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Minimization of FPGA Circuits Utilizing Block Integration
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Although there are several implementation methods for FPGA blocks, logic functions realized by typical FPGA blocks are as follows,
where kis the maximum number of input variables of the functions realized by one FPGA block. (1) Max-input logic: Realization of one Ainput
function and related A<A)-input function(s). (2) Non-max-input logic: Realization of two (or more) independent /(<k)-iput functions. A basic method to
realize FPGA circuit with minimum number of blocks is as follows. (a) Decompose the given functions to functions with & or few input variables. (b)
For each kinput function assign one FPGA block (case(1)). For two (or more) A(<&)-input functions assign one FPGA block (case(2)). Existing FPGA
blocks can be merged using (1) and (2), which is called block integration. A powerful block integration is realized by permissible functions. Especially to
utilize the multiple output capability of case(1) which is not used in previous FPGA design, a specific logic decomposition is used in our methods. Error
compensation method is used to change logic function because of its powerful conversion capability. The effectiveness of the proposed methods are
shown by MCNC benchmark.

Logic Optimization, FPGAs, Transduction Method, CSPFs, SPFDs, Error Compensation

— 105 —



1 sz

BEX {Avwbh T3 FPGA(Field Program-
mable Gate Arrays)[6] Clt. 1207wy 7D
CEBUEDORE A BA->THED 2OMIEDY
TRy 7ORBHBEHINTVS, #oT, 10
D7 vy 7 CRE SN ZRBBEROANROFEK
fx ke33e, Joy s cHEHWMEEARBLLT
B\ KDX5RbDHD 5, o

(a) BAADBRE : k AHBSE 15 & BEF
3 h(h < k) ATIBSBCE 5

(b) JEBRANBERE : Tk h(h < k) ASBIK
FEBUEEE

AT, X5 AEERHE -, 120 FPGA

Tuy 7o TCHBEEOBBAER T LKL

Y. FPGA 7w vy 2 % HB/MEF 2 HEPHkico
WCRETT 3. BAMICK, FIVRE IV a vk
CHSAT, TCRHFEENTCWIEBOT vy 7
BRI C itk - CBE RIS . TREE
BEZLONAEBE. kF ANILIT oiREREEEA C X
ZEEMICEMRL . kAT E 100wy 7 CFE
BHL., €HED h(< k) ATEEE 1 20T 2y
CERET 3 0BERWAFTEE L 2 5. BRORE
BEHE 1 oS ey 7 CEET 3O, HAE
bEX>TRESEEES ABC DY, BOA
HEDE L BRELERD S, COHAK, TELIHR
Y k ANBIS RN € 3 LR BE RO A TE
Fied s,

HABIS 1][2][10] oBZERAVBE L, Ty 7
TEEHELTW3ERAEETE, Chick->THE
DTy 7 —DCHETELIEERED L, L
it (a) DEA k ANBB L ERICER X RS h(<
k) ADBSRE T TR i H, REREFECRTO
HEPEMCHIALC Al E B4 5. kAN
RIS O 235, 1 EBWE% e h ANBERG 02o%
ANe3 32 AR BECE 2RciE. H' &
G #ER 12Dy 7 CEBETELC LA
5. BEFHLCFVTHE, 20X 5 BREEBER
SEEHAVs T, BKEA T vy 7S RE
BHLTw5%, 2OBK, MBNCFBEEEC I3
T ARMEERTS dic, WHEEIBREFRRES
PRoTw»i s —MEFHRE (12 2FHALCw
%, M. coThk, BEREToO FPGA oXAFIA
ETH 7 vt 2 A TEBVERFRICER S 1 3 R
HEEboo vy JRYE/MET I L 2ENL
LTwn3id, 7y 7BBRPCHUMNIENES
A rBoR/MefTFbive b, HEREYE
BIXHETn3,

LIF. 2ECcRERANEEZHHAL, 3ECHET
S—HRTFGE, 4FCRT vy 78S LEROHE
KoWnTiiR3%, ¥bicbECRT vy 7EEEH
Wi FPGA EBARESE/MEEECO W oREY
T\, 6 ETR~ Y F<— 7 HRICHT % EBRER
EUERYR<3, BHic7TECHRERRS,

2 FPGA ®FNAELEES
2.1 FPGA £5I
BE. §x O FPGA #E8BOAEC X - CBi% -

BX W TV 3o Chi> o FPGA XEEF 53

PHTT U FATBETH S L \n ) HICDWTDOR
HFETHY, ZOMOPHEKRELRRZ T 2 8E
W, L LEZEFPGA LIEIT R 3 b O DREAR,
BWREBEHNEZ L OXBWEFPGATH BT L
b, KETHEBER FPGA 5L BAad
LT3,

mR=] Qg og gl

BilLREN

Switches
Logic Block (un
I/0 Block

og

==l

iEan

D \ Logic Cell
= | s
. Logic Colt -
i =
o e ~AL)___ Logic Colt g

[=N"]

=)e]

