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#3£D RLD (Reconfigurable Logic Device) iCR5HN
B7—FTHF v, HmET O TR ASTREORN
&b, MREARCHEAEARD 2 BRICKHITES
(1]. MBKIEARTIE, kD FPGA (Field Programable
Gate Array) iV 505 LUT (Look-Up Table) %
TIVFTLIYE, ATREBONE VIV TEREINT
Bh, Uv MEAEDOANICH L TEEDRBEERRE
AEETHB. —hH, HREARTIE ALU (Arithmetic
and Logic Unit) %, ASKEOKREWEERRERZR/D
BRICLTWAB T, N PEMNOBRTEERESRICE
TT5DIELTV5.
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B RN E AR CEE LIRS, E8AN—FY 70
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HREARTE, BERMO/ N — -ady I TH-N
A RBEL B LWV RN B S, LizhioT, WK
@ RLD I3, AEELAEEEH S 12O HHERZ wE
Ty 2 ORINCERET 3 2 & THEEETEEEL TV
3. LAL, ThE0HRERE, #FHENEVWREEI
&, WCFy T EORENREREL T -HET 5.
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vavOBFERBEL TVWADONEIRTHS. ThE&D
RLD OREREDT-HICIZ, 1D, &L IITERORE
VT, EfEE L REEERICRVEENRZ RS
ZCEHEHEICKD. FTTERLEZ, BBREENROM
MRUET B0, HREAR CEREANOREZ
HBEHE R ERSEERELILVT —F T 7 F v 2R
KLTW3 [2][3. BEHELIVTE, @By /E
CANIRBEOYOBARTHICET, 77U r—var
KEEEhB L, BVEER L SEREN AR
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AR IR E TEMEE L REEECOR U TR P
B EEZBICHIED, BRIIEMERRL 2 AJ] Reed-
Muller ¥R ICHBSAICEETS. M1 () E1EY
F HNEBROEEERL, (b) &2 A Reed-Muller £2
WP H 9. 2 AJ) Reed-Muller $EH#EIX 4 ¥ b D
VI4 B L—varvAEYREL, KO 2-LUT &H
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Bq 1: Structure of hybrid cell.
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[M]: Configuration memory bit
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X 2: Variable Grain Logic Cell Architecture.

R () TEBEIh, TENTHENLZ D ENE
nNDAY T4 L—yaryAEUEy MRS 5.
F(zo,1) {F(0,0)}
®zo{F(0,0) ® F(1,0)}
@z, {F(0,0) ® F(0,1)}
®zoz1{F(0,0) & F(0,1) ® F(1,0) ® F(1,1)} (1)

(o) (b) 2 DDOEKELETZ L, ThENBHIERD
EXOR & FnicDolrhta AND B ZFEDO &b s,
LizhoT (a) OB 4y FORXEY ZMNINT
32 LT, (o) O&HiIcenEEEL 2 A1 Reed-Muller
B A EIRATRE R NA 7 ) w Rl (Hybrid Cell, L
THC) ZHKY 5.
T4, HC ZEEHBEDLEBT LT, &%
Lhpe ORISRV (Variable Grain
Logic Cell, L F VGLC) ZREL TV [2]. K21
VGLC OERAERY. VGLCIE, HC & ZDAN%EE
¥ 2 BB T BLE (Basic Logic Element) ZH#E L,
4O0 BLE & HIEIRE, 25 €y rDaV T4 T L—
YavA®UEhixs,

ST 312, VGLC D 5 BEOEABRE R R
F3E#c, BLE 2emEse LTHEATS L, VGLC
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{3) 4-bit ADD/SUB (b} 4-bit Shift Register
Cin
> >
> > >
Cout
{d) N-input Canonical Form
{Muiti-grain structure)

-2-CF x4
=] -3.CFx 2
-4-CF x 1

*3-CFx1&2.CFx2

{c) Misc.Logic x4

il

{e) Widerange Multiplexer

*2:1MUX x 4

~411MUX x 2
> 8:IMUX x 1

“4:1MUX x 1 &

2:1MUX x 2

>

CF: Canonical Form

X 3: Basic function of the VGLC.

