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Chapter 1

Logic circuit design

Study of logic function dakae s aulys

A logic function is studied according to the following steps:
Y Olhd) s gt dls oy

Inputs/Outputs @l';) Jelae
Truth Table il Jyds
Canonical Forms Jdsll Kl
Simplification (Algebraic or Karnaugh Map) (5,8 Ll j L) ool
Draw the Logic Diagram u;zk,l\ bbbz 0

(Logic gates diagram) (k) Sl L)

Textual Definition of a Function

: Generally, the description of how a system operates is provided in textual format.
To study and implement such a system, we need its mathematical model (logic function).
Therefore, it is necessary to derive the logic function from the textual description.

o g sl la cpllad) Vs 2yl (alate dlls) (Bl gt b Lo W o oy plid) 18 i e 35k
A security lock opens using three keys. The operation of the lock is defined as follows:
o The lock opens if at least two keys are used.

o The lock remains closed in all other cases.

Y o Vo ool iy el B3 3 48

Inputs/Outputs: :C)L%\} Jell
e Three inputs: Each input represents a key. 2o Jede Kool j Jelae &% .
Lol
« Single output: The state of the lock (open or
closed). (e o) mgde JA A ey 2



Inputs/Outputs: G)ls':\j Jell

e Three inputs: tdslde O3 .
— Key A: Used 1 Not Used 0 0 Jortwn £ 1 Joxtws A Cw‘ —
— Key B: Used 1 Not Used 0 0 Joxtws p& 1 Joxtws B: Cl:il\ —
— Key C: Used 1 Not Used 0 O Jortan & 1 Jomtuw C: Cl:.&l\ —

e Single output: D dely oA
— Lock state (open or closed). Jad e —
— S: Open 1 Closed 0 05 1 C):é,e S:

s (LAY = Al O
S = F(A,B,C) or denoted as S(A, B,C).

1 if at least two keys are inserted J;\” Jo Ol-luis ‘_},si 13

S(4,B,C) = ’ (1.1)
0 otherwise Yl,.
Truth table aad) Jyds
N lA[BIC]S]
0 0]0]0/O0
1100110
2,01 1]01]0
31071111
411101010
) 170111
6 |1 |10} 1
71111
Canonical forms Jdsll Kl
15" Canonical Form (Disjunctive Form) Jyadl K2l :JsY) Jdsll Kl
S(a,b,c) =a.b.c+ a.b.c+a.bc+ab.c
274 Canonical Form (Conjunctive Form) Jga ll S G Gl )
S(a,b,c) =(a+b+c)a+b+e)(a+b+c)(a+b+c)
Numeric Forms AN sl Kl

A function’s canonical forms can also be represented numerically. Numbers are the terms’ represen-
tations.

VL syl B2 o i, 6 JKEL Al 2t Laf Ss
ABC =>111=>7 ABC => 101 => 5
S(a,b,c) =a.b.c+ a.b.c+a.b.c+ a.b.c — (011,101,110,111) — (3,5,6,7)
e Ror ) : toindicate the disjunctive form. Jgpadl) 453l B SRISNIDY SR Jord

— S(a,b,c) =>(3,5,6,7) or using R
~ S(a,b,¢) = R(3,5,6,7)



o P or []: to indicate the conjunctive form. Jae sl G5 Kl &[] P Jorzud

— S(a,b,c) =11](0,1,2,4)
— S(a,b,c) = P(0,1,2,4)

Partially Defined Function o2 L dlgs

In some definitions of a logical function, there are forbidden or impossible cases.

s 31 G52 SV Us Iyl e i Ul

A security lock opens based on three keys A, B, C. The operation of the lock is defined
as follows:
o S(A,B,C) =1if at least two keys are used.
« S(A,B,C) = 0 otherwise.

Keys A and C cannot be used at the same time.

e Leblxzal K Y € 5 A Olobedll ¢ B o o cpmleis i oA, B, C alin 0 [

Prohibited cases are represented as X, i¢*‘undefined”
WO re e ) Xy aaad | Jyde 3 8 W) do sl OV

Truth table aaad) Jyds
NjAlBIC] S
00,0 01O
1700|110
2101 1,01]0
31011 1
4 1110010
5171101 X
6 17110 1
7T/1]1)1 X
Karnaugh Map Tt is possible to use S Tesall OV Jleazal o f’j)g d)-‘f
Xs in groupings: by 2 G (25,8 Ol E
e Either consider them as 1s. ) e ldsly b Al Lzl u§£ .
e Or consider them as Os. ol ke i b dle Lol u§‘ .
e Do not form groupings that contain only Xs. L e gl YW e o2 ﬁ N .
bc

0o 01 11 10

a



Logic Gates dakl) oLl

Basic Logic Gates 2.,«@%1\ daall ol
Basic logic gates are the OR, AND, and NOT gates.
a|b|laANDD
A— 00 0
Q 01 0
B— 10 0
171 1
a|b|laORb
00 0
A ' Q 01 1
B 110 1
111 1
a|la
A Q 01
110
Combined logic gates 4.?}\ daall ol

<255 ¢ XNOR (oSl eLas Y 51 XOR eLas ) 5 NOR fadll sy NAND ol s 2 %S4 51 3l W dalacl) ol )

AE
Combined logic gates are the NAND gate (NOT-AND), the NOR gate (NOT-OR), the XOR gate
(Exclusive OR), and the XNOR gate (Inverted exclusive OR) defined by:

NOT-AND: ANANDB=AtB=A4AB o s
NOT-OR: ANORB=A|B=A+B Jadl i
Exclusive OR: AXORB=A@®B=AB+AB  jlsY Jad

Inverted Exclusive OR: A XNORB=AQB=AB+AB S LY

NAND:  Ju)l

al|blath
oD
ANANDB=A1B=AD Q 0/ 1] 1
B — 10| 1
11 0
NOR: Jadl
a|blalb
A 00 1
ANORB=A|B=A+B Q 011 0
B 10| 0
11 0




XOR: gl Joadl

a|b|a®b |
- A 00 0
AXorB=A@B=AB+AB Q 0 1] 1
B 1o 1
11 0
XNOR: oSl sLasYl
la|bla®b
o A 0|0 1
AXNORB=A()B=AB+AB Q 01 0
B 110 o
1|1 1

Universal gates Welidl bl LI

o gl e e DU e 3 AV ) e o el 456 ol (T Sle™ dg NOR " fadll g™ ol
NAND " bl 37 bsle

Sy At lly ooy Joad) el UL e Yoy NOR 5 NAND by plaisecl 2l Sl s e Qe
Wl i e ol ) Je BT aeles dab adey il sT Sl 21 A1 e 5T 15 NOR , NAND

The NOR function is considered “universal” (together with the NAND function) since it can express
all other logic functions.

Similarly, the NAND function is referred described as “universal” since it can represent all other logic
functions. As a result, any logic function can be created using simply the NAND gate.

Logic circuits are frequently built utilizing NAND and NOR gates rather than AND and OR gates.
NAND and NOR gates use fewer transistors to implement, take up less space on integrated circuits,
and so cost less ((Cormier, 2015)).

We can express the NOT by the NAND as follows: )
L&M\u&sﬁy.\goﬁ\yﬂdd\ﬂ

NOT A{}Q

A=AA=A1A




We can express the following expression only with NAND. )
L fadl gV WL Ll e e 0l (S

f=AB1CD1AB.C
f=(A1B)1(C1D)t(A1B10)
f=ATB)T(CT(DTD))1((ATA).(BTB)(C1C))
A B C D
1 L D
Simplification L)

There are two methods of simplification:
o Simplification by algebraic properties.
e Simplification by the graphical method, i.e., Karnaugh map.
v 2558 iz Ly (ool o Lo 10 Lol S

Simplification by algebraic properties © ad! ol Lol

s =a.b.c+ a.b.(a.c)

Demonstration
s = a.b.c + a.b.(a.c) Transformation bsZ
s=a.bc+ab(a+c)  Apply De Morgan’s theorem 5,565 &a e ks
(@c)=(a+¢)=(a+c)

s =a.b.c+ a.b.a+ a.b.c Expansion P
s=a.b.c+ab+abc  Reduction (a.b.a = a.b) JIzs)

s =a.b+a.b.c+a.b.c Common terms gl Jelsal

s =a.b+a.c(b+D)

s=a.b+a.c since b+b=1

s=a(b+c) Common factors gl Jol o)) [



Simplification using Karnaugh Maps 24,5 Jyu2 Ll

The Karnaugh map is a graphical tool for simplifying a logic function or the process of translating a
truth table into an equivalent circuit. (Miiller, 2021).

S oy QL AEL Dy p 5l Bt dls B (Bha2) B0 Wy 2506 e
Function S1: Function S2:
b cd

0 1 00 01 10

11
0 0
1 M 0 01 0 1 1 0
ab
11 0 1 1
0 0

o 1)

Method

o Combine adjacent “1“s in groups of 2, 4, 8, etc.

o The equation is given by the sum of the products of variables that do not change state in each
group. S0, S1 =band Sy = b.d + a.b.d

A bl

Sy =b.d+a.b.dyS; =b sy C‘ K d Jui ¥ @) o) Sl g% P Ul -

An output S cab be obtained by grouping the zeros.

Lo g Il Japet -uiej




Chapter 2

Logic Circuits

Combinational Circuits bl g ol

A combinational circuit is a digital circuit whose outputs depend only on the inputs.
e e b e ol 2 dddate 5 (Ladg) waldl s,

lo — »! =S
I . %S
488 55 s !
lo — »f - =S

—* Combinational Circuit —»Ss

I —w —»Sm

Figure 2.1: A general combinational circuit 2.5 5, ple Lbz

Specific Combinational Circuits 4.k aalgy oy,

() 5 ) o

o Multiplexer. . .
(Sloslall am g0) 5340

e Demultiplexer.

« Adder (Half and full). (A8 ) Lol o1 515 el

o Comparator. (RJJLB.U 8)\3) dJU:L\
e Encoder. v

oA

e Decoder. JM
e 3 Sla

o Transcoder. S -

A d;
13



APl Half Adder L) C,L;.\

A half adder is a digital logic circuit that performs binary addition of two single-bit binary numbers.
It has two inputs, A and B, and two outputs, SUM and CARRY'.

From this truth table, we can construct the half adder:
| CU—\ ol e clds 222l ) Jyds e Carry

A B
Truth Table
AIBJCTS A o ;

Half Adder 010 00 B )

Lo el 00 0]1

iT 0o/ 1] 110

cC s

pBUIRY Full Adder J el

Full Adder is the adder that adds three inputs and produces two outputs. The first two inputs are A
and B and the third input is an input carry as C — in.

The output carry is designated as C' — out and the normal output is designated as S which is SUM?2.

To add long numbers with many bits, several full adder circuits are connected, and the carry is carried
forward from one circuit to another.

Ll \Cin gLl LlsY1 a S Jadlly By A Le 0V,V1 03l o 25 Jlde B3 13 o yls JSI pald
«Cout 2UI LleY1 5 S ¢ 50l Lagh Ol 2
AV 5ls e Bl Y1 oy o WK e Ol sl L s S ol ol al b ol &

A B GCi
Truth Table A—JD
A | B C’m Cout S ‘ Bt %S
Adder 0.0 0 0 1o Cin \_
JAS s 0o 0 1 | 0 |1 -
O 1 0 0 1 Cout
i 0] 1 1 1 0
Cox S
AN E Multi-bits Adder 8odaze Ol Cft"

It is possible to chain several one-bit adders to create one capable of processing words of arbitrary
lengths:

WAL k) ] o 3 e 2L bl V) Jad ol camly o Wk el by Koy b slael &

"Mttps://www.geeksforgeeks.org/half-adder-in-digital-logic/
Zhttps://www.geeksforgeeks.org/full-adder-in-digital-logic/
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Multiplexing and Demultiplexing C’j}ﬂb @gd\

A, B, C, D ssdsza &M 0 036 Vea, Vb, Vee, Vad Sloglas 5,3 daly Jas Jlesial o (sl V1) QEEYI o

A, AL ) b o 3 Dl el 1

Alag 2 (A, B, D) oMl ool B g g cdms Lo e 2l Ol ol 4;)&)@ c@qd\ w.(c G)}H

VAD, AL Olgal) blas v i

Multiplexing involves transmitting various information sources (Vg, V3, Ve, Vy) from transmitters A,

B, C, and D over a single line. The information selection is done using address lines (Ag, A1 in the
example below).

Demultiplexing is the opposite operation: information from the serial transmission line is directed to

one of the receivers (A’, B',C’, D’). The receiver selection is done using address lines (Ag, A1) via
control logic (address decoding).

a1 A0 A1 A0
A | | | | x
Control logic Control logic |7
¥ : :
B —| 2 ’1” fr B'
Wi A ) - . A
C vd I Serial transmission line ! —
D J DI

Multiplexing Demultiplexing

Multiplexer C:A,\

A multiplexer (abbreviated as MUX) is a circuit that allows concentrating different types of con-
nections (computing, fax, telephony, teletex) onto a single transmission channel by selecting one input
among 2". It has 2" inputs, a second input of N bits to choose which input is selected, and one
output.

porl ¢ (STB il el B02) Lt s e SULIN P Jawindy oty 2 e Olaghne 5652 55l ol T med
Ol e o 3 D Bl S o s Olgall J ey ey 2y e 27

Truth Table iaad| Jyds
The input Ey or F; is propagated to the output S according to the value of Cj.



Co & o S £ A1 U] £ B S By gl
Truth Table Block diagram

Co || S o e

0 | Eo
Ll s '

Co» Mux2tol ‘

i

S

Diagram of a 4-to-1 multiplexer based on NOT, AND, OR gates. Code 10 selects the third input (C).
Code 11 would have selected the last input (D).

DoV ool 11 )1 Ce ) o) 2 10 o)1 1 52 4 o L

Truth Table Block diagram
Cl CO S ey e e; e;
0 0 | Eop
0|15 ey,
1 0 | B C
1 | 1 | E3 0 Mux 4 to 1
Ci—»
S
A
B
c
D
co .' 13.% i
01 .’ \1l>
7 |:- . S

LS

YRNINE Demultiplexer C;)U

A demultiplexer is a combinational circuit with N+1 inputs and 2V outputs. N inputs, called ad-

dressing inputs, allow sending the last input, called the data input, to one of the outputs based on

the input address.

e B e el 2 e We ) el E 551 Ol s 0y L 2 27 ey e O3 1815 5\ 55
el Ol gl

Truth Table aal| J,ds

Truth table of a 1-to-4 demultiplexer, where the inputs are C, Cy and the outputs are Si, S, S3,54.



