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DESIGN STYLE

(aULDE LLNMES EOR GooD DESIGN gTYLE

Jo D& SIGN FRo TopP DOwWN,

(i) DESTInGueSH BETwWEEN THE conTROLLE R & ConTRoLLLD Hamd-

wAeRE .

SLoP & CLeARLYy DEFInt THE ARCHITE cTURE & |
“ g HARDwWARE ,

() Dpev
| (onTROL ALGORLTH BEFORE DECLOING TH

@ YTRVCTURE OF. _ﬂ_ Srate MA-CHLNE

_Shws

o PARTION DRSIGN FANTO (PNTROL A LGORFMM G ASCHITCRme
ConTrROL ALGORITIG LS vSUALLY 1Aa0BPRNVDENT OF mowmi_.

e THE ARCLHLITECTURE INcLuoe A DATALLED ST OF coMPonaNrs
DATA PATHS FoR (ConTEDLLED DEVICE , THE (onTROL & IGNALAE
THEY REQurel & THE STATUS OUrpursS THEY PRobues.

* THE CoNTRDLER PRODVCES PROPERLY SE& QUENCED (DMMHANDS
TO MARE THE ARCHITECTURE @xECUTE Your PEEELLM.

M

AND 70_0,'

P a4

DESIGN Youe ConTROLLER Flesry

P

NOVLD HAVE DESLGAED THE Hacbwj!ﬁz“"!f
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W & Do~ L lLEE SYNMLAEDIAIO UL MALHINE S

e WE LEVYE QP Ar A+ HALT e LELLRIRE THE ngmd

LONTROLLER «

S>TATES
. An ASM  Mevks THRL' A SEQUENCE OF 3707‘3,
BASEC on TR Pes:TION OFR Tyg CoNTROL ALGORITHAS

AND THE VALUE OF RBBLEVANT STATv SES,

. A4 STATE DESCRLBES SULUFRFICIENT ErOWLEDGE OF
fhe PRESSWT G PAST CompITious To PETERMINE

TWe FUTue&,

. THE STATE TIMBS pRE DETERMINED  RY A
MASTEE CLOCK , USUALLY A SQuARE WAYE VOLMGE SIGnge

L]

Lk
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b sTATE —sfe—sSTE A L

ASM CHARY NOTATIONS

STATES. @

Crock TearstiTion CHANGE OF STATE

» BaACH ACTIVE
FRox THE
FOZ X AMPLE &
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|- stody A |e—stuty & — staty Z.—> ,
| 46

— Yt

PessEnT TO THE wWEXT,
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GOUtTPUTS
Y e e -

. TWE CoNTROLLEE JSanbDS WELL SEQUEACED ovy PUTS
To THE ConTROWAD DEVICE ALLORDING Te SoME AL hokLTuM

FoR EnamPLR . LF LN STATE A ™E OUT PUT IS . c.ouuw01

CHART WELL LOO‘L Lk THLS '

comMmMANDL

o

COMMAND 2.

Y

RBRAMCHES
. PURELY SEQUENTLAL ASMs ARE NoT Powserol Enotiq.
To PDESCRIBE ALGoRLITHS YoUu wouLp LikgTO

e Wi wouvLD LIKE To DES CRIBE couo";vmna.

BRANCHES 30 THAT THE NEXT STATE IS NOT OMuy
DETER MLNED 2y THE PRESENTY STATA v ALLE BUT

alsSo BY THE PRESENT VALUE OF ONE OR Moee.
STATUS  LAPUTS, :
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TOND L LOUAL OUTPUTS

—— SV LR

e YWE MAY SOMETLMES REQUIRE THAT ThHE ONTROLLER

PRADUCE AN OUTPUT WHLLE IAN SoME STATE P RoVLIMED
doME STATUS LNPUT (ONDLTILONS ARE MET,

Foe EAAMPLE; ®
LMD )
X _® -
Tcme 2
)
CHMD 2 :
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. THE T l.4:E& YAMLAGLE- & % A LFCLARY AN

ALDREL. THAT Poimis To THE FRESENS AR,

o IF WE CoHFUTE THE NBEXT ADDRESS Amp PUT LAMTO
THE FELLPFLOPS, WwE WOULD ge poinTLrIG To A NMBW STATAR,
e WE CaAN ULE (oMBLNATIONAL CLRCLULULTS To CoMPUIE