# 1: Logic pattern of BLE (CP = 0).

4 input variable 3 input variable
AS T Wi 1 SR+ T St
0 182/65,5636  24/65,536 | 120/256 43/256
1 230/65,536  24/65,536 | 148/256  43/256

Total | 446/65,536 (0.68%) | 206/256 (30.47%)

4y FOMBEESRZERTS. Fv U 1/ 8RR3NER
BfRZEAC LI VGLCHTY SARBEEEN TS
2, Fv VU DEEBIIERCITONS. £z, VGLC
ROF¥ YU 4 RARBERT A U TREIhTEY, BE
WKISCTEy MERIRAIRETH S. 2FEHBIC, VGLC
DHIEREIE, 4 @DO7YV v T 7w (Flip Flop,
LT FF) &RV I THEENS. COEKITZ4E Y

P PLIVRAZELUTHEMEL, MESEFEREICE Y
MEZHIRATRETH S. 3F/HIC, 1 DD BLE 3% BLE
ICHERES AS 2R &, 4 Af12HHADRy # 2 &
Raz e TE%. 2h&b, BEOY — MEEEFIH
LT, A ANETORGN-mERRRTXS. £11ic,
1 {8l BLE CTERBEABER B RE/SX U BRT. 4 &
B 3EBATTTOLHIIGHBEEIZIZNZF 1 65,536 73
R, BEINAVIFET B, BIRIE, AS=0 & LIS,
BLE ®© T ¥ XD 120 /3% YO HEHNEBHAEET
HBTEREELULTVD, Th&ED SIHEFE TiFESE
DRIGRE, 2 ANORBEERAYOEmELaY T«
TJL—vayARUET, 3 ASIRED 81.3%, 4 AN
WD 0.68%MWRBEATRETH S, BLIZ T DHHEOER
Fi¥E% Misc.Logic #BEL #1133, K 41c, BLE % 3
AN (29, 1, 0) D Misc.Logic & UL THWEIEAD
BlERd. 4 HHIC, BLE 2 2 ASEHER L LTHW:
BE, K20 MUX10-12 2#i->T 3 AS1& 4 AHH
OIFER R RETESL. ThEY VGLC I, 24 ASE
TORNVF T LAV EERRMB T ENTES. BRI,
BLE i 2t01MUX & L COBEEZRFDOOT, LELM
FRIC MUX10-12 ZFWVT, BRK8 ANDIA RL VY
RIWVF T LI EERT 5.

M E&XY VGLC &, BifEERICiE, 4EY Yy
WFEP V4T HE—=RTAL RLIIRLVFT LIV LT
BIfET 5. Ch& b, pEkOMREARORET O >
LRIFOHBEMRENHETE 3. —F, REEERICI,
Misc.Logic % 2-4 AJIRFOEREL L LT, MhiEsR
CARRDTIMMU AT O LN TES. Y EL 0BRGN
VX, HREZA THEOEKRE, fRE2L FhE
OEFEEERICH DR RENTREL LD, FNRALAD
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KX 4: Example of usage of the Misc.Logic function.

% 2: Mapping factor of each architecture.

Function I Cirans. | Chit
2 XIEER 154 7
VGLC 3 NTTER 308 13
4 NTTE%ER 616 25
Misc.Logic 154 7
3-LUT 110 9
LUT + FF 4-LUT 206 17
5-LUT 398 33

MREZ RARICIEA T X % LR 5.

3. Misc.Logic D&M ST{MH

RNV Fe— AR 3 ANGRETT 7 /aY
< ¥ L, Misc.Logic BBET H/\—THJBER /B2
9%, AN—FRalLRmBICEALTE, 2, 3 AHE
OIERIEERWTRET S, R2icFNFhoT7 VY
avEEETIDIRBR NS VIARZE Crans. &
aAVT4TL—a v AEV R Cpus RS, OBREE
TV TICETREUBICHENTIBE LT, BrovY
AZEERA TV EERET S, LUT ICEYT 35803,
oV AZIwyayT—FTLUT 2B LIRS (4 %
BELTWS. XyFT—HEERICIE OPENCORE(S)
K0 10 EBHEHOMEEZHNS.
RIWCTVEVTRRERT. RERE Ty 7ich
W, (A) Misc.Logic ZFWIZRE, (B) 2, 3 ASIDIE
BEDHTEELBELEBLT, PV IYAERH,
aAVT747b—varyAeVHHices 74B%EINH
522hbhs.(C) (D) (B) LHELTE, #BTri
T 3-LUTICHE B DD, 4, 5-LUT KB TIXESE
PbEizsd. ffz, av747L—yayAEUETIR
KIBICHEE NS, TOXIIC, REHEEERERICII,
Misc.Logic BgEZ W= v E VU IWETH 5.

