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An automatic approach for bitstream configuration of routing resource

in SRAM FPGA
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Abstract: A Memorized Field Programmable Gate Array(FPGA) Configuration Model Search(MCMS)
algorithm is presented to automatically generate configuration bitstream of routing resources to solve the
bitstream configuration problem commonly existing in Static Random Access Memory(SRAM) FPGA. The
main objective is to reduce the time for generating configuration bitstream of routing resources and
improve the correctness of configuration process. This is achieved by allowing the MCMS algorithm to
extract the model of configuration bitstream from the behavioral Verilog HDL(Hardware Design Language)
netlist that describes the FPGA architecture, utilizing the model to automatically generate the bitstream of
routing resource on the routing path based on the routing result. Our experimental results using a
homogeneous SRAM FPGA with 30 million gates that contains 30 million configuration bits have shown a
298 times improvement in time efficiency, from 6 days when manually extracting the configuration
bitstream model to 29 minutes when using MCMS to complete the extraction. For a heterogeneous FPGA of
the same scale, it takes one week for the manual method to extract the configuration bitstream model,
while the MCMS only needs 26 minutes, which improves the time efficiency by 394 times. By using the
automatic method, not only the time for generating configuration bitstream can be shortened, but also the
correctness of configuration bitsiream generated can be ensured. As a general configuration bitstream
model extracting procedure, the proposed approach is applicable for homogeneous and heterogeneous FPGAs.
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bitstream; Memorized FPGA Configuration Model Search(MCMS)
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3T SRAM ) FPGA B AW EHEE ML . FFREME . FEMAMERE S, FibAFdE 30 F£58 T RER
KA Z AR Y R T A B P AT AL, LT FPGA LML BY T (Computer Aided Design,
CAD)T HP, FPGA CAD Wi ffLis . T AME . 254 Al . MM ae &l {7 3 6% B & B BerE M
CAD WAy KRN, FEsr P I IR . AR AT B INEE L KRR FPGA 1P #
(Intellectual Property Core)ZhHE Y AT 4 At il 5 He rb S B0 T 3% W 5 A0 I (67 8 H o D B 067 1 70% 242 A5 1), xof
W o SRS P L B A A S g5 SRR S, T X B AR B RO 2 R D RE LA M R IG5 M FPGA Hh TP BT RE W T
BHNRMZEA G0 B D RE R o 7R SCEE S F 58 B 6 B 3% W IR 1) 67 T A B

BiE O AR R K, MREBAB B WS E L, FF, MREEELSEENE S, HEFRFEPRSH
5 T 15 RO WA I B T R SE . SE R LI 4L FPGA CAD JFUR T B VPRI I %7 5 5% it FPGA Z5#41% VTR
Ve FPGA Mg PFAE TR, i TR UES i, JEAR SRR AL A B . i1 T SRAM BL'E 5 FPGA 514 % 1)
G, MR FPGA Z5HERAEAE A =AY, DL AE Tk A, O T Ji s e & 7 ik 1 A T e ek > . Bl
F M FPGA A 771 Altera 24 ) Fl Xilinx 23 1), A7 & H AL i A% e B 07 10 (0 53 1 BB R HEAT A TF

ASCHE T —Fh 20 A s B E BRI L . R R IR FPGA 258 1917 9% Verilog B {4 4 18
1% 5 (Hardware Description Language, HDL)SCHFAE % A, R A6 O BLET MCMS 8072 $2 BUH 3% 9% IR Bd B 7 A
B, BEASMESALE R, Bahd e b EEREAMRID . 12057 %AE 08 A 5% 58 I8 47 7 Y
BB H e, REfg i T 2 M a5 B FPGA & F, MoK s 5 T 7 i i fic & B [A] .

