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,(\\Q N o'T E B 0 0 K
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Subject Date No.

_Ex: Eind bhe value :

<! 0N oA ~
e T S—Comio

e €
A

‘ o\ p/:l%‘["
\

N

O D

O
O + C.in=coul >no overflow
|

|

AN

Q

R

| + = final answer: (=) 00|00\ = ._‘l

#a C,?

)
\

Ex . (:'m(i ‘Hﬂe volue ©

(OO 10)s
( L 1] )2’ +
opPtion 1:

(OV0\O)Mk = (OO0 10)a2

C WiV Yo = C\ivvyvvy)as

/‘?, f' fb 1‘: 1\ 1\ ? 1\ 1\ g ?) ?\) ? ?

c =[] L1\
O\l \O
S L L LT 3 'y
® \ | O O\ ,',C,.IY'I-‘-'—COU\T > answer 'S OHOOI @:_I
: e:_
R R
N O T E B O 0 K 'e\[

Scanned with CamScanner
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Subject @
Date No. af!/
— e py
Opt; - “
Option 9 - o
(0 Y o s
.\B\C"‘LU—UJ—Z’S = (Vo) % “
('Hq‘)E;!'[ ‘ &
O\\O O 7
o> (11 | ' ——g
O\ \ \O‘OOO) IS = == COL*I: - NnNo ow:r‘f‘ow E(,
Oll0oo+1- 0100 | ;Z
L»b'marq code ,;,
o of +25 =
&n‘% (Ocae Sk{“’\“\ Of 22rns mnrﬂ Ones Ec ;’
) 74
~—ng.er sent rznn-l-\nar ay_uﬂnhl-;ct >
>
Su- (Jolol), 5642 (101.1), e
-
Binqm codes : &
® Character COCQIVV-\ CASCIT) L
@ Grao\ Cocgp a_:'
ﬂ BC'D B\ﬂﬂr‘—{ Coobi Dfr\mm! Q‘:’
@ Unicode A
L ASCST - 8-
®)-
a
]2% C‘n(‘lf/’if“ \"Pv— - NnN= C;Qm\\:s Chite) ;}ﬂ
BD\\:F 4 \n ‘cq SO _we uUuse K oﬂm\\'i to feOszpn‘f ;_%_f
ASCISN code charackers  (n=¢) Q-

The extra chlf s wsed  for Odr;Pu (error ,ﬂpf'eg&,@@*—

NOTFBOOR'

Scanned with CamScanner
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Subject Date No.

2 % \%\'

4 Even chr:'l:tj . (even yumber ol Oﬂe—") 2:/
A = 100006 | = 10000010 ‘f
= «

o = 110000 | = V10000 | | «
@

Sender — Yeceiver 7
Llo10Vvoo llooco |00 G
number of ones n=Y NnN=23 Codd) 7
§ E¥En) error dekected &~

-

|0\100 (o 11010010 &=

n= 4 (even) Nnz=4Y Ceven) a2
No error detecled &=

& odd pority + (edd vumheyr of anes) e-
o

A = \00000]| = | 0ooooll ©-
a=\looocol = 11000010 &
Q).

sender — receiver ;}:

\\ 00000 1HOIO 10| =
N=3 (odd) N=5 Codd) -

| no error detecked :-
Afcﬂrsacﬂvanl}aaes of Dcmkos Jiel:ec\-nom a-
l) No error recovery C loca}'tOn of error Ceount he cﬁeffc{-p,ﬁ) Qi
2) Can U ec{‘ orQro i DS B BPmAR onlu Q.
N (0] T E ' 4 . ®|

B 0 0 N
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Subject - Mo, &
&

‘mém—%%@ﬁ? cted binary) (é:
Q00N 0000 «

c O | K,,we,usedﬂ Q00 | (
ST T 001 ]
010 \‘lnf\_‘f‘a\lto 0010 j':/

L 10 333«3@15 o1\ 0 j‘::
L1 another 4 o\ \ o

\ Ol Numbers O \O l ;”
100 J in aray 0100 e

{ VXD (o

|10 | &=

Honversion belweo n VU &=
boinary and avay . 1 V\ O L
A‘ngﬂ.JOr‘) not , Xo R | OVO Q-
exclusive or \ O | o

o et ELE | 00\ o
ol and 0101 =010] 1000 B
, —a
LXOR\ =50 , | XORO =) s
OXOR OO0, O XOR) =] a-
WOl yoR 010l = 100D :-_
Q-

Q-

s e L e Q-

N O T E B 0 o0 x e_:
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Subject Date No.

