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Abstract: The circuit structure optimization method for Basic programmable Logic Element (BLE) of FPGA is
studied. Considering finding the solution to the bottleneck problem of low resource utilization efficiency in logic
and arithmetic operations with 4-input Look Up Table (LUT), some efforts to improve BLE design based on 4-
input LUT are explored. A high area-efficient LUT structure is proposed, and the possible benefits of such a
new structure are analyzed theoretically and simulated. Further, a statistical method for evaluation of the post
synthesis and mapping netlist is also proposed. Finally, a number of experiments are carried out to assess the
proposed structure based on the MCNC and VTR benchmarks. The results show that, compared with Intel
Stratix series FPGAs, the optimized structure proposed in this paper improves respectively the area efficiency
of the FPGA by 10.428% and 10.433% in average under the MCNC and VTR benchmark circuits.
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Sizest1cell _setTlcell % H ;

lcell(4) fElcell set 45 i4Mcell;

Count & A& 4 A i lcell % ;

has_ cin(lcell(7))#& Rlcell _setH 2 i cel & AT cindiif L1, true I 47, false y&Ais
is_reg_mode(lcell(d)) & Rlcell _set i Meel U750 A A, true N, falseS N1

compare_lcell _pair(lcell(i), lcell(y)) A ELA P M cel L& 75 0] LA le— A~ 4% Alcell, trueky &, false 75

num_share datain(lcell(3), lcell(5)) 4 ¥ M cell e 52 (14 N BN 4L
num__ datain(lcell(7)) Alcell _setH 2 i Meell 2R i N2

bool compare Icell pair(lcell(s), lcell(j))

{

}

if(num_ datain(Icell(¢))==0 || num_ datain(lcell(j))==0)

{

return true;

}

if(num_ datain(lcell (i) <=2)

{

}

if(num_share datain(lcell(7), leell(y))<=1)

{

return true;

if(num_ datain(lcell(i))==2 && num_ datain(Icell(j))==2)

{

}

return true;

if(num_share_ datain(lcell(z), leell(j))==3)

{

}

return true;

if(num_share datain(lcell(4), lcell(j))==2)

{

}

return true;

return false;

for(i=1;i<=size; i++)

{

for(j=1; j<=size; j++)

{

if(s! =j && ! (has_cin(Icell(i))==true && has_cin(lcell(j))==true) && ! (is_reg mode (lcell(7)) &&

is_reg mode(lcell(y))))

{

if(compare_lcell pair(lcell(i), leell(j))==true)

{

count++;




1o PR INYLAS : HA DU P AR ) 5k 2 o e P s 540 5 DA T 2387

il

Wi 8L L CADRFEAFE -, 23] T XK
FIMCNC H % 52 RV TR B 5% 45 78 ek mi e 25 0 |k
PIBL R R Ge it 45 K, WiEk2fin. 5 Stratix4h
KA L, MONCHLESEE N AN ) 2 1818.48%,
IR INLT10.428 %, #5 HL % T AR g/ B B AN
K9~ VTRHERAE N IHBUR N 21520%, T
I/ N2110.433%,  #5 HLER TIAR YRS B 7 BN EI 1057

6 g
AR SCEF AL G 0] YRR I8 R T A N\ B R R
PERH A ) 8, B T SO A R A A,

XEB S Rt R LA BORBEAT T 0 M MR AIE s
TR FTIE  AE HEAT SEAr s A A, et Tk
A7 85 K VR AL R AR TS, JF 3R T MCNC A
VTR BT TP e . 49 R Eom: dod)s
2l R R Bt PR A ] 2 5 Tt e BT Sk [11)
MU LUT S5, A SO Hh I 45 A AEAH R
HLES AR R A 8 45 ) T AR 03 B0 O W) I
(ILH3), ARGttt DIz T4 ALUTIE J7 .
[7 I 2% 18 2 itk )5 BLESE N iR LR AR 2D, B2 50R ]
R v FREAT R T PR RE A PR TH R SO AR K FEAI

