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Pruning Model Generation Proof Tree with Binary Decision Diagrams

Yuuichirou OKA, Ryuzo HASEGAWA and Miyuki KOSHIMURA
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Abstract: Binary Decision Diagram(BDD) is a data structure that expresses Boolean expressions on
computers. We can effectively manipulate Boolean expressions and determine their satisfiability with
BDDs. We can enhance the proving power of MGTP (Model Generation Theorem Prover) by pruning
proof tree of MGTP using BDDs. In this paper, we propose a method which postpones updating BDD
in order to suppress memory consumption and compare its performance with standard MGTP and a

previous version of MGTP with BDDs.
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Fig.1 BDD for a V b.
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Fig.2 Eliminating redundant nodes.

Fig. 3 DER OB E, HisAn6 & HAnTIIR LEK TS
~ULAHT &, O E RS, IR Ei And L TR ENE L
FHEHARELTVS, Z0O L 28806, n7T2 S E2H R
LW, ZoHE, HiansOnTEETEE 6T B %,
n7TE WY BV TH, BDDIZEMTH 5.

Fig.3 Eliminating equivalent nodes.
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Fig.4 Example clause set S1 and its proof tree.

RAETHY, M=¢ROIELOHERNTRERARET
HBHEDBbNB.

RBMGTP Tid, ANEIESRE & v 9 Hilf & T
TW5. ERBE L VS DO, BHEHICRN AT, 2
THIFERICENR S L WO HRTH S, ZhIZX D ETVE
HORERIL, BRETHDZ EMMEES RS,

Fig. 4 1ZC106CTOT DO THER SN AHBESL &,
FORFEIZH LTMGTPRERT 2 ETVERKRTH 5.
ET P LADOE12OHF)H ZEFIIMGTP A AR LT
TTFNERIZDOTHEE T, AXFOM, DL G LT
W5, Bl ZTECTHNIE, My = {r,a,d}DETNERE
F7.

IIT, RN YT INELEST DR LS. K
DAL EE, HEDYTFILOER BN TFERRE
T 50, EFNVEHNRUBEBRSNDBEEE ). TL
B L X 2L BT ARRBAIAE R TE RUVED, B
UIBDZ & THD. —RIZHEE Vo mBAITIEER L
Koz :EHET.

TP EEAM={} DD DB $ICl%E
FWwTEFTAEEHRUZBERT 522 & IT &
DM ={r}BELRD KICC2IK XY M 25
My = {r,a} & Mo = {r,b} BB 6N 5. MalIC3IT L
TM;s = {r,a,p},Ms = {r,a,c},M7 = {r,a,d} IR &
N3 22T, M3lIC6IZ Lo TEHEND. MiIC4iz
XoTMs = {r,a,c,p} &£ Mg = {r,a,c,q}\ITHEEND
B, FRENCECTIZE»TEHEND. My bRKTH
% (Ms,Mg). —7, M1oiXC5iZ &> TMiy = {r,b,p} &
Mz = {r,b,gHIILR END N, ENENCE,CTIZL ST
EHIND M=9¢9t20 YORABGBATERNDOT
SIIKRFETHA LBHRTE D, ZOFEGOKEKITT

WTFNHEA L TWD, EEMGTPRAR L7E T VERM
HiT12TH 5.

4. BDDZHBLEETILERKROMN Y AH
4.1 MGTPIZ&IT%5BDD O&%l
EFNVAREIRETER2LEEMERETHS. L
LR, EAMICILRZIT) 720, BEkICEE LW E
BR72RPE3RS0, [ UEB Ay sEAAR A A ERR T 2 EHAEH &
W I B R AT T LE ) RN H B,
EER 2 HERR ORI IR OFEIZE SV TIThiL S:
WEFEB LTV B ETVERBD, ERLFTE TIZ
Ao EBROESIIFE LTV, £D
EFVERICH T R IERIITETH S,
RERDL, ZOEFAERESLL I RETNVIIFELSE
RVDT, IEEEIT TV TH, WFRFEHRENND
NHThDH. ZIT, BEFIOEALET VERS mER
BRELTRATELOT, ZOFEREIR (Jﬁﬂé’ac:
i) AEREAOKRAEIEOREL 25, AMTH, =
DT BFEMERESZBDDZHWTITS.

4.2 MGTP ~®BDD QX%

BDD % #AiAAZMGTP(LL FBDD-MGTP & FES) T
ix, ROMGTPOEHEIZMA T, FiicllToZ L %
75,

4.2.1 BDD®O#iik

Ao ANAsoA...NApo > CioVCao V...VCpo

13, BHE Y T IR B BE &



[ - BB - A

true = C1oVCaV ...VCno VAoV Ao V...

ELTHEMTHD. 2D Lind, HinbmBEEK

CioVCi0o V.. VCrnoV AoV AwV...VA

2BAHZENTED

HEEALCET NV ERELET IR, Z0HMD
FEo L L THON R BEEEEZBDDTXRL,
BDD-MGTP A {&# 4+ 5BDD L andHE 21795 Z L i
> TUBDD%¥LET 5. 7ok, BDD-MGTP 3 MREET 5
BDDO#HEIZITH 5.

