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Abstract

In this paper we propose some algorithms for formula manipulation of Boolean functions

and pseudo-Boolean functions. They are based upon the hashing technique. It takes O (m?)

computation time to simplify a (pseudo-) Boolean function using conventional algorithms,

where m is the number of terms involved in the function. On the other hand, our algo-

rithms can reduce the computation time to O(m). The performance is attained by two facts.

The one is that the size of the hash table is adaptively changed according to the number

of terms involved in the function processed, and the other that the test whether a term

consists of a single variable or not is made quite easily during the process to hash the

term into the table.

The performance of the algorithms is checked through some experiments, and also the

algorithms are successfully applied to the Pseudo~Boolean Programming algorithm.
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Table 3 Processing Time for y(x) by the Al. H*
and the Al A

Processing Time (ms.) Ratio
m ?*
ALH* | ALA (%)

100 83 44 236 18.6
200 163 88 898 9.8
300 269 132 1,984 6.7
400 373 175 3,501 5.0
500 491 219 5,442 4.0

m: number of terms involved in y(x);
p*: optimum size of Hash Table;

53 ¥ B 2
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BYomEMEEDbL, FKAPORMEIZ, s, m DEDOEHM

Processing Time (sec)

x
Algorithm H
— L 1

100 200 300 400
number of terms in y (x)

1
500 m

Fig. 3 Comparison of Processing Time for y(z)
by the Algorithm H* and Algorithm A

Table 4 Inprovement Rate of System H (Average for 20 problems) unit: sec

N m 20 60 100
sl =274 a H | wem | A H |w#mx| A | # |wm#x
£ ik 3.41 3.40 0.3 95.5 88.8 7.2 414.0 ‘ 360.0 12.6
0 M A B 0. 386 0.379 4.2 12.7 6.05 53.2 90.9 37.1 61.1
o Bt (%) 11.2 10.9 13.4 6.76 20.7 9.41
£ 7 4.42 4.09 7.7 44.2 40.2 9.0 110.0 99.0 10.3
60 % X o= 2.03 1.70 18.7 13.6 9.69 29.0 32.1 21.2 34.3
H Bt (%) 45.7 40.4 311 24.3 30.1 22.1
2 "3 7.23 4.41 39.3 16.2 12.1 27.3 20.4 15.4 26.1
120 ¥ X 8 B 5.33 2.51 53.3 9.07 4.80 48.4 9.98 5.00 53.0
-4 £t (%) 73.9 56.7 56.4 39.9 49.4 31.2

s: F(x) O m: o(x) OFEG R BRLBEOBMOLKOMEIICHT 2 R,

AEDEIE OWT, ZhEh 20 BEE Bl x0D
FHHAERETH*
UTF, YA7TLOREBEBEELT, RATEHEIND
IZHAN3.
- 18(Ta~Tu)/Tax100(%). (42)
e, Tu,TaidehZh, Sys. H, Sys. A DEL
ToETER A RDT.
Fig. 4 (KEBR) kv A7 r0tk#&E%r, Fig. 5
(REZR) CHRLBIcEL B ¥ 27 L 21k
O ERIc T 28852 RT. Fig. 4&kb, &<

* Table 2 ki) 3 m OREAD100~500 L ShTVBDIKXEL,
Table 4 T2 EhH20~100 27> TB DI, HALLHERY
27 LADEREARD SR BHRICEK 3.

BB BL Tz, BENEROTEmDOBKREL S
CREELETEALED SN, Fig. 2Icb &3 F
RRERE—FT 3.

BUT—VHBEEDOTNVTY X4iE Branch and
Bound #it b & SWTEY, T Y XLOHETHR
BT, BEHECEI N2 ERO—MiclEz 54
32EILEST, W O»OBMERENERINS.
CNSOJWAMBEOKRE XL, S=o»ERELD
B, 5T, mOEOEPICL>T AL H* D
SR»HAT % Fig. 2 oFEL2ERT NI, Fig. 4
WRANIAMEBRHORBEERBFTHIE0Z X
.

238, BEDOYRT LTI, BABBEERT 5 &
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xizid, PRSTRUEEC BN » TEKICEEE
ZB5E3ICL T3, —DORORSME,SHFLL
BAMBEE DL L Sicy 2 F o HwRTHIE, AL
H* DRI I SKAERCRL B LELLGNS.