1 SRAM & FPGA {Ii#fOpy Bl B 1378
1.1 SRAM % FPGA %#4

SRAM AI[A] it 454 FPGA (R 24540 E 24 3 #5r: 7l 4 f2 2 # D) GE L (Configurable Logic Block,
CLB), HFSHHAS A ZEIIGE,; TERE, HTREZEHRBAEZE LR, WA ERJTO), HTFELEH
SR NG S S EE S ZE B @SS, M TRIBEZEH FPGA, FR45H FPGA Witk | 2R 2 ook, Wff
i 7% A1 DSP &5 [A] i 45 44 A 57 T 457 FPGA R LA 1(a). B 1(b)Ts .
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Fig.1 FPGA structure
FEl 1 FPGA %5t

M FPGA HEEZ5# ] LLE , [FBT45H FPGA AL B0 32 %8 50 30 B 3% ¢ 5 9 342 3 ) 8 N 28 A 32 4 e i
W|Ite, FR45H FPGA L&A AT LR oTRiR e My al g fE 45 . Hrp, B REEFmELEES
(Connection Box, CB)FI#% kI & (Switch Box, SB), UKl 2 ii/n. CB ¥ i858 He iy 4w A Ffy o 10 3% B2 581 B
HEIEGE b, 0SBRSBI b A0 B G M HGRR . fESEPRAY FPGA S, CB A SB B i A A 4
AW £ % B 4% (Mutiplexor, Mux)Z1. 76 FPGA SCPLN FHE e, i i Bic & AR B A A2 i g 45 CB. SB
] AR T 06 Sl , N fE SR
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1.2 Eﬁ’ﬁﬂﬁﬂﬁiﬁﬂﬁ’\lﬁﬂﬁ interconnected

channel

BLF A mLE SR 2 WAy — AR $!
CAD T HZA G ML, B E AR B0 Y
52 B CLB (3% 5 2 A L K 5 R 45
FPGA 7% BAIC [ TR s 2 AR 4% s 5 A 48
IELC L CRed X ok RS 3 N SRV R
T T 0 e AR L P T T R U IR o
R EABER 70%Lh F, R E AN
2% T 34 R TR A 50 0 A 9 cB

S2 W o PRS2 T W U 5L /0 T I R
BT, R T Y A B A AR IV A Mux.

B B VE IR L T LT 2 meromened| £V

input output
R, mux mux
N BLE

BLE

‘_‘-H:':::_—.:_. -

o 1) BRI VEUR R AR LR A “m“_/é%,gj
BORELEE 2 34y, 45 1 AN Mux MO BV
PIAETUZ SRAM g & {37 v g %t o 1 o i F
SRAM # FPGA YW & fir LA % B I8 =X HE SB
5, BAEEM LTS ¢ MFE o TR
R E N Inel, M Mux B EE O X Q%Im
fﬁﬂj%‘zi\‘ﬂ\j[r,c]; % 2 WS Mux HYRCH Fig.2 Routing resources in a CLB
PR AR TR T n BiA Mux, [ 2 —A~ CLB NI 3% I
HEENA m A, 258 s0.8,,5m, 18
WAL . m=[logy |, WL Mux A T (705 6 A3 97 53R K <sm1,.51,80>(do,di, 0o 1) 2 HEH d 1
BC B L Sy e,S1,S0 FIRUE S T i 00 HEHIRC. 2) AR R 7 2k B AR 00 5 135 5 46 05 1) L 2 0 U ol e A S R T S 4 o7
B, E M (0 9 % 8 P 9 Mux.

mE 3, FHL2ADME 2 % 18 Mux 4180 B 3% E N
1], 30 B L R O A T L L A 2k K R R o 8 Sk BT | |

CcB |interconnected
channel

S5 M mux_ 1 A dodmfw A, £33 mux 1 i 5 RE mux 2 19 d; i e s e s

A, fefrilad mux 2 fi e WIEECE R, E BRI Mux i M
MR B mux 1R mux 2 FCERXERMBUR SRAM | Ll

Fic B AL 20 5 M [, c 1A r,c,], mux 1 Al mux_ 2 A4 BC & 07 45 i B A S

(107 I R <s>(do,d)); RJE, WAL R, mux 1 T d, iE mux_1 mux_2

W, PO, ) TZ SRAM BLE IR E N 05 mux_2 W ik Fig.3 Bitstream configuration of routing resources
W, LB [,c M T2 SRAM Bo B A B8 R 1, M58 i 3% % Rl 3 T W A A O L 2

