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Macchina di MEALY (sincronizzata) A ooy ¢ %o

* Le uscite sono funzioni delle var'lablll di stato e degli ingressi
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Macchina di MOORE (sincronizzata) 4 ‘dloaid L' qrevova (m

- Le variabili d'uscita, in un determinato istante, sono fuﬁzuone ‘

delle sole variabili di stato Segono (b < @
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* Le uscite sono funzioni delle variabili di stato e degli ingressi, ma
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Tecnica generale per implementare una FSM con Mealy;b;;“m\ e
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Template ge;‘\er‘ale per Moore in Verilog

module Moore(z,x,clock,reset ) ;

G[WIQQM)YQ/&QO%

input |, o clock, -
input [N- -1:0] x; Jowe ST 1w * pal B ho
output [M 1: O] Z; Y SuHDT : C’A/bwﬁ&
M
reg T —1 0] STAR; {IQ@A% A SlaXe + e
parameter SO=codifical, .., SKmenol=codificaKmenol; &H& <O Ol
always @(reset 0) #1 STAR<=stato 1n1z1a1e, NOTA: Y non &
Guaclo For¥ o X1 W0 A0 STpe G SidTe WIS doin. 2 altro che STAR
7 oz . -
assign z=(STAR==S0) ?codific }L@@ﬂ/ﬂ Lo $Ho «
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stedlo Y(H-1) & gyl 2(1)
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always @ fﬂpmgglépdgg‘b%%k) if (reseé——l) #3 ot ¢ olo lrcD
casex (STAR |§’ Qﬁéamfﬁ% 5‘*93’0 14 Coradls- In gM la dipendenza
S0: STAR<—g0 (x) ; <p’re5ta sof Fnemte | dalla Y & attraverso

S1: STAR<=gl (x) j - gu(X,Y) il «casex(STAR)»
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SKmenol: STAR<=gKmenol (x) ; -
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Esempio - riconoscitore di sequenza 11,01,10 con Moore

) oV

module ricseqllOllOmoore(z,x,clock,reset ); V

&Q Vi Conlle Sequuny

input clock, reset ; 00,10,01
input [1:0] X; ‘h
output Z; |
reg [1:0] STAR;

“parameter S0='B00,S1='B01,S2='B10,S3="B11;
always @(reset ==0) #1 STAR<=S0; ~TPto W%
assign z=(STAR==S3)?1:0;1 dosany . uscd b feyw) St seq
always @(pose@g? clock) if (reset ==1) #3

C
casex(STARf“gexw{ggﬁ@:%l&w@'Smwsag (ase -
. = (se==" o) . . : . "
SO0: STAR<=(x=='‘B11)?S1:S0; ol 2 TouSle W
S1: STAR<=(x=='BO1)?S2: (x=='B11)?51:80; | _ Pl e
S2: STAR<L=(x=='Bl0) ?S3: (x=='B11) ?S1:S0; '
S3: STAR<=(x=="B11)?S1:S0; Coudi o STAL im bom & “»
endcase 8(-"(%\ DU
endmodule B 50 Joscde ok solb-
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Toplevel X[1:0] | 0 W Y A T C) ) i 3 T 2 13 2
~—
Toplevel z ‘ ,_"‘ “———]’L‘I 244 [__I
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Template generale per Mealy in Verilog

module Mealy(z,x,clock,reset );
input clock, reset ;
input |[N-1:0] x;
output [M-1:0] =z;
reg [K-1:0] STAR; ().
parameter SO=codifical, .., SKmenol=codificaKmenol;}gaxbgka%:Sﬁdb
always @ (reset ==0) #1 STAR<=stato iniziale; &%.5@&;&» NOTA: Y non &

Slae 4100 S X z= ?\L%CQ,BL{.:\) altro che STAR
assign z=(STAR==S0) ?f0 (x) :

(STAR==S1) ?£1 (x) : Lt ) %;Q,L[,xm,y(,w))

