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Optimizing Compiler Schemas in RETE Network and their Formal Verification with PVS

LIU Xiao-Jian CHEN Ping
(Institute of Software Engineering , Xidian University,Xi’an 710071)

Abstract In the compilation of rule program to the intermediate code—RETE network ,optimizing compilation is an

important compiler schema.,and is a necessary step in the compiler verification. In this paper,we discuss optimization

schemas in rule program compilation.and prove the semantic equivalence theorems of these schemas. Firstly.the
structure of RETE network and its PVS specification are represented. Secondly.three kinds of optimization schemas

are listed. Then algorithms evaluating semantics of target RETE network are given. Finally,we prove the semantic e-

quivalence theorems with theorem prover PVS (Prototype Verification System).
Keywords RETE network,Rule-based system,Compiler verification,Mechanized theorem proving .PVS
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2. RETE RMERE R PVS B MR

ERNERFS.§—FANMERX N . LHS—~RHS. K+
LHS(Left Hand Side) 5 38 W 49 2& {4 #84> » RHS (Right Hand
Side) s YE#B 4> . M W] LHS = pattern 1§ BNF f§ & L X
Bl ANMEERFS TS ELERNZER RETE P& E R
BEX,LiEfTHhEEACKE.E145 RETE M a3ETME
.

K Froot iR & (ROOT) .CiKclass T & (CLASSNO-
DE). fij & pattern 37 & (PATTERNNODE)., Ji f Jij & join
¥ & JOINNODE) , Pattern W #& 5 — X H & i . 9 9 - 45 &
& ALPHANODE ; JOINNODE T Ll 4> 35 = 2§, B BETAN-
ODE.NEGNODE #1 NANDNODE .alpha (7 #l beta ]N#E 43
5145 ALPHANODE 1 JOINNODE #3£E¢.

T2 RETE A%/ PVS JERA M4,

EN1 RETE WM& PVS ERXRHA.

rete_network : THEORY
BEGIN

CLASS,REL . TYPE

bR

NODE:TYPE+

ROOT. CLASSNODE, RATTERNNODE, JOINNODE: TYPE
+ FROM NODE

%ALPHA ¥ &

ALPHANODE: TYPE+FROM PATTERNNODE

% JOINNODE (4335

BETANODE, NEGNODE, NANDNODE: TYPE + FROM
JOINNODE

% ML 0 44 o i

CONSTTEST: TYPE=pred[CLASS]

JOINTEST . TYPE =pred[[REL .CLASS]]

% PATTERNNODE iy %4

child: VAR[PATTERNNODE—PATTERNNODE]
sibling: VAR[PATTERNNODE—~PATTERNNODE]
constTest: VAR[PATTERNNODE—~CONSTTEST]
joinTest: VAR[PATTERNNODE—JOINTEST]

class : VAR[PATTERNNODE—CLASS]

entry : VAR[ALPHANODE—JOINNODE]
%JOINNODEA ¥ 505

ths : VAR JOINNODE—NODE]

lhs . VAR[JOINNODE—JOINNODE]

nextLevel: VAR[JOINNODE—JOINNODE]
tightDrive: VAR[ JOINNODE— JOINNODE ]
rightMatch: VAR[JOINNODE—=JOINNODE]
Y%alpha &5 beta &

alphaMem: VAR[ALPHANODE—set[CLASS]]
beraMem: VAR[JOINNODE—set[REL ]]

%RETE FM#&8%E X

RETE: TYPE+ =set(NODE]

% X 53 R 2%

DISCTREE:TYPE+ =set[CLASSNODE]
PATTERNNETWORK : TYPE+ =set[PATTERNNODE]
JOINNETWORK : TYPE + =set[ JOINNODE]

ENDrete_network

3. RETE R4 19 = FhiR 4L BT =X

R NEFSRET RETE MEMS B BEXHHET

WALGIE AR @R BB T R ZEM I ARE Y
REEEL, RAVCH AL WIF ST AT I =FE X

-PATTERN M5 [R5 B RiA 17 3t
-JOIN F#h ALPHANODE f43t5
-JOIN M & JOINNODE fy3t 2

« XEWE -+ RAEBTEAHANE XS “TEREIREAR"A1315050D) . 0EE WL . TEFAFERIEKEIBRIOERIMU LB
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. joinA#5h FIBETAY &
. joinFts FIINEGH &
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X1 PATTERN R i E) % R L3 A3t E
T m
(lhs) .. = (simple- pattern) (any- pattern) *
(Ci(1i1) (fi2) (fi3) ({i4) (JOINTEST * )
(any-pattern) *
(Ci({i1) (i2) (gi3) (gi4) (JOINTEST? * )
{any-pattern) *
(Ci(i1) (hi2) (hi3) (JOINTEST) *)
(amy-pattern) *

patternNode

|2 ﬁ{kﬁ?ﬁlﬂ@ PATTERN M
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Ix 7y gt