Truth Table 4401 gy iy i

01 C(] Sl 52 53 54

0 0 e 0 0 0 go ~ "DeMux 1to4

o1l olel o0l o0 Lo

1 0 0 0 e 0

1 1 O O 0 e $0£1£2£3
B e P D
o i s e Y - e el e g T
G o Vet me D SIS ) BUN ooy o Vo e IR RSY , B
oD Dot | L g e DD | -,

PRI Binary Comparison gl ol

A binary comparator compares two words, A and B, and assigns its three outputs based on the result
of the comparison.

If A is strictly greater than B, then the output A > B goes to 1 (and the other two are set to zero).
If AequalsB, then the output A = B is set to 1. Similarly, if A is strictly less than B, the output
A < B is set to 1.

C}\ Lj cuyJL«"M Olaadl 0K \bl CUD\} d}iﬁA =B C}\ CC)lﬁ- Py éc 14.%1.5\ stau ¢ B}A AR d)u.i L}Lﬂ\ o)LZl\

B o STAOK e daly JA> B 2y ¢ B oo STASE Bllasly 053 A< B

The cascading input allows connecting other comparators to compare larger words (8 bits, 12 bits,

etc.). If they are not used, set A= B and A > B to 1, and A < B to 0 for the correct operation of
the comparator.

Wbl slael Bl amy Luam Bylae Olls o Jerdd Loy ) s

.JAA\L}A<B&4IJ CJ")}‘L}A>B_’A:BJS4CM&)}‘C‘L{)‘&‘MOSCL\D

A B

A <Bip —r
A1 = Bi.: —» Comparator
Ai1>Bi:

At:lB l

A=B
A>B

AN Transcoding Circuits el J’)‘ Olyls
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Transcoding combinational circuits (also called code converters) fall into three categories. All these
logic circuits transform information present at their inputs in one form (code 1) into the same infor-
mation present at their outputs in a different form (code 2). We have:

e Encoder: A circuit with 2" inputs and n outputs.
e Decoder: A circuit with n inputs and 2" outputs, with only one output active at a time.

e Transcoder: Any other code conversion circuit different from the previous ones, with p inputs
and k outputs.

PARIRN Encoders L/:JH

An Encoder is a circuit with 2" inputs and n outputs. Each input line corresponds to a unique code
at the output:

Truth Table of an 8-to-3 Encoder
Ey | E1 | By | B3 | By | BE5 | Es
1 0 0 0 0 0 0

1 EoEs EsEs Es E;

E::l E

Coder 3to 8

&

C

OO O OO OO
OO O OO O
OO O OO0+~ O
O O O o= OO
O O O RrIO OO
O O = OO0 O O
O = O OO0 OO
_= O O O o o oo
e ===
——_ 0 Ol = O o™
— O = Ol o~ o0

Figure 2.2: A 8-to-3 encoder 3 1| 8 [/:/'

PRANINNN Decoders e Al e

A Decoder is a circuit with n input lines and 2™ output lines. It selects a unique output based on
the binary input:
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Truth Table of a 3-to-8 Decoder:
AIB|C | Sy |S1|S2|S3|854]|8S5| S6 | S7
o,0(o0jf1,0}0]0]0]00/ 0
o,o0(1j,0; 100|000/ 0
o,1jo0j,o0;,0}1]0]0]0 00
o,1(1j,o0;,0}0] 10|00 0
100/ 0O0]O0O]OJO 10|00
1/o0f1rjojo,0;0}0|1]0]|O0
11000000 0]1]0
1{1{1rjojojlo0o,0]0|0]O0]1

A B C
Decoder 3to 8

So S1 S2S; 5 Se Sy

4

R

Figure 2.3: A 3-t0-8 decoder 8 (1] 3 oo e Kis.

PRNIRNVAE Transcoders

A transcoder (or code converter) is a device
that allows converting a number N written in
code C1 to the same number N written in code

C2.

Among the transcoders, we can mention:

Decimal to BCD transcoder.
BCD to Decimal transcoder.
XS 3 to Decimal transcoder.
Excess-3 to Gray transcoder.
BCD to 7-segment display transcoder.

Binary 5 bits to BCD transcoder.

o‘y;s‘.\

o SH A s A e s o eses JyE OV

BCD ] s 2l oo 2 -

v A 4 BCD o Jst
A L 30 al) e 2
Bl dlgl g oo ds
8 7 o2 )le JIBCD oo J2 ¢

BCD | ok 5 Je JUl o Iz -

e A ED Transcoder
& 11— BCD/XS3
BCD E, &
Es—» e e

l—b—So Ly

Jx C);.a.'.'l
& e

—»3S2  Exess 3

S

S

Figure 2.4: BCD/XS3 transcoder (3. 434 JJ Sl o4 o 2l J2).



Chapter 3

Sequential Circuits bl ol Ll

A combinational circuit is a digital circuit whose outputs depend only on the inputs: S = f(F).
The state of the system does not depend on the internal state of the system. No memory of the
system’s state.

Ml ST Y L (6l el 35 Y el pladl alley ¢l Ll g Ll alat 3381501 351
A sequential circuit is a digital (logical) circuit whose state at time ¢+ 1 is a function of the inputs
at time ¢ + 1 and the previous state of the system (at time ).

o Siy1 = f(E,S5)
« ST =f(E,S)

k) 3L Ly o] sl 3 Ll lae Vo £ ] 2 3 L3 Blar ks 515 (2 2301 510

Synchronous Systems el RN

A clock is a logical variable that successively transitions from 0 to 1 and from 1 to 0 periodically.
This variable is often used as an input to sequential circuits — the circuit is called synchronous (see
Figure 3.1).

The clock is denoted by 7" or CK or CLK (clock).

el Lo 23l I (3 S Belull ite Jawit clyes T 10 oy O U T e ¢ e e (2 35l 4T Ll
H i AU 1 (clock) Ck 51T o d Jos +(301 K21 )

adinnYad gl /el el [ ladl

ck of [of ol [of [of [o] [of |
Eq
E. _ | synchronous |
Ck sequential circuit ——— S,
Sequential circuit with a

clock input el Jsde S5 L8l 5505

Flip-Flops L

A flip-flop is a bistable circuit that can take two logical states “0” or “1”.

20



The state of the flip-flop can be changed by acting on one or more inputs. The new state of the
flip-flop depends on the previous state, making it the basic element of sequential circuits.

The flip-flop can retain its state for any period, so it can be used as memory.
1) el e et saad) e Jgaloe (e dex Jo® Ly o1 5 0 dlate ol Ja )Y 220 505 O
BS1ET Jentd 1) i) 40 5L el Lai e N a3l S G el L S e

There are several types of flip-flops:
o RS Flip-Flops (Asynchronous flip-flops)
o RST Flip-Flops (Synchronous RS flip-flops)

T Flip-Flops

e D Flip-Flops

o JK Flip-Flops

RS Flip-Flops

The RS flip-flop is defined by the block diagram
in following figure and the following truth table,
knowing that:

e S: Set to one, Q11 is forced to one by S.

R: Reset to zero, Q1 is forced to zero by R.

e When S and R are zero, the output Q41 re-
tains its previous value.

e When S and R are one, it is a forbidden case.

Qt
Q: | Memory State 5§ 13

1 | Settol usy
0 | Reset to 0 =
X | Forbidden i 42

R olol =
e =l R K= RO/

Q

e e ¢l L3N
walyll e RS &M -
Ll RST L6
T oM .
D ol .
JK oM .

RS &LMs

cell ) 3 Jyag Sl RS OO G

>

=

(e 5) 1y ) et S el
(i) A pony R gl -

dlo A1 Lt e gl paml O] -
3L

gt e b el ) 3 lan Ol OF 0] ©

I
pe)
Ol

I

Logic diagram of an RS flip-flop RS &3 gl Lkt



Synchronous RST Flip-Flop RST el Al O

It is an RS flip-flop where the consideration of the input state is synchronized by a clock pulse. This
prevents the accidental arrival of zero on R or S.

bl 0585 e WS SR Joll o aall 1l Jpo ) g e ¢(3ele) C85 Giady 4l RS OMA) e 2t RST 5|

el W) bid aal 3 aeld) 055 e ST R el o il vl ) Bid adl

Block diagram of an RST flip-flop

WD tall Lt
Truth Table aad) Jyds

ck RIS O | O

0 | X | X | Q1| Qi1
1010 Q1| Qi1
101 1 0
1110 0 1
111 X X Forbidden

Clock Signal: A synchronized flip-flop can be triggered on the rising edge _f or on the falling

edge ~1_ of the clock pulse. Additionally, to ensure proper operation, manufacturers specify timing

requirements.

CEl e Ol g Ol am vicldl a1 U adl ) _F daclall dd) e el O 3llasy 28500 5,5
I el el Ja e asliin) ol

Re
Q
Cko—s¢
) Q
Se Logical diagram of an RST flip-flop oM gl Lk
Input : 1\\ ts : Stabilization time 4| d=.u¥l 03
\ th : Holding time @S>l 103
Clock / \ 8 oo
1S <» > th
Stabilization time at synchronization e/l Lo ) 2wVl -0,
JK Synchronous Flip-Flop Al iS.C Vi

The JK synchronous flip-flop, consisting of a single stage, is derived from an RST flip-flop with its
outputs looped back to its inputs. This eliminates the forbidden state.



Timing diagram of an RST flip-flop
& fl Lk

(ol ) o il et Ly s e 2 Loy 5 Lo RST O3 s Gt o A1 33 a8 S

Note: When J = K = 1, it transitions to the toggle mode, meaning the current state is the opposite
of the previous state.

AWl A e p U W ol (ST OBV B py 3 M O D= Al Gl

RN
Ck | J K[ Q
0 | X | X || Q1 —_— J QF
L1010 || Q-1 =
o1 o _
F11]o0 1 — K Qr—
11 ] 1 || Q1 | Toggle

Asynchronous JK Flip-Flop A e iﬂ.c Vil
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The J K flip-flop can be equipped with asynchronous preset (Pr) and clear (Cl) inputs that take
priority over the clock signal and operate with inverted logic.

Truth Table of an Asynchronous J K Flip-Flop

oA Ll G S OO A Jye Block diagram
Mode Pr| Cl Ck | J|K]| Q+ | Remark d>% Coanal| Lalagt|
Asynchronous | 0 | 0 | X | X | X || X | Forbidden goe Q
e e Lt 01| X |[X|X 1 | Settol us>g _JPrQ_
110 X | X | X 0 | Setto0  jaw
Synchronous 11 1]0/1]X|X|| Q | Memory State 55 3 — _
ol Lt 1| 1| ]10|0| Q | Memory State 5513 — K= Q}
1 1701 0 |Setto0 _uw Cl
101 | [ 1,0] 1 |Settol dmy Q
1 1| 11 Q | Toggle s
Synchronous D Flip-Flop Js\jl\ 5> O

A D flip-flop is derived from an RS or J K flip-flop by connecting its inputs through an inverter,
ensuring that its inputs are complementary.
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Truth Table Block diagram of a D Flip-Flop
Ck | D| @
0/1 | X | Qi1 —D 0) o
10 0
g1 1 —_

Usage: The output takes the state of input D after the clock pulse. This allows, for example, the
synchronization of parallel data transfer.

(A Jo UL B el G Lol L cieldl das e Joll s da b 2 21 rdleacal

D Flip-Flop with Latch Jadl s oY

This flip-flop does not have a front detection circuit, and the output Q takes the state of input D as
long as the clock is high.

(el ) 3 aeld) s 0T UL D ol alle Q 1 dol e Jadl > oW1 G

VD] Q do ol
0| X | Q-1

1,0 0 _
101 1 1V Q-

v L
b I [
0 ’—I—H_H |—| Example of a timing

diagram of a D Flip-Flop with Latch Jadl > oMl e Ll Jle

In this flip-flop, we no longer refer to the clock input but rather to the validation input.
Gslad il cnd delldl Aas W ods (3 dasMe




Chapter 4

Registers and Memories <15 13!y <&Mo

An important function in sequential logic is the memory function. In any computer system, regardless
of its form, memory is crucial. We will take a look at a particular type of memory, registers, or static
memory.

I 4 leelsly oMl o St GL L 3y Gl ol Vo s Py bl ) sl VAT 551301
Leelsly Laatlas

1-bit Memory oo 15513

The basic cell for all types of registers is the 1-bit static memory (cf. Figure 4.1):

Data input Data Output

Write

Figure 4.1: D flip flop as 1-bit static memory s CM& e yuas doly &y 13 5513

On a rising (or falling) edge of the control input C, the memory takes the value presented at the input
and holds it until the next rising (or falling) edge of C. There may be Set and Reset inputs to force
the memory cell to 0 or 1.
The control input (or clock) C' is here called the write bit; indeed, it is a rising (falling) edge on this
line that triggers a write operation in the memory cell. Reading is permanent, with the “internal”
state always present on the @ output line. Note that the @ output is not used.
We can also find memories with a level control input (instead of an edge), but it is rarer. The principle
is the same, but the write operation takes place during the entire duration of the high (or low) level
of C. Obviously, the input D must not change during this time.
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The Register o]

A register is a set of basic memory cells. It has low capacity (4, 8, 16, 64 bits) but very low access
time (fast, a few mano seconds in general). Data can be written/read at the same time (in parallel)
or one after the other (serial).

The number of bits in the register corresponds to the number of memory cells (D flip-flops) in the
register. Note that all clock inputs (C) of the cells are connected (write line).

55 (15 56w M 2) e oy iy (S0 64 €16 48 ¢4) i o2 43 el 551 LD e B yE fond]
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Parallel Register %;)\};_L\ M\

All bits are read and written at the same time (in parallel). For example, for a 4-bit parallel register,
the symbol and the diagram are:

Wl BT 3 e e e Ve ALy (1A o) i 21 G 1 5T L G

Data input Data Output
Q

Data input b Data Output

Data input Data Output
D Q

Data input Data Output
D Q

Write ——

Figure 4.2: 4-bits parallel register ol Zw,j)s SHlge o

A parallel register is very fast but requires many connections for many bits. It is often provided with
“3-state” type inputs for connection to a bus.
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Serial Register (Shift Register) YL A Do &

Bits are read/written one after the other, and shifted. Here an example:
Vla el iV (sl cs 2 S oy UL S

Data input Data Output

_l i i i

Figure 4.3: 4-bits serial register ol ijjs Jedaslle Jo

In 4 clock cycles, a 4-bit word is stored.