& Convert from b]nnrg to AYay :

O Copy  MsR

OCFH:XOR(RF‘I RI’|+|“_1\

CloLL1oL ) A
=S

!
(\HOO\\)G

(olollllot),

!

Colllooo)g

42 Convert frnm érutﬁ te \'x.'y}nnj ;

M Copd MR

Q) RCJ_\ = XOR(GD_] RIH—I‘[\

(1lool)e

l

(10\\\0\)8

N O T EB O 0 K
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Subject Datc No.

3 BC_DL Bindﬂa‘ cooﬁ@cﬂ agG.Cith'

(o-4) Jno’f as Hexa Cacjc os Hexa)

(56%)— (olol ollo o))
lo 5 6

[ caY—>( % )
e | BC

4

D

et

(1840) = (ol 1000 100l 0o00)
- E? 8 A o =¢D

e BE:!%& FEPFESenJca+fc:ﬂ r:)f AL T) (3 240 ) 3CD :

—>0p tion 1.: ( Pac}(ecQ rePresenLa Hc:m}

oAl ) 1000 |LQOl 0000
b%tgﬂ oyle 2

—>option 2 - (unpacl{eaq representation)

eety_011L] |loooenpty| |1L001 enpty | |empty 000

R¢.D1 BcD2 Bch3 RCNY
%%%MDAMQWM

HPX(‘L‘—} IO o BC.D (_ Convert fr’cm Hexa Yo BCD)

N 6 % E E O O E
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Subject Date No.

—_—

_M_uhi(‘o(l.e_: (Same g R T b“;)( Syl,,r_jjoar'f'é

other |onauages)

Ch e Boolecxn n[ﬁe,\or‘a__nnno \of«_‘{c %a\-eq :

0 ] | I
Ffundamental
e

#loaic aatec - oy e g
= NS hnhon Fundamenta |

1\£uﬂ'p.dmon bal .

© And : A%R [ CTAIN—f truth Yoble

A R ¥

7 (behavior) 7

oY 5 AL — iﬂpulrs

o )it i

o
O
\ J

O

@)
(
O A |

l \\CC‘FU\GI

l

® >

+ 13

=

J
7

A
AR f
@,
\
|

\O |
T

N OTETGB O o0 K.
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Subjeet
’ Date No.

Al £=R
o \
| O

«ﬁ’Ev&rﬂ inpu{' or Du{-Pui' Wire car) chrnj 4 ‘hil-j

[9Y Non furdemental

(D }\)AND : CY\D\: Aﬂcg\)

AB j CAtRY, Gir

F }
1 :[_')3" > {aate (Nand)
I
l
O

‘_‘D—Q— =2 aates ( And, ﬂ_zolr)

@D Now: A+R , AJ¥se—r

AR E (ALB)
ool
Ol |0
BEE WE,
1 1O
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Subject D "
ate 0,

R xoR: A®R , AN -
B

A
®)
O
\
l

—|Q|—|0©

r
o A®R =A.B+A.R
\
\
O

@ KNoR: RBR , ANV, .,

B7,8=H#

Ao Bl £
O o | EOE - s Ba B
& -4l D
| 8| 6
| | |

bruth  Yalle @ inputs | ouvkpuds

nomhe r of

lnpu-l-s
number of rowe =12

F‘lum'her- CJQ Co\bLW\Y\S — numloer C’ﬁ L Numher Dﬁ

inPuts l ou}qu; _

H 0 T E B O O K
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Subject
) Date No