PR A Y T

MR IR TR, A HL G BT R U A Y R A v, B IR YRR Y RO R R R A A, BRI
Mo T E A ATAYER IO YA T 43 o N TARBURD A S A S 2 F o A THRBUR A8 B3t A SR8 I IS i Mux 19 TAE
JELHE, HRE] Mux B TCE AR A S A 07 S SR THZ SRAM L B AL B AT S5 RIS 5 o SRl 7 B A AU
iR B 5 A . A sh bSO B A n] DUAT 2 MOk se Bl 5 1 AR5 ik Jeis F TS AL IR O R B AL
TR TR I B P R R B B R kA O SRR AT TR R R, L PSR A o A A — R R
2 MOTIEIE R FPGA JEH A §5 e it sUAE 9 SO 338, BN Verilog HDL 17 #3815 7 o AL i 45 i AR
WA THA FPGA S IR 2 AT, BTLAN Verilog HDL 4 i v $ HUH 3% e Y5 e & 467 455 0 mT DA R A1 530 12
SEARPEE, WERR R I C AR

AR SCHR H — ol AR S BC B R VIR Tk o 10T K FPGA R JRUER e 4 47 9 Verilog HDL 3C
PR X A2 S AT 1) 3 R K 3 T A A 42 5 25 B (Abstract Syntax Tree, AST), #AJG M AST 48 BUE X
FPGA &7 JRKALAH IR Verilog BB, FEiZ i b, MRS S m &, B o 1B B9 MCMS 5k 42
YBCH A G R LAY, P45 G A 2 A R AR A 4R B AR b T B R AN A A
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2 EFMCMSEZFHWEEZRERERIZE

K o4 28T MR FPGA 45 4T I %%
Verilog XA EMEHERFEREN FE, B
SeXti% Verilog SCAH 47 18] 16 A8 15 40 B A
AST, M AST H#2HU Verilog FELF, X5
P55 W m o R, B HCH 3% U R A A

lexical,
o . N ‘ N . enerate configure

Fop AR A S U ) OC &R, PR HOCHL M Y R C L

BARLZEH MCMS ks . fn, DASRER AL

BRI N ILRE, YR CAD T HiAfn g ah 3, Fig.4 Flow from FPGA Verilog HDL to bitstream configuration of routing resources
e RN B 37 4 J\ FPGA Verilog fhid /1 U H 3 B IR A U R

extract Verllog

module tree

port-mapping
MCMS

configure model of
interconnected
resource

CAD routine

2.1 # B Verilog # kit

T %, %M Verilog HDL ## & 19 B} 7 28 (Backus Naur Form, BNF), {fi flid bt TH Lex!" | i piE
SCAMHE T Yace" X iR FPGA 45 #0977 %% Verilog HDL SCHFHEATALBR, Il s7 i 48 i U 2IAS T,

Hk, I AST T2 MBS IF G A Verilog BIHRARS, T2 BIHAE B (9 A2 A, 76 38 21 52 4k 1 B B
A (K AR AE M AW S s, R T

MAERACTT S, e TN, ER Ll FPGA top module

e, HE T A BRI FPGA RIZTTHH y/////}/ \{T\\\\\‘

Jo. A LREHGE RS, TEmE— Rk

o 4 AHEHR B b BB cLB oinie T || confiwe modute
M AST tHHEEUAY Verilog Bk &5 Fan &l 5 : : : :

s, FRERAYAYAR T S XTI R T FPGA ik A R B configure cell configure cell configure cell gate

PR TR, HE -7 Su& T FPGA : z :

AR R 2 e CLB . 10, Hofth 5 S e e A gate-level unit cate-level unit cate-level unit