4.2.2 BDDIZ &3 1EHHIE

TFLBEREIE L, BDDEZHR~ND Z Ltk -T
ARENTETIVEMBEB THINE I M EHET .
fEEE 25 Z ERHETENL, TOETAEHE L
FHARETAZ EREHNTHZ LB TE S,

BB, iR 73 ST P AIRONT,
HHLTWAEFWVEMIZEY FIAREER TR
¥E, AV TIABEENTONEE RS, ST
HZYTIANREGENTORVWERRETOKEZ 5. Z
OFANCHE > ETOBBEEH R0 EVEL 2 LIT,
FOEFMEMIEB THD LHESND. 12 THEH
R &Y BV e O IR TIESB TIE RV &3
ET 5.

%72, HAMEEHIC L V12D T IVERM,, BEHEO
EFNVERMICIBES W 25E, MGTPTIRED I blo%k
EHTZETNEMELTREL, BV ERY v 7 ILRTF
T B, —DOOEBERLIZEBIZZDRZ v I LETNVE
HEIRD T2, ZOBRIZH 20O Merg iIZOWTHERDIE
BHEEITY. ZO&KMIC L 5BDDRE TEXN S h-H
AT, T EMo g 2R L THET MVIIFEL R
EWVHZENRTES. ZIUTHBESAIEIICEER L TV
WIEAIZXHET 5.

WTNOFEIC S, ZOHEEREITET VEFIARIC
Lo THREND E TIH TRV,

5. btmup BDD-MGTP

CLETOBFZEY T3, BDDOEE - ST E 3 5 B2 2
TUVDOERENHEHICKELS RoTLEIBBERRAL
o ARTHRINODRERET DD, RO LD RdE
RERREL, BDD-MGTPICEHE L7 LT, ZORD
BDD-MGTP %#btmup BDD-MGTP & M5,

VAo

5.1 BDDOBEFIEOEE

BDD-MGTP T, M % FIH 7 % & [FKIZBDDIC
MASAA TN, ERICITEERICEES L TWARVWERS
B ERBoTEY, Be RERRENTNSY,

% Z T, BDDOILEZ YEHOMAK TRIZEOGE D
ZEWEoT, ERICIIEHICES Lo Bl L B
BDD ORI THARW K T L.

BEmicix

o EFNMEMOILRICE LI RESE & IR/ OET
NEEERMICLTAZ v ZICBATEL. EEL, £
OREEI N IEE 72 5 XEEIZCBDD 2 EET 5. =
BHIZOWTIIKREI TR~ 5.

o MU AE, A% v 7 LA TRV B
EXET DETNMERMEBRV L, 2DOETVGEM L
BDD#* FAWTHEBHEEZITD. 22 THEHMBLHES
AU, B i U2 BEEIIEERICE S L Tun RN
nDdOT, ZOMEEEZFIA L 7-BDDOILRITIT
bR, fEHE L EE SR T NIE, BDDEIEET S
ZOBEREEEAMIN TV ARNWET VEFSE-
TWHESZIY HTETHRIVESNS.

5.2 IEffilck % BDD#L®%

EIIERFERICEWT, fIRFHFLRTHLOTHY,
EFNVAERETIRERIZZ 2 00BE 5. EHAHornkl
BOEETAEMIOIERHORGDO Y T INARLTEE
N5, ZHEBDDIZBWTZOY FIABRIET S/ —
RO EEDZLIFENENWHIZ L THB. —H, 5.1
WWOF RN CTEESIC L DIEEAEIZITORWVWES, £OE
HIIFEH O K% E TBDDIZR VAT N AWV, 34T
57— FOOKEGLHEEDOXFR L 72V, BDDOILREDE, 13
LAEDRE, BEKREENMTOND. £72, £D45BDD
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BDD D ASEIZE LTI, 250BDD D 2EE E 1ZBDD
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Table 1 Statistics : Averages on MGTP=1. Table 8 Result.

BDD | btmup MGTP | BDD | btmup

# of Failed Branch || 0.730 0.771 Successful 109 75 74

# of Total Atoms 0.648 0.677 Time Out(600sec.) 15 10 31
Proving Time 207.8 153.3 Stack Overflow 1 6 1

Out of Memory 17 46 35

Exception 1 6 2

Table 2 Performance Comparison of BDD-MGTP

and btmup BDD-MGTP.
Ave. Min. | Max.

# of Failed Branch 1.037 0.982 | 2.000
# of Total Atoms 1.017 0.933 | 1.329
Proving Time 0.967 | 0.181 | 6.488
# of Created Nodes 0.863 | 0.0288 | 2.940
# of Retracted Nodes || 0.773 [ 0.0973 | 3.012
# of Maximum Nodes || 0.928 | 0.0288 | 2.840
# of BDD Updates 0.862 | 0.0545 | 1.233
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