4. REEHEEDHERETMR

4.1 FME7O-LEEHREFI

FRIIARY F— VAR EZEBREL, 4LUTN—2Z
DOaIv I US5A% (LIFLC) L EZEMEME sifsEED
2R THET 5. TORE, 0.35-pm, 0.18-um, 0.07-um 3
BHEOTOY AU TIMERTTS. EBERY —IVIiC
&, FaYbFRTHEENZ VPR[6) ZHVS. 122L,
BRLDT—F7 7 F v ZBEOREER Y — VT2 /
Oy NS LTz, VPROASZY b
VARZN Y EYTTERTS. TOizdh, B
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% 3: Mapping result of each architecture.
Benchmark [[ (A).VGLC(MISC) | (B).VGLC(no Misc.) | (C).3-LUT [ (D).4-LUT [ (E).5-LUT
circuit [FTIr] | [#Bits] | [#Tr] | [#Bits] | [#1Iv] [ [#Bits] | [#1r] [ [#Bits] | [#Iv[ [ [#Bits]
adder128 184k 8k 295k 13k 131k 11k 186k 15k 306k 25k
adder256 375k 17k 602k 26k 268k 22k 378k 31k 612k 51k
aes_core 1,338k 60k 2,411k 102k 900k T4k 1,214k 100k 1,138k 94k
biquad 327k 15k 561k 24k 233k 10k 346k 20k 578k 48k
cffir 6,485k 298k 10,770k 462k 4,629 370k 7,136k 642k 12,444k 1,032k
gpio 231k 10k 394k 17k 161k 13k 153k 13k 332k 28k
jpeg-_encoder 6,747k 306k 11,625k 496k 4,773k 391k 7,380k 609k 12,010k 996k
spi 207k 13k 484k 21k 197k 16k 275k 23k 412k 34k
tv80 645k 20k 1,133k 48k 447k 37k 614k 51k 972k 81k
vga_lcd 9,582k 435k 16,969k 723k 6,836k 559k 7,532k 622k 11,842k 082k
Ave. || 2,621k | 1Ok [ 4524k | 193k | 1,858k | 152k [ 2,580k | 2I3k | 4065k | 337k
ratio of (A) || - | - [ 173 % | 162% | 71% | 128% | 99% | 179% [ 155 % | 283 %
(i) Logic Cluster
i 2% 4: Parameters of the area model.
Logic Synthesis RIA—Z “ %EE
Technology Mapping Atile RETOY 77 B e iR
Arp i dy U OB
ARB [REEsE At
N Uy 777 AR
Cluster Packing () VGLC K LUT DA ARE
Aee BA— | AU OHATHR
. [vPRretist ] [ vPR netist | , 4 AR
5 - 3 S Arch. File i D—t}bﬁﬁf—W BT e
Place and Routing [ VPR .\L/Lé[é“‘a;“afre TA FF RO T OHEEEE ik
*RC parameter
[imirg Repor] '

X 5: Architecture evaluation flow.
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X 6: Area model.

BAEWH, 3228y FEREERL8RAVFFFT BE Y

MEE) BARVFT—FZEERE LTHVS. 32bit R
223 2 XD Booth ETHKT 3. K5 ICFHEi7a—%
Y.

AFHEICIE, K6 ICRTERHEET VERVS. &
=V, BHAWICERBI MY UZs®ET 0y 78
(Arp) &, KF - BEABOERN (Arp) LDE5.
BFo v VDR E Y FERM BAOTARBL L, wHT
Oy 2 REAFRELRETS. RA4IKRISTGA—ZDER
ZiRY.