= A B
& Lo‘\u:. dal‘& \’lﬂ'ﬁ“!wﬂrﬁ that can rﬂn thC)\PGIﬂ unfM
& hc\eqn expression: C,cmne(:!-.oﬂ of mul\-.cﬂﬁ boolean
ODE’J’Q\'m‘n Ex: 1 N A APTS
\__n BEET R W T

e ——

&lerm: ‘Dar’l 010 P}(Df‘qumwﬁ H‘m:\' i< Pvﬂua]'f’cﬂ S
Oﬂ& uni} (A R)+ (c+rD) = 2terms
& ikeval: Variable. name
(A B)+CL+D)—>L\H6ml5 e

.-1-
— Vo e,va\ua%; A bao\ﬁaﬂ EHDTESSxOH%
1\
|

'

pxamqmrﬂpr A \
*redd\- Q\mu\al be h\ﬂarq
% prioriyy () Qrsk
¥ Not
* And
X OR

_kermt term 2.

Ex A(@B?'ﬁve : AR

XoR

YOR = 2 Not
2 And
L a8

- AR = A+f3 = (.A"‘e)

| —

NOR

I

N O T E B o 0 K
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74

Subject Date No.
@Lasf Q;ﬂot)(_c @(notr c). E%}/_
Exe Bvaluake £ (NR,C, ,_EJ_D+CA_B)C E__4
MR=O ,c=1,D=0,E=] _Y_\ 4
’ (DAORB %}16 ;‘-::
D (AR =0 = D+ O-C - E s
@ o.C:O—>f=D+6.E‘ 2
@) Nel =150+ NE] o
O And 1E=\» £-De1d &

@ oR -f:i

& Cvaluation Eg;ci on_bm_l.aﬁ__eQ' ' Jaaroamm-:
f (AR = A®BOC g

|

A

i
|
l
l

- - - - -

T__J_-

|
|
T
|
|
|
|

(N

It E

4
( Ls
|
1

N 0T E B O 0 K

2B EIIIIPIEFIYIIIQQ
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Subject Date No.

XOR  ig ooQoQ ga\-e—aprooeuc_e‘ﬂ i i-f there

arr odd number of

1in Iapul‘
\ YORA x0R1 x0ORA =0

1 XOR 1 %o0R O xoR4 =1

ASSumg cA_even %a\u_e W7

§ Y- \\-—-E-O 2—:_\-,(‘51 —1
— )
O."’

\—_—_))/U

(
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Subject Date No.

!‘,, wivea Lé’_m (—3 af \Q%_"G %d\:P =it C universall 3rj)

¥ N _unjversal aate is o agte thod con acd

2s_ Not | OR/ And (_Can he funaﬂam&n{'al)

2 NAND oand. NOR_ave both Universal

(NOR), (NAND) Con wark as Mot oR AND

NO 2

[
>
rad
o

>
o
>l ®>
4
1
\=
O
A0
N
pd
3
5

4

W
o 1

Pprad
s

g
ve)
1"
=
+
o=
\%
=
g
rad
N
b
72
O
O

j:Y:FA—T%:X"“-\ LIk a I N—A _ Nrifs
= (LR (A TP RND
= (iR) =A.B\
= A.Q )

N O T E B o 0 K
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Subject Date

No.
Aq—A:T\--—)NOR A< Not
]
= LA+B)+ (m) — !}\'Ol\ s Ol\
= ( A Lld \
N i NN
- A ']
= f & G B
x=K , 4= B |
i P - N } NOR _AS AND
AMd = (A+15)
| = A«B
_42 NoR_, NAND are universal
AClzil':BQ Lo!w ' . 1:0n:l:r‘ug-—dr_}fv£
Ak Ak | J{ ey A false = not
i AR . P
LU
)=
A
ou’er\-
A A= A elesion, AAAA— .z A
Dk = Aetodon poheheh oA

N O T E B O O K
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Subject Date No. @
Et - Douw usina  NAND only G
» A @
N @
t Bl ] b £ @
! 4 p 2

