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Abstract A Reconfigurable Logic Device (RLD), which has circuit programmability, is applied to embedded
systems as a hardware Intellectual Property (IP) core. However, conventional RLDs,which are commercial Field
Programmable Gate Arrays (FPGAs), cannot achieve efficient implementation. Then, we have proposed Variable
Grain Logic Cess (VGLC) as a reconfigurable IP core. VGLC is a reconfigurable logic architecture that has both
flexibility and high performance. Whereas traditional VGLC assumes general-purpose use, we propose routing ar-
chitecture specialized in arithmetic applications, in this paper. We extract characteristic in the connection structure
from a data flow graph, then think routing architecture using it. As a result, when we target FFT and FIR, four
logic block in cluster is improves implementation efficiency most on average. In addition, when both operation are
implemented by the same routing architecture, number of swiches increase 33% in comparison with each individual
routing architecture.
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1. EC®»IT
AR, BEREERT A VAIVAAS, ERERLEDT IR

USRI, WIERE(EAEA TV S, ThBIEEE, CPU, -

AEY, 1/O, ERAN—RY 74X 8% 1 Fv AcHEH Lz SoC

(System On a Chip) Ik DEHRENB. LML, ¥EHES o
LABEBICONTIAZ7BAREAL, RetHMLERLEL
TW3. ZD7®, SoC DEIRIIE  DEERDRIABHZL
ROFRERI VPR LR >TE. 2T, FERATE
W7 31 A (Reconfigurable Logic Device, EL'FK RLD) &%
EEENTWS. RLDIX, 77Ur— g ViCHELTHN—
R =7 2BERT 52 LR, EAN—FYzT7E
ERRICUBEONFEEEN L, BEICUBEEETTEC LN
T&%. TORLD ZY Y7 4X %57V IP (Intellectual
Property) ¥ UTHERT B3I LT, 7oy 74— LicEbYE
TERERATEE SoC BEEHTES. LM LENDS, HE B
LR LT3 RLD T35 FPGA(Field Programmable Gate
Array) Z IP L LTHWB R TREHRAN—F I 7EH LT
HRETHERR T [1]. 20T, BLWFIRVaAVYToFvS
TN IP & LT VGLC (Variable Grain LogicCell) Z#Z&L
T3 [2][3].

VGLC EWBEL)VEMN TEENMENTETH S LV 3 FlE
&5, 4bit OIEER 2~4 A1 OMREEE R £ OEEREL R
I ARREN TREFETHS. K [4] T VGLC
ORFREEL UT FPCAICRBENBTAS Y RRARA L%
HELTVS. ChEAHENTORERMEEEN TV S D
TH5%. —HT, A TIE VGLC D DEREEMEICER
L, ZOEBICEHELZEEEIC DOV THREZTTS. SoC
OEBEEZZIRE, ROEBRLEDEERCXOFvTLLT
OfBBMREEE NS, Fll, EHLESEFLERRET O
Fu T, VarvI4FvrITVIP KEEINBDRER
HEEICRHE L 7 ERAEEEhB LB bNB. TORE,
RSB T A5~ RAZA VDK 3 ICE VRIS & DHE
Wi, HEEARCHA NS &S ICEMMEEICEHE U iR
BEZLTERV. AT, BREEOFTE SoClcHir 3
ToeI5L—2LUTELBEVLNS 2BEHOT7 TUr— 3
>~ (FFT, FIR) IKfHMb LB ER BT 5. T, #2
FE TR VGLC TOEMBREREOMBERICDOVTRNS. &
3 BTRERT IEMAERT OEREEICOWTERN, 4
ETERBEDNRT A— 22 BT RIBEOEBRE RN
3. BRBICE S BTELHLSBOFREERNS.

2. VGLC It 3 HiiEEREDOMER

FE TR, NHEBNTOREEREIL VGLC [4] icBid
ZHMEEORES L ZOMERICDWTENS. VGLC
¥, ® 11”9 BLE (Basic Logic Element) ZEARA L L
THRL, #E7oy JEATEENERZYDEZ 5 LA
BET3H%. BLE X AND & MUX, EXOR hoREH, A
HieC, X, Y, Z, AS, HAK T, S &2FD. ATVEEE
ETBHIET, X1OMEE (ADD/SUB), 2 AJIORMERE
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& (2RMCF : Reed-Muller Canonical Form) , </ F7L%
Yo 3 EEOBEERRITTES. £z, BLE 2EEMHEHT S
TET, By FOMFERR 3 AN EOREEE R BRA
BETHSB.