THE MNBAXT ADPORESS -

e W& ysE D-~FLIP FloPS For THE paliQas,

e THE ASH LHART OF 06uR ExAMPIE HAS ONE  STATUS
INPUT Z, TwO (oMMAND OUTPUTS, cMDt & CMD2 & Twe
STaTE FLIPFLOPS B &A. | L -

e THE (oMBIAMTenat  LOGLC MusT FOb.LOwW TwE
Fot TABLE SrYowN BaLOW.,
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« NOTICE TwAT W& HAVE NOT ASSIGNED THE
STATE Ol LN THE ASH CHART RBULT HAVE
IncLyDBED  IN  THE TABRLE , -

» [IF weg protTeR INTo THE ONASSIGNED STATE
ol DuRiINfG PoweRon wWE GET OvT OFfF
THgE ©TATE To STATE OO L~ THE NExT Cock CIOf .
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- 7 As & La V& At i REJLY A CTRIE ZCEMNERAHTOR

ForR A LvEsr At

s IHE LIATE RENERATOR RECORDS THE PRESENT STATE

CAND GENERATES THE NE&EXT STATE
To keep TRAC OF THE PRESENT STATE WE USE

FLLP-FLAPS .
WE CAN EnCODE EALH STATE AS A RINARY NUMAER.
THERE FORE N FLLPRLors WLLL BE ReQuimgp TO

GENERATE 27T sTATAS,
WE CAN. 4130 AvoLp BnCoPing 84 &csz.o\uz.m-q
A FLLP FLOP FOR 8ACH STQ‘T‘Q S : :

TRADL >N A SYNTHE SIS

o UZEEL AN ENC(ODED REPLESENTATION OF THE

PREZBNT STATE To GCOMPUTE THE NEXT STATE.,

. THE BITS OF TwE CODE ARE THg STATE
VARSAOLES .- n STATE YARIABLES DESCRIBE 2" STATES.
ARBITRARILILY STATES OR BINARY

-

+ WE A—SS"‘

STATE VAQ.!—A'GLES .
State variables: BA

00

Exaue Lt D1 ]
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T a TRA&DL TIONAL MEgTAI HBAS  THE FOLLOWI MG

D ACVANTACES
. IT HAs NO  ONE TO ONE (PRRESPONDEAXE' PETWEEN
HE ASM CHART & THE HARDWARE 1T REPRESENTS.

e BVERY CHANQE In THE ALCORLTHM HowgeveR SMALL.,
REQULRES A ERESH DesIaN OF THE  NEXT & TATE
(OMB LN ATIONAL LOGIC .,

(He MULTLPLERBR ME&ThoD HAS THE POLLOWING ATTRIBUTES .
e IT Probucgs A DESIGN THAT HRZ A DIRECT
con.ee_smupamc& . WITH THE ALGoR L THM . ‘
LT uw as A-PP:._:so ™ 4—~~r ASH cwe'r,-

IN THES PpESIQN METHOD
e STATE ASSILQNMENTS ARE. DONE AS IN THE

PREVIOWS METHOD.

[HE APPROPRIATE. NUMBER oF D-FLIP FlLoPS FOoR

THe STATE VYARLABLES ARE CHOSEN,

. T FRODUWE T#R NBXT STATE CoDE , we UsE

MULTIPLERS INGTEBAD OF (OMBLNATIONAL  L0GLC,

4 MULIPLARER Is ULED Foe THE INPUT . OF Efcr

STATE RLIP FLOP,

. THE MULTLPIEXER HAs THE SAME NUMEER OF INPLS
AS THE pNuMBER OF STATES,

. A STATE TRANSITION TAag.E WRLTTEN g¥ Looxov§
AT THE ASM CHART DEcCIpes THE INPUT DATA
FoR THE HMULTLPLEXER.
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LopP  LAPUTS
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» THE EQVATIONS FoR THE OUTPUTS ARE

CMDI= STATE P = B.A

CMD2z STATEP. Z + STATEQ = B-A.Zt 8.

