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Methodology and EDA tool for Designing FPGA Architecture
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Abstract; In order to solve FPGA architecture design tools” problems of low flexibility, fallibility, not highly

automation, this paper puts forward an FPGA architecture design method and realize this method by an EDA tool

VA. VA provides a graphical user interface (GUI) to edit FPGA architecture description file, then converts this

high— level architecture description into a detailed and completely specified FPGA architecture. Through VA’s

GUI, FPGA routing architecture can be readjusted locally, which makes designing a heterogeneous FPGA routing

architecture possible. VA integrates FPGA architecture design and evaluation functions together, provides full—

automatic architecture evaluation flow. Finally, an FPGA chip VS1000 is successfully designed by VA, the

experiments results of design have proved the correctness and efficiency of VA,

Key words: FPGA; architecture; GUI; design; evaluation

1 318

WG] 45 F2 ] % (Field Programmable Gate
Array, FPGA) &— ¢ % i 8 FI 4 14, F - /Tl
X H AR R SE B AT R i 2 B I AR, FPGA B 45
MEERE T FPGA WtEREILS . AN FPGA &
REGEMSE X ESHZ EWHEELEWXRIER
B, e EFAYE T o #EMER B, F
BENERERITAEMSE EREBZHHENE
PERGEEHE R B TE BT B X B9 B A FPGA 454y b iE7T
SEPR, FRTEA A 2k 2 U5 15 H HE B ) 50 5 R AR TE S

WEs B 2012—07—08; {EEIEHHA: 2012—08—10
H4WME: REBEETHELIE

0B e B B T AR

—F 4R FPGA S B0 7 R AN Tiit— 13k
A BT, B & — BRI E E AL, &
THRFF B 35 A X R A BT HOR A IR e B
i) FPGA T2 $E IR 8l , George! 1 I T 53X 7 5. 1H
JEXFIT RN RS, HAIMRA BTG S E 4
SRREFT RN LI ER , T AR SR U/ N B E R A 1]
Sefiiid. W ELX R F LR M A B on e L RESCELR
—FrEMMECRIEREE W, RTEHEE.

HRIE R WAT B s R LB R 89 FPGA
LEMHRIE SRR FPGA BS 2K IEEM X Fh



$ 54

3 %, % FPGA £5#i%it s & EDA TR 15

B A ARIE LN R AR 8 B A B9 EDA (E-
lectronic Design Automatic, B FiXit B ahik) T E
SkHfsE. CGE A SEGA™ py ik 2 BRE T AR
BSFEER WAL EHED N FcO Ml FsOXFHA
2, 38 1318 B w1 B AR 1T DATE R B JF e XY
FPGA Lif#f7#i4R. Emerald™ 832 U1 AR R4S
FHER BB R MG A, T Xdp/
WireC B % [ 4 4 42 R 40 ) FPGA 5544, LI
TRk TR . VPRI A R E A 5 g N
SHPALEFIRER ST, 3R T ik 0 BB AR AR 7
AEFERMHRFEREUMALSEMEE EDA TR
. (B ER T E# RREE T3 FPGA £t
MWOR IRAB LR S, BRE T BB R s .

AR A FPGA 58T T E VA (Versa-
tile Place and Route) 27E VPRA4, 3 fyFal - #H17FF
R, RIBHSSEORE, VA B R RBALRS
SMBT R BT AL FEITTE VA KEH
Wit # VA i#17 FPGA Wit &0 H
a4 . 5 —# &7 GUI(graphical user interface, Fj
FEERE EETEEERY FPGA iS5t
ToR%R , g8 ST UG PTE 84 B FPGA S5 #4538 3C
HIHEERRIT, WA PP ITHE R
RIS —LEA b, 30#E MIMRIEEA FPGA &5y
TR S, AT SEACEN B S4B PR AR TR
MERFIRE; 5 =5 R~ 7E GUI B /8 FPGA 41
BRI, F TSR R GUI B o
ITEEM R AR S N D B — A B UE L IR, TER
[@] FPGA S5 S 50E 00 T #1753, LT R i £k
J& W TE AL R B S 240 NP PR Al B B AR ) FP-
GA Z5#4.