Attention: the shift also occurs during reading: if the bits are not “reintroduced” at the input, the
information is lost!

The operation timing diagram is as follows (we want to store the word “1011”):
Ol 4 e 3 it § el sl ae,Y it
e Y E oAl e SV L Lo W el A1 3 Ll a1 S e
1011 2" i GYI o) Lkt 2,

Ck

Qo

Q1 I

Q2

Q3

Figure 4.4: Example of timing diagram for 4-bits serial register .. 4 g3 Juduis Jorud g0 Ll Jlie

Mixed Registers el Ol

Mixed registers can be imagined, where data can be written in series and read in parallel, or vice
) )
versa, or which offer both possibilities “at choice”.
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Data input

ol | I |

Figure 4.5: 4-bits mixed register &l 33.1)?}3 S

Memory

With a flip-flop, it is possible to store information on only 1 bit. With a register, it is possible to store
information on n bits. If we want to store important-sized information, we need to use memory.

B515 Al kg T b B Ua) 13 e Gk 0 i Ko oM 3 ey oy i oSS

B0 W hat is memory? Memory is a device capable of recording information, retaining
it (memorizing), and retrieving it (possible to read or recover later).

z
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Examples of memory: The central memory, a hard disk, a floppy disk, a USB flash
drive. Memory can be in the processor (registers), internal (central or main memory),
or external (secondary memory).

() Ll G357 0S5 8 USB (236 (25 40 028 e 028 e 15571 55511 e s
(it 35713) aemls o (Rpudy o] B 55713) Wsls

Memory Characteristics 5§ 14| _2las

The memory is characterized by: Lo Laflaz 5§10 F
o Size PEOMIE
o Volatility Jig e
o Access Mode ol Lt e
e Access Time gl o) o



VRRBN Memory Capacity 55 1 daw

The capacity (size) of memory is the number ug; 3 Slegall (J) sde (A 551l (r;) o
(quantity) of information that can be recorded T S .
(stored) in it. Capacity can be expressed in: ) o WL (°5u‘ S hai~) Leloed
e Bit: the basic element for representing 415) Qs colaglall f2? wb@\faﬂ\jz el .
information. i (e ﬁLSL:
. } - X

e Byte: 1Byte = 8bits.

8=l syl

We express multiples of bytes as in the Ta- 4.6 Jyud %; € .Ul Slislas up;w

ble 4.6.
Name Symbol ., Value (27) .4 dad
Byte B 20 <l
Kilobyte KB 210 b
Megabyte MB 220 b bus
Gigabyte GB 230 b b
Terabyte TB 240 b e
Petabyte PB 250 by
Exabyte  EB 260 ol LS
Zettabyte ZB 270 bl
Yottabyte YB 280 by

Figure 4.6: Multiple of bytes c.Ul wlaslias.

IR Volatility Jls))

If a memory loses its content (information) when the power source is cut off, it called volatile. If
a memory does not lose (retain) its content when the power source is cut off, it called non-volatile
(permanent or stable).

plhas) wo Lol g (Lid) 357100 azs L Ol el 55715 aes Bl yaae plail xe (Sloglall) lalge 55711 i 0)
(il 5T 2815 55713) Wil e 8515 g @Bl slan

A"CC,G?S, 1\/{0de to Information (Read/Write) 4 L
(31 B/4E) Bnladd o)l
On a memory, we can perform the operation of:
o Read: retrieve/recover information from memory.
e Write: save new information or modify existing information in memory.

There are memories that can be read/written to, and these memories are called volatile memories.
There are memories that only allow reading (it is not possible to modify the content). These memories
are called non-volatile memories.

(olle 351 G o4
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Access Time J ! )

This is the time required to perform a read or write operation. For example, for a read operation,
access time is the time between the request for reading and the availability of information.

YU: Y df:ml\ uA‘)\}b d}.a}” Cdy CS;—\JB\ e e cJl) ‘_}:,w ‘_}e .d}qa}” Cd MB} :\:gji 34-\45 PV dﬂj
cSleslall 35y 56l 3

Read demand

Availability of
[<—> information

Access Time

Figure 4.7: Access Time

Memory Classification <\§ 13 o

Memories can be classified into three categories ol w3 dl GM_’J\ s Lo o SIS Cans

based on the use technology (Figure 4.8): (4.8 )
o Semiconductor memory: (central memory 510 3 L . .
. ’ ° Mo bl olil e sall u\f\.\\\ .
ROM, PROM, ...) very fast but small size. e )c)\f\s ROM. L 3 31 55715 & 50l
o Magnetic memory (hard disk, floppy disk, ...): o a2 (S e %y o PROM)
slower but stores a very large volume of infor- L2 O 0o e 02 3) dpmiblite 515
mation. - N Tk
o S e hid S e B8] P (bl
o Optical memory (DVD, CD-ROM, ...) Ologlall

o3V, DVDe (el3) afe oSS

(b smial)
l Technologies
| 1
Semi .
conductor O)p;llclal
Dl pal 4pt e
|

Figure 4.8: Memory Classification <I§ 13 Cauas
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Semiconductor Memory <M.l oL..’zT o deguall 35713

Semiconductor memories are classified into dead memory (read-only) or random access memory used
for central memory (Figure 4.9)..

WS BT G Jantd Glte gy 85715 51 ¢(la 5elal) e 55715 ) Mol oLt e e sall SIS Lt
(4.9 Ka)

Dynamic

Volatile Static

/ Assocative
semi conductor memories

I/I\I

neon volatile

Figure 4.9: Semiconductor Memory <M.\ oLJj o degall 3514

IRWBN Read-Only Memories (ROM) il &I§ |4
Read-only memories are classified according to the ability to program and erase them:
o Read-Only Memory (ROM): its content is defined during manufacturing.

o Programmable Read-Only Memory (PROM): user-programmable, but only once due to the
storage method using fuses.

o Erasable Programmable Read-Only Memory (EPROM): user-erasable and programmable.

o Electrically Erasable Programmable Read-Only Memory (EEPROM): user-erasable and pro-
grammable electrically, easier to erase than EPROMs.

g Oy ity o 50 o 20l) SIS s
g ke 0K g2 I ROM (Read Only Memory) L &:1,3l oI55

L susly 5 . ¢pdizdl Ly (PROM (Programmable Read Only Memory) 4z 4 2\l L 36l @) oIS13
fusibles. & ynare Slale? dauly S Lad ol

424 J& (EPROM (Erasable Programmable Read Only Memory) <2Jdly 42l 2uldl Lad 5. 3 oI5 15 -
el e O

EEPROM (Electrically Erasable Programmable Read Only Ll & 2Jdly a2 0 ) Ld 5ol 3l oI55 -
vgale o 095 Bl Wy Loy L2 (S (Memory)



Central Memory 511551l

Central Memory (RAM: Random Access Memory) (é\}:.& ey 55713) B L5510,

What is Central Memory? 4§11 5513l (2l

Central Memory (CM) represents the workspace of the computer. It is the main storage organ of

information used by the processor. In a machine (computer/calculator) to execute a program, it must

be loaded (copied) into central memory.

Access time to central memory and its capacity are two elements that influence the execution time of

a program (machine performance).

L} ébjgﬂ C.A d O guld] L; .tu.\ PR L—;J\ Sloghall o5l L?v;)\ S By vl e el LS5l Jk
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Characteristics of Central Memory 3§ || _alas
RPN

Central memory is made of semiconductors and has some proprieties:

o Central memory is a random-access memory (RAM): read and write access.

o Central memory is random access (RAM: Random Access Memory), meaning that the access
time to information is independent of its location in memory.

e Central memory is volatile: maintaining its content requires a continuous power supply.
o Access time to central memory is average but faster than magnetic memories.
o The capacity of central memory is limited, but there is always a possibility of expansion.

o For communication with other parts of the computer, central memory uses buses (address bus
and data bus).

b L ot s cda oLl e Tegan g J1 5571
A& 5013 10Nk ey 8515 B )1 551NN
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VIRIEE Types of Central Memories %fjl\ Q\f\,’é\ C‘ﬁj

There are two main families of central memories: static memories (SRAM) and dynamic memories
(DRAM).

e Static memories are based on D-type flip-flops; they have a low integration rate but fast access
time (used for cache memory).



¢ Dynamic memories are based on capacitors; these memories have a very high integration rate,
they are simpler than static memories but with a longer access time.

+(DRAM) 4l ) 151y (SRAM) &) I §T1 cObas, Olble 3570 55710
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Logical View of Central Memory 5 i)l 4w 5k
RPN

Central memory can be seen as a large vector (array) of (Bs0as) aS Voo Tt )l 5510 el Y

words or bytes: (Ul S o
e A memory word stores information on n bits. Wy 0k o Olegall 0F SRR
e A memory word contains multiple memory cells. RS RERS PR de g2 3513 4K .
o Each memory cell stores only one bit. hb ualy e s I s 0F -
o Each word has its own address. el Lelge WAk K.
e An address is a unique number that allows access W Al el Tt b o Olgall o
to a memory word. 553
o Addresses are sequential (consecutive). (adle) ke bl

o The size of the address (the number of bits) de- T o dezm (Ol sa) Ol o=
pends on the capacity of the memory. i ’ . 5":\”
0

Physical Structure of Central Memory asW @il
CREARSRR

e RAM (Memory Address Register): This register stores the address of the word to be read or
written.

o RIM (Memory Information Register): It stores the information read from memory or the infor-
mation to be written into memory.

e Decoder: Allows the selection of a memory word.

o R/W: Read/Write command, this command allows reading or writing to memory (if R/W=1
then read, otherwise write).

o Address bus of size k bits.
e Data bus of size n bits.
L2 5T el 51 a0 Ol ol Lia 032 (557100 Oy ) RAM
BT G LB LA Sloslel 5T 5571 e 8ep 2l Sloglell 032 < (357131 Sloslas Jo) RIM. -
(bolel) 55715 260 waz el et e A Ko o
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an address

0001100
001110Q
0111100
0001100
0001100

content of a memory box (a word)

(4al5) 3,8 3 A3lA (5 giaa

FFFF

Figure 4.10: Physical Structure of Central Memory %$ 11 55 130 25Ul 4l

How to Select a Memory Word? When an address is loaded into the RAM address
register, the decoder receives the same information as the RAM.

At the output of the decoder, we will have only one active output — This output will allow us to
select a single memory word.

RAM 01yl o 3 55k Olegall s UKL ds RAMC 3511 Oy Jo & Olse LF e 55713 2K ke S
ol 55715 28T 4o U ey Lo VLG GG e L oy 2 0

How to Calculate the Capacity of a CM? Let k be the size of the address bus (size
of the RAM register).

Let n be the size of the data bus (size of the RIM register or the size of a memory word).
The capacity of central memory can be expressed either in the number of memory words or in bits
(bytes, kilobytes, etc.).
« Capacity = 2*Memory words
o Capacity = 2% x nBits
C(RAM Joudl o2 ck g Cpsball 6 o2 0F 2
(5513 2k V,;j RIM Joud) o) SULI J36 o2 0 oS,
(L e b e ) Sl T35 SUE st W 25U 5571 G o

3513 aK = 28wl .

=28 xnwdl .
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Figure 4.11: Memory Word 5§13 &
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Figure 4.12: How to Calculate the Capacity of a CM 2;5‘/ SRER w.jl S

|G NN In a memory, the size of the address bus K=14, and the size of the data bus n=4.

Calculate the capacity of this memory?
0557130 ods A | o = 4 UL b o2y K= 14 015l 36 o2 ol 35715 G

« Capacity = 2" Memory words of 4 bits
« Capacity = 2" x 4. Bits = 65536 Bits = 8192Bytes = 8K B.

w
t



How to Read Information? To read information in central memory, the following
operations must be performed:

e Load the address of the word to be read into the RAM address register.
o Launch the read command (R/W=1).
o The information is available in the RIM register after a certain time (access time).
) Sl s 2] ¢ B ESIAN G 5 ) lotell 50,9 shshee 15 8
RAM 5571401 Olge Jo G 2l 201 Ol L& -
(RIW = (15031 0 Jadh -
(Aol C83) Cpne 3y dm RIM o 3 aglall o

2
How to Write Information? issss 55 oS To write information in the central mem-
ory, the following operations must be performed:

o Load the address of the word where the writing will occur into the RAM.
e Place the information to be written in the RIM register.

e Launch the write command to transfer the content of the RIM to the memory.
i b g @SS G desle 2K
oglall 4 (oS gl OKUL Ol e JZ
(3510 Gaglae Jo) RIM o (3 LB S0 20l 2
5510 L RIM o g2 Jad 21 T Jadi -



Chapter 5

Basic Architecture of a Computer 4.l

Introduction PRV

A program is a set of instructions executed in a specific order. A program is executed by a processor
(machine). A program is usually written in a high-level language (Pascal, C, VB, Java, etc.).
The instructions that make up a program can be classified into 4 categories:

o Assignment instructions: allow data transfer
o Arithmetic and logical instructions.
o Branch instructions (conditional and unconditional)
e Input-output instructions.
Sl T 2001 ks s 0y Bl g o BB, 32 B3le 2 cme o 3 i Sl 2l
UL e C’:““ sl Ol
ghilly oldl olids -
Ly 2l ey by 2l g &l Sl
G\f;y\} JesY ol

To execute a program on the machine, we go through the following stages:
o Edit the source in a text editor and save the file.

o Compile it with a compiler to translate it into machine language (binary). Omne high-level
language instruction can be translated into several machine instructions.

e Load: load the program into the central memory before execution.
AV gl Al o oY e b gl s
Gl i & oyt 2 sl 2
Al Sl se 4 W1 s Bk % 2 5oy ks o (Gl) AV B ) g -
ddl 3 S 55 G bl 4 ) -
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How does a program execute in the machine?

e To understand the execution mechanism of a program, we must understand the execution mech-
anism of an instruction.

e To understand the execution mechanism of an instruction, we must know the architecture of the
machine (processor) on which this instruction will be executed.