° THE HARDWARE IS AS SHOWN RELOW,

d

STATS T - cHd2
LNPUT L— L_} | , |
— cMD|

Alg o A CDD

.
D
L B o o a(b)
>
SISCHR

STAYE FLAPELOPS )



EA&tr < F Y TAYE THE FREv? '~ EXAME_E£y ASM

"-‘HAF’_‘.’-
Wi e .of TAE TRAMNI I Tion) TABLE AL FoLiows
T ZRE_ewl STATE | N@x1 STATE | Cewoitiow Foe
NMUMEER NAME] NAME B A TRANSITION
) P R { o z
. [ | p 4
2 R. P b O T
3 Q| P o0 T
! - P 00 T

TroTama

SINCE  WE HAVE THREE STATES AS DAFINED 8y Tl

oM CHART A 4 -LNPUT MUX PR EAcH PLIP-FLOP
L REBJIRED.

Two D-FPLIP-~FLOPS ARE RESJVIRAD o SToRE THA
PRELENT STATE,

wE ALt (KR MUXEES THAT INPUT To EACH ©F THE
D-FLLiPFLOPS AS MuxA & MoxB.

FRoM THHE TRANSGITION TABLE WE AN WRITE
THE ExPRESSSons FoR MuxB INPUTS AS..

Muxg (o) 2 Z+Z2 3T —
MUARCG)) = F
MuUx & Ca) = F
Mur B CED nF

. «
SILML ARy THWR LXPRLSSEONMS FoR MUXA TLTNPUTLE #RE;
Muxale) = Z
Mux 4#C1) = F
MUrA (C2) ok
MUKA (3) = F .
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e PREZGMY LIAGE
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THE EQUATION FOR THE OUTPUTS ARE .
CHMD| = STATEP 5.3‘ |

CHD2 2 STATEP.Z + STATEQ = B.A.2 + B. 4
cHDI-Z 4+ B A

THE OVTPUIS CAN [R5 SYNTHESISED DIRBCTLY FroM
THE EQuAT IonS '

A : MDDl

8 —C

cHD L '

A +
B D e B

{
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CHE  ONE-HOT METHOD oF SYMTHELLS

-

~N Tnes METHOR  CF GENERATING SrATES
o THERE X No EnDING OF STATES & wWE OLE
SNE FLIP-FlLoP FoR EACH STATE -

» SINCE WE HAVE Te BE IN ONE STATE AT A
TLME , GNLY ONE OF THE STATE - FLLIP FLOPS MouST
BG TRUE DYRLAG EACH STATE TIME .

* WE (oHPUTE WIfH (oMBLNATIOMAL LOGIC THE
INPUTE OF THE STATE ~FLIPFLOES.

EXAMPLE ¢

( ouT+;

© FOR THIS ASM  SINCE THEep ARE 4. - STATEs
WE wovwd ReQUIRE 4.— D FLLP FLOPS

o [HE INnPUTS To THESE FLIP- FIofS (an AE
coMpPutep THRU! COMBINATIONAL LOGIC , MADE
BY AnalYzIng THE STATE TRANSITION TABLE.

s
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Canps io N

CNEXT STATE PRESENMT STATE Eor TRAMNSITION

P S v
R T

S __zh.;:

{ P x.Y

R P ]
& w

S XoZ
3 P L3
| S z

THe EQuationS FOR THE FLILPFLOP 1NPUTS ARE !

NEXT STATE.P = PWD) = &. W +R + 5, 7--;<'
NExT STATE. .2 QD= P.X.Y

NexT STate -R= RO = P.X.Y+8ew + SeX.2
NEXT STATE.S = S = PeX + 5.2

[HE EQuaTLoag FeR THE OUTPLTS ARE

ovtli = P.
oura= &
OUTS = Q. W

our+ - s. Z-;'(
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IN THE EARLIER DEILGN METhen. wilLlp RE[VIRED

AN ENWODED REPRESE NTATLON OF THE STRTE , THE
CopR LN HERENTLY JSPECLIFLES ONLY ONE STATE AT A
TL™E .

v IN Tue ONEHoT DESIGN METHOD , wE WLLL
HAVE To INLTIALLZE THE SYSTEM In SUCH A WAY
THAT ONLY ONE FLIP-FLOP ~ REPREJENTIAG THE
STARTING STATE IS TRUE AND ThHE REST PRALSE .