Patiern
[Zhs

Join
2111

nextLevel

E1 RETE Ms#h5H

g3 LS, K9 Ci & pattern Br3| A A9 26, 1i1,£i2,£i3,fi4,
gi3,gi4, hi2F hi3 A ¥ E Wik, BRIX =4 pattern FE ¥ R
Wik filfn fi2,

31 F X F /LA pattern 3t A [ iy 2650 % I W L A9 20
BF.fEE R PATTERN Met . RIS - BESH. mE2
.

rhs

nextevel rightMatch ths

nextLevel hs

nextLevel

E3 R 28 JOIN Mg

HPH# MY S 2 ALPHANODE,
#iX2 JOIN M #h ALPHANODE @3t ¥
MFEm
(lhs) .. =P
(Ci(costTesti) (joinTest11))
(Ci(constTesti) (joinTest12))
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(Ci(constTesti) (joinTest13))
(any- pattern) "
4938 0 LHS. K =&F P2 (simple-pattern) {any-pattern) * ,constTesti 3
=4 pattern FRIL 4G # E MK, . joinTestll, joinTest12H] joinTest13
79 pattern [B] (4 L9 TR M . X FiX FhETE . FE SRR B JOIN M4 nt 3L
Hi[aléy ALPHANODE. 3R . = A W3t¥ 6 ALPHANODE,
P.J1.J2#0 J3 JOINNODE.
M3 JOIN M5 JOINNODE fyitx
Xt FIEm
(!’ln) L=
((C1(constTestl) (joinTest21))
{any- pattern) "
(lhs2):. =P
(C2(costTest2) (joinTest22))
{any-pattern) *

PR L &MU LHS, HF P 5L HEE M patterns . 3
FXHEE, €5 F R JOIN M af, 3L Z HF 9 JOINN-

ODE.mM4pr .
(re)

eniry

entry

Ihs
nexiLevel

rightDrive

H4 LB 3 JOIN %%

B4 45708 P Y AK R JOINNODE, J1 4<1hs, Y&
f% JOINNODE, J2 % (lhs,) F7 4 JOINNODE, A1 fl A2% 7R
ALPHANODE,

4. R R R X RIAE

6 IF 53 6 R 4 B S A9 IE 98 4 L R R 98 0 44 BT A
LHS #9#fF X A{i4&iE/5 RETE BB 0ME XS4 148N
LHS MiEX T X RME KR AT RBRASHFRH
RETE %5 6938 S . RA714 i F ¥k,

4.1 RETE MXRYENARICIH*

% F PATTERN F#%, R414 1 Wk label AlphaMem 3§
B =X P,k ALPHANODE F X8y alphaMem B % &
|MEMETHBEBEH R EL].

Nkl iRig4E— CLASSNODE TF#Y pattern M5 %5

S _E#Y alpha %

8 A :patternNode— X4 BRI TR 12 pattern 45
constTest—bUC"?iﬁﬁ'F*ﬂ‘J# EMA LK
class—pattern 3 & )

Algorithm labelAlphaMem (pattemNode constTest ,class) {

while{patternNode #nil) {
if (patternNode. sibling#nil)
// #Rid sibling ¥ &R
labelAlphaMem ( patternNode.
class);
/B AR pattern M %
patternNode. class: =class;
patternNode. constTest : = patternNode. constTest A con-
stTest;
constTest : =patternNode. constTest;
if (patternNode. child=nil) {

sibling. constTest,

A ¥R & L alpha ;7

patternNode. alphaMem : = {fact : patternNode. class |
patternNode. constTest
(fact)}

returen;

H
patternNode : = patternNode. child;

* 170 -

JOIN Ri%% 5 JOINNODE X Bt beta RfE . H P “—

D000 http://iwww.cqvip.com|

xtF JOIN P &%, 1] Bl ® ¥ labelJoinNodes KK #5712
’lﬁ%

EMERET D WXEAHARTFHEERET  tademmo IR
EETF.p MiEEIBEA.RAVERENLR. HETHRIES
HWOLEN1.