.“"""K'_lr‘_:‘/- ! @
| ?’:—\ i g oms w v a —— ‘(Q\
) 7l ; -
: s ‘l Q'

S Eom Bes 44 S804, @

o NI b W o : < : G-

A PP T b—_ -
AT B \ -

i, T . ® : -—

A BMR\A l T i /| c-

! e ) “/_ : ; =

T ST a(._> 5 is minimum 3

£ 300l ean A\ﬁp}»rq values: ' e:=

| I

Dud\i‘rﬂ: Ll«'}\ou. Con ‘},E’J"' A Jua\, for “nﬂ gxpréssion:‘

\D‘j\, r‘ep\acing-_ 1:

OR— AND — s

g e

AND-> OR e

o—> 1 e

1— O P

[

e

o

N o'r E B O O K &
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Subject

Date No.

@ c\oqu‘a .

B:{O)i‘(g
Ay 3 e R
)(+‘ﬂ € R
Y €3
2 Tdontity
O+¥ = X |+ X =X
®CDMthqt{ve; —X+Y =Y 4x

bR Y = 9dx 5 xy

]
LAy

@ Distributive -

- (442) = XY + X.Z

Xt (4:2) = (xa4)« (X42)
@ Compl.emen}:: X'\'_)Z :1
XX =0
@MQMPD{ZEJ‘ICJ:{’.' X'\'X“‘X""—" —X —| }/\-ri it V.-\(-Lj(
Xe Xr Xooom oz ¥
:ﬁon{‘CQre.

~ @ Nl

(—Z‘emen{‘ :

- L AYZ 44 +X =]

:-“-'Q-;(-Zo X0 =0

don': care

N OTEGB O 0 K
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Subject Date No

@vaohd:ioh: Y‘—' )(,, -:.}Z=‘)—<_ :'>z - X

Y Ascociakbive: X+ (Y447)= (X4Y)+Z =%+Y+7
(XY)eZ = %o (M4.2) = %%z

The same aate

(O Demorgan: =) J

X
Yo
Al
A
J
AN
\J

4
%

(Y-4) = X+ 4

@L\\OSoL‘DHoh (Common fdak:of‘) .

A+XY = X(144) = R\ =X

Xe (X4Y) = YXex 4+ Ko Y= X + XY

@ Consensus:  RY4+ XZ+Y7 = XY+ L=z

rd
>
I
O

I

)

»)

-t-

N

©l

Bl

D

@E’,CLU_J'\/(I lencuy

—\T\/_\
2 \itterals and 4 aak

Ex.-<gmp1:ﬁ1 A/K+ AC+ AR+ RC — 30Rs

AY A+ AC+ A2 +12C oy

OA(\M) + BC

O A l+ 5. C

3 A+ — \oR.

1 and

N O T E B O 0 K
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RC +RC + ABC

BC + BLE+AC 3

RC+ " (AP )u(E S
‘B-\(\‘*-—_-i’l/’ ? ¢ 99

RC+ RC+BRA |

_Simplify : XY+ A Z +17

XY+xZ+4Z-| - L=Ta X
X4+ XZ + 4.7 (Xex)
=/

XY+ JZ +¥4z2+ X4 7 :K%Qwﬁ+ii£HﬂL_
X

XY +XZ

Y Minterms: a row of beuth babl v which  the function

M&%an@h;bQMH_ﬁpﬂiS&jﬁm of w'intere
consists of all Whpuiﬂcﬂ_Ss,tLegL_M% ’nof»ﬁgﬂﬂelf

e 9,2)swminterm %Y. 7, 4.7 YexXtz X
b
nok minferm
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Subject Date No. (.‘. ,
(.‘.
¥ Maxterm ot vow & trady bable ln_Wl'nClo__t\OE‘(‘

funchion orocﬂucm Zexp, the boolean expression (‘,_
CO“Q!S)"S O'p O(H IY]DU‘L( Sﬁl"]"?fp 41"(‘){10#/0 hJ OQ 2
EAB () => RaRac , AReC, NaC4+R &
maxterm max‘l-icr'm not max l—ém &