% 2 MCNC5VTRNIX B EEMRLER

MCNCHR R, ATV IR (Stratix 25 80) (A2 AY) Ififbstde  VIRIEERK PEALTHT HIRR (StratixZ58) (FRAL: AN) ATkt 3L
spla 1924 92 bgm 19088 3738
seq 1124 108 blob merge 6627 129
$38584 3109 441 boundtop 1793 704
$38417 3875 716 ch_itrinsics 44 2
5298 741 80 diffeql 0 1
pdc 2278 124 diffeq2 320 5
misex3 930 101 LUSPEEng 633 66
frisc 2177 218 LU32PEEng 743 84
ex1010 853 24 LU64PEEng 785 7
exdp 213 26 mceml 78887 6879
elliptic 1767 283 mkDelayWorker32B 10 0
dsip 914 53 mkPktMerge 108 15
des 1234 45 mkSMAdapter4B 9 2
clma 4787 313 or1200 2873 369
bigkey 1023 58 raygentop 2818 985
apex4 842 49 sha 1624 179
apex2 1051 103 stereovision( 7959 146
alud 997 124 stereovisionl 9484 54
stereovision2 38716 2548
stereovision3 172 13
spree 1 0
45.00
20.00 40.00
35.00
1832 30.00
6. < 25.00
X
= 14.00 =~ 20.00
¥ 1900 15.00
= 1% 10.00
5 10.00 5.00
H 800 0—‘q:a.w_c\1bo'obo~ wmcafc_mno
4.00 EECS5RRR"E=248%8y £4££°
I3 = Xz = E= > 59 5 0o
2.00 S 2 | 5 Mo R ] cg¢g¢
0 275 SEE 243 7 fiid
TBE T AT R ET T2EET =
©® @ =1 [} [ ~ =

K 9 MCNCHL g4 it b il B 5 19

Kl 10 VTR B Sk L B 7 18]



41 %

2388 m o 5 fF
# 3 MCNCUIXHEBEETAXLEMRUPRS
WHUpacker it (L5 R xFEE (%)
SCHR[11] AL
TR YD LG A5 7.315 10.428
& £ 3 ik
[I]  ROSE J, FRANCIS R J, LEWIS D, et al. Architecture of

2]

3]

(4]

[5]

(6]

(7]

(8]

(9]

field-programmable gate arrays: The effect of logic block
functionality on area efficiency[J]. IEEE Journal of Solid-
State Circuits, 1990, 25(5): 1217-1225. doi: 10.1109/4.62145.
Intel Corporation. Stratix device handbook[EB/OL]. San
Jose, CA, 2-104-2-129. http://www.altera.com, 2005.
GAILLARDON P E, TANG Xifan, KIM G, et al. A novel
FPGA architecture based on ultrafine grain reconfigurable
logic cells[J]. IEEE Transactions on Very Large Scale
Integration (VLSI) Systems, 2015, 23(10): 2187-2197. doi:
10.1109/TVLSI.2014.2359385.

SMITH S C. Design of an FPGA logic element for
implementing asynchronous null convention logic circuits[J].
IEEE Transactions on Very Large Scale Integration (VLSI)
Systems, 2007, 15(6): 672-683. doi: 10.1109/TVLSI.
2007.898726.

AOKI T, OKAMOTO Y, NAKAGAWA T, et al. Normally-
off computing for crystalline oxide semiconductor-based
multicontext FPGA capable of fine-grained power gating on
programmable logic element with nonvolatile shadow
register[J]. IEEE Journal of Solid-State Circuits, 2015,
50(9): 2199-2211. doi: 10.1109/JSSC.2015.2438824.
PARANDEH-AFSHAR H, ZGHEIB G, NOVO D, et al
Shadow and-inverter cones[C]. The 23rd International
Conference on Field Programmable Logic and Applications,
Porto, Portugal, 2013: 1-4. doi: 10.1109/FPL.2013.6645566.
PROKHOROV A S and TYURIN S F. Modified logical
FPGA element[C]. 2017 IEEE Conference of Russian Young
Researchers in Electrical and Electronic Engineering, St.
Petersburg, Russia, 2017: 973-975. doi: 10.1109/EIConRus.
2017.7910718.

VIKHOREV R V. Improved FPGA logic elements and their
simulation[C]. 2018 IEEE Conference of Russian Young
Researchers in Electrical and Electronic Engineering,
Moscow, Russia, 2018: 259-264. doi: 10.1109/EIConRus.
2018.8317080.

VERCRUYCE D, VANSTEENKISTE E,
STROOBANDT D. How preserving circuit design hierarchy
during FPGA packing leads to better performance[J]. IEEE

and

Transactions on Computer-Aided Design of Integrated

[10]

[11]

[12]

[13]

[14]

[15]

i

= 1Y

Wit N«

s

e 9, 19824F/, /B, W57 1M 4 il i ke s

Circuits and Systems, 2018, 37(3): 629-642. doi: 10.1109/
TCAD.2017.2717786.