Nix2 #F4RiC JOIN M4 L8 B & JOINNODE

TR beta RFF

WA JOIN MMy &
WHATICBATERKUTHFEY A
Algorithm label JoinNodes (firstNode)

{

JOINNODE joinNode ,listOfJoins ;
/e H YR
firstNode. betaMem : =firstNode. rhs. alphaMem;
joinNode : =firstNode. nextLevel;
// #5i@d BETANODE
if (joinNode € BETANODE) {
JomNode betaMem: =joinNode. lhs. betaMem
P<wiaNode. winTestjnin Node. rhs. alphaMem;

}
//¥ri2 NEGNODE
elseif (joinNode € NEGNODE) {
joinNode. beta : = joinNode. lhs.
e Ihs. betabem)
(joinNode. lhs. betaMem O<IpisNode.omTust i5inNpde. rhs. al-
phaM em) ;

// T —tTHE
listOf]Joins : =joinNode. nextLevel ;

if (listOfJoinsnil)

/ ¥ NANDNODE 7 g5 , 34512
if (listOfJoins. ths =joinNode) {
listOfJoins. betaMem : =1istOf Joins. lhs. betaMem-
Mychema (hstOtJoins. ths. besMem) 1istOfJoins. rhs. beta
Mem;
label JoinNodes (1istOf Joins. nextLevel) ;

}
/B ER A EF JOIN Kk
else while (listOfJoins #nil) {
labelJoinNodes (listOf]Joins) ;
listOf Joins : =1istOf Joins. rightDrive ;

betaMem- R,chema (oiaNod-

}
return;
4.2 RASFRANTARIE

EER1 AR 1T =4 pattern 5351 .
pl=(Ci (fil) (fi2) (fi3) (fi4) JOINTEST)*) .

p2=(Ci (fil) (fi2) (gi3) (gi4) <JOINTEST)")
p3=(Ci (fil) (hi2) (hi3) (JOINTEST}")

pl,p2F p3EIE X 535125 M(p1) . M(p2) Ml M(p3) . R {b
B 1453/509 PATTERN M (R E2) 3+ pl.p2#i p3
9 alpha N FD 55 alphaMem]1 ,alphaMem2#i alphaMem3.
Bl M(pl) = alphaMeml A M(p2) = alphaMem2 A M (p2)
= alphaMem3

iEHA : BAR

M) = {t. Ci | A1) Af20t)Y Af3() Afid(t)}
M2 = {t: Ci | il() Afi2(1) Agi3(t) Agid(D)}
M3 = {t: Ci | fil(t) Ahi2(t) Ahi3() }

HEE IR TR BRI/ 6 PATTERN F %% gy

alpha 7. BRA

M(pl) = alphaMeml1,M(p2) = alphaMem2 Fi M (p2)

= alphaMem3, EH148iE.

ZW? iCREER 29 =4 pattern 73514 :

pl1=(Ci (constTesti) (joinTest11))

p2=(Ci (constTesti) (joinTest12))

p3=(Ci (constTesti) (joinTest13))

W M (P pl p2 p3) = M (RETErppmpm), ¥ &
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RETEr ;15253 930 LHS P pl p2 p3fK{L /54 RETE W%
BLE3.M AiE LR
iF8A :M(P p1 p2 p3)
={t: RXCiXCiXCi | 3 t1:R-t[1]J=t1 A3 t2:Ci-
(constTesti (t2) A joinTest11{tl1,t2) At [2]=1t2 A
3 t3:Ci- (constTesti(t3) A joinTest12(tl,t2,t3) A t
[3]J=t3 A3 t4:Ci-( constTesti (t4) A joinTest13(tl,
t2,t3,t4)Y At [4]=t4))N} )
B W28 B A 38 RETE M#A9iE X H
M (RETEp 1 52 3) = ((RPI=sToni1 g yDdmiaTermiz p ) >ImaTeansd
A ¢4]

HFP R=MP),A H3t3h ALPHANODE, B A= {t;
Ci|constTesti(t)}

T HEBH M(P pl p2 p3)=M(RETEr;) p23)» BT L
KRWOOMOFTRBEX2P PVSEARAPHIAA lhs1
retel, FIREH M (P pl p2 p3) =MRETEp ;1 5253 ) TR B
PVS EH thl.