B SRAM Fg B HIHLS, BUHM g0 745 SR T | . |

FPGA 5 H HOIEI . S T e

2.2 MCMS E %2

Verilog fHBRAFE T XF FPGA s B BRI AT 2 AL 1 38 1 B A 15 B o 1 FASE g o 0T J2 452 e R S )23 A5 B
Z WG SR, T LI BN T2 B & A7 MR 2 e B B O BB 6 R . ik, ARSCIRH T —F M Verilog
L B ARS rp i BT 3 e R I B LA MCMS Bk L % E AR 3 R

1) I ik xCC Fe A He 45, PRI BE B AR IS 2 i B AT E . BV AN FPGA B AR 1 102 A5 B 1 i ¥
Ui AR 48 28, AN SR A H 44 A5 4 T2 L B A H G RRAE DGR 7, D0 PR el A5 3 B R LAY A g
£ 2);

2)  RMTZEE N DA G S EE LR TEY T Y RTBR BT TR, WA AE AT AT 5] AN
002 e o 3%, U050 P 7 5 B s, 2T N VS R T 0 ) L R R AR s S LR 3);

3) BRI R TR B IR ACE AR . R )P R B PN S T i E AR, H% T
A FF AR 2 B A R AE G852, ) BB [m], 19 3 B B R RO AL 5 A5 U], AR B £ R T )2 5
B, ORI B i A A A S| B S TR R A ECE N O, BEAB IR 1) A48 R T R AR, It
iR [l 48 R 45

E#ﬁEL%%mE&ﬁﬂﬁ%ﬁﬁ¢,ﬁTﬁﬁﬁ~%ﬁﬁ&%iE@%,wmsﬁ%ﬁmT
Memoization i AbF A1 fili ] A 4% 200k A7 4% IS 2 A5 B rb i A I O 1T B TG4 VR R G B AR . AE A T R
%ﬁ&mﬁ%ﬁﬁ¢,w%%&%&%%mﬁﬁmﬂf%ﬁt%%mﬁﬁﬁﬂ@af§&§$ W) B 42 3R B
e AR, R A TR R . SCIRERE , X AL R R T E MCMS Bk S 1T RCR R = 30 15 A A .
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2.3 EFHmOBSH MCMS E AL I A E R RRE

MCMS FE MR II/E TG FPGA 05 R BRBLI 3 A, 3809 032 47 B (] 0 4 40 T 6 76 48 2% A T0T )2 i
S A G S EE LR TR E. L CLB FEFI ML A 100x100 1Y [H i FPGA 0 H A, —4 CLB {5 60 />
L, PR A KA E 5 AFRF. TR SRAM b5 —Fd & b A% CLB ¥ 1, MCMS 89k
W JJj BT A CLB Sy H R HIWiE 5 S R, 58X

R BT R 300 A om0l (b
sramn,
(100x100x60x5 = 3 000 000, #J 3 MB F4F). 7 CPU e
Wik 1.8 GHz B9 PC B4t linux grep 44758 o o
%, RBAE 3 MB B SCAR SR P RO — 55 747 ey ™ AN
(97 4 B E] S 0.005 b . IR MU FPGA S5 P 2y
#1000 77/ SRAM BB {2, #8%F SRAM AL fi2)% m -

; sty TN yn, GeDm+1] [yn, xm] yn, xm1] » (1
Ry CLB v AL TR 00 ST a 2 13.89 /N o) LUES sramn[1] sramn[m] sramn[1] [yr;r;)r:—n[)nT]]
P LR JE AR BT LA AR IR, 58 A a3 A7 (] LB CLB
Pas |~
EEJ‘KO - A vm ki [-Dn+1, emet] [y-Dnetxm] || gD+l xme1] [-Dned, oeehm

j{lT]&ﬁE%ﬂﬁ E@%?@%?&%Tf’ﬁ , ZIKB‘CIE:@ZEX srami[1] sram1[m] sram1[1] sram1[m]
SRAM IS 2 ] T 5 35 1 S0 i 1 — p_—
]/, BEME R FH X Fh A9 JR K )& FPGA B i 2 %E Fig.6 Mapping between SRAM and logic block configuration port
BRI L . IE FL FPGA i R U R A e Pl 6 SRAM i 5 v 11 12 S B i 8 0 11 (0 56 R R