) s g Js)
Int tion R rces

Logic Block
n

X 1. FBHEAFPGA

—BICE BB FPGA I3, M1kxRT L5,
LUT tEhdedy 72k b—R—2 70y
77wy ThbhBRELLPHEEIES L RES
gy 7, TNOLORMERY KDL S RNEBREC
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DTH B, A CRFEoMB oD, thb
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Y, EBRORE T vy JNORBE A O A Y I3E
BT, —ooTay ?*@—omﬁaﬁ%%ﬁ?‘é N
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HEEPEE (opt)

FIE (5) RETE (RERE) RRTH: (HHEE) HEEFEE (4)

[E4 Ce/B/Co/L Ce/B/Co/L/T Ce/B/Co/L/T Ce/B/Co/L Ce/B/Co/L/T

C1908 82/103/429/13 60/103/429/13/15 53/103/418/13/4576 76/151/549/13 73/98/395/13/3504
C432 50/66/275/17 33/66/273/16/14 33/66/272/16/1254 37/73/268/18 49/66/266/16/1721
alu2 93/109/482/19 65/108/467/19/4 62/108/450/19/49 71/142/510/23 80/101/423/18/274
alud 158/207/858/24 113/207/837/23/10 112/207/826/23/194 133/266/946/24 143/199/795/23/534
apex7 49/73/292/6 36/72/280/6/0 35/70/272/6/19 42/84/299/9 40/67/249/6/48
b9 30/38/159/4 23/38/159/4/1 '19/38/155/4/0 22/43/150/4 30/38/159/4/24
c8 22/30/123/3 16/30/123/3/0 16/30/123/3/10 27/53/183/6 22/30/123/3/9
cht 23/37/157/2 19/37/157/2/0 19/37/157/2/4 19/38/149/2 23/37/157/2/7
cmb 10/12/50/5 7/12/50/5/0 7/12/50/5/1 8/15/54/3 10/12/50/5/1
cordic 14/17/76/8 10/17/76/8/1 10/17/76/8/7 11/21/73/7 13/16/71/8/19
count 25/31/141/5 19/31/141/5/2 16/31/136/5/7 20/39/125/9 23/31/131/5/33
cu 14/19/75/4 10/19/75/4/0 10/19/75/4/1 12/23/82/4 14/19/75/4/2
dalu 266/328/1380/17 || 185/327/1346/17/50 | 184/326/1325/17/2538 || 220/440/1602/20 || 235/301/1219/15/2427
decod 16/16/80/1 16/16/80/1/0 16/16/80/1/0 9/18/68/2 16/16/80/1/1
exp2 85/105/449/5 56/102/428/5/3 52/102/414/5/103 59/117/387/6 78/101/418/5/126
f51m 21/24/106/5 17/24/104/5/0 16/24/102/5/2 28/55/199/7 19/24/102/4/15
frgl 28/33/148/9 23/33/148/9/57 23/33/148/9/1623 30/60/225/21 28/33/148/9/603
il 11/18/50/3 9/18/50/3/0 9/18/50/3/1 10/20/56/4 9/18/50/3/1
i2 53/56/267/10 50/56/267/10/1 50/56/267/10/143 37/74/291/9 53/56/267/10/118
i3 29/38/164/7 20/38/164/7/0 20/38/164/7/33 25/50/176/9 29/38/164/7/39
i4 47/50/240/6 44/50/240/6/8 44/50/240/6/294 39/78/272/8 47/50/240/6/328
i5 65/66/324/5 55/66/324/5/1 33/66/324/5/371 33/66/198/9 50/66/264/5/445
i6 53/67/307/1 53/67/307/1/12 53/67/307/1/70 53/106/386/2 53/67/307/1/70
i7 102/103/511/2 100/103/511/2/29 100/103/511/2/308 84/167/631/2 102/103/511/2/254
i8 213/279/1236/8 179/279/1233/8/54 | 179/279/1230/8/1662 || 192/384/1425/10 210/279/1218/8/825
i9 135/138/679/5 131/138/679/5/16 124/138/672/5/272 104/207/759/7 131/138/657/5/1564
lal 27/36/142/4 18/35/137/4/0 18/35/129/4/3 22/44/156/4 19/30/103/3/15
pcle 11/16/65/3 10/16/65/3/0 10/16/65/3/1 10/20/64/5 11/16/65/3/3
pcler8 19/26/94/4 13/26/94/4/0 13/26/93/4/4 15/29/90/6 19/26/94/4/6
pmi 11/18/62/2 8/18/62/2/0 8/18/62/2/1 11/21/64/4 11/18/62/2/2
sct 13/21/77/3 11/21/77/3/0 11/21/75/3/1 13/26/89/4 12/20/72/3/5
tt62 45/53/237/4 28/50/217/4/0 27/50/210/4/11 39/77/275/7 33/43/187/4/29
unreg 24/32/128/2 16/32/128/2/0 16/32/128/2/4 16/32/112/2 24/32/128/2/5
vda 200/246/1043/8 156/246/1043/8/2 141/246/1028/8/68 184/367/1322/8 199/246/1038/8/264
x2 10/13/56/3 7/13/55/3/0 7/13/55/3/0 8/16/56/4 10/13/53/3/4
x3 181/205/938/6 145/202/915/6/6 119/198/873/6/1964 139/277/989/8 162/189/845/5/2826
z4ml 4/5/19/2 3/5/19/2/0 3/5/19/2/0 5/9/29/3 4/5/19/2/0
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