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An Optimization of Representation of Boolean Functions
Using OPKFDD

Mi-Gyoung Jung' - Hyuck Lee'- Guee-Sang Lee'*

ABSTRACT

DD(Decision Diagrams) is an efficient operational data structure for an optimal expression of boolean functions. In a
graph-based synthesis using DD, the goal of optimization decreases representation space for boolean functions.

This paper represents boolean functions -using OPKFDD(Ordered Pseudo-Kronecker Functional Decision Diagrams) for
a graph-based synthesis and is based on the number of nodes as the criterion of DD size. For a property of OPKFDD
that is able to select one of different decomposition types for each node, OPKFDD is variable in its size by the
decomposition types selection of each node and input variable order. This paper proposes a method for generating
OPKFDD efficiently from the current BDD(Binary Decision Diagram) Data structures and an algorithm for minimizing
one. In the multiple output functions, the relations of each function affect the number of nodes of OPKFDD. Therefore
this paper proposes a method to decide the input variable order considering the above cases. Experimental results of
comparing with the current representation methods and the reordering methods for deciding input variable order are
shown.
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X1, X9, X3, X4, X5, X, X7 initial -

X1, X, X3, X5, X4, Xg, X7 Swap(xy, xs)
X1, X9, X3, X5, Xg, X4, X7 swap(xy, xg)
Xy, X9, X3, X5, Xg, X7, %g  Swap(xy, x7)
X1, X9,X3, X5, Xg, X4, %7 swap(xy, x4)
X1, X9, X3, X5, %4, Xg, X7 Sswap(xg, x4)
X1, X9, X3, X4, X5, Xg, X7 Swap(xs, x4)
X1, X9, X4, X3, X5, Xg, X7 Swap(xs, x4)
X1, X4, X9, X3, X5, Xg, X7 Swap(xy, x4)
X4, X1,%X9,X3,X5, X6, X7 Swap(xl,X4)

X1, X4, X3, X3, X5, X5, %7 swap(xy, x1)
X1, X9, X4, X3, X5, X, X7 Swap(xy, x2)
X1,X2,X3,X4,X5,Xg, X7 SZUdp(X4,X3)
X1, X9, X3, X5, %4, Xg, X7 swap(xy, x35)
X1, X3,X3,X5,X6,X4,X7 swaj)(x4,x6)
Xy, X9, X3, X5, Xg, X7, %4 swap(xy, x7)
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lcost = OPKFDD_GetCost(OPKFDD_E(func));
reost = OPKFDD._GetCost(OPKFDD_T(func));
xcost = OPKFDD_GetCost(OPKFDD_X(func));

/* lcost, roost, xcost oA HAQ x= 4B

Ze 7o A Ad v

if( leost# roost &) {

/* shannon &7 AHE #/
synLevel(OPKFDD_E(func));
synLevel(OPKFDD_T(func));

}

if( reost¥} xrcost A=) {

/* positive davio B4 A& %/
synLevel(OPKFDD_T(func));
synLevel(OPKFDD_X(func));

}

if( lcost®  xcost A1) {

/* negative davio &3 A& */
synLevel(OPKFDD_E(func));
synLevel(OPKFDD_X(func));

}
return;
}
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}
}
gGrouplgGroupCount++] = ind;
switch(gOrdering) {

/% 25 B B e A v
case OPKFDD_SUPPOR’I MRAI\H)OM~
SUPPORT_RandomGen(gOrderlast,ind);
break;
case OPKFDD_SUPPORT _SIFT:
default: /* OPKFDD_SUPPORT #/
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break;
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++ OKFDD#t W2 ajXf = $7b g2 & 4 gl 53| 66 016 ] 66 ] 017 | 31 ] 018
53 OBDD% ®laa|A 509% o4 == 7} Zhas rd73 | 289 | 034 | 137 | 029 | 101 | 0.8
S ¢ 7 3tk &, 7 =9 2 Aye A A3 $a02 236 | 141 | 341 | 163 | 213 | 1.19
o284 DDY 21.7]E L3 £ ook agn A t481 1680 | 075 | 32 [ 052 32 {041
A|7+e OBDDY OKFDD$F #|is)A 1.6u) o). total 4027 | 39.77 | 3356 { 37.71 | 2330 | 2351
{E 2) reordering 2efof] o2 == £ dH|w
{Table 2> comparison of the number of nodes for reordermg methods

Benchmark #2 #4 #6 #8 #14 A B
3= #node | time |#node| time |#node| time |#node| time |#node| time |#node| time |#node| time
5xpl 147 11038 | 88 | 537 | 8 | 576 | 137 | 258 | 100 | 659 | 137 | 193 | &8 0.27
card4 77 1914 | 8 [ 53| 8 |58 ! 91 126 | 8 | 619 | 115 | 063 | 74 0.26
clip 219 |1131] 301 | 674 | 301 | 744 | 297 | 398 | 307 | 847 | 409 | 834 | 427 | 552
clog8 408 | 1507 | 436 | 1149 | 436 | 1213 | 367 | 506 | 445 | 1383 | 335 | 256 | 430 | 654
cmlp4 274 1493 | 283 [ 1259 | 283 | 1298 | 249 | 598 | 275 | 1488 | 260 | 858 | 247 | 367
cnrm 403 [12.04| 448 1088 | 448 |1154] 420 | 535 | 435 [11.92| 372 | 417 | 315 | 1.8
cu 98 1933 96 [ 515 | 9 | 565 | 106 | 1.39 | 102 | 643 | 106 | 054 | 100 | 1.47
f5lm 79 1937 78 | 514 ] 78 |597| 78 126 | 79 | 618 | 78 | 030 | 78 0.33
inc 163 1998 | 172 | 671 | 172 | 698 | 123 | 153 | 172 | 742 | 123 | 062 | 143 | 130
mlp3 61 876 | B8 | 507 | 58 | 583 | 55 119 | 56 | 611 57 | 023 ] 51 0.25
rd53 31 87 | 31 493 | 31 5.73 31 108 | 31 6.65 | 31 020 | 31 0.18
rd73 101 | 883 | 101 | 527 | 101 [ 583 | 101 | 122 | 101 | 652 | 101 | 019 | 101 | 028
saon2 327 |1023 | 307 | 615 | 307 | 678 1 312 | 267 | 301 | 771 | 332 | 240 | 213 | 119
t481 39 11051 39 6.44 39 7.04 39 2.07 39 815 | 39 0.38 32 0.41
total 2448 |148.63| 2487 | 97.29 | 2487 {10657| 2367 | 36.62 | 2486 [117.05] 2456 | 31.07 | 2298 | 2351

A : OPKFDDZ »& 3%

Ordering ¥4, #53] TEAA 233 $5 term AA7} D2 HA ¥k
B: g@etel 2F@AE o1 4ated 1F shifting 2§, T2 termE AAT A

- CUDD$] Reordering Method[14]

#2 : CUDD_REORDER_RANDOM
# : CUDD_REORDER_SYMM_SIFT
#14 : CUDD_REORDER_1% _SIFT

#4 : CUDD_REORDER_SIFT
# : CUDD_REORDER_WINDOW2
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