EIB3 e3P EY pattern 73 FIH

pl = (C1 (constTestl) (joinTest21))

p2=(C2 (constTest2) (joinTest22))

M M(P p1Y=M(RETE; ;) AM(P p2) = M(RETEp,;)

HEHA

M(Ppl)={t: RXCl1 |3 t1:R-(t [1]=t1 AT t2:C1-

(constTest1(t2) A joinTest21(t1,t2) At [2]
=t2))} (3>

M(P p2)={t: RXC2 |3 t1:R-t [1]=t1 A 3 t2:C2-

(constTest2(t2) A joinTest22(t1,t2) At [2]

=t2))} 4)
R4t /58 RETE MR EHOME ChWE2KE .
M(RETEp ,, ) =RPIrirTe2l A (5)
M(RETEp ;;) =RPIvisTen2z A p (6)

HP R=MP),A1={t:C1 | constTestl(t)} ,A2={t.
C2 | constTest2(t)} .

BAMHEAKX YW GIOIFBIFRRHE X289 PVS AR
lhs2,lhs3,rete2fll rete3. IR EHIK RN PVS EH th2,

AT HMALIEA L E N EH3. RIMNAHNTH
PVS A3 29 F1 iE B B .

EM2 FH2HMEHEIFHMN PVSER ML

prf: THEORY
BEGIN
%EXER
Ci,C1,C2: TYPE
R: TYPE
% A M T WA
constTesti:pred[Ci]
constTest] ;pred[C1]
constTest2:pred[C2]
joinTest11:[R,Ci—bool]
join Testl12:[R,Ci,Ci—bool]
joinTest13:[R,Ci,Ci,Ci—>bool]
joinTest21:[R,Cl—>bool
joinTest22;:[R,C2—bool
Y% EX alpha
A:set[Ci]={t.Ci|constTesti(t)}
Al :setECl%= {t:Cl|constTest(t)}
A2.set[C2]={t:C2|constTest2(1)}
lhs1:set[[R,Ci,Ci,CiJ]={t:[R,Ci.Ci,.Ci]|EXISTS(t1:R): (¢'1
=tl AND
EXISTS(12:Ci): (constTesti (12) AND join Testll
(t1,t2)AND v2=t2 AND
EXISTS (13: Ci): (constTesti (t3) AND join
Test12(11,12,13)AND v 3=:3 AND
EXISTS (14: Ci) . (constTesti (t4) AND join
Test13(t1,12,t3,14JAND t'4=t4))))}
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retel :set[[R,Ci.Ci,Ci]]={t.[R,Ci,Ci,Ci] |[EXISTS(t1:R). (¢
1=t1 AND
EXISTS(t2:Ci) : (member(t2,A)A ND join Testll
(t1,t2)AND ' 2=t2 AND
EXISTS (t3: Ci): (member (t3, A) AND join
Test12(t1,1t2,13)AND v 3=t3 AND
EXISTS (t4; Ci) . (member (14, A) AND join
Test13(t1,12,13,t4)AND t'4=14))))}
thl: THEORY
subset?(lhs],retel )AND subset?(retel,lhs1)
lhs2:set[[R.C1]]={t:[R,C1]|EXISTS(t1:R): (+1=t1AND
EXISTS (12;Cl): (constTestl (12) AND join Test21
(t1,12)AND v 2=12))}
1hs3:set[[R.C2]]={t:[R,C2]|EXISTS(t1:R): (¥ 1=t1AND
EXISTS (12: C2): (constTest2 (12) AND join Test22
(t1,t12)AND v 2=12))}
rete2:set[[R.C1]]={t:[R.C1]|EXISTS(tl:R): (¢ 1=t1AND
EXISTS(t2:Cl1): (member (12, A1) AND join Test21
(t1.t2)AND t'2=12))}
rete3;set[[R,C2]]={t:[R,C2]|EXISTS(t1:R): (+'1)=t1AND
EXISTS(12:C2): (member (12, A2) AND join Test22
(t1,12)AND v'2=12))}
th2. THOERY
(subset?(lhs2,rete2) AND subset? (rete2,1hs2) ) AND
(subset?(lhs3,rete3) AND subset? (rete3,lhs3))
END prf

# {i17E Redhat Linux7. 2% & LiE4TH PVS V2.4, H
T AYIESASNE

(grind) (detuple-boundvars) (grind)#E 81 T B~ E # thl
1 th2, A i E B 20 SE B 3TRHE .
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