LIU Ying, JTJANG Xianyang, SUN Shilei, et al. An efficient
FPGA packing algorithm based on simple dual-output basic
logic element[C]. The 8th IEEE International Conference on
ASIC, Changsha, China, 2009: 690-693. doi: 10.1109/
ASICON.2009.5351300.

JIANG Xianyang, LIU Ying, SUN Shilei, et al. An
improved packing tool based on a dual-output basic logic
element[C]. The 9th IEEE International Conference on
ASIC, Xiamen, China, 2011: 377-380. doi: 10.1109/
ASICON.2011.6157200.

TET, EAMH, XM, B FPGALH B ICEs M H Al
CE[J). 2R (AREIERR), 2006, 45(4): 529-532. doi:
10.15943/j.cnki.fdxb-jns.2006.04.021.

WANG Yu, WANG Lingli, and TONG Jiarong. Packing
tool for a new FPGA logic structure[J]. Journal of Fudan
University (Natural Science), 2006, 45(4): 529-532. doi:
10.15943/j.cnki.fdxb-jns.2006.04.021.

VLA, FRATS, SRRt A5, 1A AICES M IFP G AU TR [J].
5 B 2ER, 2015, 37(7): 1769-1773. doi: 10.11999/
JEIT141403.

JIANG Zhenghong, LIN Yu, HUANG Zhihong, et al.
Mapper for AIC-based FPGAs[J]. Journal of Electronics &
Information Technology, 2015, 37(7): 1769-1773. doi:
10.11999/JEIT141403.

YANG S. Logic synthesis and optimization benchmarks user
guide, version 3.0[EB/OL]. http://ddd.fit.cvut.cz/prj/
Benchmarks/LGSynth91.pdf, 1991: 1-44.

MURRAY K E, WHITTY S, LIU Suya, et al. Titan:
Enabling large and complex benchmarks in academic
CADIC].
Programmable Logic and Applications, Porto, Portugal,
2013: 1-8. doi: 10.1109/FPL.2013.6645503.

The 23rd International Conference on Field

Epiahs
it

B, 19604E24E, WL, 1WA, BT 1 KRR
SRR BV R A B L (EDA)BA.

Bl o, BIBFSTEL, 198344, fLAE S, WESLUT N

PERES R B HOR . KBS e B v . FPGALALSS
.

MY : 2, 19834F4E, M4 LRI, WHTH kM4 5
SoCHUM 585y it

XHIE: U3, 198544, g TR, EBWHFTIT I Kl fE SoCHE
VARSFUY s A

AR 4, 19914E/E, #Wit, W57 NFPGA CAD#it.