2 FPGA &#8HRIE

2.1 FPGA &4

£ VPR4. 3 My E:Al b, VA 30 T XF 7 5 2
FPGA 5t #5, B 1 AR SX FPGA BN
EHE. X FPGA £ a3 I0B(A] 4H#2 10 ik,
input/output block) , LT GGZ# ', logic tile),GB
(& RM5 S, global signal block) .PGMUZRFEH
#% , programming circuit) . ZZ# #t (Macro Block).
H LT g2 8B %IE LBGE#E IR, logic block) F12
WAL i 48 ¥F R CHB (A £k i 18 # 3, channel
block) ,SB(FF %k, switch block) HA. 1 4~ LT
€45 14 LB.1 4 CBX(X J}a ) CHB).1 4~ CBY
(Y A e ) CHB) #1 1 4~ SB. ZZ#i s — it & RB

(RAM block) .MB(multiplier block) 4.

l tH

i Hi

i
i1

H
T 48 R (Logic Block) ' /
'____——/ cBY
1 N
LC1
Toputs-am ] Outputs WA (Logic Cell)

. I H Output
o //w ﬂ ' "

B 1 8RMHER FPGA

VAT VPR IIAEB WL T O68.
GUI1 48 FPGA 2S5, 8 R IR 24
LR OEHITR S RIBER R B T RITE
Z OB AW SR ; VA BTE GUI Lk
HIT R WIR R, XA R EEF R ESSR
FPGA fiR45HI BCA AT E s VA B8 FPGA £k
THREE A PRAG 8 RE— i, £ A ST R W 5
BT IR PR AN M i 1 M RE L R RO 45 4.
2.2 FPGA &HMIBHELRH A

B 2 2 VA %348 FPGA £S5k 17 S8, 4
R AT PR BB IR . IE 2 M
(b) BTN » A 3CKs FPGA S5 B AWK 8
RRGEHMSE A REHSEL

BARGEHSEEERESN  IE RS
SRR S] A B R ) B R S
FAETE IR Tk B P31 | B B A B
Bl h AR RS A R B R T A
B LRI LTI i F IR LR,

A REWS R EE RN ORI,
Bl B 4540 = KT,
2.3 FPGA £M8¥HENE

WA 3 fin, VA K EZ 4w T B IR 456
Bl F— AR — T LR A AU R 61, % 594
#& FPGA  LB.RB.MB.GB B3| $f1 LB 5473
K RB.MB #& .

HEMSE BT HES % T A 458 FPGA
LS BR T SRR, R4 T 3RIAME,
FH RV






%531

3 U%,% . FPGA %5Hi%it k& EDA TR 17

4 FPGA &HREVA%E

B 7 RE 6 BEBRKE—TEEAREWE.
B 6 A 7, BT UERMER AT
Fristit iy FPGA G514 B4 OL.

4 cout

4 cin

-
cout
- cin

-

7 BERMEHE

Wik 6 kA& 7 PIE—FBERHN—IFIH, S
BB —NE O ZE O RFSEWRITIRE SRS
B F. (Bl AFTREE B M M R FIES B, HlEH 2
FHE N T YR Bk, S A E |, iR
B O 358 N FH B 8 B ) A A T L.

WEE 6 s E 7 HFAE—FF RS, S —A4
0. %ZEH O ARIFEMERITIHM Subset, Universal,
Wilton, Wilton3 iX PUFRh IF X 3HF 454 (switch block
topology) HFEFBUIZFT AR B Fa TR R, BRIA
& Wilton 2880, Z & 005 H TR IF AR BT iE 1
B FT A i R 18 s NPT — 2%, W& Bn iz A2k
MIEES R R R T ERN B R LHIE, 1’
U AT 38 3 12 A T 8 ST BB AR R BB 2 A .
FF BT AT B R R A B T S BT e B,
EURTR T, BRI B © % 8 B A JF Rtk
ARFRIE .

Wi E 6 sE 7 PIE—FFK, S H— 5 .
TH O SRS 3T IR 8 B0 T 56 B 26 Y (buff-
ered B, pass gate) \RST4, BT Al B 24 15 ek
NLRT HEIF R, BSOS RS E PR X, 3R
T B CiEE 218 R r AR TE ElL BB SN T
HEZE A AL E BT

TEEEMNE,TEBRENGF, MEBSE
M, FEEHELARTER, A=A FPGA
TEAZE 1.

5 FPGA &4

5.1 ZMWERH %
HAREOLT » °] LU SR 5 i R , LI75 3)
FEHER AR B ERE R B, ARTTX R Oy T Rt

EeBECE PR F I FPGA 2549, RARAN AT 4T, VA fi
FT E kS 8 AUE RN RE Rk - k. T AR R
HEFIHEEE FPGA TR EN B/ E Mg
T R A B B0, FE B A 1T 2 F B8 A9 Elmore 1
R X AT E FPGA IRE, B R IEH
B, RUSTARR) FPGA Z5¥3HFT A TEAY ELER.