AR ¢ = ? | :_

Yow Ol €& © .10 @max+em Me - A+B+C5H
rowsz | O | | s o yna- ReReC G
rows |\ O | A me=A-B-C &
Yow 6 \ L O O 1 wax lerm Me=RaBaC &~
row 3 [ [Cl=>marterm M =EiBsC €~

. e
FCX 0,2 = moxmy = b row Zero and row 65 £2\¢-
fow |,2,2,4,6,3=> {=0 e

(oﬂ) sum Pfocl»tc+ : [
& SOP A“ mml-PrmS c\t‘muOﬁ&a bu OR :_
= (. —) 4 (~-~-)"¥ (- *"')ﬁ 1,3k rows g =
My ™) mi saqrch wheﬂlcFlinc}.on ‘."_
ﬁfog \\ maxterms f\roupeoa }mJ\ND -
oRl) f L)
s
Ly Search when gunc_'}icm OU\‘Pu¥ S Zero S
: o
N O T E B O 0 K Q
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. — -
_Ex: £Cx,4,2) = XY.Z7 4 XYUZ _,<op
m iy

T

Ex: -FCX,fle) = ()(4._'3). Z — Nnon S‘ccmclaroQ

= = 'y not POS, not SOP
eo—F=]

o &) X=0 O.\ﬁAlﬂ:\

B
D
™

%
3

mu W
l'e
* N
2
.

3

N

x 4 z | F
O O o |
xO O \ O |
¥xO \ O O
xO O
\ 0o o |
x\ o | O
| \ O \
¥ Ly ) O

xlict all max terms - M., MQ_;MggMaJ. My
'F‘—-Ml'J\Al‘MB'Mé'M?
alb ow4,2,357=> F£=-0
(%+‘ﬁ+"‘%)-(><+§ AT (x+”’:§\+?,)- ------
o

o o (@] 1 (o,

N O T EB O O K
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Subject Date No.

& List a\\ min terms: Mo, YNy, v¢

abt row Zeyo and row Y and vow -5£ =)
1('_ M.+ Yﬂu T Vi

(L:8-Z )+ (4.§- Z )y [ e 947 )
\ \ ©

Q
0

© IR - TR

Ex: f. (Y;W;Z}w) :\ , How many maxkerms ér
min kerm g Eczbal\g ? Q_Li 1L '

P

Tﬂf;ec o-p hmolr)@n expressinﬂ:

: NN > CAR,C)
CompPlete ; —_ I =
1) Sop \(Canothal « i+ mu\ + ¥y \ME'——A'B'C)
P Tete— oy _
2) POS (ConomCaI ) 'HMjc Ml( (M: 5(+fj+.+W__
. o s Fexu z.w)
not Clompiete g
3) Sop ( '

not Canom'(al) = Mima+m 4

FAR, D)= AR+ C D

1) POS (sot Caromic) M- Mo s X

-_F(A,,R}C): (A+Rr) (B +C)

5) F(x,4,zw) = XY +2Z(F+3F)~> not sOP

nNek Df‘)(

x‘j+zx+z'ﬁ~—>sop not \
g \Compfc}e/

N O T E B O 0 K
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Date No.

Subject

Fu: £ (0%, 2) = z+ q
“uj Myadd X2

XZ-] A %ol
X2 (4+9)+ 9 (x+X)CZ+Z)

= X X ZY+ X744 5xz+5x—/_+?\)&l
5sSe

lexponsion)

eO!,UINa\enl-

i

.Q'Z

= XY2+¥972+¥ 9724 %97 +X5 2
o 1| o o | P O\ } .0

TCAU,Z) = g+ m, apn ot gy m,
fows (0,1,3,4,5) = £
fows (9,¢,3)=> f=0

(unwomplele)

(X 5)-(2.‘“

74 X
@ AoQOQ mtSS\nz\ Vdmab\es

= (X+9+0) (2+ 94+ 0)

= (X4 +7-2). (Z+9+ X-X)

O Distribute and sori
POS (complede) = (7(+ Y+2)(X+ 94 Z)(%+R+2) (X %7
o\ O :

§f @ {1 3 \

3 —-Mf.; M1-MO>T(2)61?)