/* (STAR==SKmenol) */ fKmenol (x) ; _

always @ (posedge clock) if (reset ==1) #3

casex (STAR) . :
S0: STAR<=g0 (x) ; Lowe Yoo, $B¥o B dala Y atraverss
S1: STAR<=qgl (x) ; a : e 4o um il «<casex(STAR)»
g € — 9.(X.Y)
SKmenol: STAR<=gKmenol (x) ; gﬁgowMu‘ ) 71:%MLRMW,Y(?W))
endcase
endmodule
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Esempio - riconoscitore di sequenza 11,01,10 con Mealy

module ricseqllOllOmealy(z,x,clock,reset );
reset ;

input
input
outpu

t

[1:0]

reg [1:0]

parameter
always @ (reset =

assign z-((S%iﬁﬁn

S0="B00, S1="B0l, S2="B10; wdfs %k
=0) #1 STAR<—SO

~¢2L o (i 10

=S2) & (x

clock,
X/
z,
STAR;

always (@ (posedge clock) if (reset =
casex (STAR)
SO0: STAR<=(x=='Bl1l)?S1:S0;

. fae s

B10))°1 0;

00,10,01/0

I 2 Phee 4 B </
=1) #3

11/0

S1: STAR<=(x=='B01)?S2: (x=='B11)?S1:S0;
S2: STAR<=(x=='B11)°?S1:S0;
endcase
endmodule
0.0002 I O.m I Ons |20ns |40ns IGOns |80ns |100ns |120ns l140n5 l160ns l180ns |200ns |220ns |240ns
Ll 1 1 | I I T | | ] | I ] | I N N N N NN Ll 1 1 L1 1 1l | [ TN N SN U —— L b 0 1 ' 1 ¢\ | 1 1 1.l
Toplevel reset_ [} /
Toplevel.clock d_"_*.._Jﬁ\\_ '_‘.k~ —".I_ —‘\_‘ ﬁ'n_ '_‘5\_ —.,IL{—\_; - _‘If— \._Jﬁ.k_ ! '—15 ﬁ'.‘_j_‘. \_JF‘.I‘_ —\'-_ ﬁ'.k_f_\ L_J'_\n_r—i_ﬁ Iﬁ'._
Toplevel X[1:0] 0 - BEFPes BB EBEBNEESRE- 1 3 1 2 3 ) = 2 = D
Toplevel 2 (I I (D
3 —— : —C _
Toplevel STAR[1:0] ([} 0 31 21% 8lX Al X 21% %1% 212 I 2[ Y o I 1 : 2] 1 0 I 1] 10
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Template generale per Mealy Ritardato in Verilog B> ROCE) 0N
Z2= C)(L'F-\ fU(S =L

module MealyRitardato(z,x,clock,reset ); et Q\. el Cape X
input clock, reset ;
input [N-1:0] x; Q@\ (Mgwf@mg¢‘,901ﬂp
output [M-1:0] z; Je groacle
reg [K-1:0] STAR; 2 Copera €' 0o¥ M
reg [M-1:0] OUTR;
parameter SO=codifical, .., SKmenol=codificaKmenol; NOTA: Y non &
always @ (reset ==0) #1 begin STAR<=..; OUTR<=..; end; altro che STAR
wgo¢0iua0ﬂﬁj STATOo \W
assign z=OUTR ;»S“™ dpdedb oure, BUUT& S
always Q@ (posedge clock) if (reset ==1) #3
casex (STAR) ~ B < &
S0: begin OUTR<=£f0 (x) ; STAR<=gO0 (x) ; end P;J/Co&’-mﬁ o
S1: begin OUTR<=f1 (x) ; _ STAR<=gl (x) ; end &