Arie=ALB + ARB (2)
Arp=N{(2X +1)BA+ FA} + MKN x BA (3)

ARB=W2BA+ 2W+/ALpVBA (4)
ZOEFIME, FaY FKRose bOEFIV[TI, 75

AN ELCOU—MI—T 4 VTICEBTBHAE
VB M ZFIMAT-EDTHS. WIZ VPR EDEBH

19

7% 5: Area and speed estimation parameter.
Logic Cluster (LC)

| voro I

=1 [ N=4]| N=8
ApplkX?] || 348.41 | 42.75 | 203.78 | 440.32
TeLE[nS 2.8 1.6 1.6 1.6

nrEERy, N=1, 4, 8¢9 3. kEL, REV—
F7 7 F ¥ I B TIE, Rohm £t 0.35-um AZ X —F
ENIAT ) ZRHOTERETY, BHhicHie 3
VI4 L=y a v AEYOEEESEL ALg LT 5.
Mz ¢, TubvAREVWEEEHERITS 28, A2
O\ i 7O AEMEDESDE [8) ZRWT, mEZS
Yy FfET 3. chicky, I RTD7—F77F %
BELC O ATESEE NG AOBGREES LN
TE%. OB, BAYX FARHE [T &V, ThTh
13,056[A2], 1,024[\?] &%%. LAbEb LT, £5ZMH
, BIEFMEICEET %/ A—&2 L UTHWS. LCD
HHESDOEEIE T &, VGLC E, 0.35-um 70
A TELE T iz XC4000[9) KO BIRT %, 0.18-um,
0.07-pm 7L AL TE, CTOEEAY—YVIL
1 DOERAWS. VPR CHWBESRRED RC /8T XA—X
i3, BPTM[10] & Bzl & T ot AT LICHEMTY 5.
4.2 THEEREER

32w FEERL SRSV P FFT 2RELIRERE
FhFENhES6 ETIKRYT. TTTDO Nl EY
A RBRRET Oy 7EERYT. COBR, #BET—
FFIF DT VT 4 FVSBEIED LC KD EKR
2V, RERRBHET—FT7 7 F DR TRENEL
1%, SBENMAEVDIE, VGLC BAZ Y A—RE)IVT
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# 6: Total Area and Delay in 32-bit multiplier.

0.35-um 0.18-um 0.07-um
\ NrB 'Total Area | Delay W | NrLB Total Area | Delay [ W | NLpB ] 'Total Area [ Delay
[] [ [M)?) [ns] | [] [ [MN?) [ns] | ]| [ [M)?) [ns]
VGLC 23 T I7x17 508.34 43231 7 20 | 17x17 437.42 253.83 [ 22 [ 17x17 484.11 12334
LC(N =1) 15 | 47x47 1041.87 312.39 | 14 | 47x47 947.04 150.89 | 14 | 47x47 947.04 83.29
LC(N = 4) 33 | 24x24 1308.85 230.34 | 34 | 24x24 1365.00 129.85 | 34 | 24x24 1365.00 64.60
LC(N =38) | 46 | 17x17 1318.03 219.50 | 44 | 17x17 1240.21 117.80 | 45 | 17x17 1278.82 70.66
# 7: Total Area and Delay in 8-point FFT.
0.35-um 0.18-um 0.07-um
\\ NrB Total Area [ Delay | W 1 NiB Total Area | Delay | W ] NLB Total Area T Delay
SHENG) M3 | [ns] | [ [ M3 | ns] [ Q] [ [M)?] | [ng]
VGLC 21 T 1919 575.19 22262 720 T 19x19 546.39 12265 1 20 T 19x19 546.39 58.39
LC(N =1) 13 | 54x54 1130.93 208.05 | 13 | 54x54 1,130.93 107.44 | 12 | 54x54 1017.70 55.77
LC(N = 4) 31 | 27x27 1518.83 166.62 | 29 | 27x27 1,387.13 100.63 | 32 | 27x27 1586.92 59.10
LC(N =18) || 41 | 19x19 1408.93 172.21 | 43 | 19x19 1,501.70 105.58 | 40 | 19x19 1363.66 68.44

"7 7" "Retio of VGLC]

(each process)

Area-Dolay Product [M

035 0.18

Process [um]

Area-Delay Product (32-bit multiplier).
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3,000,000 |-~

___ Retio of VLG
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2,500,000 -- ;

2,000,000 [ -

1,500,000

1,000,000

Area-Delay Product [M 1 ?+ns]

500,000

0 Rt
0.18
Process [um]

B 8: Area-Delay Product (8-point FFT).
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