B SRAM it & 3 111 A1 TO0 2 7 S8 e I 25 0 11 A9 28 3, 3 7 2 S0 — 5 00 I 5 1 0

K 6 R T —A R4 FPGA, BIZHA CLB FE B HAS A n 7. m 3, W(xy)kk CLB |- & i 1
sram 1 [ 11X B (4 T0 2 L & A7 0 [(y-D)n+1, (x-D)m+1], HAHH CLB &8 (x+1,y), HHELE S T sramI[1]%F 5 (1)
TZECE AL R [(y-Dn+1, xm+1]; H EH A CLB B M (x, y+1), HECE N O sram [ 1% B9 T2 B & A7 8 [yn+1,
(x=Dym+1]c FET LR me bt R0, 3k fa S g0, RV Al /3 8] FPGA "B E M CLB Hl & i L XF 1 (1 T
JRBLE L. %t F 10,DSP,Memory %5 HoAh S R (2 5 B, L RE e AR B S5 R0

24 BEZREREMRBANER

BT 2.3 T ARRYRE L, KRG CAD A £k A% Bl 5 £ 5 22 4 1) T o B v i A s R i o s 9 02, 38 o AR S
1.2 A B T7 1, TC R 0L A4 57 U A 12 10 RS )= I B R

3 KR

) BT H B L TR B T R, AR SCHEAT T — R, KR A MCMS BB RIE 45 A9 N T3 U Bk it
AT HHE o FEF WFh J7 2 43 5 % [R]BUASE A ] 5 FD 5 S 4548 FPGA #3547 B0 34 W IR IC B 2 i i AR B . MCMS Bk i
T35 Intel BE 45 2 E7500 AUAZ AL B8, AbFHE$4 2K 2.93 GHz, HL#sNFEN 3 GB.

3.1 EfR FPGA LG R

S8 T B R R RLEL A9 [R] T FPGA BLE AR BTt L& 1, R a & T 3 71715 3000 J7 11/ FPGA Bl & A/
BHMKZR EEYEH ., xR UEL, BEMHHMESE FPGA S MBI R KR, K2R &A%k
BOH WA FPGA 8 F AR S IE FE

% 1 RFEBBIIFE T FPGA it #5850+

Tablel Statistics of homogeneous FPGA configuration with different scales

FPGA scale (ten thousand gate-units) number of configuration bits number of configuration modules
3 43 575 24312
30 408 515 227925
300 3528 084 1909 434
3 000 31164 742 16 866 667

Xt FANEHAR )[R T FPGA, 43 %R A MCMS ik 2 Fum OB 9 MCMS 838 A1 Ty e 3R B & 7%
JRC & 7 AR BT 46 3% A A 1) DL 3R 2.
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F2 2 MCMS B . T3 FBRSTY MCMS B3 F1 T 5 vk B ] e
Table2 The comparison of execution time between MCMS, port-mapping MCMS and artificial method

FPGA scale (ten artificial methods MCMS algorithm port mapping MCMS artificial / MCMS artificial / port mapping
thousand gate-units) (days X person) (minutes) algorithm (minutes) MCMS
3 3.0 2.9 0.27 1450 16 000
30 3.5 27.4 0.30 184 16 800
300 4.5 241.0 3.20 27 2025
3 000 6.0 21252 28.97 4 298

2 aTLUAE W, SR T Bh PR B R 7% R R B A, BVE 2 RN 3 51T/ FPGA 8, $RHAT )
TE 3 RPN TAEE). MR MCMS Bk A $E B[] R 2.9 208h, AT HIER) 1/1 4505 SR 2T i
MRS ) MCMS B k2 TR R 0.27 208, AT HER 1716 000, % MCMS BiLZfTHCREE T 11 £5,
24 FPGA IS H AN 3 7 11384 E] 3 000 J7 1A, R MCMS 556k 2 BCH. 7% W8 PR e B A S (18 A7 R R )2 A T
T 4~1 450 £, R T 06 0B A9 MCMS 8L 1B 7 R0R JE N T 1) 298~16 000 £ o 56T i 11 B 55 114
MCMS FvEH MCMS FEk e, 5 PR 3L F 3l 11 S () MCMS 553 A0 5 L HR B — A0 1 11 32 8 B i 5 oy
1) B W5 50 o B R, A b A58 B e A SRAM 0 B 3 11 Fi% W Sk A L3 3o 7 B 0 4 Mk ol B 15 3