http://dx.doi.org/10.1109/4.62145
http://dx.doi.org/10.1109/4.62145
http://www.altera.com
http://dx.doi.org/10.1109/TVLSI.2014.2359385
http://dx.doi.org/10.1109/TVLSI.2007.898726
http://dx.doi.org/10.1109/TVLSI.2007.898726
http://dx.doi.org/10.1109/TVLSI.2007.898726
http://dx.doi.org/10.1109/JSSC.2015.2438824
http://dx.doi.org/10.1109/JSSC.2015.2438824
http://dx.doi.org/10.1109/JSSC.2015.2438824
http://dx.doi.org/10.1109/JSSC.2015.2438824
http://dx.doi.org/10.1109/JSSC.2015.2438824
http://dx.doi.org/10.1109/JSSC.2015.2438824
http://dx.doi.org/10.1109/JSSC.2015.2438824
http://dx.doi.org/10.1109/JSSC.2015.2438824
http://dx.doi.org/10.1109/TCAD.2017.2717786
http://dx.doi.org/10.1109/TCAD.2017.2717786
http://dx.doi.org/10.1109/TCAD.2017.2717786
http://dx.doi.org/10.1109/TCAD.2017.2717786
http://dx.doi.org/10.1109/TCAD.2017.2717786
http://dx.doi.org/10.1109/TCAD.2017.2717786
http://dx.doi.org/10.15943/j.cnki.fdxb-jns.2006.04.021
http://dx.doi.org/10.15943/j.cnki.fdxb-jns.2006.04.021
http://dx.doi.org/10.11999/JEIT141403
http://dx.doi.org/10.11999/JEIT141403
http://dx.doi.org/10.11999/JEIT141403
http://ddd.fit.cvut.cz/prj/Benchmarks/LGSynth91.pdf
http://ddd.fit.cvut.cz/prj/Benchmarks/LGSynth91.pdf
http://dx.doi.org/10.11999/JEIT141403
http://dx.doi.org/10.11999/JEIT141403
http://dx.doi.org/10.1109/4.62145
http://dx.doi.org/10.1109/4.62145
http://www.altera.com
http://dx.doi.org/10.1109/TVLSI.2014.2359385
http://dx.doi.org/10.1109/TVLSI.2007.898726
http://dx.doi.org/10.1109/TVLSI.2007.898726
http://dx.doi.org/10.1109/TVLSI.2007.898726
http://dx.doi.org/10.1109/JSSC.2015.2438824
http://dx.doi.org/10.1109/JSSC.2015.2438824
http://dx.doi.org/10.1109/JSSC.2015.2438824
http://dx.doi.org/10.1109/JSSC.2015.2438824
http://dx.doi.org/10.1109/JSSC.2015.2438824
http://dx.doi.org/10.1109/JSSC.2015.2438824
http://dx.doi.org/10.1109/JSSC.2015.2438824
http://dx.doi.org/10.1109/JSSC.2015.2438824
http://dx.doi.org/10.1109/TCAD.2017.2717786
http://dx.doi.org/10.1109/TCAD.2017.2717786
http://dx.doi.org/10.1109/TCAD.2017.2717786
http://dx.doi.org/10.1109/TCAD.2017.2717786
http://dx.doi.org/10.1109/TCAD.2017.2717786
http://dx.doi.org/10.1109/TCAD.2017.2717786
http://dx.doi.org/10.15943/j.cnki.fdxb-jns.2006.04.021
http://dx.doi.org/10.15943/j.cnki.fdxb-jns.2006.04.021
http://dx.doi.org/10.11999/JEIT141403
http://dx.doi.org/10.11999/JEIT141403
http://dx.doi.org/10.11999/JEIT141403
http://ddd.fit.cvut.cz/prj/Benchmarks/LGSynth91.pdf
http://ddd.fit.cvut.cz/prj/Benchmarks/LGSynth91.pdf
http://dx.doi.org/10.11999/JEIT141403
http://dx.doi.org/10.11999/JEIT141403
http://dx.doi.org/10.1109/4.62145
http://dx.doi.org/10.1109/4.62145
http://www.altera.com
http://dx.doi.org/10.1109/TVLSI.2014.2359385
http://dx.doi.org/10.1109/TVLSI.2007.898726
http://dx.doi.org/10.1109/TVLSI.2007.898726
http://dx.doi.org/10.1109/TVLSI.2007.898726
http://dx.doi.org/10.1109/JSSC.2015.2438824
http://dx.doi.org/10.1109/JSSC.2015.2438824
http://dx.doi.org/10.1109/JSSC.2015.2438824
http://dx.doi.org/10.1109/JSSC.2015.2438824
http://dx.doi.org/10.1109/JSSC.2015.2438824
http://dx.doi.org/10.1109/JSSC.2015.2438824
http://dx.doi.org/10.1109/JSSC.2015.2438824
http://dx.doi.org/10.1109/JSSC.2015.2438824
http://dx.doi.org/10.1109/TCAD.2017.2717786
http://dx.doi.org/10.1109/TCAD.2017.2717786
http://dx.doi.org/10.1109/TCAD.2017.2717786
http://dx.doi.org/10.1109/TCAD.2017.2717786
http://dx.doi.org/10.1109/TCAD.2017.2717786
http://dx.doi.org/10.1109/TCAD.2017.2717786
http://dx.doi.org/10.15943/j.cnki.fdxb-jns.2006.04.021
http://dx.doi.org/10.15943/j.cnki.fdxb-jns.2006.04.021
http://dx.doi.org/10.11999/JEIT141403
http://dx.doi.org/10.11999/JEIT141403
http://dx.doi.org/10.11999/JEIT141403
http://ddd.fit.cvut.cz/prj/Benchmarks/LGSynth91.pdf
http://ddd.fit.cvut.cz/prj/Benchmarks/LGSynth91.pdf
http://dx.doi.org/10.11999/JEIT141403
http://dx.doi.org/10.11999/JEIT141403

