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Verilog Design and Optimization of FSMs
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Abstract: Based on an example, the character of different FSMs coding style (one always, two always, three always) and
different state encoding (Binary — code, Gray — code, One — hot code) is introduced; their effect on performance and relia-
bility of FSMs is analyzed. Then, the area, speed and the power result of Xilinx ISE synthesis and Design Compiler syn-
thesis is given to analyze the best coding style. That is one always style should be abandoned; two always style suit to
Moore FSMs; three always style suit to Mealy FSMs. And the state encoding which appropriate to the design is given.

Vol.27 No.2
February 2010

Key words: Verilog; FSMs; coding style; optimize

1 3§

R BRSO R, AR R M FPGA
B ASIC R L, FRRENEHEREN I8
BRI RO SRR AT BLAY T2 R A ML T RE R
Brd(REREE) B B ERERKE
.

ARRAENL EZAH WF B : Moore BLRAENL
1 Mealy BDRZAHL. Moore BURESHLRIBH B RS
HEPREAR K, SWARSLEERR. T Mealy B
REVE LA RS YPREE X, E5RAGS
ﬁ;&{ﬂ .

SCHP L EATE AR E T Verilog HDL

R EH: 2009 -01—-15; #EEIH#: 2009 -04-08

RERE, XA E RSV R R MR ILH R X,
BXPREVAMRE T T HRAR ST, 256
H Xilinx ISE #l Design Compiler X LB #5147 T 4%
&N THEHB EESHENGEE, AHTXHTA
28 BLRAS VL B AR AS XAE .

2 RAHLGE

RS i p% 0 KB R 28 B E
FPEAED =R, R B RS LGRS J7 2 RS PR
Bk K gk 1 iR,

CHRAHEBNE MRS RE - MRER
e — RIS RIBUF HE B, R — R B B R S S 07
.



2

LT, % T Verilog FIA RREHLEGTH S04 181

®1 TRAMRGIER

+ 341  Binary code  Gray code One — hot code
0 000 000 0001
1 001 001 0010
2 010 011 0100
3 011 010 1000

5 R4 B BT RS B AR e, AR RS
HE—AREN Z A BT . XM HEBRRS R
HERREFES R EH IR g BB R, KK
BT H—MREB T - REHZEHIRE X
AT LA RIIFE.
one — hot RAZIFM B, HA 1 (R 1 HMfih 0,
ST B, AT UBCHEER  HEEAEZHMA
a5, el B AR

Binary — code.Gray — code Zm A% Fi B /b i firh %2
. BENARZHE, M One— hot HIGRZ.

B i, Binary #1 Gray — code & F T il & #% %% IR
B, A BB IRE B M 0L (CPLD) , X T FP-
GA T3 53 FHl One ~ hot code, B Jy X #£ 0] LA 78 43 |
FAFPGA ¥ BRI Z S HE. 550, NRIBIHE R
f# F Binary — code 1 Gray — code, Xt T K B H) i it
£ ] One — hot code SR ELEN].

3 REVRRR %

RSV IR T EEE B =R — B (one al-
ways) \ Bt (two always) F1 = B3 (three always).
3.1 —BxX

— B BPREHHR T R ISHENRBIE
B~ always B B, A H R R M RTR AR,
XARERARAS AR

BT —BRAW#RFEREYS STATE B 5 R
{85, T A a7 A— RS, FEART
RN TR IRk

—BA R T B A L E R AR,
RUA P BRI BRI P 58 B e P E AR
B R R TR, M EAERAR SRR
FHBRZE IR T RS RS X REAR kAl i
P2 ET M, AR FEHF AR IR SR &
P, X F Mealy BRIRPRZESHIR B, 25 B Latches.

3.2 ZER
ZEBREPREHLIHR T ERIEFE B always
B, Hp—A> always BEHUCR A ) 25 B e B O 08
RYFREM T —REWER, 55— always Bk
KA ZERMR T — Rk ) B RE.
“EANHERT RN —-BRANESHE, EES
F R Bm g, EA T RE. AR
EREERE Z aways RAEGFHKWHHE S H
PR, R B RE .
3.3 =B
ZERARPRESVHGAR T B2 h — B R Rk

), FE BB always IZERE_E SO¥ M T —A al-
ways YRR REMNE L, AFERTHET —
PSRN E K.
BELEBRRNE, BN —RFFHFSIA—
B R, FEASHES B E B RS L,
BRBEEAER. X RFFERNSIA, BEE
BT FSMs S ASB B — oK.
SIATASZETFHE, ML REAMISH K
TR, B S ARG EE, By L5 15
SHBER, By IEA A B R AE.

4 SLHISHT

T A — AR R AR ATR S H B N BT 4
B, RESET 55 A HLAG# A IDEL RE, 2R
#HA RED RZ, ZJG# A GREEN R, ZJF#EA
YELLOW R 7, &5 [H B RED R . Default B i#
A IDEL RFE.CRAEFE WA 1.