3.2 RE FPGA FHISREE R

AT SR B 5 Bt FPGA 7% T Memory F1 DSP 72 Boiide, ANFEBA R 5 5 FPGA it & 15 B 4011 W&
3, BPEET 350778 3000 7118 FPGA BCEMEH FIRZECERREH . MK 1 HREMENF T FPGA
O HAHEL, FPGA L& 50 H A 2 B B AT HE H A k2>, TR & DSP il Memory A 7 (14 it & 0 1 H 44 W] 45
MR CLB b,
¢ 3 RIEBURLH 5 FPGA fit 85 84531

Table3 Statistics of heterogeneous FPGA configuration with different scales

FPGA scale (ten thousand gate-units) number of configuration bits number of configuration modules
30 384278 212414
300 3184017 1746 181
3 000 26 645 194 14 468 356

X T [R5 BT FPGA, 43 Bk AT MCMS B3k . 36 T3 H B9 MCMS 53032 RN T 0 12 41 CEL 3% %
5 IE AR B BT AE 2 118 B 18] DL 4

4 MCMS 3% | 35 T3 H WU A9 MCMS S8 HI T 07 126 6] oA
Table4 Comparison of execution time between MCMS, port-mapping MCMS and artificial method

FPGA scale (ten artificial methods MCMS algorithm port mapping MCMS algorithm artificial / MCMS artificial / port mapping
thousand gate-units) (days X person) (minutes) (minutes) MCMS
30 4 26.0 0.28 222 20571
300 5 217.7 2.98 33 2416
3000 7 1887.1 25.58 5 394

M2 4 BURTLLE S, 52 2 RSB FE T FPGA AHE, A T 7 B8 BUH 1% W U5 0 (57 455 80 1) Ik (7] s
AHHm, JRFETE TS FPGA H DSP Al Memory B (5] A A TRy A AR T A 42, M MCMS 5k
FIIE F 35 11 B S 9 MCMS 8325 1932 17 B5F 8] 45 ) i FPGA A7 i /b, X & i T FPGA it & 0 50 H FIS 2 i B A B
BHB A RZ . 2 FPGA 5 HUEL N 30 136K 2] 3000 J 110, SRA MCMS 8k $2 U E % 93 V5 I & 7 4
B IB TR RN TR 5~222 %, R T DB MCMS BL BT R0R 2 N TR 394~20 571
5o 3T o TGS A9 MCMS BER0CHR & MCMS B4 1Y 73~92 %,

A7 i AL T BT (] ) 956 L 3 T U A R BB ] RUAR 5 A 4 5 SR A 7 T A A B ) T B > R A B
VR R IR B 90% T, AR A 28 45 T Az AT RS B T AR OR B s, BT LA A T A fR) 32 B P R
TR B A7 B2 B () PR 22 o AR SCHR HH A 3 T o 11 B 6 A9 MICMES B8 36k T LA R R 4 o L 322 % VR A7 3 s T 8 s i)

4 &g

ARSCHE M T —Ff R 2R FPGA B BE IR A BC B 07 vk o il i Xk FPGA &5 M (947 9 Verilog ST Y fift
Br, Aml Verilog BEHARS . FEAI T T3 B9 MCMS 05 S8 ORI A AR 7Y, o5 i ARG A 2 45 2R A il L 3% B¢
PR BCE A RS . IR ER RN, ML T ATIRE, AT i 0 B B9 MCMS 585096 A2 RS B A i i, R i
ZREG SR P T 2% . TR I 97k al LR T T A R 2540 . 2 OB FPGA 8 R o 1 4 8 150 B (030 % 2B 1t
LETN ) N 7= O VAT TR L] L S T 271 i
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