VAT LLEKOREE R, FIHORERNOT s 8
KTBONTHTEAICHS 2 ETWHENE.

L i

i, BANESSICET 3H AN Y R T A4k
D ABSEICNT 28E (FITHEFS) 25s OB
KEBN-THTIHTHBT LY Fig. 5 homs
3. %/, s=1200H VK, YRAT LAKOKE
Bh m QBRI ELN->TRIDLTHEZDI}, m D
HRicES1ES FIT HOBIMNZOBEE L ICEL
WieHTHB T EMRLL Fig. 5 Xhmshs.

July 1977

6. &» & e &

Ny Y YT OBERERCTHERLET VT Y X bk
BRI B CLICED, REROKETRERINZHFRIC
KOIMOBS T EHTE D - fo KIS RIEE 2
BB EDTRGICIE 5 LIRS h 3.

¥, TATYXLH* R, ERONEREETS
BEROBXNEOREE TEBICHLIETEZDT, T
OEOBALEICEHL T, PUDOFAHIERFOCLE
TR 5.

AP, &EHEBERFLEBRRTFEHO FA-
COM 230/38 FORTRAN-S #tfi 5 hfe.

MEE: KLLMD, HUEMIEREZXPEOXSHLE
BB OSUIK, BROICHRL TOKE, BELHR
REVEEERFRSOERICERLET.

£ E X R

1) D.E. Knuth: The Art of Computer Progra-
mming, Vol. 3, Sorting and Searching, Chap.
6.4, Addison-Wesley, (1973).

2) #HH, f8HE, #8F: Branch and Bound ¥iz d
ESKEU T - HEEOT VT Y XA, BFHE
1E¥LMW, F50%10%, pp. 231~238, (BR
42410 A).

3) 4%, TH @F: BNBEREENREROE
BEFALBUT - VHEROTLT ) XLk
ZOFHE, HEM5FEBTEEFRLEALHR
RO (41 6) MBS 1123, (EFAIS04E3
A).

4) A, FH, @ Hashing 0EHE£2 A3
KRBT AT Y X4, BRI FE BRUEFES
3 16 BIAERBERE, HMEES 247, (WR50
£11 A).

5) BEA: OIEENREE L (BEW6E).

O

f &

(1) K@) o#EHiIcDNT
Table 1l icEBINAHHIR, ¢y &z, KHEZZHE
C;, toficd s &y DEEASZL3. * ODRRER
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ololxTo 010 |X|0
0lo|x|o0 B 1 TXETT)
oo XTI Aido[xELIF
%o lolx]1] %[ oFTTXYo

[} @
(a) Function o (b) Function 8

Fig. A1 Veitch-Karnnugh map for
Function « and Function 8

(6,0) LU F: ORFER (0i,v) &b Fi ORER
B (¢,¢8) 2B %E e XU BETH. T5b
b,
#,=a(g, 0,01,
¢,=p(§,0,0i71).
@i,2,6,0,0,v: DR—7CEEZEZSL, aBLU
BREQICAERD T —VEBEEZ B L ENT X
5. B a, B A ET A7 Veitch-Karnaugh %
# Tablel %z § iz L TfEY, Fig. Al icR"7.
Fig. Al X 0¥ a, 8 RENZThKRATHEA SN
3.

(A1)

{a(f,O, g, v )=§N0; (A2)

8(6,0,0:,7:)
*(0i)ji2 oi OFhL&D JEJBADOE Y FERDT. (ri); FiITONT

LMMTH 3.
* SRERERDT.

(2) R(19) oW
Fi®= 2o &1 5, ROGEHRYL*.
hi

[Fix)=0]a(FN1<j<nAz,1=0]
e(3NA<i<nAe=f]
SN (0:)]=0A(s:)j=1]
©[(ma)Ar=0]. (A3)

[Fi(x)=1]a(V)[1<j<n=>x,8=1]%*
S(V1< j<n=¢e=t]
&[e:=0A7,=0]. (A4)

(3) RN@)oHH

Y.~(x>=j§1x,-m, Vo= R 2l eaE, KO

LK D 1L,

[Y «(x)=0]e(F )1 <i<nAB:=1)A(c;=0)]
S(3HLT<aN((@)i=DAE);=0A((6),=0)]
SLHOA(OA7: 0]

[V AR:=0]. (A5)

(FAF151 4 6 A 30 BZAY)