VGLC TRRAMREMSEE & RERESEE 2R L, INRERE
B EOmEERBL AT INVIY AL TEBRT 5 2 LW ARk
TH5[5. LHrLESS, EfEERS Y XLudy VEEL
FERY, F—2ORNCHEENBRLNBD, TASVF
AZEANDES HEAREE TRERY V—ADEENEL 5.
XHER 4] TRHBET Oy JEOFMIZ T TH O, BRSNS EER
THRLERDAA Yy FREATL2OBENREL BT LN
FHTES. £, BMEERBICRHELERE, VGLC O
HEEBERSFOFER I INEEZIONDS. £, BE
B RLD OFRET Oy Zid—ic, ALURY 7%, LIYXA
REMGEREIN, REEEEEREIL AND % OR & £ DEAH
HEEICEEENTVS. Thid, s TREMEEDTF—
ZRGEICER L, TORMEERESEICHA A T, Yav
T4F¥FySTNVIP L UTONERESZHET. ®ic, BEE
BODZ—3IN\y FERMZ BHIC, n By FOIMBEDRES
H—DmE IOy V TEITTESLSCHERTS. chdicD
WCIERETHRT 3.

3. BEfiEEAERBEREDLHDT T
a—F

REOHEMBEREICRHE L ESEEERET 3 IchizY, B
B OF—2OHENCERT 5. BEHRMNICIX, BEfEETROR
B ERREZRZRT DFG (Data Flow Graph) &b, #HE
L iR R L, EREEERETT S, Dk EIREIC
WHT Oy Z7EERRL, ZTORIEEEORE 2T,

3.1 EEF A

mET Oy OO, BEAROWERITS. BES
RZZEY "RSUNVEEAREF ¥y b2V 7 IVEREAR
ERBHB. By bR UNVEREARNRY— FEMIC 1947
WVTEEETIARTHS. —F, T4y b UTIIVEES
RN 17— FEEROCEY "I N—TCHEL, IV—TF
ICERNCEERITYARNTHB. ARTRE, FEOBREE
(FFT, FIR) |iJ D, BohiERY V—R 26 OfER
LT3, Z0O, EEEEPOLV /Y VNCHHAKRTHB L
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F4TYME4D S FF 4Ty bV T IVREROERS
AT, X, YRAH#E, 00, Ol3HA%ZEST. AHX, Y&
HA Ol ZZFNFhE T4 EY b FOF 4w b UTT
AN, BIXUHAIENS. AT X OBERE LR 175
AV LIRAE EFINGBERTNEEL, BoMofabeE
ToTWV3. Fiz, fRRERIES TR ENTLBZANY 2%
BOETF, RE-ARERICHERTEZ IS ICTEEDDL
DT, Block A i Y[3:0] % Block B iTid Y([7:4] 289 5.
ZOBRICBVWTR, BEOYY MEMN n fBickdl, AX
ir— FEERET 2 RERED O(n) THEMT 3.

3.2 WEIOvs

—fRic, HEAROU YT FYSTady 7 eidm
BESRE, VU MEEEREL, REEBEI AND R OR LY
DEARBEEICEEENS [6][7). 2T T, FRBcBVTL
IREPRBEICHEEER > IeifE T 0y V #ERT 3. ZC T
FRCBV TR, VGLC Z#KY % BLE ZEARA L,
BHE, REICBEERRRET Oy 72EVS. K3 IKER
WEITOY ZEERERYT. CORBEIuyZid4O00ANE 1
DOHNEEB, AJIA, B, Cld4¥vyk, AHC, HAOO
BZENFhs ¥y 2 TH%. AJICiE MAC (Multiply and

DA B CDAUBTC DABGC

WY vy > ol

DFG A DFG B Master Graph BEIovy
DFGO R RARZ—I ST YR RECRE S

4 ERRESREE TORmN

ACcumulation) IZHBFBMEHRTHS. AREIT Oy 7Tk
4x4 € VRENTEETH S. %7z, BLE OB 7 L A5
REBOEFRENCERAL TV, BRH/E Ty 7 DBEER
LT 3.