1 ORITHRSTE
4.1 {EM Xilinx ISE #1794
A Xilink ISE X 61 F #1745 B IR, &
BEPLEERNE, REME%RR, £ HDL Options &
—/E4LET R FSM Encoding Algorithm, 7E H
PrEFH P AUTO(BRIAT), TERAT LA 318



182 T S5 EN

2010 £

SO RPRE VLR A SRS, LB X FPGA
He VIR AR GRS XA .

X FARBIRE, BT RE 4 RS, LRSS
WISPARILR T Gray — code. (HRZ T KR, ZERE
BEMREIB T, RERE — BB R
One — hot code.

MR 2, % Xilinx ISE WEEE G IRBHITHT
ALLE S, T one always BPRSHLET TP,
AR AR S H two always F1 three always K.

FEERT T, two always B FPRAHLET 5 EAR
B/, three always #§ K, 1 one always B B R 4L
BRI 12, B AR K.

X+ FohFESR VU, Xilinx ISE £ B Xpower
HETTRE T, B3 B =R S VLGS XA B 2l

RHAGFERRER.
£2 Xilinx ISE IEEER
ik BAHE
one always 85 313.283MH:z
two always 43 312.891MHz
three always 67 312.891MHz

4.2 {#F Design Compiler BT 7
FE{E F Design Complier X 7 3¢ 3L 41 #1743 #r
B, 4+ Bl £ B T lalways&binary, lalways&one —
hot, 2always&binary.
3always&binary 3always&one — hot %5 6 it , &
BT AFIE T 2 AR (5. Sns A Tns) #
50 #r . S5 A 15 B A0 T FUR RE BT M 45 SRR ITUF r e
2. E 3%, R 3.K 440 TIHANBRIE.
800

600}
400t

—e— 7ns
0

2 Design Compiler S & B BIHER (pum?)
1.5

2always&one —  hot.

1
0.5F

A

B 3 Design Compiler ZA B BIAIE BT (ns)
& 2 7] W, 2always ZEE R L BRA HBINHE,

HWK A 3always. H & 3 %87 8943087 7T I, 2always
WA —ENLE

B8 ] Design Compiler Fl Xilinx ISE 454
ZGRUTLLENR, AL R FPGA £ ASIC, two
always Ff 5 AL S R B/, UK three always,
1M one always BT 5 BB K. X FE R H F one al-
ways HPARAS VL2 ER AT L B, BT LAZE R AR
K ,three always B T £ R H— R FHHBRE, T
FrIE SR HIFR L two always BB K —ik,

5 HBSH

Mt A E 4> B0 A Xilinx ISE 1 Design Com-
piler XS L FIHEFT B 7387, 7T W, two always B 4855 X,
WAEEE KBS . Bk Moore B RSV H R
AREFHAHES, RENTZEMERASRK,
B LA Moore BLREHLR A two always HI4a5
A% .

T Mealy BURZSHL, 0 1A R 5 YaPREHF %,
BHRARSAX . MLRASERMEL , XHE
B4~ STATE P4 E S E 220 B AR RH time
skew, IR G S EEBETMASIHFESRLH
W, EERE N R B PR AT SR R B P L AEER . B
DA A three always XU, Bedgi i R0 —H.

XtF one always R XK, BIRFE—EF IR TP
EPEE R EREN U LR, TR X
RE PR RIEFEEE KNBE.

EFREHG M, X T FPGA KL E IS
AT A AR REIERE w8, i Xt F ASIC
SRk, BIAE /N o8 A Binary — code 1 Gray
— code, TIXF F A0 A One — hot code.

6 LRIE

XHEEE T —4 Verilog HDL B3EH], XF =F
AEFPREV GRS FRSVHR T X7 TIRAR
PR, AN TH&BHRE R, FH405HA Xilinx
ISE #1 Design Compiler Xf — L HI#E4T T 4586, X
AR BB S INREREAT T 4047 . 45 R R W one always
MWE LR EHFEF, two always I B XHEE S
Moore BUR ML, M three always B RIE XN ES
Mealy LR, XPFBHRE H TEESARET



%24 LT, % BT Verilog A BRARSHLE S HR4L 183
FIB RS
#: 3 Design Compiler Z&BBAMER (pm?)
lalways&binary lalways&one—hot 2always&binary 2always&one—hot 3always&binary 3always&one— hot
5.5ns 708.5 681.9 259.4 232.8 435.7 429.1
Tns 618.7 592.0 196.2 172.9 405.8 379.2
# 4 Design Compiler G & BT (ns)
lalways&binary lalways&one—hot 2always&binary 2always&one—hot 3always&binary 3always&one— hot
5.5ns 0.00 0.00 0.00 0.01 0.01 0.00
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