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, Algorithm 1 complex struct detection
, , Input: HABLE, node, RECOBLE
s . s Function: StructDetect
3 4 if nodee HABLE || node is terminal node then
, return
. else
“e 7res 7z HABLE  node
Yang (12 end if
BDD . value() — Generator(node, faninO(node))
, RECOBLE — value(
valuel — Generator(node, faninl(node))
, 1 . 1 RECOBLE ~ valuel
. StructDetect(HABLE, faninO(node), RECOBLE)
, StructDetect(HABLE, faninl(node), RECOBLE)

, 4 5 6 1 , M7 , M7
Mé. , , , M7 M5
M6 M3 4 ,Mé6 3, RECOBLE ,
M4 5 M7 6. . , M7 M6 ,
, 6, RECOBLE . , M5
, , Mo6
, , , . RECOBLE
> , 1~6.
RECOBLE , 1  AND-NOR
1 MCNC

1

OR-AND/OR-NOR/XNOR-OR/AND-OR/

% % % %
5xpl OR-AND 16 9 1 11
9sym OR- AND 13 11 0 10
alu4 OR-NOR 14 15 1 9
apex3 OR-NOR 12 15 0 8
bl12 OR-NOR 13 16 1 5
1 &E& clip OR-NOR 10 12 0 9
Algorithm 1 , conl OR-AND 13 13 0 8
HABLE cordic OR-AND 9 4 5 8
; RECOBLE : 481 XNOR-OR 0 0 28 0
Generator() RECOBLE 11.1 11.6 3.9 7.6

RECOBLE 1



40

2016

1 , OR-AND OR-NOR
, 11.1%
11.6%. Algorithm 1
Algorithm 2

>

Algorithm 2 combination procedure
Input: node, SHAREDTABLE, destistructure
Function: StructCombine
if node is terminal node then
return
end if
child0 — FaninO(node)
childl — Faninl(node)
StructCombine(child0, SHAREDTABLE,
destistructure)
StructCombine(childl, SHAREDTABLE,
destistructure)
if (node, FaninO(node)) match destistructure then
transfer (node, FaninO(node)) to one
complex node
end if
if (node, Faninl(node)) match destistructure then
transfer (node,Faninl(node)) to one

complex node

end if
Algorithm 2 SHAREDTABLE
; destistructure
2 , AND-NOR,
, 2
2(a) M5 Ml
, M5 , M5 M2
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2 ce >3 ce 3
»» .3 2, 3(b)
, 3(c); 3(c)
; ’ ’ ’ 2 , 3(d). Algorithm 3
o . ’ A Algorithm 3 match procedure
cc »s ’ C.l P b b Input: node, faninnode, SHAREDTABLE,
- T . e oo destistructure
b. a b (3): .
_ o Function: NodelsComplex
f=a®b=a®b=a®bh. 3) if faninnode € SHAREDTABLE || node or
3) , faninnode is complex node || faninnode is terminal
’ (c.z @ 1'7) i node then
return 0
<< S 3 else
if match(node, faninnode, destistructure) then
’ return 1
SNE) : (a®b) end it
end if
’ Algorithm 3
1 , s
ce -» 3 ’ . , 1, 0.
SHAREDTABLE destistructure
cc »> Algorithm 2, node ,
3 ’ 1 ’ 2 faninnode ,
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BDS , CGMP (Vs + 1)) O + ) ® (v +9,)) +
(v, +V3) Oy + 1)) - 4)
2 1481 s 2 XOR
ABC BDS CGMP  Iasc/%  Isps/% 3 XNOR 10 OR
Sxpl 113 88 58 48.7 34.1 , 1481 5 XNOR-OR
9sym 219 57 41 81.3 28.1 R 10 .
alud 1228 1141 762 379 332 ABC AIG XNOR  XOR
apex3 1824 1751 1153 368 342 ’ , 1481
bl2 67 64 45 32.8 29.7 ABC ) ,
clip 126 122 81 35.7 33.6 BDD ’ AIG i ABC
1 17 21 14 17.6 333
eon , duke2  sao2.
cordic 67 43 36 46.3 16.3
duke2 509 623 506 0.6 18.8 ’
e64 526 647 434 17.5 32.9 ?
ex5Sp 586 408 322 45.1 21.1 4
misex1 55 74 50 9.1 32.4 . >
misex3 1229 903 634 48.4 29.8 BDS 29.3% , ABC
064 129 129 95 26.4 26.4 37.0%
rd73 129 62 44 65.9 29.0
rd84 192 87 65 66.1 253 4
sao2 133 182 125 6.0 31.3
seq 1836 2522 1690 8.0 33.0
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t481 56 15 10 82.1 333
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Area Optimization Based on the Complex Logic Gates Mapping

CEN Xu-meng, WANG Lun-yao", XIA Ying-shui
( Faculty of Electrical Engineering & Computer Science, Ningbo University, Ningbo 315211, China )

Abstract: In this paper, an area optimization method is proposed based on the complex gates mapping. In order
to map the complex gates, a logic circuit is turned into a multi-level network which consists of 2-input basic
logic gates using the BDD decomposition. Then algorithms are designed to include searching for the
sub-networks that can be replaced by the suitable complex gates, and the equivalent conversion between two
different complex gates is utilized. The proposed method is implemented in C and tested by MCNC benchmarks.
The experimental results show that, compared to the ABC and BDS tools, the number of the nodes of the tested
circuits can be reduced by about 35% and 29% respectively by applying the proposed method.

Key words: complex gate; mapping; BDD; logic optimization