e MACHEHE A X B+C
o MERE ! A+B-C

o YwhkvIh DA<l

o 2 AJImEEE

3.3 BREJOvIEORSEE

AT, BEfEED DFG (Data Flow Graph) X D ElR
BEORE®ITS. DFG LRTFT—ZOHNERLETSTT
H, HEFRLTOERERZHYT. Z0O7KkHD, DFG LT3
BREERZHENERE L TERESIc LR3I ET, &
RO EMEEORBEIAJFTCES. L%, DFG HOEES
/J—F, EEROF—-20WNELy VLER. K 4 ICEERE
EREETOFNERYT. £9, SEMEED DFG 2EHT
3. ZOW%, DFG D~wF > 7kiTV, SEREEDOEGE
REWB LIS IRERTS. COFSTDOTLEFRETR
RAR—HFS5TLEHTS. YAKX—FS5 712 DFG Dk
BOFEBETIZH, /— FlcBI2EEORBEZV. &,
TTTDRvFUF LR, &DFG ES5 LD/ — REMGAG
L, DFG MOE% 3T vy (EwEKR) 28T EETH
3. RARE—=TST7DIv VHPIn g BB D
{753, BB, BoNS S 7h b YENTEREE R
ETD TDLE, RRAZX—FS70/—RFEHETav 7ic
130 LIS g 5.

3.3.1 EREEEOREL

&% DFG Oy F U FIBOTIE, 3 /—Rixl, Eo
J—REMSE IR PRIy VOBINTIAR—FS
TREFTELMRHAEETS. Thid/— REONEE & 5K
T, TS TRLNRESE S hREET 5SS 7 MR HER
FICEHLTVW3. ZoER, SEARE TR 37T
XLBERHNTOWRVHERBELIIEO—DTH S 8. %
Dizth, /J—REHEL 53 L ERHTOYHENEEEL 55,
Z T, DFG 2ES 7S5 7CHhEL, BRIERAE XX ZH5R
DEMEITS. DFG BHP TS THAMICKRS T LT, JvF
VIRBIBHEBRBO T ENTES. COFHTITTA
OB EERETTY, DFG 2EEkI B LT, 7S5 7%
BRLd 5.

X 5 DFG 28375 TEMcDEIL, SRX—=FS57%
BT BHERT. TOMTR, DTS 7IcaET 3808k
/— FEIBRAIDO5EIMN 3, 2EHTIZ 4 TH5. B5DDFG
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BUIFS 70 DFG A2 T %. DFG A2 icBWWTH RS,
WD 2y 757 UTHIHL T, DFG A2 D&%/ —
FiX DFG Al D537 S 7 0BE2AHICE D, DFG A1 %
$1WEE, DFGA2 ZE 2lEBL LT, BELEhTV3.
DFG O3 75 7 \DREITE B RIRA/ — FETIT
S ldic, HAMWTBREREHT. 575 T \OFENE
Yuanging Guo 65D7 NIV XLZEMATS[9. cO7NTY
ALETSTHRD, /J—FEalTO2TDT ST 3% %M
HT3EDT, BoNTSINRVEVERTRTST8%
VEEINL, DFG 28575 7089 %. 555 7hne
TORLEZEBERRDOITST2T T L—FERY, ThEd
BESREREE CTRENRE R A X — TS T RBERT 5. LT,
RARA—TSTRRETEDXS@ME Ty 727 L— kL
bDERISAZLERL, JIRAXTHIHET vy 7 OEE
VIR EEBRTB. BT o7 cngd 3808k —F
BEe<RAR2—0570 /- FREBELC7 IR AL TRICE
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AZENTEHED, BoBETEE 1BBEDISAEZHNETLIC4
DIVSGARENTVS. TOTTAXREEXTSAE Al O
BETNE, 75A% A2 OEERE EAEL L-EERSER L
D. K5 TCIRBAEEE LRV, ELICEEIREIES
£H5. BETIEFEBEISEORBEETERIN, KE
TLIER SR ED. K5 OfITIE 1 DD DFG LA
WO H>THWD, WHLTIHEMERD DFG ZhEhic
DIEZITS. ZLT, Bo5hkABEBO<AZ— 7S5 IHE
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FEZo5h3%, 20, ThEFhENIBVDESBDODOLE
BT 32ENHD, F5HIBWT TS AXBOKRZ1T3.
3.3.2 IvFUT

