorem proving; formal method; high-order logic; multiplier; HOL4; formal modeling § °
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1T RALIRAE, B S ZAR Y i I A1 A RO
o3 FEROR I AR () R Y AN SE I HEAT 1B 4R 4 G, RIJE
A, T A AT AR 1 20 AR SRR A 1) T g
MGERRE i, FZ AR BT 8 Ak Rk & B AL e AN
S, A Y SR SR XS R A B BT, S
B UEXT G BS54, $5 e IR BH SR ZE B A
2.1 MRATEFRILER

1 B VG RAEAF SRR R S is AT AR BT R
A LDy Re. T ARE SIS N B 21 AR
TR TR, BIAEFVESS I A ARk AN #8 vh, BTl
B> BUSRAN 2 J5 45 I B 45 R IBLZ W46 1 P A 45 H
Z FATIfE, H PreSum FoRIB A2, H FinalValue
TR AL R G 3 B I & 45 3, an RAEAHL
Sy FESROFT HL % (1) B T2 IERAYS,  PreSum Al FinalValue
A%, 1A PPS_SPEC R Bl IKIAH 5 R,

PR 1. N IEHA, TEik ik
A ME 5 9 7 TR A G B F, PreSum Ay i
FinalValue #5255 T~ 1 AN 15 A 2 e A4

Val a0 bl b0 ¢l c0s0 sl s2s3.

PPS_SPEC(al a0 b1 b0 c1 c0s0s1s2s3) =

(PreSum(al,a0,b1,b0,c1,c0)=

FinalValue(s0,s1,52,s3))
F a0, al. b0, bl. cO F1cl AHLE KNGS, sO-
sl. s2 il s3 NHL MG S, Va. x@)FR“XFTH
a, X(a) kL.

F T 7E SE B HL B o A\ 15 5 A T IR
RS, AR E T M FRR, TER 3 AR Ay — A~ 48

HE, HOF e i B E SR B R R R e e

#, & W

EX 1. bv_def =

-V x. bv(x) = if x then L else 0

R E L by (92550 bool?int, 1 FH & 4 A1
xR ReE, BT R, B 1 A0,

IR R f J BB SRR - b il B, o 75 2K —
HERECE BT B, € Nk value, TR
N, AR VUAL E k.

E X 2. value_def

|-V abcd. value(a,b,c,d) = 23 * bv(d) + 22 * bv(c)
+21 * bv(b) + 20 * bv(a)

BRIEL value [1) TR RN VU AL — 3k | B8 45 g AH B
B, b ac by o A d A& BRI A 8,
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FOECL. AL RO O TR R R oR e S
ZZ4Ll, H value(m,n)Z&IK.
F A B ARE IS S B AT 1B 1] PreSum %R
(T = T B
Vv al a0 bl b0 cl cO.
PreSum(al,a0,b1,b0,c1,c0) =
value(b0,b1) + value(c0,cl)
e H 2 JE1 R4 R 1A FinalValue FR1TE
sl \
V S0 sl s2 3. FinalValue(s0,sl,s2,s3) =
value(s0,51,52,53)
2.2 BT SRIMEIF LB
TV 2% P A8 oy R SRR Ik R PR S A M R, 0 )
e i AR S A AR A R S AN B 7 AR AT AR, N T
N WA ] A5 b Sk 8 40 A SR AN RE R AT T UL AR,
W B R AR RN SR AR, 43 TR 3 PR AN B
(BTSSP HEAT I A 0 G, IS SR D e A A
XA BT T AR E, W 4 Fs.

value(a0,al) +

PPS GERA AR AN A
(E%ﬁ%ﬂ%)]’/J—\ CRERABEHD
Compression FinalSum
| P ey
\ \ | I
AND OR .« | XOR AND ‘:, OR -« | XOR

-

4% DR MRS RE

B4 T PPS e e 28 o I AN A LR AR,
WA DI RE T i, e R AR RO, 5 70 0l %
BT A S I0E, R — M
B AR, A TR R B s — R AR L
ATHAIE, 5 Ja R TR A 1 A 7 B 4 R R A A
LR (R BT A A AR HAR I R N T

fE HOLA H&irh, H ARSI R B Sl 2 & #
Ve, B

- PPS_IMP = PPS_SPEC

R 1 h, PPS X4~ Compression A& 5 Al
FinalSum &k
|-PPS_IMP<Compression_IMPAFinalSum_IMP

IESE

|-Compression_IMP A FinalSum_IMP =PPS_SPEC
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Bt L] BASGBRAIE T4 E: Compression 1 FinalSum
PR ST (R IERA M, AR WIS PPS 1 1Eff 1%

|- Compression_IMP = Compression_SPEC

|- FinalSum_IMP = FinalSum_SPEC

MSIE H AR A

|- Compression SPEC A FinalSum SPEC =
PPS_SPEC

[, fEt Compression A1 FinalSum 36 i v] LA
K EAK—Z 1B TR BRI UE, M Fr Ak
13 ZE .
2.2.1 [t