TeE koM BAES Mm20Rel OF SYM TRl

-
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., Thii METiesn S BASRD o TAGLE-LOOK up FRoM

Ao PERMANENT HarMory §u=n AZ A ROM.

e THLIS METOD IS VERY REQULAR LN APPROAC Y}

e LT HAR THE DILADVANTAGE THAT THE SL2z2E£. aFr
The ROM LNCREASSS AS ASMs BECWME CoMPLin,

ZxAMPLE: WE USE THE FIRST ASM CHART FoR THIS BAMPU
. Wt USE A ReMd TO UENERATE THE NEXT SETATE
OF THE D~FLLP FLOPS - |

THE .sn're.g'. L T ”
. T5 IMPUMENT THE ASH  WE CHOOSE A SusTABLK
RoM  AND SPECIFY ITS (oNTENTS .

THE RoM CONTEMNTS CAnN BE DPRAWN AS A TABLE .

7 *DD:ES& z 8CLb> A-C.DDOUTPZLDI CMD2
-to 0 0 I 0 ) ,:......-m

o} 0 | i | i O

0 | o) 0 0 o - 0

o U | 0 0 6 o

| 0 0 o Q 0 0 .
[ 4] { O 0 0 0

l ! o 0 O o )

[ { | o} O 0 !
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Lxn THE ZMPLEMENTATION:
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apoR2 ©OV13

ovra — —
dappey Our — LMDP)
oup +——- CHDda
Z L ADDR O
RoM

Al ol

860D : -
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SEEN TN THIS IMNPLEMENTATION,

e AS 135 T#HE.

ADDRESS LINES FOR THE ROM INCREASES LOGRLTHMICALY
NLTe THE NUMBER OF ASM STATES

BVT THE ROM HAS AN APDRARSS FoR EACH TRST

INPUT & THEREFORE THE ROM S12€ GEowsS
Ex PONENTLIALLY AS THE NUMBER OF LwPUTG



DE 3itipnt EXAPIFLE

[ el o et e

PEIlGN CF A MoD -4 (LouNTER.
WHAT DOES A MOD ~d  TruallaR pe ¢
WITH EACH SYSTEM CLOCK CYCLE THE
MOD~4  COUNTER CYCLLCALLY STEPS THRouUGH
4~ STATES , OUTPUTTING THE VALVE OF THE
STAaTE IT LS In.

THE ASM CHART POR THE MOD~4 C(COUNTER
1S AS ForLtows:

T

AS TWB NEXT STEBP ,ya CcHO®SE TO ‘;g~¢ops
THE STATE , SvCH THaT IT 15 BQuatL To Tpi
vALUE BEING OVUTPUT IN BACH STATE, ,

THLS WE Do, BECAVSE LT E£asks THE
DESIOQN, AND WE NEED NOT BUILL 4 DECODER
TO DewbDE THE OVTPUT FRoN THE STATE

FLIP FLoPS . THE OvIPUT OF THE STATE
Filip PLOPL  THEMNM cRIvES ACFE THR OBOTPUTS .



s THERE WLy &£ Two STATAE FLIP piOPS

To Stor:z Twe Peesénr STATE (B&AD.

THE STATE TRANSLTioN Dara (Canv RE

WRLTTEWN RY LOOkLNG AT THE ASM CHART.

PRESENT STATE NEXT STATE

NAME R A NME BCDD)  ACDD
P o 0O €« o |
@« o | R |1 ©
R, | 0 S | |
s 1 P 0 0

THE EBQUATIONS FoR THE STATE~ FLLP FLop

INPUTS CAN BE WRITTEN FRom Thg STATE
TRANSI TILON DATA .

.4

ACD) = + BA =(B+B).A =4
BC) = B.A t+ B.A

THE OUTPUTS o©oF THE MoD- 4 LOUNTER
WLLL Then BE  (FROM THE ASM “THART).

OUT1 = STATEQ + STATE S
B4+t B.A =(BTB).A = A
: v

u

OovT 2

H

STaTE R + STATE S
B.A+ B.aA = B.CA+A) = B

2}
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DESIGA A MoD-~5 CoVNTER,