SKmenol: begin OUTR<=fKmenol (x) | STAR<=gKmenol (x); end |
endcase f.(X)Y) gu(X,Y)

endmodule )
8»‘1\ QQSZ%E», e ndle  Shre NBQ Pedlo ovTe @ STAL
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Esempio - riconoscitore di sequenza 11,01,10 con Mealy Rit
module ricseqllOllOmealyritardato(z,x,clock,reset ); ﬂﬁagmtf@-ﬂh*

input clock, reset ; 00,10,01/0 1110
input [1:0] X;

output Z;

reg [1:0] STAR;

reg OUTR;

parameter SO0='B00, S1=B01l, S2= B1l0;
always @ (reset ==0) #1 begin OUTR<=0; STAR<=S0; end HSF < (a Stes (o
assign z=QUTR; Heloy 11T
always @ (posedge clock) if (reset ==1) #3
casex (STAR)

SO0: begin QUTR<=0; STAR<=(x=='Bl1)?S1:S0; end

S1: begin OUTR<=0; STAR<=(x=='B01l) ?S2: (x=='Bl1)?S1:S0; end

S2: begin OUTR<=(x=='B10)?1:0; STAR<=(x=='B1l1)?S1:S0; end

endcase
endmodule HioQ- ‘TuM(maQe Came Hoolg, mo ke sl memo STokx
#o-m'” o.mp’ Onls 1 L L |201nSl L L I40lnsl [} 1 |601nsl 1 1 |80lnsl 1 1 I“olonlS L L |12]0n§ L L |14l0n]s L 1 |1610nls L L I18l0nlS 1 L |20I0n‘l‘5 1 L 12210n? 1 L |24l0nlS L

Toplevel reset_ |} f

Toglevel clock | .ﬁﬁl .—|.l| . Ft s A s ke T ,_"',‘_‘ .—..I"_‘ ,—.‘._‘ ’_‘"._‘ ’_‘l'.‘_‘ n—|,|\_‘ l'.‘_, "._‘ .I.._. ’_‘|[|._. '_‘\._‘ .—‘.l.‘_‘ '_‘".‘_‘ — ¥ — n

U N R, VIR N T R Y [ S (R IR [ T S
Toplevel X[1:0] [{ 0 5 111213 1131112119 1 121 3 1 ] 2 51 2
Toplevel.z It I_—| I ‘ l__l

Toplevel STAR[1:0] |[) 0 Ll 2l ol a2 il 2l Jo [xafx2[X [o [X 1 g 3

A A A A A A

Roberto Giorgi, Universita di Siena, C124L06, Slide 13
9 Come HONE | poro " g b0 g8 €@ﬂ}

=

A __ 1A




o ©F -5 ngﬁ%k&_mﬂw)ﬁﬁ O S omve ¢,

Flip-Flop JK " oo 44

FU P FLoP
Cofino T

* Il FF-JK ¢é tale che in corrispondenza del fronte in salita del clock:

- per JK=10 l|'uscita va a 1, 4= Sl
per JK=01 l'uscita va a O, V= Canel
per JK=00 il FF conserva (l'uscita resta inalterata)
per JK=11 il FF commuta (I'uscita diventa il suo negato)

Con Hoo,E o
module FFJK(q,j,k,clock,reset );
input clock, reset ; ey
input . k;
output q’
reg STAR;

parémeter SO—SL Sl—ltt%xﬂw* Sl O
ST 2 ;§§31gn aq=(STAR==S0)?0:1; STl @ o
FLO FLo always @ (reset ==0) #1 STAR<=0;>4 -
always @ (posedge clock) if (reset ==1) #3
casex (STAR) <, oww 270 coud @ 5[ sl <o
SO0: STAR<K=(j==1)?S1:S0;
S1: STAR<=(k==1)?S0:S1;s0 W =1 b
endcase
endmodule
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Tabella di Verita
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j— Q— ¢
clock — >