Von Neumann Architecture S OP Y s ylens

B e Jell 2 Jes] Sl ¢(fle) LS bdogs <S5 5513 p (501 S2N) s O (%) Bslene 055
ol 2 ol 2 3kl ol
The Von Neumann architecture (cf. figure 5.1) is composed of:
e Central memory,
o Central unit (CU, CPU: Central Processing Unit), processor, microprocessor.
e A set of input-output devices to communicate with the outside.
e This architecture is the basis of computer architectures.

4jS)o dallao 81>
Central unit CPU

Arithmetic & logic
unit

shiog Llu> da>g
C T e
Ouputs -

Figure 5.1: Von Neumann Architecture (s O % lare) 4N 2alll 44!

Main Memory LSS

The Central Memory (CM) represents the computer’s workspace. It is the primary organ for storing
information used by the processor. In a computer, to execute a program, it must be loaded (copied)
into main memory. The access time to main memory and its capacity are two factors that affect the
program’s execution time (machine performance).

351 G 2L JoF g o) B el Slolell o ity e pldl 3 AL L ln (2 2800 551
) 2 Gk ) 3 0L Oele Lanens RS 551N U] Ul 05 woikis 15 250



Data part ( variables )

Ll o

Addiion 7 11000001
Soustraction >| 11100001
11000001 .
Tob e 11100001 \Instructlons part
11100001

<l Aij.‘l.:dll A 3

Figure 5.2: Program Structure in Main Memory %$ 11 55 131 & é\sjg)\ Py

SWRWN Central Processing Unit (CPU) L5 s )

The Central Processing Unit (CPU), also called the processor or microprocessor, is responsible for
executing programs. The CPU consists of an Arithmetic and Logic Unit (ALU) and a Control Unit
(cf. figure 5.3). The ALU performs basic operations (addition, subtraction, multiplication, etc.). The
Control Unit manages operations on memory (read/write) and the operations to be performed by the
ALU based on the current executing instruction.

Slheal) dis g ghailly Gl sy o 0585 ¢(5.3 K8) 2140 i Layps (rall bl T A1) 3550 5us )

e 3ty Sl oy b ) SLaally 35101 e Sl G SF G Kol 30 0y 1y o) e 2l
) 43 T

4jS)o dxllaoc 8a>g
Central unit CPU

Arithmetic & logic

unit .
:E Ghisg Ulw> 81>

et

Figure 5.3: Central Processing Unit 45 \| 54x )

Arithmetic and Logic Unit (ALU) cled ! sus
A -

The ALU performs basic operations such as addition, subtraction, multiplication, and logic operations.
It includes the Accumulator Register (ACC), which stores data at the beginning of the operation and
the result at the end. It also has a status register with indicators such as carry, sign, overflow, and
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CO | C1 | C2 || Code | Result =k Explanation o
0 0 |0 ADD | A+ (B + Cin) Carry Cout = 1 if there is a carry | = Cout é\ﬂ\ Ll ey
Bl o T3] 1
Carry in Cin J&=1) Lle=Y 4» Cin
0O |0 |1 SUB | A— (B+Cin) Cout =1 if there is a carry Lle>| 98 13 1 = Cout
0 1 0 MUL | Ax B Cout =0
0 |1 |1 DIV | A/B Cout =0
1 0 0 EQ 1if A== Belse 0 || Cout =0
1 0 1 CMP | 1if A< Belse 0 Cout =0
1 /1 |0 LSH | A<< B A is shifted left by (B and Cin) 3 Babuly Jll 3 A A
Cin
Carry is the leftmost bit shifted out Cout L‘; oA G)U:\ s
of A
1 1 1 RSH | A>>B A is shifted right by B and Cin 3 B aauly ol A iR A
Cin
Carry is the rightmost bit shifted Cout 3 oA G)U:\ cly
out of A
RN Control Unit Fzﬂ\ b

The role of the Control Unit (or Control Unit) is to:

» Coordinate the work of all other units (ALU, mem-

ory, etc.).

e Ensure synchronization among them.

It ensures:

o Searching (reading) for instructions and data from

memory.

e Decoding the instruction and executing the cur-
rent instruction while preparing the next instruc-

tion.
The Control Unit includes:

Sar:“ 3.«\4-} 8>

Sl 5ums) Y Ol ) |8 G

(3 4 Loy es 510 ¢ sl
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o An Instruction Register (IR): contains the currently executing instruction, decoded using its
operation code (opcode) by a decoder.

o A Counter Register (CR) or Program Counter (PC): contains the address of the next instruction
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Figure 5.4: Arithmetic and Logic Unit (ALU) sklly old] sus
to execute (points to the next instruction). Initially, it contains the address of the first instruction
of the program to be executed.

o A sequencer: organizes (synchronizes) the execution of instructions according to the clock’s
rhythm, generating the necessary signals for instruction execution.

2 Sad\ )

«(opcode) el oy v Aol (decoder a@\a&ﬁcgum A adadl 2 (TR): Adandl for o
e . : S5

o (U1 Al ) a) L ) U L) Ol 54 (PO): Ul sl ST (CR) gl slie ot o
ol LA 20 el JT Ol o g2 i)

edad) 52 35 ) SLLEY Ay cdeldl oY By oledad) Bis (opl) oy 2ol e
Note
e The microprocessor may contain other registers in addition to CR, IR, and ACC.
o These registers are considered as internal memory (working registers) of the microprocessor.
e These registers are faster than main memory, but the number of these registers is limited.
o Generally, these registers are used to save data before executing an operation.
o Typically, the size of a working register is equal to the size of a memory word.
sila> e
ACC 5 TR¢ CRe ] BLaY 21 ool o aall $lall o2 6
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Instruction Set

Every microprocessor has a limited number of instruc-
tions it can execute. These instructions are called the
instruction set. The instruction set describes the set of
elementary operations that the microprocessor can per-
form. Instructions can be classified into 4 categories:

e Assignment Instructions: They transfer data be-
tween registers and memory.

o Write: Register — Memory.
e Read: Memory — Register.

o Arithmetic and Logic Instructions (AND, OR,
ADD, ..).

o Branch Instructions (conditional and uncondi-
tional).

o Input/Output Instructions.

WARYE Instruction Encoding

Oledad) (,_a.L

S ladids o 50k 53pden Sl Llan
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G‘f’}“/d\&:}/\ Sl
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Instructions and their operands (data) are stored in memory.
The size of an instruction (number of bits needed to represent it in memory) depends on the type of

instruction and the type of operand.
The instruction is divided into two parts:

o Operation Code (Opcode): A code on N bits indicating which instruction.

o Operand Field: Contains the data or the reference (address) to the data.

bl 55 el g Bl (Lt 25 Sl k) gty 65T 3 8t () Leloy 2kl
el QL ol SUL e st Jold) o8y hededl Gy S NV o oy 5o (el o) el oy 5L ke

Operation Code ileal 5,
+— N bits —

Operand  Juls!
+— K bits —
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Chapter 1 exercises

A security lock opens based on four keys A, B, C, D.
The lock operates as follow:

o S(A,B,C,D) =1if at least two keys are used.
o S(A,B,C,D) = 0 otherwise.
e Keys A and C cannot be used simultaneously.

o Provide the canonical disjunctive (R) and conjunc-
tive (P) forms.

e Create the circuit.

02

A beverage vending machine offers coffee, milk, coffee
with milk, with or without sugar. The machine has 3
buttons (Milk, Coffee, Without Sugar) and a coin input.
The machine contains three reservoirs (Coffee, Sugar,
and Milk).

e Determine the logical functions that open the
reservoir taps based on the buttons.

e Draw the logical diagram for beverage distribu-
tion.

JsV) il o8

| Jon A B, G D ipilie Gyl 43 0T 18
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SV e obli eued o) -
nS(A,B,C,D) == 1
\S(A,B,C,D) =0 <Y &V & -
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The DIV circuit calculates the Euclidean di- éu\) G 2 o O Y Al 2 DIV 5,14
vision of two 2-bit numbers (quotient and re- ’ ) (3Wy
mainder). -

 Division by zero is prohibited. eyt jadl o dendl -
o Create the circuit. Gyl 2 .

CD | AB

RiRy | Q1Qo

04

Create circuit C1, which adds two bits. p) o e o2 () CT 300 4

Can it be used to add multiple bits? 5T ol o il oK o

Create a circuit (ADD) that adds two . ) . i -
bits with a carry input. rBlel Jo o & ol Cf. ‘?HADD 2la

Use ADD circuits to create a 4-bit binary adder.
ol 4 e Gl mele SL2IY ADD Sl posd

Create a circuit C6 that controls 8 lamps and lights up only one lamp at a time according to
its number.

A B C

Lo L, L; Ly LubLs Ls Ly

PRERODRE

07
SN gl g Ay dauly YU R e [
Build a NOT gate using a NAND gate. ? ) S a % Ay =
Build an AND gate using NOT-AND gates. "LR-"y N ol u“’ Gy ety "y el Aly =
NAND
08

fl=ab+a.b+a.cd
Create the circuit for the function f1 using only NOR and NAND gates.

Create the circuit for the function f1 using only NOR gates.
L3 NAND o)l 5 bly Jlenzal f1all) 3505 21

+LaB NOR adll s by dlexaly f1 3011 3505 521
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(NN Additional Exercises

09
We want to create a logic circuit M1 that cal-
culates the product of two two-bits numbers
((AB x CD),).
Create the circuit using logic gates.

Wﬁm&‘d’v‘cyﬁMl 3)“#_’47’\&
~(AB X CD)2
ikl UL 5l 2
AB
CD

10

We want to build a comparator for two num-
bers of 2 bits each: A1Ag and B1By. The
output should have 3 outputS:

e Greater G = 1if A1 Ay > B1 By, else 0.
e Lesser L = 1if A1 Ay < B1By, else 0.
e Equal E =1 if Aj Ay = B1 By, else 0.

Create the circuit using NAND gates.

4 A1 A c»\,ﬁgzygsxwo,uﬁéo,gj
:C‘)L; SN L;‘d:.}') .B]_Bo

.0 ‘}H} ,Ale > B1 By \SlG = 1}«5? .
O NIy, A1Ag < BBy 3L =1 ol «
OVl A1Ag = BiBy 5 E =1 sl

NAND Jadl & by 2wy 5,01 24T

The following figure represents a reservoir powered by two valves V1 and V2. Three levels

are distinguished: Safety, Medium, High.

e When the liquid level is less than or equal to Safety, both V1 and V2 are open.

e When the liquid level is less than or equal to Medium but greater than Safety, only V1 is open.

e When the liquid level is higher than Medium but lower than High, only V2 is open.

e When the liquid level reaches High, both valves are closed.

e High
buwgis Medium

olel  Safety

Figure 6.1: Diagram of Exercise 11

Question: Provide the logical equations for the opening of V1 and V2 based on the liquid level.

48
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12

Consider the diagram in the following figure Y Ll el
Provide the Y equation. Ysle J”T
Represent Y using only 2-input NAND clede 13 NAND @by Jlaazaly 1)) J'-" .

gates.

ET

.

J 0

B,

Create the circuit that performs the two’s complement of a four-bit binary number.

ol 4 $3 dL ENNIRSTA v«l\ L;d.cu ‘5)\ o)\.\“}\

Create a circuit that converts an 8-bit binary number to two’s complement.

hZe 8 Jo 2 A erl) B LS oo I3 50 41



A jury composed of 4 members asks a question to a
player. Each jury member sets their switch to “1” when
they think the player’s answer is correct (favorable opin-
ion) and “0” otherwise (unfavorable opinion). We pro-
cess the response in such a way as to set:

A success variable (S=1) when the majority of the
jury members’ decisions are favorable.

o A failure variable (F=1) when the majority of the
jury members’ decisions are unfavorable.

o An equality variable (N=1) when there are as
many favorable opinions as unfavorable opinions.

Deduce a truth table for the problem.
Provide equations for S, F.

Deduce the equation for N.

The board of directors of a company consists of four
members: the director and his three deputies A, B, C.
Decisions during meetings are made by majority vote.
Each person has a switch to vote, which they press in
case of agreement with the project submitted to the vote.
In case of a tie in the number of votes, the director’s
vote counts double.

Create a logical device for displaying the voting
result on lamp R.

Provide the logical equation for R.

Create the logical diagram of the R output.
17

Provide the disjunctive and conjunctive
canonical forms and the numeric forms
R and P of the functions defined by:

a. F1(A,B,C) = 1 if the number of
variables set to 1 is even.

b. Fy(A, B,C) = 1if at least two vari-
ables are set to 0.

c. F3(A,B,C) = 1 if the number
(ABC), is odd.

Create the diagrams of functions F1, F2,
F3.

e S Lp‘}! o)b,;ha:‘hﬂj <ls F(Aa\.;
o mns s WY1 01,8 50T o5 iy
b 6L T sy s L35 i

P adel )5 08 13 S=1 bl s
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2 KLV Bl 5 08 15| F=1 ol e -
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dsdl Oyl 3 13 N=1 (gl e
ALl il Ve it
FyS Vsl Ll
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ARy Practical Work

7-segment displays are a type of display commonly found
in calculators and digital watches. Characters (numbers,
and some letters for hexadecimal display) are written
by turning on or off segments, usually seven. When all
seven segments are lit, the digit 8 is displayed. In a 7-
segment display, the segments are typically designated
by letters from A to G.

Create the circuit that displays a number in hexadecimal
on a 7-segment display (use the circuit with 8 inputs).
Simulate the circuit using the “Multimedia Logic” soft-
ware.

Work required:

Problem description.
Truth table and simplified equations.

Circuit and simulation using the software.

ks 4

Jorzat Sl sl & dad) Claﬁ)\)s o2
Cms pBY1 2 el ) bl
b bl abdl dlsl o gad) oo o 2
asle Cla_anw, gl rs)\ ulmcu\ K ki

G ALA e 2 A
E;Sub)\cécegfw:xu'eﬁ@.zbbw

52 el o (Jalae 8 13 5,01 Jomzal) Cb 7
."Multimedia logic" ét e

<l
Al Cary
vl SV slally 22k ] Jyus
UL ST, Ll

7-SEGMENT DISPLAY

Figure 6.2: Diagram of a 7-segment display



4 Chapter 2 exercise Sl fadl ol

0

N

Realize a 4-input multiplexer. el 40 2 C;,o\
02
Create the half-adder using a minimum of 4-input multiplexers.

e lde 4 Ol Olaestl e sde 3 Al y Uat lasls C’¢\

03

Create the full adder using a minimum of 8-input multiplexers.

Jolae 8 013 Olaastl 0 5k Jﬁ dawly YK lasls !