N OTEGB O o0 K
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Subject Date No.

ﬁonuf\/oL\ean rulecs

@® éxjo‘f’ess{omf.

F(AB, D)= A (C+D) © (Ative hiah)

/=' AC+AD @

k‘\'—' At (¢sD) & CAdive Low)

@ Circulk -

A1 ,’-\3\ e ot =
e = 5 3b0o- +F=AB=A+R

@ invert ol lnputs

@) thanae OR by AMD

v AND 7 OR

@ iNnvert ou’rpujr fmallg

A _‘\ 5
J— J\_L S — A - X i
?ﬂV\C_Ly"_F*—/ G—MCD‘F

N O T E B O O k
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subject Ch 1 1 KM AP Date

KMAP: mechanism to reach SIm;DLiLﬁQLmJQr
-ﬂ—f—j—bo&[ﬁgﬁ_axpre_ss.om — Nk Sl'aﬂd?dn‘ﬂ/ sOP

oS
4. skanfﬂarz{(sop v
—~POSs

D Dyaw ¥ MAP: > tabular format Lor Fruth Yble

Es Maleix of same Yruth able size

Ls se avaq for column # and raw#

F(AR) A BIF
© O X Lﬂplgr Qeells -
& 1 X '—gb Cell A2 vow
Y} . %
3.4 X FL;" -
?wégc: El [ 10 ooﬂ ]"U'
3
10497 ) OJ i;J nQ_Otij 'j
[ B 1 ) [ ’ 3 3
\ \
ll‘:i.T 5]
lOl_ _
‘F(A p: £ ﬂ) — 16 rowsS 22 14 cells
/SQOO Ql ll 10
oa® 1 B
At 5] B Al
Ul B i
o E F @)
e 8 e @ ® e KB
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Subject Tk N
0.

\\_

e ® Y

) EN WMAP Brom e o lle

\\ i l \I ‘.\.\

@
AR, Y= AR C -
11D = RcC + RC @Sor\"mc_\, \S '\m}gorl-an‘:h ‘_"/'
o ' il
AN, QO O \\ 1O o=,
285 1 o rurd o
O —Fowel—28L, rowg\ fowL b
0 | o' o | &=
I\ rOWL{\ fOUJE\rOU-’l\rouJG G:-_
o\ + | o | &<
| o
f=1.:f: .
option 1 f A-R.C= l) 1Cc”\ optiovio: if R.-C = 1\01@11 :&_
A=1LB-0L c=| \.B 18 c-0 Jk‘\—c‘) P
Ms e, + Y1, = # (9,5:€) ®
__M.o; Ml M'n‘ ML‘-_&‘TI s }5{ (‘O}‘)'&}L\}?) &
&
3)form QYouvps bagc& on SOP T POS' &
_@‘?S\‘OUP SN T SR NIRRT > 1> sop R
G osrs , Q.
-Q
@) aroup  muck \oe 1 cell. ;2 cells jYeells, Reelle or \¢ Ce“ ‘.\
8
ADTACENT: Start by any cell and_move Lo MB
_cells *\\Q’C '\'\nﬂ \mnaru -SD 1S cQ ferent \Qu\ 4 A\m\: Q
S\:O,D when You réchh S\:cAr\fmA ce\l (\:
N o'T E B o o ;\ 0:‘:‘
E\S
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Subject Date No.