k — K




\'5 C}Q@ or)
Sintesi del FF-JK con Moore « May. OO ﬁ

cioC —+ - o I a rea . .
Ak 200 [V ]yod i< « 2 stati > STAR ha 1 bit
75" CN1 7> 7 CN2 (= 4»
1L ~ YRS - . .
L e’ | v o t«=  + > a ha 1l bit, y ha 1 bit
’ Ade &(mwﬂ z ha 1 bit, (x ha 2 bit)
per JK=10 'uscitava a 1, . P &
per JK=01 l'uscita va a 0, gﬂf, L. ‘0 g;m clock ——
per JK=00 il FF conserva ! ik R R :
per JK=11 il FF commuta y 00 ( 01 | 11 | 10 j ! ! !
o| oo |1 |1 — = > v !
Stepd_ » _ _»a=1y +Ky a :
Tabella delle transizioni 1 [ Afofo (] k ! i
e delle uscite L Su by a . —’E— ) ! E
k 00 |o1]|11]10]q >_» coNzcthm e . y D-[:T .
so|so|so@Vst]0 | - » e TOTTTTTTTTTTT Ul Rion™
s1 | s1 | so [\so/] s1| 1 __9! O é? .
(oHNUTO el A _
LoNSEMO j—1 J Q— q
clock —>

Sl 1
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Simbolo del JK

Layout simbolico: 60 transistors
(44 per D-ET + 3*NAND + 2*NOT)

e O Wy 46 = o



(om P ¥ -3k (0559 (?emo, UM LowWeSébef Conkoaces o QW
Flip-Flop T (detto FF contatore)

- Il FF-T e tale che .in corrispondenza del fronte in salita del clock:

- per T=0 il FF conserva = {41 : 00 t—al Qg
(I'uscita rimane inalterata) oy clOJr> |
per T=11 'FF .comry\u‘ra . PR )wﬂb“ Oﬁﬂ(ﬂﬁ i_, K |
(l'uscita diventa il suo negato) & i i
g

wvee o JU, ho €

module FFT(q,t,clock,reset ); }(Q?DYQ ~
input clock, re_set_; C@U{P g /4 \_@_ q
input t; T OO Q Q
output q’
reg STAR; J 9 RS 1
parameter SO0=0, S1=1; = o)A O
assign g=(STAR==S0)7?0:1; A I Q R
always @ (reset ==0) #1 STAR<=stato iniziale;
always @ (posedge clock) if (reset ==1) #3 “L X & Q Q
casex (STAR) €= ({mﬂolggjlfu, y « X
SO0: STAR<=(t==1)"?S1:S0; € =0, LMo ot—{T 7 al—q
S1l: STARL=(t== ?SO'&].,’ L' De %{ é clock —{>
endcase
endmodule
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Abbiamo messo t al posto sia di j (prima riga — S0) che di k (seconda riga - S1)



FS')& o Mowd
Sintesi del riconoscitore di sequenza 11,01,10 con Moore A trvo

cloC 3 . .
X ] 1y * 4 stati > STAR ha 2 bit
—7> CN1 7> A CN2 |24, .
/Y * > a ha 2 bit, ha 2 bit
’ z ha 1 bit, (x 2 bit)
4\ JOL) A : Ooﬂnqjge&/} dzd-»b Vbl pec. o «
CD J 3" Mﬂﬁw — Gl - Mm»pwwgw)m Suce.
'QJA oe ‘TM i1 AQ
s1 o1 ‘ gt ma co;‘";':;"m -
52 11 ‘3 A1 ' e | ca ;1 1‘.:‘
53 10 & ’!OI oo oo J-‘- ° |
100 (gL 38, sae @@
0@ osely

bt P Y — 1
YYo ) Con Minilonn

<
o
(]

o
=] F@— E

. i = || . - 3
[ ““ZI_‘T

i
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Sintesi del riconoscitore di sequenza 11,01,10 con Mealy Rit