VA WP 7 & AR R FPGA 454
RSZH 20 N A MCNC 27 i (R R B
T 1064~8383 AN EA B I BIT) LAPHAL X L2544 1Y
PRk, i3 X o AT T E TR WM L, T2k
B ATE MRARZE, LG FARIAE
PEIEET M HE M ER , &5 FEE LR (Are-
a * Delay) F/NIS5H.

5.2 LTRSS A

FPGA Z5WMS80 12 B AEH B K, A RETE
B RITA SRR 2T N 4556, ALK
BRI 32 36 3000 &2« 13 B DOE™# (Design of Experi-
ments) AR BATIER , X R 7 2 BB R KW 3L 56 1
WL BB T SERIE LA TSR, A
EN—E B BEBENHZHESEE MR/ NS
TG, B R —BI WS40 AT LAXT N 4
itz | — K& #HT R, — B RBIXISH
B AR, B E XS HUE, PR R ALK
HORERER CEWSE, &5 B B RN,
5.3 EDA ifk#

& 8 Oy SL 3 P VAl A0 £k 45 M Sk B B9 EDA IR
2, H o Vsyn VM VA ¥ K LR EQ EF AN
B B, A Vsyn L84 T B0 3 B 1718
BEAGMTZHG. RAEH VM ¥ Vsyn & K&
BAHFRANERROMRITERZEE . 8F5 . H
VA X B BEAT A R A 2R, TEAR R B Pt B
HEBH A RENTREMSHMERERAH
VAFEEENR WREFHEZBERELEWS
B, WFHEEEAFEA Vsyn, VM, VA,

#~ EDA iR R E AU T 2 B 3h
16, A VA S 25 R 8RB 20 SR BE AR AR
FPGA %5t s IR AR RSB R JE B, 11 B H Tl

FIERT AR JUAE3ME. SRS fE B AR E TR
origin 15t AR AE A AR B S 0B O U T AR AL 2
L, AT AT LA Bt 32 S T B B R B/ N A £ 51
23 L) Flb_input (LB i A B F.AE) K61, tni& 9 fr
/N> 24 Flb_input=0. 5 i, ETFRE RS BUR /Iy, BH L e
HAER 0. 5, HEEMS Mk S RELL



18 T T2 S5 AL

2013 £

HHEm

334 L—-I R G ELT ERH(Vsyn) |
]

| A EBRERRTAHEREVM |

i R(VA)

_{ A BB (VA, BT P 3R 5 17 2% %)

ARhREMBHE

| MR FFPGAMAL NI T X By BIER RIS ETH(VA) |

I 2 v 45 3 4 fOrigin: A
3% 1 68 B AL OFPG AN 28 45 F (T AR ZE I B )

B8 HEEMTHKE
0.00026
0.00025
0.00024 [

0.00023

Area* Delay

0.00022 |

0.00021}

0.25w 033w 0.5w  0.66w 0.75w

Flb_input

B9 BEREMRBE Flb_input B EFHE

6 SCISLER

VS1000M B — 3k B EBH R T WA BIERS
REESTINE SOI T2 FPGA S i, A5 M i+ F0
SRS AR A T AR 2~5 VTR A k. £
BWEMSPEERINE 1 PR

7 HRIE

BB T —FiZit FPGA S F M T
A VA VAKBERSAET:

DVA 8 GUI 448 FPGA 45958, #1845
PR TR AN 3t 2 56 00 485 1 1 3R ST R IB IR A 2K
PR T T B E 20, P AT R R S HU B TR 5

QVA 17 FPGA HHEH =4 2 J5 . % GUI
AT REERRE, X R R E SRR
Y51 R FPGA iR 45 ¥ BT BE 5

OVA # FPGA S5 80T FIVE A6 8 e —iE,
A B T AL L B AR At P A7 4 R B A
ASCERRUET BIA SRR 2 A 3k,
AT B S BT T R BT M RE DL R FPGA
G54,
F1 VS1000 &8

2 SHE
VS1000 iEd 14%14
B LB#AK, 1 12
LBHEHE, O 8
ILRP# A Fc (A0, A1,A2,A3) 6/12
o ILRP#j A Fc (B) 3/12
i ILRP#j A Fc (CK,SR,CE) 2/12
i OLRP %t} Fe (XB) 2/8
OLRP ity Fe (XF, XQ) 4/8
CHB# A Fc (I<11.0>) 16/18
CHB#iH} Fe (O<<7.0>) 8/18
i3 EHRE, W 18
B8 Single— length 8
Double—length 4
Longlines 6
S 230k

[1] George V. Low energy field— programmable gate ar-
ray[ D]. PhD thesis, Berkeley ; University of Califor-
nia, 2000.