TV T — b ERRBRAZ—TS IOy F o7&/ —F
&/ — FEoBERERER U BETY RERT 5. BHETH
e, B3/ —Fvi&/—Fwillicoy VhEETHIE 1 %,
FELARVEER 0 2R LTHIT, BTN~ h
S TRAETHS. K 6ic DFG L FORETRIZRT.
DFG BHAT 57 THBH, /—FEvh5/—F wA@h
STy INHBLEDH (v,w) RODERERT 1 L3, T
CTHR6DYST ALTST BORYFUHFITDONTERS.
757 A OBETHIL VST B ORBEERT L TREBTHIO
BODOREIATYFREEBRTS. IATYFEI PRIH
E7S5T7ELETELL DLy VHREEFETCETHWBZ L EZRLTY
5. ZODfh, RAR—TSIRERTHE HE¥ELEZETS
FEHMUTHZISGBINT 2y V&L TTE. CORTR
557 ArF57 BO (a) DBEEFTFIOI RSy FHIZ 3 T
B, Chid757 AD/—Rabed &F757 BD/—F
ab,c,d ZFNTNNGERIIRE, EBohDTS TiICHizic
3EDOLyIERBMT AL THISTIRERTEBILEE
%95, —H, 757 BOD (a) OBETIICBI S a L c BA
NEZ BT (0) &, 57 A ORI LTI X
RYFEBN1THB. DD, FSTAD/—Fabed by
57 B®D/—FcbadZZNFRHGEIRIESR, #Hikic
BIMTRIYy NI ATHELENITELTHS. TOKSIL,
H—D757TE/— FHEOHEDEDAT, Ty IDHEH
HZD>TL 3. /—FHONEDE B AIE./— P n DFEE
BEETS. FRMCTRZOSTEHERL, BLIATYFED
Dz kB X5 T TR ENRATT T 3.

4. FHEERER

RETRE, DFG 28775 7385800 5 X 28D
BE21TS. AR TRETHEFEEIIN 5 ICRT LI REE
OEEEED. 2L, AECRENFEL LTE 1EEOR
ZERLUFEEITS. CcOkd, 7SAXBMORBERE, 84
OF7 TV r—a Ve U T EREELZ b Db D L ES
3. BRETIERBEERE 0y JRT S5 X XHEIC DFG
E LTOESFEREZ L DD, HREXEHABEBRRTHRTSE
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2 [ADD
4
4 €>3 3 [MUL]
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DFG A RyRJR R

M8 DFG &XxvyhUAZL

N3, Z0kH, MMIERBERT7 /O—FFETHHDTIE
.
TSREZBEITN—TTHRETIay 7 OETH D,
DFG 2897 5 78T 3BOBRK/ — FERTLH 3. T
DTS AREHEZVIEE, FFTICBI 31275/ HED K
S —EDHEMEZ & DRSS 2 I TE 3R B ik
5. 2L, AEOmETOy JRLEMT 57, vy Y
TRHCEEER NMCEINE B E0DREL KB, —HT,
ISR EBWNNE VB EREEEGRERE LN TES.
LA LGRS, JSREARNTIY BT TESEENM RV
», SRAEIREELHHTEZLEIDRT U T—v 3
VEBEILKETS. AERTRETRIICERDOT VU r—
avERAVWTELICHE LIz S AABBLUERT > 71—
FOBEWEITS. DT, BT L— b RESREEL LT
HAOWIERBEICRBE LD Ay FRERDS. HBIZ IS AL
3, 4, 5, 6 DABRHICBVWTITS. FMEEE L LTE, &
Aoy 78, 7SAZAORET 0y 7 OMEHE, B
IKETRAAMyFRET S, FME7 SV r—>ar e LTE,
AFIEw MiES8, 16 D 16 KA > FFT, 16 #v 7 FIR 2/
5. FET & Cooley-Tukey BID FFT EZXHRE L, FIR
U TNV AT 20T Z3ERE FIR Z0Red5. 77
Vor—a YOREBEZINY Ry EVFCIDITS.

4.1 FE7O—

X7 i o—%ERYT. AJIDERy FUA MK, 77U
r—av®DDFG ZRRRLETFFA LTI 7 ANVEERS, &
ERX 7 FUr— a VEBEEBIRL, "R EUIIIED
fERRLTW5. K8IC DFG £ ZhicHiEd 53Xy FUX D
fiRflERY. DFG OF//— R L TRBEMUHEER
FITHE, TOBSEZHVTRY FUX MCBWTERBER
BET. Xy PUALNTE, ZFNO/—FRicHLT, #E
O L BRSO/ — FHEEETRRLTWAS. iEL, /—F
BE 3R 4DX S ICERAEVENVESR, BEOBEEOADET
BRTHB. COFXY NI ATV L— B TOSS LD
ANELUTEZ, ABHED I SAZBEDVWTTF YT L— D
WHETS. T L— Ml a5 Lid DFG D7 5 R
28 n DRTOT VT L—MEERHHTS. v V7T’
Bon77L—rOFL S, BEFRISTVEV S TE
3X5577L—1F2RBIRL, DFG DY EVFTRTS. C
DPHICDNTHEESERNY R BV KX DT> TV 5.
Bohizew EVIERLD, B uy /#LmETay 7
DERROFMEITS. SAE—F 5 TOEREE—~DT T
Ur—y g icid3<IA&2—5757, & LLREKROT7 TV
=Y aviRNTBRAR—TS T RERT 5.