FEARBEYRAE A P A BEAL AL R I SE IS B0, sk
ER AR R, BB R R AN AR, X ik
T (1 S B8 5 >R FH 35 67 £% B8 32 45 (Carry-Save Adder,
CSA). HIF-IX ik uf DA 4> A, bR
A4 A, AR N AT NS, A 32 R4
B 42 [RAEISN 53 SRR, ACCHIALN 3:2 R
s i I R ZE 42—, n A VB OR B n
EARATH n AN INEE IR, WA 5 R,

X(+1) Y(n+1) Z(n+1) (1) Y1) Z(@) © YO z0)
FA FA FA CSA
[ [ [

C(n+1)  S(n+1) cw  s@) c) SO

SICIN)) 1y (PR 4T A) K

5ef, BRI RS R o, AR

INEY T — BRI AR si0q, B — (LR A AL,

Al FRAT AT TE?E%?JD%%E‘J%?)\%E@ZW (A=
A g 0
T X @y ©z 1)
c, =x, -y, +z -(x,+y) )
Hofh R,

Tl =AMMNE TR0 x. y Mz Ny irid
AR, #A A c AR A s, H xyz &
IR ST ¢ ORI WIS s R
M oz A, e AT 2 e AR G RO I
Compression_SPEC £ Ji:

VXyzcs.

Compression_SPEC (x,y,z,c,s) = (bv(x) + bv(y) +
bv(z) = 2 * bv(c) + bv(s))

WA masrERkX, ¥U)MEM5 2
RRFHRES L — A FRIE S, A5 BB R B IR A 5 —
PLESEE, 57 Compression IMP #JK:

VXyzcs.

Compression_IMP (x,y,z,c,s) = (C=(XAY) VvV (XA Z)
v (Y A Z)) A(S= (X XOR y) XOR z)

H, AFR5EH, vEREUEH, 't‘;%aiﬁj XOR Rt
HUES, ERE I N

X 3. XOR_def

|- V X Y. XOR Xy =(—=X A Y) v (X A —Y)

AT LLAE HOL4 ] set_fixity ¥ XOR ¥ & A4
.

2.2.2 BRI

B A SRS B e T 4 i 780 A R 1 P8 0 AR AT
KA,y VUL RE, Gl R AR AT INVE A% (Carry
Look-ahead Adder, CLA). &l 6 & 4 fSr Al 7 invk %
M2 LG, Hrp P 2P RAE 5H“RE, G &M
MaNES RS

cout

2 ANDZ
B Q?::j‘ AND3 }—IG -
Gl t—== AND4
i’ F - ANDZ
., s, IS
Po [AND? | OR2 [ -
c1 @ S0

B 6 DUL7ABRTBEAINE S 1B AR 45 1 K

7E X 4. AND2_def

|- Winpl inp2 out. AND2(inpl, inp2, out) = (out =
inpl A inp2)

517 AND2 B 5111, HREAmAE
SIS FOAR N ) fr e, 534k, 1815 ANDS3.
AND4 1 AND5 B4 51156, ARKZMAGS
.

5E 5. OR2_def
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|- Vinpl inp2 out. OR2(inp1, inp2, out) = (out =
inpl v inp2)

Hi OR2 HAEITHIZhAE, HIKEAMESH
“EIESHAARR 0 fa S, [FIFE, 117 OR3.OR4 A1 OR5
HA B ZhRE.

E X 6. XOR2_def

|- Vinpl inp2 out. XOR2(inpl, inp2, out) = (out =
(inp 1A —inp2) v (—inpl A inp2))

517 XOR2 HA R THIIRE, MREALES
[ B3 SR ATURH S R

e R E S, A 1L, 12, 13, 14, 15, 16, 17,
18,19, 110, 111, 112, 113 K/ TR N M5 5, T4
XEE NS S AL IR RN, PRI L5 17 T2 4R
“HriERGik, RIRTAS B8 AT AL Nk A% B K BTS2
BLIKTE AR, FITiH1A FinalSum_IMP 2R, W R T
R "
vp0 plp2p3g0gl gé g3 c_1 cout sO sl s2 s3.
FinalSum_IMP(p0,p1,p2,p3,90,91,92,93,c_1,cout,sO
,51,52,83) =

3111213141516 1718 19 110 111 112 113.

AND2(g2,p3,110) A AND3(p3,p2,91,19) A

ANDA4(p3,p2,p1,90,18) A

AND5(p3,p2,p1,p0,c_1,I7)A

AND2(p2,91,16) A AND3(p2,p1,90,15) A

AND4(p2,p1,p0,c_1,14) A AND2(p1,90,13) A

AND3(p1,p0,c_1,12) AAND2(p0,c_1,I1) A

OR5(g3,110,19,18,17,cout) A

OR4(g2,16,15,14,113)A

OR3(g1,13,12,112) A OR2(g0,I1,111) A

XOR2(p3,113,s3) A XOR2(p2,112,52) A

XOR2(p1,111,51) A XOR‘_Z(pO,d'_l,\‘sO)

TR N5 SR AR AT 2 i v T, R e
TS IR, 8 A N 48 1 A A g W 2
F% %, FiEA FinalSum_SPEC #in:

Vp0 plp2p390glg2g3c_1coutsOsls2s3.