0

Create a full adder using binary 3-to-8 decoders with a minimum of logic gates.
Al SUL e oK e BTy 2l 8 Jalie 3 0l e ) Ol e 3o 5T el K Laals =

05

Consider a 4-bit binary information (igiai1io).

Provide the circuit that counts the number of “1”s in the input information using only 1-bit full
adders?

Example: If the input information (iziziig) = (0110), then the output is the binary value 2 (010)
since there are 2 bits set to 1 in the input information.

S 103 a0l ! Slls el b l) Bael) 3 ol s 511 sl ¢ (igininio) e 4 e RS oo Lol
B ~L.1;
el 0Ll o e OY 010 Sl 2 sudl e A G Jhamd ((10110) = (igizirig) el dedull 28 13] ¢ Jbs
06
Perform the multiplication of two positive 4-bit numbers, by using a minimum of 1-bit full adders and
a minimum of logic gates.

sk L}SL (ol 44350 f) sl 5‘.\ Olls e sk JST Jlerzaly cloe JQ Ol 4 e Cpemge ke © A SJ\JJ@-T
gl Ol
The ROT5 code rotates a binary number by adding 5 in binary without carry. ROT'5(0000) = 0101
ROT5(1111) = 0100.
Create the binary to ROTH conversion circuit.
Propose a ROT5 schema using a 16-to-4 encoder and a 4-to-16 decoder.
ROT(1111) = 0100 5 <ROT'5(0000) = 0101 ¢Lla| $95 5 Blol sl );.\3 ROT5 e
« ROTS5 50 1 3,5 il
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BBY  Additional Exercises Gesdll (8

Using only full adders, create the circuit “C8” shown in the following figure, which determines
the number (525150), of “1” bits in the input information (I5141312111).

Ggull 3 o1 (55l G Sledl o (S25150), sl (G ¢ JAll 201 G C8 5,11 2T ¢ Jo8) w1 Sl Jlezaly
(I LT3 11, Io) WLl

ERRE

Is la Iz 12 Ii lo

C8

S; S:1S

i

Build a logical circuit capable of comparing two 3-bit numbers: AgA;As and BgB1Bs. The

output should be 1 if AgA;As = BgB1 B>, otherwise 0.

Y\) cAoAlAQ = BoBle \SL 1 GE.’J) .BoBlBQ 9 A()AlAQ c.b\} ﬁ QL’L P\ o e O)Ub" 3?3.2,» S)\J }\
’ .0

Consider the function f(a,b,c,d) = 1 if sl 551 15 f(a,b,¢,d) = 1AL (5

(abcd), has an even number of “0”s and rep-
resents a decimal digit, and f = 0 if (abed),
has an odd number of “0”s and represents a
decimal digit. Create this function using:

a 16-to-1 multiplexer.

an 8-to-1 multiplexer and a minimum of
gates.

4-to-1 multiplexers without logic gates.

(Aw‘ L} LE) Jﬂ;) ‘)qua‘y‘ e %;“}) Sde éc (abcd)2
$2p ok e Jedll suadl gt 13) f =0 c%;fh)\
A ods 2T e 2l Q3 U, Jagy Lol o
Sl oo e By 1 418 (65 b sy 0%
.w‘
.1..‘212.,0 C)Uy Q)J} 1 d\‘4 Sl Ol

The circuit that detects multiples of 3 between 0 and 15 using a multiplexer.

Create the logical circuit that calculates the product of two 2-bit numbers, using only logical

circuits.

w

s adall oLl dasly oy 2 L 873 ke sl i 550 -

Using a decoder, create the circuit that can determine if a 4-bit binary number is greater

than 10.

10 oo ST sl O 0] 2S5 51 1l e 1 o el



Let HS be the half-subtractor that subtracts two bits,
and FS be the full subtractor that subtracts two bits
with carry.

Create both circuits using logical gates.
Create both circuits using multiplexers.

Create both circuits using decoders.

15
We want to create a circuit that determines the non-
prime numbers between 0 and 15.

Provide the truth table.
Create the circuit using a single multiplexer.

Create the same circuit with a decoder and a min-
imum of logic gates.

A LT ol G s HS Japedl ) )0

dgilrl) S aleuly gl 2
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Create a circuit that determines if a 4-bit number is not a multiple of 3, using a multiplexer

(truth table, diagram using a multiplexer).



Chapter 3 exercises S Jadl o,

Design an RS flip-flop using only NAND gates. «Las NAND &by dauly RS LG =
Complete the timing diagram according to the fol- Al OV &5")‘ = LF\

lowing cases: voplie e O .

e RS is asynchronous. aelall 2] e palie OO -

e RS is synchronized on the rising edge.

AU A ke el O .
e RS is synchronized on the falling edge. Wl ae o

Cy, T 1L 11 1 71711 71|

S 1 L | I— I S . -
R _T1 [T [T [ 1]

Q1 —

Consider the circuit below k}’ b SR &)
Provide its truth table.

i) e L
What logical circuit do you recognize? wyldl e d}:
Complete the following timing diagram. vao ) Lzt d{ 1
A Q
B

A 1L ] L
B L[| L

Q

Consider the circuit below, then complete the following timing diagram:

Ut
t



(Y et Lt T ¢ el 3 GV SN e

& C OWG

Q —

Fill in the timing diagram based on the following circuit: &3 Lkl i
D Q
T w
Ck >
C

Consider the two JK flip-flops below: oY il.c O el
—J — Qf —J — Q2
—pC - C
—K o- Qt —IK o- Q2




Recall the truth table for a JK flip-flop synchronized on the rising edge. Fill in the following timing
diagram:

o)) Bt €T 2 suelall 3l o caliie 2 OO i) Jpagt £

Ck LI L L 1L [ 1
J T LTI
K T 1 oI I
Q1 —
Q2 —

For the following figure, provide an equivalent circuit using a JK flip-flop for the
AW Lbsd & g oy LKL LSS Lel

—D — Q

@ C OWQ

Based on the circuit in Figure 6.3, complete the following timing diagram:
&3 Lkl £1.:6.3 J§:A\ o

N.B.: V. =1
Qo Q1 Q2 Q3

Vee Vee Vee Vee

J
;
J.
J

ck C C C C

R2

g
g
La

Figure 6.3: Circuit #1 for Exercise 7 (y ol JyVI S A



Ctk UL e e e
Qo —
Q1 —
Q2 —
Q3 —

2. What does the circuit in Figure 6.3 achieve? S s Jasy 150
3. We slightly modify the circuit in Figure 6.3 to obtain the circuit in Figure 6.4. Explain what the
circuit in Figure 6.4 achieves, with reasoning.

okl ST Jom Ble = 231 0604 K1 e ot 6.3 Kl 3 ST i s

Qo0 Q1 Q2 Q3
t Ba
Vee Vee Vee Vee
}, 50 93 §1 | 2) s2 ?) 53
Ck C C C C
— K o—— —K o—— K o— —K O—
T RO T Ri Tﬁ T R3

Figure 6.4: Circuit #2 for Exercise 7 (y ozl 3B CS7HI

Based on the circuit in Figure 6.5, draw the timing diagram for the variables Q0, Q1, Q2, Q3
over 17 clock cycles, knowing that Q0, Q1, Q2, Q3 start from 0.

) op Bz Q3 Q2, Q1L QO, O Ue Gl 1355 17 e Q3 Q2, Q1L QO, il 3 3, b@\w%wwi

What does the circuit in Figure 6.5 achieve? 6.5 Kl 3 eSAl Joms 1306

We slightly modify the circuit in Figure 6.5 to obtain the circuit in Figure 6.6. Explain what
the circuit in Figure 6.6 achieves with reasoning.

S AN s Jom 13l = 21 ¢ 606 Kl 3 STA e et 6.5 Kol (b Joos

(NN Additional Exercises u:,«:ll o

Consider the circuit below :

Assuming that input S is always set to 1, what does this circuit do?



Q0 Q1 Q2 Q3
Vce Vce Vee Vee
1 2) S0 P) ] ) 2) 52 1 ?3 S3
o— J o J — J *— J
Ck ——>C o> C a>C a>C
— K O——' K O—— +—K —  +— K O—
S) RO S) R1 S) R2 ? R3

Figure 6.5: Circuit #1 for Exercise 8 (y ozl JsY! S A

Qo Q1 Q2 Q3

— J — — J — —J — —iJ —
Ck ~d>C drc Pc drc
— K o— 4K o— M=K O— ¢+—K O—
9% Tﬂ Tm ?m

Figure 6.6: Circuit #2 for Exercise 8 (y ol JBI Lalaz|

Qo

o

Q3

: I i i

Figure 6.7: Circuit for Exercise 9 ;N 57

Assuming that input S is always set to 0, what does this circuit do?



Assuming that input E is always set to 0, fill in the following timing diagram:

GV S )
S5 A s Jom 13Le ¢ S=1 24
S5 A s Jan 13l c 0 =S (20 »

SV e Ll STE=0 (4 -

(@ 20 I I A 0 O A I A I

S |

Qo
Q1
Q2 —
Q3

FEEREN AR

10
We want to create, in a single circuit, a modulo-16 up-
/down counter. This circuit should have two operating
modes, one for counting up and the other for counting
down, selected by an input S according to the following
conditions:

e S = 0: counting up mode.
e S = 1: counting down mode.

You have at your disposal four JK flip-flops synchronized
on the rising edge and all the necessary logic gates.

Design a modulo-16 up counter.
Design a modulo-16 down counter.

Design a modulo-16 up/down counter.

A5 A L})u‘) c:QJan:J\ dal) s.la-‘} S)\; o & A
aall ol ¢ eall Ol ST O O a4 16

.ngcLal‘.lai:0=S .
dils ke 1 =S -

ol k) o male 2z S dnl 2l

16 Ao L_Jch:’\:\.\cvf
Jd6 ao i Usle \;\.»\cr.c’
16 Wi Usle QJcLaS\J\.\crca

Ck—»l

s —»

Counter/decounter

v

Q0 Q1

:

Q2 Q3



J ><R B
—apC S o—
B
“ e
Q2
J
H
C
K O—
Figure 6.8: Circuit for Exercise 11 (ol S5
e T e O e Y e
A 1r
B L
@ _ . t
Q1 [—
5 t
Q2 t
Q3

Figure 6.9: Timing Diagram for Circuit of Exercise 11 (el o)) Lalast

Fill in the timing diagram based on the following circuit

Based on the following circuit, plot the timing diagram for the variables JO, KO0, J1, K1, QO,
Q1, for a duration of 5 clock cycles, knowing that Q0 and Q1 start from 0.
Sl e Gl Q0, Q1 ol We aellll H1y51 5 JSa J0, K0, J1, K1, Q0, Q1 &l el L)y Uakazz fw‘)\ (Jul Lbt| Yoy

A modulo 16 even counter counts 0, 2, 4, 6, 8, 10, 12, 14, 0, 2, and so on.
2,0,14,12,10,8 ,6 ,4,2,0 oo dey 16 4355 (3m3) 31k

Provide the state table of the counter shadl SVl Jyde L.
What do you notice? L 13k
Implement the circuit using JK flip-flops. ﬂ,c OLYS dauly Lz Jéi

Consider the following 5-bit modulo 32 counter circuit.



L J J Q1
JO Qo0 J1
C C
K O K O—
KO K1
ckiH

Figure 6.10: Circuit for Exercise 12 (el S5

I i et Teset Jall (32 435 & 5 (63 Y slall 3515 el]
The Reset input allows resetting the counter to zero, Propose a diagram that allows using the CPT
circuit to count from 0 to 23.
123 410 oo dall CPT 5,1l Jlezaly Uakez o~ 55
We want to use the CPT circuit to trigger an alarm every 30 seconds.
2630 8 LA o 3MLY CPT 6,1l Jlewsal o5

CPT <0

Clock _> g
— S2

— S3

Reset — — g4

Figure 6.11: Circuit for Exercise 14 (ol S5

Draw the timing diagram based on the following circuit, for the variables Q, Q’, Ha, Hb,
during 8 clock cycles. Q starts at 0.
N.B.: V.. =1

0 e Glas Q O Ue caeludl 51551 8 M Hb, Ha, Q') Q, & e s‘)‘ Lbg| f“J\

T e .
=

Figure 6.12: Circuit for Exercise 15 ol S5

o




Chapters 4 and 5 exercises uelly )l Jadl o,

Provide the basic architecture of a mobile phone according to the Von Neumann architecture.
w0 Blems o i Ll B Ll o)

What is the address size needed to address a 4 GB memory?

If a 32-bit address is sufficient for addressing 4 GB, why doesn’t a 32-bit Windows operating
system recognize a 4 GB RAM?

What size can be addressed with a 64-bit address?
S blmer 4 15 35715 Byl 35711 Do o2 Lo
(bl 4 O3 T 55715 e oy 32 5y pllis e Y BW bl 4 Bl 2y 3253 Ol 413

.464&;3()\;&\4(2;&&&&9\3;\1\(5&

Create a memory of size 8K x 12 (word size is 12 bits) using modules of size 2048 words of 4
bits.
hOl 4 I3 L2048 13 55715 e Jlanly (2 124801 o) 122 5 8 I3 55715 541

(Modular Memory) Consider a 4 KB memory divided into 4 modules. Provide the diagram

for this memory using modules of 512 words of 8 bits each.

55715 Gatio dlenzal 35710 Labez Lae oLl a1 (4] e 357100 ods ol 4 Ln 55715 S (30l 557101)
ol 8 ol 1k Kk 512 ol

(Interleaved Memories) Create a memory with a capacity of 512 words of 8 bits using

modules of 64 words of 8 bits with an interleaving degree of 4.

Ty Ok 8 OI3 WK KAk 64 O3 5513 ol dhuly Ol 8 13 1K 512 L 3515 2T (Klide oI5713)
4

(Interleaved Modular Memories) Create a memory of 128 KB (word size is 8 bits)
organized into four interleaved modules with an interleaving degree of D=4 (interleaving occurs within
the modules), using circuits (modules) of 4 KB words of 4 bits each.

D=4¢ LS Gy Solike oLl 4 3 adine (Sl 8 1K) o) el 128 Lo 35715 AT (L dede OIS13)
WOls 4 e 1K KK I 4 Ol (Gsle) 5515 Olyls Jleazal, c(rui}!\ Jels 3 o2 chladl)

w

(N Additional Exercises Gexl

Provide the basic architecture of a calculator according to the Von Neumann architecture.
w0 Alems o Bl all A Ll o)

What is the difference between the ALU and the control unit?