DRT IR gy v A o Nowe VO
. b |, z
(IROTT— 7> — oo1o 01/0
7> STAR
a yal
/7 7
Tabella delle transizioni XX,
e delle uscite Ya¥oN\ 20 | 01 | 11 | 10
X 00 [ 00 | 00 ([1t}| 00
00 | 01 [ 11 | 10 o1 | 00 | 00 ||4h]] oo -
S0 | s0/0 | s0/0 | S1/0 | S0/0 » 11 1 00 ottt oo »a(:fx1 xg+x0 yl| Fibe @, 0 A W
s1 | so0/0 | s2/0 | s1/0 | S0/0 10 | -- | - IJ _. A= Fee 4, -
s2 | so/0 | so/0 | S1/0 | SOM ’ ! ‘ :
<] > |= |7 X1Xg A8 = (- ‘“Mgmq' PR - FE 4
9} PaS YyIN_ 00 | 01 | 11| 10 ’ | iﬂd}‘”’
0w|o0o|o0|0]oO
o [0 [0 | o L]/ Mpbo=x1 B iTy0 oy [T 7
SO 00 » . - Do ! N
s1 11 w0l -1 - |- 1-
s2 o \ N 3 Yy
ug o - X,
_ I
4@@«4 N} Q VX Ql dg Yo
.‘
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Half Adder in VERILOG AEL cov (MY Lolo OSCOTR

- Somma di due bit (senza riporto in ingresso)

1\ Lusdte, \
a, b|s;|c; v ‘) N
S (/%
A9 ,i

i
00
0 1
1 0
1 1

© =2 a2 O
- O O O

Si:aini _a Si

HA
— b
. —_ . . i C.
Cz+1 az bz — 1+
(v &W‘M\ﬂ‘f'
module half adder(input a, input b, output s, output c); OSh jon GoayySBonr
) : C
9 ot assign s = a * b; a b |ci S < “ooloi| 11|\
Gamlisdtn assign ¢ = a & b; © O O\ 0| v C"O @@_6 *,i """
oo |1 |(D) O CAICS
endmodule o 1|l o 1 O A (/\“ o |\ D
o1 L > ] \\/ )
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Full Adder in VERILOG aud @mﬁa‘iﬂ imgnesse | (30 oy fuo

AR TIT N - -@IQ
5i=a; @b@ci=a;@b; Bc) > = ¥op W a,e . C m

Moo (€41 = i b+ a; - ¢+ by ¢ o 90 OLLL (O q
ng(owwo\ Ew.a‘((- [d':fﬂ;om ALV 0

ai _f

FA | Cu

o | |

a.\
S

b.
Ci+1 —t F A

C

_/

20y

\
Covtz@--t Coarc-U- = r Cla @3

module full adder (input a,input b,inputlf_/in;) output s,oll:l\tilgtj:l c);

assign s = a * (b * c_in); Cwoeguse b Xop

assign ¢ = (a & b) | (c_in & (a | b));
endmodule
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. . L baDo (an Gong@d -
Sommatore Parallelo con riporto seriale
nolleomp_ =2 vu S Ceo
N jo(wma&D'UQ- XU\
St @ M A dao e BN & &
Rowe ﬁJDb L. Soooe
.::-m.é' Ssby o [ < 6, &, o G oo £ e
| r-—w o
\ A FA l FA \ F,ﬁ-
4 2 - b
O ] NET— l W C i
x3
Ay ':i';, Y g 1 R .
&6T N D
f(\gﬂ)-@w'— A CSwWOr Lo 6.‘&«?@@/ Y o 0w X
. ‘ﬁ‘ L RA L Teout =N T N=numero di bit del sommatore
avu - ngto IR ‘Q\ : T = ritardo per generare il carry £o£ Gudene
SMo d[xS(d‘r\- ) Toot = (N —1) - 10+ 1T, Tp4 = ritardo del Full-Adder singolo
l Mm W 7 T, = ritardo totale del sommatore

AL ~J .
£ onmelbre - Mrmﬁmz—rw;ﬂ,w (U ot Lo MIM@"O Lot A
wondo L9 W s for
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Sommatore Parallelo con riEorTo seriale in VERILOG

module rc_adder (input wire[N-1:0]a,input wire[N-1:0]b,input wire cin,
output wire [N-1:0]s,output wire cout);

/Mer N = 32&@3@'&

wire [N-1:0] _c;

“add0” rappresenta
"ist di full_add ..