FinalSum_SPEC(p0,p1,p2,p3,90,91,92,93,c_1,cout,s
0,51,52,83) =

(sO=pOxorc_1) A

(s1 =plxor(g0v (pOAc_1))) A

(s2 =p2xor (gl v (p1 A g0) v (pPL A p0 A C_1))A

(s3=p3xor (@2 v (p2 A gl) v (p2 A p1l A g0) v (p2
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APLAPOAcC_L))) A

(cout=g3 v (p3AQg2) v (p3 Ap2 Agl) v (p3 A p2
APLAQO) v (P3AP2AplAp0Aac 1))
2.2.3 PPS fitk

FESE L T A TR BB A BE f5, BN KA
TR R] AR S 4 A5 e 5 288 SROFI R B 24 il — > 2
B, ABEFEERENANBOER, WK 7 frox,
a0albOblcOcl 1 cin ¥ N5 5, s0s1s2s3 2% th 5 7,
mOm1n0Onl & eI N HE 5. ' |

cl bl al

c0 b0 a0

s3

7 BRI E

HEASR AN FE VT SEIE AT AR A T B
i Y8 F %, K iF i@ Compression_SPEC Al iF i
FinalSum_SPEC )i i ik N “ & is H IS ok,
Ui PPS_IMP gl sl

¥ a0 al b0,b1'c0 ¢t cin s0's1 52 s3.

PPS_IMP(éO,al,bO,bl,cO,cl,cin,sO,sl,sZ,sS) =

EI 'm0 m1 n0 nl.

Compression_SPEC(a0,b0,c0,m0,n0) A

Compression_SPEC(al,b1,c1,m1,nl) A

FinalSum_SPEC(m0,m1,n0,n1,cin,s0,s1,52,53)

FE AL Ry, 75 25 T AN R 45 4 v
SEHCH A 2R B AR R R, JFHER. e R
T AE SR

3 HETHOLAKIEAE

58 R SR AN I AR A A S B SR
DLSEHLZE S MG 9 VIEE FLAR, 762 FEIEWI 3 HOL4
#S7 gL H AR, BIZE HOLA wh5g AR ETE R 1 % Ak 3
W, ARG AN AR R BRI, I ER
GiE B F AR, W18 8 R,
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BN EEE HOL = lal] =

~ g* PPS_IMP(al.aB.bl.hB.cl.cB.=s8,.51,.52,53 . cind ==> -~
PPS_SPEC(al,.aB.bl.hB.cl.cB,.s0,51,52,83>";

> val it =

Proof manager status: 1 proof.
1. Incomplete goalstack:
Initial goal:

PPS_IMP <al.aB.bl.bB.cl.cB.508.51.52,.53.cin} ==>
PPS_SPEC <al.a®.bl.bB.cl.cB,.s8,.51,.52,.53>

: proofs

K8 i HAR

f£ HOL4 RGIHEIAIG HAR)aE, FHRYEA BN
B SRR e SO E BRIE M #I45 H b, AIE
SR 9 Pl

B F=E HOL = | = |

K..
> val it =
Initial goal proved.
i— PPS_IMP <al,a@.bl.hB.cl,.cB,.sB,.81.82.23,.cind ==>
PPS_SPEC <(al,a@,.bl.bB,.cl.cB, SB £1,82,83> = proof

B9 BoiiEs 3

1EE 9 EithEl’J Initial goal proved 4% - MIHI4H
Hbr QA EIEM, X ULRH T BN FR AR 1
HLER BT R VR 1, B E R S5 A B 1 4 R
B B o AR 2 A

fE HOL4 HJEeIIE, %67 E K HOLA REiH
PIXE R TR AT, FEERXTAS FIBY Bk B H AR
FLARRE B, JEPRIE 2 10 3R K B 5E A b AL T AR
HE.

4 gEiE

AR AL T7 i, RS H R 2 B T
HOL4 5 7 b ek % b 43 B sk ALt B HET 1
T AME. FIT-7E HOLA HHEATIR AL AE T2 A
WL, EARME IR R B e, A% SCHR
—AINRES RS, WAL TR S A, R T
U R B T AR Bk SR L, AR SO £
HIF W AR P PO MO B KAE I R 495 v 9 10
Ve, MR R TS & 00, IE RN T 50 TR AE
EOTEARA. FAh, BRI AL 7 vk R 5 # B it
O\ GAFEBE 3 3 BB o T B 7
TETI, DRI A8 R U 77495 51 T P (1 e
B B R A 2L

(AR, HET HOL4 HysEFLIENI )y it % R

BRPE, IR iR R BRI R A2 AN RESEIL A 24k
EW, s EANAL B oRIZE L 5| S HEEAE L AR,
B B8R (0 BER . RR I T AR, Wl RAASC
WHF SR I, BE— D0t E 2 A n ARk 1
iE, DAISE plafeideas v vt S e i — Ak
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