[2] Brown S, Rose J, Vranesic Z. A detailed router for
field— programmable gate arrays(J]. IEEE Transac-
tions on computer — Aided Design of Integrated Cir-
cuits and Systems, 1992, 11(5):620 — 628.

[3] Lemieux G, Brown S. A detailed router for allocating
wire segments in FPGAs[ CJ//Proceedings of the 4th
ACMY/SIGDA Physical Design Workshop. Los Angel-
es(USA), 1993:215 — 226,

[4] CronquistD C, McMurchie L Emerald. An architecture
—driven tool compiler for FPGAs[ C]// Proceedings
of the 1996 ACM fourth international symposium on
Field — programmable gate arrays. Monterey, CA,
USA: ACM, 1996.144 - 150.

[5] Vaughn Betz, Jonathan Rose. VPR: a new packing,
placement and routing tool for FPGA research{ C]//
Proceedings of 7th International Workshop on Field—

and Applications. London:
Springer, 1997, 213—222.

[6] Frse, 20,20, % HX—FEX FPGA i mH L
FEMRSUED ] M FE SR, 2012, 29
(8):19—23.

Programmable Logic

(F#% 22 7



22 T SIHTE

2013 4F

5 HRIE

AL T —Fp4rXd DSP 4b 2248 #9454 B
S, FLP £ Xt DSP R B HRE R X XTHEFRE 4R A
THRABUBREE, 2% T DSP b M AT 50K,
BT 18-S BITHI A, AL T DSP AL ZRER 8
PERE.

SEHk:

(1] hor, 8%, £aE%. AEA SR A (36 0UF 45 4
WU B TR 582, 2003,25(4) :94—99

[2] Zhengi Wei, Peilin Liu, Ji Kong, et al, Low— power
microarchitecture of zero — overhead nested loops in
embedded processors[ C] // International Symposium
on Intelligent Signal Processing and Communication,
China, Chengdu, 2010.

[3] Yigiang Ding, Wei Zhang. Loop— based instruction pre-

fetching to reduce the worst — case execution time[ ] ].

IEEE transactions on computers, 2010,59(6) :855—864.

[4] Jian Wang, Bogong Su, Erh Wen Hu. A scalable loop
optimization approach for scalable DSP processors[ C]
//TICASSP 00 Proceedings of the Acoustics, Speech,
and Signal Processing, 2000. on IEEE International
Conference USA; Salt Lake City, 2000.

(5] Vladim I'r Guzma, Teemu Pitkanen, Jarmo Takala.
instruction buffer with limited control flow and loop
nest support[ C]// International Conference on Embed-
ded Computer Systems: Architectures, Modeling and
Simulation. Lebanon;Beirut, IC—Samos, 2011.

1EE®:

BB BB BTI KHUBA B BBT
B OR EBTIAE. BRSO R A BRI
BRI R W B BT 1 K AL AE AL e B i
it

(k3% 18 7O

[7] Kuon I, Rose J, Automated transistor sizing for FP-
GA architecture exploration[ C] //Proceedings of the
45th annual conference on Design automation, New
York, NY, USA: ACM, 2008.792 - 795.

[8] Zhao W, Cao Y. New generation of predictive technol-
ogy model for sub—45 nm early design exploration[ J].
IEEE Transactions on Electron Devices, 2006, 53
(11).2816 - 2823.

[9] Apache. Xerces—c[EB/OL]. (2010—03—07)[2012
—05—16]. http;//xerces. apache. org/xerces—c/.

[10] Kuon I, Rose J. Area and delay trade—offs in the cir-
cuit and architecture design of FPGAs[ C]//Proceed-
ings of the 16th international ACM/SIGDA symposium
on Field programmable gate arrays. New York, NY,
USA | ACM, 2008:149 - 158,

[11] Mutlu A, Yamacli S. An improved elmore delay model
for VLSI interconnects[ J]. Mathematical and Comput-
er Modelling, 2010, 51(7/8). 908—914.

[127 Sheldon D, Vahid F. Making good points: application
— specific pareto — point generation for design space
exploration using statistical methods[ C]// Proceedings
of the 17th ACM SIGDA International Symposium on
Field — Programmable Gate Arrays., Monterey, CA,
USA. ACM, 2009.:123—132.

[13] Xiaowei Han, Lihua Wu, Yan Zhao,et al. A radiation
—hardened SOI— based FPGA[J]. Journal of Semi-
conductors, 2011, 32(7); 07501286,

EEEN:

W g B, 1987, BEHELE.
LA % FPGA—EDA TR #iEitE
Fx.