Classify memories based on the following char- N JRRY -l f\ e “

acteristics:
S5

Memory capacity.
Volatility. JIg s 2l
Access mode (read /write). (W& /5618) Zoslall 3] o )
Dead/alive. e
Technology. e

@ Internal /external. S P NS ]E

Provide the basic architecture of a digital demo (satellite receiver) according to the Von
Neumann architecture.

Consider a 4 KB memory divided into 4 modules. Provide the diagram for this memory using
modules of 512 words of 4 bits each. i
WOl 4 O3 3K 512 I3 5515 gslie Jleazal 357141 Lk el epledl an T Ul Aecde el 74 Lo 5515 S

Create a memory with a capacity of 512 words of 8 bits using modules of 64 words of 4 bits
with an interleaving degree of 4.

A sl ity (Ol 4 D13 UK 64 13 5515 ks Jlaxel Sl 8 13 1 512 Ui 55715 541
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Chapter 1 exercises ij‘ b Ll

01
A security lock opens based on four keys A, B, C, D. M Jes WA, B, C, D :C;Uu “mj}s ol

The lock operates as follow: . L} K
e S(A,B,C,D) =1 if at least two keys are used. J;ﬁy‘ d ol (‘v"'ﬁ*)‘ ol -

o S(A,B,C,D) = 0 otherwise. S(A,B,C,D)=1

o Keys A and C cannot be used simultaneously. S(A,B,C,D)=0 L;J;\(\ OV 5 .

 Provide the canonical disjunctive (R) and conjunc- o8 G C oy A il el SN .

tive (P) forms. W3
e Create the circuit. 5 R Jpaill cud )l ol K20 Lae] o
P Jsesll
ol 2l
Definition of Inputs and Outputs C)ls‘:\) Jetl) Gy e
o InputS:
— Keys A, B, C, D: “used” denoted 1 “not used” denoted 0
e Output
— Lock S: “open” denoted 1 “closed” denoted 0
Truth Table Numeric Canonical Forms
‘ ‘ A ‘ B ‘ C ‘ D H q ‘ The first numeric canonical form
S(a,b,c,d) =>[3,5,6,7,9,12,13]
010101010} 0 2nd numeric canonical form
14010101130 S(a,b, e, d) = [1[0,1,2,4, 8]
2001|010
3lolol11l1 Karnaugh Map
cd
4 010,010
6 0|1 |10 1 —
710111111 1 00 0 0 1 0
8 111010010
o l1lololtlly i or | o |[1 [[1 1}
a
01010 X 1
1117011 ]1]X 1 [ ! . . 2
12011001 0o 111 Il x
1B3)1 10|11} 1
471111110/ X
WBl1]1]1]1]X

The function S = a.b.¢ + a.c.d + a.b.c +
a.b.d+ a.c.d

Function logic diagram:



B.C

02

A beverage vending machine offers coffee, milk, coffee
with milk, with or without sugar. The machine has 3
buttons (Milk, Coffee, Without Sugar) and a coin input.
The machine contains three reservoirs (Coffee, Sugar,
and Milk).

e Determine the logical functions that open the
reservoir taps based on the buttons.

e Draw the logical diagram for beverage distribu-
tion.

Definition of inputs and outputs

7

i

sl o) Gl s Sy Al sy Al
s ) Sl L
Jides (Ko 055 8588 o) 130 B Lo V)
Byl Ul B Llals GVl L waad) axkadl
TR WA P
S sl s @l Bkl gl sus
Ol e 2l

w2l 5 el Lbay 4 .

o InputS:

— Coin M: “Inserted” denoted 1 “Not inserted” denoted 0

— Coffee Button C: “Pressed” denoted 1 “Not pressed” denoted 0

— Milk Button L: “Pressed” denoted 1 “Not pressed” denoted 0

— Sugar-Free Button SS: “Pressed” denoted 1 “Not pressed” denoted 0
e Outputs

— Coffee tap Ca; “Open” denoted 1 “Closed” denoted 0

— Milk tap La; “Open” denoted 1 “Closed” denoted 0

— Sugar tap Su; “Open” denoted 1 “Closed” denoted 0



Truth Table

‘ ‘M‘C‘L‘SSHC&‘L&‘Su‘
0O/l0 0|00 0 0 0
1701001 0 0 0
210/0]1]0 0 0 0
3100111 0 0 0
4101100 0 0 0
51011011 0 0 0
6 |0 |1]1]0 0 0 0
71011111 0 0 0
1 ]0]0/|O0 0 0 0
9 1100/ 1 0 0 0
10 | 1 0O[1]0 0 1 1
11 | 1 011 1 0 1 0
12, 1111010 1 0 1
13 ] 1 101 1 0 0
141,110 1 1 1
15| 1 1|1 1 1 1 0

The function Ca

L.Ss
00 01 11 10
00 0 0 0 0
01 0 0 0 0
MC
1 (1 1] 1] 1]
10 0 0 0 0

The simplified function Ca = M.C

The function Su

00

01
MC

11

10

The simplified function Su = M.C.Ss + M.L.Ss

L.Ss
00 01 11 10
00|00
00|00

1) o | o [2]]
0 0 0 ||1]

Numerical canonical forms of the functions
e Ca(M,C,L,Ss) =S[12,13,14, 15]
e La(M,C,L,Ss) = S[10,11, 14, 15]
o Su(M,C,L,Ss)=73[10,12,14]

The function La
L.Ss

00 01 11 10

00 0 0 0 0

01 0 0 0 0

11 0 0 1 1
10 0 0 1 1

The simplified function La = M.L.

MC




Function logic diagram:

Simplified functions
MC L Ss

e Ca=MC

e La=M.L

e Su=M.C.Ss+ M.L.Ss

03
The DIV circuit calculates the Euclidean di- éu\) G 2 o O s Al Z DIV 5,14
vision of two 2-bit numbers (quotient and re- ’ ' (Y
mainder). 2

et adl e acldl .

e Division by zero is prohibited.

o Create the circuit. Byl 2 .

CD | AB

RiRy | Q1Qo

e Definition of inputs and outputs C)l}'\} Sl Gy e

— Inputs: Jslall —
* Two bits for the divisor: AB
* Two bits for the dividenD: CD

— Outputs

AB :fwll\l@d\@g *
CD 3{'}“-3«“@”:‘0}’1 *

o =
+ Two bits for the quotient()1 Qg

* Two bits for the remainder Q1o ‘}’fud— ) o
RlRO RlRO L'}LU LL“:‘ s ok

Truth Table daidll Jyus



(N JA[B[C|D[Q1|Qo|R|R|
0O/0j0j0 0 X | X | X | X
17000 1} X | X | X | X
201010 X | X | X |X
3/]0/0/1 1) X | X | X |X
410/ 1,00 0 0 0 0
5 10 ]1]0]1 0 1 0 0
6 0] 1,10 1 0 0 0
710111 1 1 0 0
8 |1 ]0,00 0 0 0 0
9111001 0 0 0 1
(170,10 0 1 0 0
1117011 0 1 0 1
121111 ,01]0 0 0 0 0
311101 0 0 0 1
41111110 0 0 1 0
51111 0 1 0 0

« First Canonical Form: J,Y| Jsdl gL

Canonical Forms ;53 JEN

A.B.C.D+ AB.C.D+ A.B.C.D+ A.B.C.D+ A.B.C.D

— QI(A, B, C, D) = A.B.C.D+ A.B.C.D

— QO(A, B, C, D) =

— RI(A, B, C,D) = A.B.C.D

— RO(A, B, C,D) = A.B.C.D+ A.B.C.D + A.B.C.D

e Second Canonical Form: L’;I:J\ d i) f.ﬁ\

— QL(A, B, C, D) = (A+ B+ C+ D).(
D).(A+B+C+D).(A+B+C+

A+B+C+D).(A+B+C+D).(A+B+C+
(A+B+C+D).(A+B+C+D).(A+B+C+

D).(A+B+C+D).(A+B+C+D).(A+B+C+D).(A+B+C+D).(A+B+C+D)

D).
QO(A, B, C,D) = (A+ B+ C + D).(
D).(A+B+C+D).(A+B+C+D).
D).(A+B+C+D).(A+B+C+D)
— R1(A, B, C,D) =

A+B+C+D).(A+B+C+D)(A+B+C+
(A+B+C+D).(A+B+C+D).(A+B+C+

(A+B+C+D).(A+B+C+D).(A+B+C+D).(A+B+C+D).(A+

B+C+D).(A+B+C+D).(A+B+C+D).(A+B+C+D).(A+ B+C+D).(A+B+
C+D).(A+B+C+D).(A+B+C+D).(A+B+C+D).(A+B+C+D).(A+B+C+D)

— RO(A, B, C, D) = (A+ B+ C + D).(

D).(A+B+C+D).(A+B+C+D).
D).(A+B+C+D).(A+ B+ C+ D).

A+B+C+D).(A+B+C+D)(A+B+C+
(A+B+C+D)(A+B+C+D).(A+B+C+
(A+B+C+D).(A+B+C+D)

« First Numeric Canonical Form: J,sY! SN Gl Kl

— QI(A, B, C, D) = 3°[6,7]

— QO(A, B, C, D) = 32[5,7,10,11,15]
— RI(A, B, C, D) = S)[14]

— RO(A, B, C, D) = Y[9,11,13]

+ Second Numeric Canonical Form: Ul 2} G4l gl

70



— QI(A, B, C, D) = [][4,5,8,9,10, 11,12, 13, 14, 15]

— QO(A, B, C, D) = [][4,6,8,9,12,13, 14]

— R1(A, B, C, D) = [][4,5,6,7,8,9,10, 11,12, 13, 15]

— RO(A, B, C, D) = [[[4,5,6,7,8,10,12, 14, 15]

Karnaugh Maps

e Q1 Function 44!

00

01
AB

11

10

CD
00 01 11 10
o e
0 0 0 0
0 0 0 0

Simplified Form L.l £l

Ql =a.c
e R1 Function 44!

00

01
AB

11

10

cD
00 01 11 10
X | X | X | X
0000
0 0|0
0000

Simplified Form L.l Kl
Rl = a.b.cd

e Q0 Function 4!l

00

01
AB

11

10

Simplified Form L.l £l

CD
00 01 11 10
X (X X|| X
0 { 1 1]l o
oo [[1]l o
o o [[t]] 1

Q0 = c.d+b.c+ad

e RO Function 4!\

00

01
AB

11

10

Simplified Form L.l K2l
RO = b.d + a.c.d

CD
00 01 11 10
ol o0l oo
o [1] o] o
0 1 1} 0




Simplified forms

e Ql =a.c

e QQ=cd+bc+ad

e Rl =abed

e« RO=b.d+a.cd

o

Create circuit C1, which adds two bits.
Can it be used to add multiple bits?

Create a circuit (ADD) that adds two
bits with a carry input.

Create circuit C1, which adds two bits.
¢ Definition of inputs and outputs

— InputS: Two bits for addition bits

A, B.

Logic Diagrams izl &lalidt

A B C D

NIk
e

B.C Q0

AC Q1

ol o bl 22 1 CL I 4T
ST Ok ok bzl (S5 s
Bl o e pe 4t G o2 (I ADD 505 21

A_}B CA LL‘:‘ o JD\-\U —

— Outputs: Two bits for the result: S @“’H b il ol s :C)w_‘ -

Sum S and Carry C.

o Truth table

Note in the table above that A+B represents the low-order bit while Carry represents the

high-order bit.

—_ O O
— O~ O™
—_ o o o0

— = Oln

0

35 Qe IR s Lo sV el ez S il of damn

o Simplified forms of the function bl 5,8 Jsde dleazul 1] a2 L

— S=AB+AB=A®B

— C=A.B



o Circuit diagram &,4! k2

A - Sum

Carry
0

Figure 7.1: Half Adder Circuit Diagram Ja..l Cé-,\ 3yls Lz

Can it be used to add multiple bits?.

The half adder adds two bits in the low-order position, so we need an additional input to retain
information for adding more than two bits.

e oo AT p ol o BliemSU AT e ) o 1 eV 3530 3 i o) o1 815 o2
Create a circuit (ADD) that adds two bits with a carry input.

o Definition of inputs and outputs C)ls‘-\j Jel Gy
— Inputs J&lill: Two bits for addition @Al ol o
* bitA: 1 0
x* bitB: 1 0
One bit for carry input Cip 3ld) Ll o,
x bit Cip: 1 0
— Outputs C)B‘-\
Two bits for the result Lle>", @“’H e Gl ol o
x bit forsum S: 1 0
x bit for carry output Coye: 1 0

A B |Cy | S| Cou
00} 0 |0 0
00 1 |1 0
011 0 |1 0
011 1 10 1
1170 0 |1 0
110 1 10 1
111 0 |0 1
111 1 1 1

e Simplified forms of the function

— S =Cin(A@ B) + Cin(A.B + A.B)

we have (A.B+ A.B) = (A@ B)

— S =Cin.(A@B) + Cin(AP B)
s0S=Ciy (AP B)



—~ R=A.B.R+ AB.R+ AB.R+ A.B.R
— R=R.(A.B+ AB)+ A.B.(R+ R)
— R=R.(A@B)+AB

o Circuit diagram &,l4! Lkz
D——pD—

G _D_IZD;O
=1 |
L

Figure 7.2: Full Adder Circuit Diagram |s& CL.\ oyl bz

Use ADD circuits to create a 4-bit binary adder.
ol 4 e Sl ol LY ADD Slls po

AsB; G AB, G AB. ¢ AcBo 0
R I 'y Py
A B Cy A B Ci A B C A B Cuy
_C S C _S C$ C S_

| |y ¥

Cs S; C. S, S, So

Create a circuit C6 that controls 8 lamps and lights up only one lamp at a time according to
its number.

by o 80 3 LB oty Leloas Jady cmilae 803 £ C6 5,05 21

A B C

Lo L, Lo Ly Luls Le Ly

PRERORRE

o Definition of inputs and outputs @l's‘-\} Jetll oy

— InputS:
x Button A, B, C: “pressed”denoted as 1 “not pressed”denoted as 0
— Outputs:



x Lamp LO; on/off denoted 1/0 lights up in case of (000
* Lamp L1; on/off denoted 1/0 lights up in case of (001
Lamp L2; on/off denoted 1/0 lights up in case of (010
Lamp L3; on/off denoted 1/0 lights up in case of (011
(
(
(
(

)a-
)
)
)
Lamp L4; on/off denoted 1/0 lights up in case of (100),.
)
)
)

NN NN

Lamp L5; on/off denoted 1/0 lights up in case of (101
* Lamp L6; on/off denoted 1/0 lights up in case of (110),.
* Lamp LT; on/off denoted 1/0 lights up in case of (111),.