assign cout = c[N-1]; un’istanza di full_adder W}Z,«‘fwofu 0

full adder add0(a[0],b[0],cin, s[0], c[0]); Ca&/% C= O

Londx (2 _ Le variabili ‘genvar’ spariscono dopo I'elaborazione | nomi generati avranno il
genvar 1i; "/ del codice (non diventano cirguiti) prefisso “gen_adder]i].”
generate mo ¢yt Gfe C Yo AL @m.{ U T velte —

for (i =1; i < N; i =1i + 1) begin : gen adder For nom I (u WAL

ro, . -,
full adder, addN(a[i],b[i], c[i-1], s[i], e[i]); TV %M
— — PR S R
@ e e oy
end (et
endgenerate “addN” rappresenta
endmodule un’istanza di full_adder
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Noglio fTasse fd@a!u oo S0 (V. PHRV1, APPENDICE A.6)
Car'r'z Look-Ahead Adder (BiEor'To Parallelo) 0 oo

Cadlo  dalle Q?uwz&%ﬁaﬂn;w Co, oo (P e %xmm 20 Lo
Hi = @, @® b @"ﬁ't—n # o35

RN C TR AT
: PESEN N\

= @8 + 8; L, + B L= Q. + G, (& ‘+bi} “'"‘“"r""""‘:t—.'{r“-g"t‘]
3 Qi P MCOQCQ‘@O_*

ai+bi si puo6 sostituire col suo xor perché nell’ espresswne q éndo ai=1 e bi=1 anche ai*bi=1 7Y AID A

G

+170) § &
o, Uhoe Gy oz @il Geoon o Ci se S5t Tul
i B Ay - = S 4 =4 .
- & ° =3 ::1—‘“—..- s Gi=generate
‘PL = A4 @ bl Eiim Gk B g Pi=propagate
o P =90 frople ci= Gt O -0
Sondore,
Co = Got E;_-_c:ﬁ‘”“
C, = PO = G, 6P, + B Cin fuso et
Conn |
_f:_;’* G; +FLCyq = ?-L*ChFl-i- in-:-‘i?,F';, + PP Pa - E...-l.-.., 0""% W
} = G} -+ F El = ":Ei} "TLITI.?. If-é; <+ &, K F'_!, +_'?lﬂ?_‘fi F?I'._F':p :-'f- .P!.PF_ P!-r"-n-t..-l,.-,
{0550 ‘W‘Q‘(/‘W "&2’* Cgl% R | ’F
wd G e ot ok, G ey g
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Laglh furow L

ol at+?
@
- : ; @.O 6‘ O5senpn . & e &
O | }
| >fefu
) 1 { %WQW& Q\D
| ciqomﬂr‘@”

I C
jﬁ«%ﬂﬂ%b@(tmo\o ue@%
! o (Wude & Yy,

VL N e
w7 uSve a D C\afdfs\ﬁ"ﬂo %‘Q’/‘ﬁﬂ‘%

\/oc;LoQ : oy
Cenerve” "1
g-b VP Mmﬁ\l I e
LQQ .
< Smo alh er:l‘l/ ¢ U

Q\(&Z;;yﬂjvl
g“‘}"QULO A e Q)‘ SO(}\U A, € &:-? S-DJ‘UO
& /
QU*%(’ Q_ ﬂ@@ " ED [\Q M‘MQQO
V=V Cgl..lm

.WW |



Carry Look-Ahead Adder (2) g v =me 607(\%@ o O

Cia 2y Y. ho Ly

Un altro modo di vedere la funzione di Generate e Propagate:

ol g e 5-: f; r In questi due casi il carry di uscita é presente
] J4 .