@maX\\rﬂl
&L A\f‘nu.'r’) S1Ze t‘o mxﬂiMIiﬁ_:ﬂ: Orp C\rnur_')i

must cover all cells > SCP4

\

—evex !,f L},Qu,i

’\?oso

\

cover <ame Cp“q morxe. Hmm once,

\

6 6 6 6 6 &8 & 9

\

“,

‘ —_—
2 7 2areups coch 2cells o
o \ =
S l 2L o\rOMpS eath L\CQ\\S g"‘
-
L\) Fm& booslean €Xpression for ecch aroup: 11
SOP: each AYoud 1S minterm 4_.__
Mix aroups by OR z
POS each afoup is wmoxterm e“_"
Ml x AYOUDS \{)U\J AND e‘

_ &,
—C\nf"" s/""’l\” \0 L CA R, C) ®
o (ﬁ? ‘1 *ﬂ\ ™ ABT_ __ aARc e
SoPsf2groups<2 Snearew Acell, 2y
Y Ariother aroup 1 cell i)
A RX—/ ;,—/_\‘-,Q { il

o }51\1\ = , Moy Yg + vy )
—R

—~ oz i / ARC-I- ARC+A8C R
/SOP-‘AB{-ABC { &t o ™ o
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Implementing a boolean expression using decode

1- choose suitable size decoder
# of decoder inputs = # of function variables

2- You can use active high or active low decoder to implement
the function as SOP or POS.

a- For SOP implementation
If you are using Active High decoder < Connect minterms to OR gate
If you are using Active Low decoder = Connect minterms to NAND gate

b- For POS implementation
If you are using Active High decoder @ Connect maxterms to NOR gate

If you are using Active Low decoder = Connect maxterms to AND gate
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h

4)output binary values.
2- Number of FF determines the register size.

3- Four types of registers:

Registers

1- Sequential circuits consist of one or more flip flops that can 1)Load new 2)store 3)shift

a. Parallel input/parallel output
b. Serial input/serial output

. Serial input/parallel output
d. Parallel input/serial output.

A

?H- " L. "™ L{. > L.. o

h

D Ay

D Ay
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egisters Types Il

. Different combination of registers inputs and outputs leads

to 4 types of registers:
. Parallel input/parallel output
. Serial input/serial output
. Serial input/parallel output
. Parallel input/serial output.

. The main operations performed by registers are:

. shifting left and right.
. applied with either serial output or with serial input.
. No operation (just storage of data for later use).
. Applied with parallel input/parallel output registers only.
The Hashemite University 0
Iy - 1D Ay
"1
d
arallel in/Parallel out Registers I
—_— f. " +4D A[
. The next figure shows a 4-bit parallel in/parallel —1re
out register. R
. 4-bit: since it contains 4 D-flip flops. L]
. All the 4 bits are applied at the same time to all
flip flops input. R [ ] A,
. After | clock pulse (exactly after the +ve edge) $—tp C
all bits are seen at the output of the flip flops i
(ready to read). T
. So, 1 clock pulse is needed for !
both the input and output. b —t—a-iD A
. The values of all inputs 10 - 13 L_1lbc
remains unchanged as long as you 2
want keep the stored data. | I
. Also, you can reset all flip flops to 0 by
activating the clear direct input. Clock Clear
The Hashemite University Fig 6-1 4-Bit Register
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Parallel in/Parallel —— © 1> [ L

out Reﬁi sters 1 :

|
-

Registers with Paralle [
Has an additional gate ED +-D - A
E::;i a:‘f:ontral line calle "'~ g == ] b C
These gates provide | i
additional functions: e
either to load a new ; Df —{D Ay
value to be stored in th » —— +bc
register, or to keep the ‘ 1 :
same value stored in tt
register. | ﬁDj
I I_D_‘i | e
L] " > C

Clock

... Fig.6:2 4Bit Register with Parallel Load

arallel in/Parallel out Registers II

Remember that to avoid changing the output value of a D FF

you must do the following:
. Either do not change D.
. Or avoid seeing the clock at the FF.

. The register with parallel load avoid the need for the above
two options using the gates and the “load™ control line.

. When load = 1 " you load a new binary value to the register.

. When load = 0 " it means that you do not want to change
the stored value in the register. This done by making the FF
input (i.e. D) equals the current flip flop output Q.

. Have a look at the circuit to trace the above operation.
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Serial
mput

CLK

+Serial in/Serial out Registers |

51 D D D D SO  Senal

output

[—C}( > ( I—,’:»( > C

Fig. 6-3 4-Bit Shift Register

The above figure shows a 4-bit serial in/serial out register.
4-bit: since it contains 4 D-flip flops.