[\

o Truth table a2zl Jyds

A B|C LO|L1 | L2 | L3 |04 | L5 L6 | LT
0010 1 0 0 0 0 0 0 0
001 0 1 0 0 0 0 0 0
0O/11]0 0 0 1 0 0 0 0 0
0] 1|1 0 0 0 1 0 0 0 0
117010 0 0 0 0 1 0 0 0
11011 0 0 0 0 0 1 0 0
11110 0 0 0 0 0 0 1 0
11111 0 0 0 0 0 0 0 1
o Simplified forms of the function J| il2 L. o Logic diagram _gat Lbhz

o A BC
— Lamp LO = A.B.C %Z%Z%Z
— Lamp L1 = A.B.C
_ _ \ A.B.C Lo
— Lamp L2 = A.B.C
P i L/
— Lamp L3 = A.B.C [ "\ ABC L1
— Lamp L4 = A.B.C L
— Lamp L5 = A.B.C \ A-5.0 12
Y ) L
— Lamp L6 = A.B.C T\ ABC I3
— Lamp L7 = A.B.C L/
\ A.B.C L4
L/
|\ AB.C L5
L/
[ "\ AB.C L6
L/
\ A.B.C L7
L
07
Sy N o) B Ry dauly Y 4l e [
Build a NOT gate using a NAND gate. LR S " A V'ca
Build an AND gate using NOT-AND gates. "LR-"y N7 ol ‘f’ Wy ey "y el Aly il
NAND



Build a NOT gate from a NAND gate

The NAND gate A.B is denoted T, A NAND B = A1 B The NOT gate can be expressed using
the NAND gate as followS:

o) B By Ay Y B
:@{gmqhyﬁwJ@B:ATBMWDAﬁAkMZEJduy,L

N
|
"
I
'S
_>
'S

A Q

Figure 7.3: Createation of a NOT logic gate using a NAND gate

Build an AND gate from NAND gates.
The AND logic gate can be expressed using the NAND gate as followS:

w

St F ey " G A
L E o) 1y oo e oS

AB=AB=(A71B)
Given that X = X 1 X, therefore A.B= (A1 B)=(A1B) 1 (A1 B)

1 D e

AND

Figure 7.4: Createation of an AND logic gate using NAND gates

fl=ab+ab+acd
Create the circuit for the function f1 using only NOR and NAND gates.

Create the circuit for the function f1 using only NOR gates.

vLa3 NAND ol 5 bly Jleazal f1 ol 3505 241

bl o e s dlantaly €Ol 505 Tm e Janzd

fl=ab+ab+acd
Ao e alil LA\(\.@

Aot ol o 5 daid
J1=(A1(B1B)1 (AT 4)1B)1((ATA4)1C1D)



O

vLa3 NOR Jadll s by dlaazaly £1 30101 3505 521
co,'c«).g; 3\.’&# d.b./

Wl e e a2 50 ik

We need to apply it again to get rid of the “” sign.

=3l
~—
_|._
—
Ql
=
~—
+
—
Ql
)
S
~—

fl1=(a.

o JWLNOR £ daidd
We replace each NOR with the symbol .

f1=((ALA) LB L(AL(BLB) L(AL(CLC)L(D|D)
LALA) LB)L(AL(BLB)L(AL(CLC)L(D]D))
X
o
) : % ‘/\Fl

ABC

ﬂ
~



Chapter 2 exercise Sl Joadl (1

01

Realize a 4-input multiplexer. cJele 40 L C'v.a\
ey e e, e;
Truth table a2 42l Jyds i i i i
C1 | Co S C
0 0| |e0 CD Mux 4 a1l
0 1 el 1
1 0 e2
1 1 e3
S

Semi-Detailed Truth table s &l jas Joaie Jgde
cl | cO|le0|el]|e2]e3

=== eO0 O OO
= — O Ol = OO
R B e R e
MW M K = O XN
MM = O M M W
= O M XKW X KK
_= O = O M= O = O W

The equation which gives the output as a function of the inputs can be deduced directly from the

table since the output is equal to €0 if c1.c0, equal to el if cl.c0, equal to €2 if c¢1.c0 and equal to e3

if ¢1.c0, so:

c1.c0 08" 15} €2 Jy ,c1.c0 S8 13L e1 J L sluny ,c1.c0 087 13 €0 J Lslae 055 7 25 65 2l Jpud) o il = 21500
O s b welc0 06 15) €3 J Lyl

S = e0.cl.c0 + el.cl.cO + e2.c1.c0 + e3.c1.c0

cled e3 e2 el el

Y|V

U Uf?

Logigram of 4-bits multiplexer. <l 4 C:.s‘- S Lbz
02
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Create the half-adder using a minimum of 4-input multiplexers.

el 4 Ol Olaast] e sue JST dauly et bols C.;.,o\

ey ol
A B
Truth table of a half adder:
A/B|C|S
0000 Half Adder
0101 Lo ada
11001
11 110 ¢
C S
Truth table for 4-bits multiplexer 4iad! Jyue €o B €285

Bl 1]

1
% %0 Sgsx gi :, Mux 4 to 1
0 1 Ey
1 0 E
1 1 E5 S

X C‘ 31> dlostl 55 1 ¢ gl e (3 Ol LS c0l 2 w81 5,10 Oy cdais sty b 2 et 5, o L%
Al o €3 €2, 1, €0, Sl S lag ¢ A= CL B = C0 3 Lo 3 13 Se 5 R oo dls
Corresponding Truth table glall 2aad! Jyis

A=C1 | B=C0 Cadd Sadd Cmuz Smua:
0 0 0 0 Ey=0| Eyg=0
0 1 0 1 Ei=0| FE =1
1 0 0 1 Fy=0| Fy=1
1 1 1 0 || By=1| E3=0
A B
0 1 1 0 0o 0o o 1
: € €1 €2 €3 G C, € €1 €2 €3 :
i Mux 4 to 1 Mux 4 tol ,
Cy *—c :
S C
A half adder built by multiplexsers g .| g Lo CL, Lbz
03

Create the full adder using a minimum of 8-input multiplexers.

Jolte 8 ld Olaest| e s UL;T dhnly W sl o]
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o O i Jpdey Jole 8 (65 mesdl K02 STl # e Jyay JoSU1 ) K02 Vol jamed cllll oda 4

Lo )
Truth table for full adder Jo§ Y 2z Jyde A B C;,
Ai | Bi | Cin || Cour | S
0 0 0 0 0
0 0 1 0 1
0|1 0 0 1 Adder
01/ 1 1 |0 JdS s
1 0 0 0 1
1 0 1 1 0
1 1 0 1 0 i
1 1 1 1 1 Cow S
Truth table for multiplexer 8 to 1 aiad! Jyu
J""VSE;JC“; €y 8168263 E4 €565 €7
@ GG S ZERRREE!
0 0 0 EO
0 0 1 E1l Co 4
0 1 0 E2 C, —» Mux 8 to 1
01 1| E3 Co —»
1,00 B4 i
1 0 1 E5
1 1 0 E6 S
1 1 1 E7

K 51 dleatal 255 13 ¢ Jolll) e G Olllar LS Ol 2 w1 35100 Oly chaib lusly b 2 et 551 ol L%
- €0,el,e2,e3,e4,ed,e6,e7 ol il fe g_,::\; ‘S A; = Cy,B; = C1,Cyy, = Cy ol Lo p 13] oS 5 C e dlls

BAIR\
Corresponding Truth table gplal) daad! Jyus

A;

S
&
Q

Cin

8

Cout Cmux Smua:
E0=0 | EO=0
E1=0 | E1=1
E2=0 | E2=1
E3=1 | E3=0
E4=0 | E4=1
Eb5=1 | E5=0
E6=1 | E6=0
E7=1 | E6=1

— === o o ol
»dl—tOOl—k»—tOO“
_ == O O O

— OO R OR R~ O W0

A B G

010 1 1 001 0001 0111

LI | | 1]

o123 e48586e7 Cege16263 €4€5C6C7
2

Mux8 tol Ci ¢ gl Mux 8 to 1




A full adder built by multiplexsers g .| 5 o8 cel? Lbz

04

Create a full adder using binary 3-to-8 decoders with a minimum of logic gates.

Al SUL e oK e By e 85 Jalie 3 013 e ) Ol e s 5T el LK Lasls =

Sl Lk, 133 Jyag S

5 Sﬁ ST

T

:J»KH Cu\ d}-\?} <Kl d}-\» v d:U:.;

S =81+ Sy + Si+ Sr 1gsld el dlls OF L=
Cout = S5+ S5+ Sg + S7 @sld LYl 4l Oy

Truth table
A| B |C || Sy| S1 |52 |8S3|8S4| 85| 5S¢ | S7
0]00 1 0 0 0 0 0 0 0 i i l
0011 0 1 0 0 0 0 0 0 A B C
0]1]0 0 0 1 0 0 0 0 0
0 1 1 0 0 0 1 0 0 0 0 Decoder 3to 8
1010 0 0 0 0 1 0 0 0 So S1 S8 S
t1loj1ffolofjoloflol1]0]oO ¢ ¢
1110 0 0 0 0 0 0 1 0 ¢ ¢ ¢
1111 0 0 0 0 0 0 0 1

Truth table
Ai | Bi | Cip || Cout | S || Cout | S || So | St | S2| S3| Sy | S5 | Se | S7
0 0 0 0 0 1 0 0 0 0 0 0 0
0 0 1 0 1 S 0 1 0 0 0 0 0 0
0 1 0 0 1 Sy 0 0 1 0 0 0 0 0
0 1 1 1 0 S3 0 0 0 1 0 0 0 0
1 0 0 0 1 Sy 0 0 0 0 1 0 0 0
1 0 1 1 0 S 0 0 0 0 0 1 0 0
1 1 0 1 0 St 0 0 0 0 0 0 1 0
1 1 1 1 1 S7 | S7 0 0 0 0 0 0 0 1

We see that the sum S = S7 + Sy + Sy + 57

The carry Cyyt = S3+ S5 + Sg + 57

A l B l Cin
A B C

Decoder 3to 8

81



Consider a 4-bit binary information (igigiqig).

Provide the circuit that counts the number of “1”s in the input information using only 1-bit full
adders?

Example: If the input information (igizi1ig) = (0110), then the output is the binary value 2 (010)
since there are 2 bits set to 1 in the input information.

e T3 Al ) Sl dleszl L) 2elall G Sl a5l Ll ¢ (igiinin) Sl 4 o B2 Testen Lo
o) 0lsla o el OV 010 GLal 2 501 e 7 21 G s ¢(10110) = (iginizio) sl dsdall <67 13] 2 Jlte
GV Lt S5 ok B oF 55 L Oy clgnmn e el ) g5l @ ) sie Lk

.5»&0\:&‘&)%‘@ .

Loy U ) & o il

Iy
+ b 2. GS
+ I3 0l

Explain the calculation method Cl.d! iy L oA

; A B Cin ;
; 1-bit Adder
Cou S :
0 0
U I |
E A B Cin A B Cin i
1-bit Adder 1-bit Adder i
I Cout 5 Cout S ;
C,
C. S S

Creating a one bits counter, using full adders c%\ Oyl dauly Olusll sue 515 514



06

Perform the multiplication of two positive 4-bit numbers, by using a minimum of 1-bit full adders and

a minimum of logic gates.

sde il (Ol 4 53 3o §) Gl gl Slls e s BT Jlestial cloge K0 Ol 4 o ccpmse e 20 515 2]
.uk;l\ QU}J\ P

Wk 4 Ol b 5l sl LS S g § el 62 (fgh)y 8 GBI saally (abed)y g SV sl OF (2 7

d c b a

* h g f e
h*a g*a f*a e*a

Edd 4 bits: intermediate sum h*b a*b b o*b |
Add 4 bits
h*¢ g*c fec | e¥c ’
h*d g*d f*d e*d l U
Cc7 S6 S5 S4 S3 S2 S1 S0

Ilustration of multiplication o all 4l& oA

h f e
h g f e b g a
0
| 10
Add 4 bits
h g f e
C
Add 4 bits
h g f e q
Add 4 bits
|C7|SG |Ss |S4 |Ss Sz S1 So

Diagram of 4bits multiplication circuit ok 4 < & 51> g
07
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The ROT5 code rotates a binary number by adding 5 in binary without carry. ROT'5(0000) = 0101
ROT5(1111) = 0100.

Create the binary to ROT5 conversion circuit.
Propose a ROT5 schema using a 16-to-4 encoder and a 4-to-16 decoder.
ROT(1111) = 0100 5 <ROT'5(0000) = 0101 ¢Lla| G395 5 Blols 54l );.,\3 ROTS5 pe il
« ROTS5 3 1 3,5 £l
.16guy%@,4&16},%&@\;&@@;\5
Create the binary to ROTH conversion circuit.