= = g A o perché “si genera” a causa del fatto che nella somma
o 1 |\ e 4 ai e bi sono entrambi “a uno”
1 o O A O
: : * g ‘; In questi altri due casi il carry di uscita & presente
A9 ,f A 4 < perche “si propaga” dal carry precedente

(ovvero dal Full Adder precedente)

QL ok ¢ v«rﬂfo*?lg
B - % 3‘36 Ué':’ NJD h‘ . .I:.._l.u

|} o fan o G
o S—r> . Cosa .Efu G+ = _::i"_
P Gt 1,-_-":"'" wit FA @ :'k'[_l\“m ' [

D Kot g;[ﬁb_ Uec o yarllag
' |
()Y)QQIUO G-f diolomede ¢ 0So Geft (\ML%” (oSe (badse
[
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el % Xa oo £

Full Adder per Carry-Look-Ahead in VERILOG

Gi=ai'bi Pi=ai®bi

ai+bi si puo sostituire col suo xor

S;i = a;®b;®c;_1 = P;®c;_1 perché nell’espressione
c;=a; b;+a; c;_1+b; - c;_4 quando ai=1 e bi=1 anche ai*bi=1
= a; - b; +“‘ ¢i-1- (a; +by)
= a; b; T c;—1- (a; Bby)
= G;+¢;i—1- Py
i
b; S
Ci1

Gi=generate
Pi=propagate

a;
o] Si
_bi| cLA
FA
Ci.1
o P
a;
o | Si
_b| cLA
FA

Gi |Di
module cla full adder (input a,input b,input c,outputg,output p,output s);
assign g = a & b;
assign p = a * b;
assign s = a * (b * ¢c);
endmodule
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Carry Look-Ahead Adder (3)

Es. Nel caso pari a 2 - @
= (M G~ e =
Sua < el
v C; ‘ergocs
- ;me;, MU Ty
G| Bt

Soqre ,; P> mane 2

l‘/ Cﬂ

LAC

Ik corkpflos ) Yo~ ¢ & C:Jp e Sonme do oL
g2 LAC (Look atcad camy) —" mzanﬂn(\mgé

—3 T ' [
Py &y s 1;.;-1 -4
v
" 4 P
Gy B o

\ Sdo
o & s \ons F
e tanalo 40 2 yode e'?’\&
Mp Ofewge o M !
U TPWa_ Fisso

Tcout =(TLAC

Tiot = Trac Y Tra', .
4 il ) nr'(w(\:»cn
: (& &P .
L M i dyon)
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=
Carry Look-Ahead Adder (4 bit) in VERILOG

module cla adder 4bit(input wire[3:0]a,input wire[3:0]b,input wire cin,
output wire[3:0]s,output wire cout)
wire [4:0] c;
wire [3:0] g, p;

assign c[0] =
assign cout = c[4];

cla full adder addO(a[O0],b[0],c[0],g[0],p[0],s[0]); fﬁ)
assign c[1l] = g[0] | (p[O] & c[O0]); )
" WOL [\\OQ
la full add ddl (a[l],b[1],c[1],9l1],p[1]1,s[1]): \ S
cla full adder a a c ,9l1],p[1],s[1]) o %d%ﬂ}0jv

// assign c[2] = g[1] | (p[1] & e[1]); )
assign c[2] = g[1] | (p[1] & g[0]) | (p[1] & pPI0] & c[01); /o = g 1@{@@)

cla full adder add2(a[2] ,bl[2],c[2],9[2],p[2],s[2]);
// assign c[3] = g[2]1 | (p[2] & cl2]); -8* ¢ p)(§0¥gg%
assign c[3] = g[2] | (p[2] & g[1]) | (p[2] & p[l] & g[O]) AN

| (p[2] & p[1l] & p[0] & c[0]); *

cla full adder add3(a[3] ,b[3]1,c[3]1,9[3]1,p[31,s[31);

// assign C[4] = g[3] | (p[3] & c[3]);

assign c[4] = g[3]| (p[31&g[2]) | (p[3]& P[2]&g[1])l(p[3]&P[2]&P[1]&g[0])
| (p[3]&p[2] &p[1]&p[0] &c[0]) ; .

endmodule

Roberto Giorgi, Universita di Siena, C124L06, Slide 27



Q: O¢ Ccu | S|l XO‘M@O ol 1\ _1g |
o b | ol & o i
O 0 1 L1 O [
O \ 2 L | O
& ) 1 @) \ C(?QL‘QJ—C&LL‘QA'%CC .
Y, \
O O
O
l