At the input you can apply only 1 bit at a time. So, you
need 4 clock pulses to transfer all the input bits.

The Hashemite University 0

*Serial in/Serial out Registers I

Also, at the output you can read only 1-bit at a
time. The first bit of the stored data can be seen at
the output at the last clock cycle needed to store

the data at the input (at clock cycle 4).

Additional 3 clock cycles are needed to read the
remaining 3 bits of the stored data.

So, at total we need 7 clock pulses to store and
read the data in the above register.

The above register performs shift right operation
on the input data.
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+Serial in/Parallel out Registers

«  The same as in the figure in the previous slide with
the exception that you are allowed to read all the

outputs of the flip flops at the same time.
. Here you need n clock pulses to have an n-bit data stored
in the register (and also ready for read).

CLK rc rc l_c ’_C

Qo0 Q1 Q2 Q3 ¢

.....

o - =

SHIFT/LOAD

D Q- D Q- D Q- D Q—

> > D >

Q Q Q Q

FFO FF1 FF2 FF3

CLK
1HE F1aSUCHIIT ULIVEISIL ¥ 0
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#arallel in/Serial out Registers 11

This register performs shift right operation.

As you see in the previous slide there are external gates
with a control line (similar to registers with parallel load).
When this control line is 0 [ | the Load operation is
performed since it is active low.

When the control line is 1 [ the shift operation is
performed since it is active high.

For this register you enter all inputs in parallel. However,
you only see one bit at a time at its serial output.

The Hashemite University

#arallel in/Serial out Registers 111

When the Load i1s active (i.e. value on the control line = 0)
all parallel inputs are loaded to the registers (i.e. applied to
D inputs and seen on the FFs outputs).

At this instance you only see D3 value on the output.

Then you want to see all inputs values on the output, this
is accomplished by shifting these values toward the output.

To start shifting you must put 1 on the control line and you
need an additional 3 clock pulses to see the remaining
three bits on the output (one bit at each clock pulse).
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L _Universal Shift Register

. Is a bidirectional shift register (capable of shifting
right and left) in addition to parallel load
capabilities.

. So, it contains all the registers types on the same circuit

and it can be configured using control lines to select

one of these types.

. And it perfroms the two operations supplied by
registers
. Shifting left and right.
5 And no operation (storage of data).
The Hashemite University 0

Universal Shift Register

Parallel outputs
Az Ay Ay Ay

”"{5\0 r‘{fxn rio r"ﬁo

-

Clear

CLK

S} —= 4x 1 4x1 41 4x1
S MUX MUX MUX MUX
- [) B
3210 3210 3210 3210
Senal serial
input for — input for
shift-right o
I I I I shift-left

Parallel inputs

Fig. 6-7 4-Bit Universal Shift Rc_':!islet
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+Universal Shift Register Operation |

« Values of the selector lines and the mode of

register operation based on each option are
as follows:

SI SO

0 0 [ no change

0 1 [ shift right

1 0 [ shift left

1 1 [ parallel load

—

The Hashemite University

0

+Universal Shift Register Operation 11

«  Asyou can deduce from the circuit, the mode of
operation of the universal register is based on the
values of the selector lines of the multiplexers.

«  Modes of operation:

. No change: means no operation, i.e. you want to store the
data as it is in the register.

. Shift left: serial input to shift the data to the left direction.

. Shift right: serial input to shift the data to right direction.

. Parallel load: load tﬁe input values from the parallel inputs

and store them in the register.
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+Universal Shift Register Operation 111

«  For the output you also have both types: parallel
and serial output.

. Parallel output: you read all the values A3A2A1AQ in
the previous circuit.

. Serial output for shift left: read only the value on A3 in
the previous circuit.

o Serial output for shift right: read only the value on A0

in the previous circuit.

«  So it is for you to decide whether to make it
parallel or serial based on your needs.
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