4.2 EBERLER

¥ FRANC DFG O v BV A DN TiNS. < v ¥
YHBRATE T L— MR S XA B n DT RTOEHRR
REVDEENTWS. FOKD, ZOHIDTESREIFE—
DNREVTIVEVTEFFTTERLOREIRTS. £z, &£
EMROBHLOT vV ITRICETERRETER/ — REL
Z5XO5EETS. vy ErFReTtoTryIL—rRERL
TEREEREL, BLHBROIVELEDERINT S, < v vy
IKBIBBELLT, R1LIKBISAXBICEIT S FFT &
BRI SAWERORT VT L— VERT. NET S5 HESR
LI FFT ZBRT 5HBEEETHS. COXSIK FFT BN
AITSAEBETRBRRENSCLICERHTSE, 70/ L—
MERTE, ZORD, AERTRNZTSAEERMNTTY
Cr RIS ET S, &5, 8, 16 DHE Y METHED
BEIELN, By MESNZED->TETF VI L— M UCELD
oz,

£1 FFT ENFZTSAEEROBT VI 1L— MK

J—F& FFT NET 5 A HEEA
3 4 2
4 10 5
5 21 13
6 43 28

BISRAABTI Yy VT ULRBEOHE T 0y 7 OFHE
ZB9ic, FHHRETOy ZBZER 10IRT. M9 &b, FIR
DEEIFIFIT 100% OFERGRZEZR L TVB EBDHS.
TNRBE T 7B 1FIch Ry — FiERE N385 TR
DIzHTHB. Fiz, Y TIVEBRTH B0, 75AEE
MELL T, EEPRCAZTZFEIEYD. —F, FFT &
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TJay ZEENMINEWHASTHS. FFTIKEALTRIS A
ZEIR3, 4, 5 DFHFICHN, 7IRZEN 6 OFEIXERSE
METT 3. EHRETOY IJBUICDONTE, V75RAEED6
OBRERBLOME IOy YEELELTS. By MEOE(L
k3, EHBAOHEBRIHEOREIENLINAS.

Kic, 87 TIr— a VicBU3ERORA v FRE<—
VEERSED R AR — T T I B BERORAA v FEEH 11
KR, T TOR—VERBEDSARZ—TS 7Lk, 488
HoBERBOBEGRERE Y F U/ FICXDERLIZEDT,
INLOFEEICOHSLEMEEZED. K11 &0, JFEEH
BRDZA v FEICH T B — VEHRESED A1 v FHOEHIE
BIZSAZBCEST, BIE—ETHB. SRE—TST7%E
WM B, TEBRUEREEETAL3ELTEY, T
o T2BEII, FlZidRe L GENE NS, F0izd, 7

SZABICE 5T, HETERVESENZERCTHRL
BRLTWS. Efr, FA—25AXICHT 3 R EEERKD X
£ FEICAZERNMIZ. ThiD, SENRE LEE
B2 7 5 A XA - TORE, TOBGBRMENL, W
HEZIRZ BSEEN D BORB TERATESZ L VLS.

5. FE&HESEHDRE

AR CREMEEN T OEFEIEY DFG hoWETL, £8
ORsE % & DEBEDRRZT> . SHEIZZ OEFFHME &
LT, BFBEBUBISAEZEE S, 4, 5, 6 D 4FEHOE
ETERZPITY, BEEZISAZERE 7S AZBODBRNICES
EEGROBERE L. BRELT, AJIEY MBS, 16
DFFT & FIRICELTR IS ZAEEA S, 4, 5 DBEFICBLY
ERNMELN, RET Oy JOREERSRICEL TR X
ZEADREBEMo . Eiz, FFT & FIR OEGEH{HEM
LTWwaZ e kb, LROBEOENT, WmEEICHIGT S
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