Truth table 1aid! Jsds

' N°|A|B|C|DJ F3|F2|F1]|Fo0|

olololololl ol 1]o0]1

tlololol1l ol 1|10

210010l o 1|11

310lol1]1]1]0 010

alol1lololl1]olol1

51011011 0]1]o0

6 0/1/1/0/ 10 1|1

710111111 1]0]o0

sl1lololol1]1o0]1

9 /1/0/0/1/ 11|10

0/1 /010 1 1]1]1

1ml1/o/1/1l0l0lo0]o0

1201/1/0lollolol]o]1

311010010

41,1100 0] 1]1

50111100100

Karnaugh map 24,5 Lhz
e Function F3 44! e Function F2 4|l
cD CD
00 01 11 10 00 01 11 10
0 0| o [1] o 00 {1 1 ’ 0 |1
ot ([t [ 1 [[1]] 1] 0L | 0 | 0 m 0
AB AB

11,0101 0 | o 110 | 0 M 0
10 [[t]] t]| o (1] 10 {1 1’ o [[1 |

Simplified form L.l Kzl Simplified form L.yl Kzl
F3=ab+a.cd+abc+abd F2 =bcd+be+bd

84



e Function F1 4\ Function FO 4!\

CD CD
00 01 11 10 00 01 11 10
00 o [1]] o |[1] o0l 1]l o o |[1 |
ot | o |l1]] o ||1 o1l 1]/l o | o ||1
AB AB
11 0 [|1] o |1 11 1/ o o |1
100 [|1] o |1 100 1/ o o ||1
Simplified form Ll Kl Simplified form Ll Kl
Fl=cd+eéed FO=4d

Simplified forms Ll )l
Logic diagrams aak:ll &llakz|

« F3=a.b+a.cd+abc+ab. ABCD

e« F2=b.cd+bc+bd %Z%Z%Z%Z

e Fl=cd+eéed

S

=
oo
]

e FO=d —

D Fo

Propose a ROT5 schema using a 16-to-4 encoder and a 4-to-16 decoder.
A(0101) 53l fo Juad (0000) saadl UsnsT Uy 13] ms <5 Jams O 52l OF LS

sl Uamy s ¢S 1 35 08y ol a2 13) 6T 5 le oad 0T i 025 S0¢ 21 Jad €0 3l o am AL
Cjé\.ws



B 835 A M et 18y 5 035 Al Jea< 0 4y K 2 Ly LS ]
.6;.&!\&:&.@,&46(.3)‘;)1\&:.441rs)d,Kil\@;Jgu'cl sdall Bl ¢ BN s Jon
v AN e el 1585

22

Decoder 4 to 16

So S1 S2Ss3 S4Ss Se Sy Ssg So S10S11 S 12 S13 Sus Sl

HH

Eo E1 E»

Es E4Es Es Er Es Eo Eio Eun E 12 Eizs Eus JAs

Encoder 16 to 4

A B CD

RN

A rotation circuit using a decoder and an encoder f/:/) e dawly Olyaull 5,5



Chapter 3 exercises

Design an RS flip-flop using only NAND gates.

Complete the timing diagram according to the fol-

lowing cases:

e RS is asynchronous.
e RS is synchronized on the rising edge.

e RS is synchronized on the falling edge.

Reduced truth table .a:2|iz2dll Jyds

R|S| @ Q1

00| Q-1 Q1| Memory states§ 13
01 1 0 Set to1l Ay
110 0 1 Reset to 0 _paas
1]1 X X Forbidden ¢

Truth table iiadll Jyis

RIS | Qi1 || Q| Qr
00 0 0 1 | Memory states$ I3
0]0 1 1 | 0 | Memory states$ |3
0|1 0 1 0 | Settol =g
01 1 1 10 |Settol Aoy
110 0 0 1 | Reset to 0 o
110 1 0 1 | Reset to 0 _weas
11 0 X | X | Forbidden g5
11 1 X | X | Forbidden g5
SQ
00 01 11 10

o | o [t |[[1]] 1 ’
R

1 0 0 X ﬂ

Y OV o o) Lt ST
rrle e O
aleldl i d) e el e Vi
AU Ak e elie O .

Output equations: C)B‘-\ Wales
e Q1=S+RQ
° Qt — R + g.Q



Express outputs with NAND only: e sl
dedl B danly C)ls‘-\

Outpu‘E equations:

Logic diagram: _gh:ll Ll

e Q:=S+RQ=S+RQ
_3dppn S
= fRCE Q
=51 (R1TQ)
=191 ((RTR)TQ)

e Q:=R+5Q
SIS g °
=R.S.Q
—R1(B1Q=(RTR)T(S19)1
Q)

Complete the timeline according to the following cases WY OV e &3 Lkl i

AU A e Il uelall 3] e caly GBI ety S doY1 abaie Slaliz & ) e el sl

RS is asynchronous ol e o)

S
R

Q1

RS is synchronized on the rising edge sdelal A d) e el e SO

cCk £ L1 11 1 fF 1 f 1 F 1 |

S 1| I N B N
R M rt r—1 [ 1

Q2 | |

RS is synchronized on the falling edge YU ) pe elie O



Ck 1 3V 1 131 13 1 |
S 1 1T 7 | I N S I
R [] [] [T T 1

OF |

Finally , we can have the chronogram of all the cases

doly o bk 3 oV K oF Kol

Ck £ 1 3 13 £ 3 11 11 |
S 1 1] N S I . . -
R [ ] [ ] [T [T 1
Ql _, . _ _ | I | Asynchronous

Q2 _ _ Syn|:hronous on rising edge
QS Synchronoljs on falling edge
02
Consider the circuit below k}w S A )
Provide its truth table. ikl Jade Lael
What logical circuit do you recognize? Gl e g;:,g
Complete the following timing diagram. v o)) Ll dg?
A Q
B
Provide its truth table il Jydo Ll
We have [\



« Q=AC

« C=B.0

a. (A=0,B=0)=Q=0C=0=1
Q is independent de B, B ¢ i Q ol LS

b. (A=0,B=1)=0Q=0C=0=1

c. A=1,B=0:=Q=1C=C
C=BQ=0Q=1
=Q=C=1=0

d. A=1,B=1:Q=1C=C
C=BQ=1Q0=0Q
=Q=0=Q

O
+

—_

e}

—l—olo
—| ol —lo|l
—_

o

What logical circuit do you recognize? ayldl e J:,,J
We recognize the truth table of an RS flip-flop with:
Slzel RS Ol asy 2aad] Jyds Of L=
A=Set B=R.

Complete the following timing diagram e bk i

|
|

|
|

Consider the circuit below, then complete the following timing diagram:
GV el Lhtl (S Sl 3 GV CSTA pamis

—p — Q

& bl QWG

Let us recall the truth table of the flip-flop D. o> Ml dgad) Jyue }},\a

90



e k=l E=]N

B
0 1
1
0
1

As input, we have D = Q. D =Q J&A L} (o)

Ck AN AN AN AN AN AN

We see that the output Q makes a switch each clock cycle.
deleias 8 3 oKe Q A1 OF L

Fill in the timing diagram based on the following circuit: &) Lkl € i

) oo a

Ck >
C

We see that the equation of D is D =T & Q. D=T®Q :D wslae O L
Let us recall the truth table of the flip-flop D. o oMl waad) Jeae S

Ck | D | Q¢

0 | X || Q1

£0 0

g1 1
Let us also recall the XOR truth table NS éLaS}H gl e 2231 Jyue 5

Q T|D=TaQ

00 0

01 1

110 1

111 0




Ck FIFFLFLFLfLFLfL
T 1. 1
D—req _ LT LT
0 1 1

Consider the two JK flip-flops below: e

W'vw.cwmwl
—J — Q1 —J - Q2
—C —-P>C
— K o Q1 — K o— Q2

Recall the truth table for a JK flip-flop synchronized on the rising edge. Fill in the following timing
diagram:

o Lkl T 2 selal) 2l e cplsie 2 S WAL g $3
On rising edge ’ skeldl Adl Cus cply

Ck £ 1L f 1L 1L f LT 1
J 1L JLITUT
K _ [ ] IR | N
Q1 | |

On Falling edge sdelal A d) w0l

Ck I 1 T 1 T 1 T 1 T 1
J [ LT
K T 1 N B | . T
Q2 | L

Global L}L?:}H Ll




Ck 1 1 1 1 1
J 1L NI
K _ [ ] [ 1 | N F

Q1 | |
Q2 | L

For the following figure, provide an equivalent circuit using a JK flip-flop for the .

—D —Q

& C OWG

oz O ik Jyus NABES

Ck Qt

Qi—1
Qi1
0
1
Qi—1

If we want the JK flip-flop to switch at each clock cycle, we set j=1 and k=1
1=y =g o G50 8 G P oS I 0163113

== oo K —
o~ o K4 =

0
-
-
£
-

Based on the circuit in Figure 7.5, complete the following timing diagram:



o Ll 17,5 Kl

N.B.: V.. =1
Qo0 Q1 Q2 Q3
Ves Ves Vee Vee
' L5 N ' = ' L5
*~— J — J *~— J [ S— J
CK C C C C

— K O——' +—K O—— +— K ! +— K O—

S) RO ﬁ) RT 9 R2 ? R3

Figure 7.5: Circuit #1 for Exercise 7 (y ol AN S Al

2. What does the circuit in Figure 7.5 achieve? S s Jasy 150

3. We slightly modify the circuit in Figure 7.5 to obtain the circuit in Figure 7.6. Explain what the
circuit in Figure 7.6 achieves, with reasoning.

k) SN s Jam 15l = 210706 S e fad 7.5 Kl 3 S Cadb s

Qo0 Q1 Q2 Q3
t B
Vce Vce Vce Vce
}, 50 EJ) §1 ) 2) s2 ?) 53
Ck C C C C
— K o— —K o—— 4K o—— —K O—
T RO T & T R T R3

Figure 7.6: Circuit #2 for Exercise 7 (y ol 38| S

DoV ST o) Lakast] UK -1



HOMMMAMMnM[Anm[AmnmArArnmrmn .,

: : : : : : : : : : : : : : : : : t
Q| ™M 1 i r rrrri .
Q.  —— [—— —  r—
@ 1 .,
@l 000000000 o

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 0
2. What does the assembly of the figure achieve? 7.5 S ST s Jamy 1506

According to the chronogram in previous figure, this assembly is a modulo 16 counter. It counts from
0 to 15. ,

5 310 e dm 16 4355 2l s ST Ll K2l G el bbbl
3. We slightly modify the assembly of figure 7.5 in order to obtain the assembly of "ﬁgure 7.7. By
explaining your reasoning, what does the assembly of figure 7.7 achieve?

bl ST Jam Ble = 200707 K1 e ot 705 Kl 3 ST Cad s

Qo Q1 Q2 Q3
t Ba
Vee Vee Vee Vee
9) 50 93 1 ) 2) s2 E[) S3
Ck C C C C
— K o—— K o—— K o—— —K O—
T RO T R1 TR_Z T R3

Figure 7.7: Diagram n°2 of the exercise 7 (y ol 38 _S7AI

The NAND gate is used to detect the value 12 and replace it with the value 0.
Let M be the output of the NAND gate. As a reminder, the output of a NAND gate is 0 only when
its two inputs are 1. M will therefore go to 0 when Q2 and Q3 are 1 at the same time.
Set M to 0 will cause a reset on the counter and therefore starting it again at 0.
Outputs Q2 and Q3 go to 1 for the first time on the value 12. The reset is therefore carried out when
the counter reaches the value 12. This value does not remain and is immediately replaced by the value
0. M then returns to 1 and the counter starts counting again.
This assembly is a modulo 12 counter. It counts from 0 to 11.
Sl Bladuly (12 L@l GexS” 3] Jo ) o NAND Laladl) a0 Coug
Q3 5 Q2 055 e M puas L“;T 1 e Mede 085 Lot L NAND Gy o2 ey S0 NAND &y 46 M e
Bl s 31 e
0 ) o Sl sl 8 550e] et Ml



12303 s dsY 1 31Q3 5 Q2 Wl 2 Jii

G sl Ly 1) M s &0 3l 8 e Juddy G Y el ods 112 5l ) sladl o G ol B3ke] o2,
AR Jal!

A1 A0 e day 12 a5 slde g ST 03]

N°e 1Q3|Q2|Q1|Q0 | M
0] 0 0 0 0 1
110 0 0 1 1
210 0 1 0 1
310 0 1 1 1
4 10 1 0 0 1
510 1 0 1 1
6 | 0 1 1 0 1
7 0 1 1 1 1
8 | 1 0 0 0 1
9 |1 0 0 1 1
10 | 1 0 1 0 1
11 1 0 1 1 1
12 ] 1 1 0 0 0 | Force value to 0,20 ] 4l (2 3
0] 0 0 0 0 1
1170 0 0 1 1

Based on the circuit in Figure 7.8, draw the timing diagram for the variables Q0, Q1, Q2, Q3
over 17 clock cycles, knowing that Q0, Q1, Q2, Q3 start from 0.

Al oo albe Q3 Q2, QL QO, & L Zelul 155 17 e Q3 Q2, Q1, QO, &yl (3 43, ﬁ.ﬁ\wg«;wﬁj

What does the circuit in Figure 7.8 achieve? 7.8 Kl 3 CSAl Joms 13L6

We slightly modify the circuit in Figure 7.8 to obtain the circuit in Figure 7.9. Explain what
the circuit in Figure 7.9 achieves with reasoning.

S AN s Jom 13l = 21 ¢ 7.9 Kl 3 SA e ot 708 Kol b Jooes

Q0 Q1 Q2 Q3
Vee Vee Vee Vee
| A5 NS 1 A 1 N
*— J *— J *— J *— J
Ck ———g>C > C a>C a>C
— K O——' +—K O—— oK O——' +—K O—
S) RO S) R1 9 R2 9 R3

Figure 7.8: Circuit #1 for Exercise 8 (y .l I,V S !



— J — — J — — J — —J —
Ck ~ad>C a>C cC ac
K o—! Lk —! Lk o— +K o
9% Tﬁ Tm ?m
Figure 7.9: Circuit #2 for Exercise 8 (1 ozl JU| Lahzt|
What does the assembly of the Figure 7.10 achieve? €7.10 ‘_}§.:J\ d S Al Jany 13k

At each clock edge, the value present on the outputs is decremented by one. This assembly is a
modulo 16 countdown counter. It counts down from 15 to 0.

15 5 Wil dmy 216 0 il ole po oSTA L sy jltic Ol 21 5 (i ¢ Gl el G 7 o
0 J

We slightly modify the assembly of figure 7.10 in order to obtain the assembly of figure 7.11. In

explaining your reasoning, what does the assembly of figure 7.11 achieve?

S A s Jom 13l #5171 Kl 3 SA e Jad 7010 Kl (b b

The NAND gate is used to detect the value 15 and replace it with the value 9. Let M be the
output of the NAND gate. As a reminder, the output of a NAND gate is 0 only when its two
inputs are 1. M will therefore go to 0 when Q2 and Q3 are 1 at the same time.

Going from M to 0 will cause a reset on Q1 and Q2 and a set on Q0 and Q3.

The new value present on the output of the down counter will therefore be the value (919 =
(1001),).

Outputs Q2 and Q3 go to 1 for the first time on the value 15. The forcing of the value 9
therefore takes place when the down counter reaches the value 15. The latter does not remain
and is immediately replaced by the value 9. M then returns to 1 and the countdown counter
starts counting down again.

Wy o2 ol Sl NAND &1y 26 M (58 29 %l Wladly 15 2l oo (a2SU NAND %)y, piieed
B b 31 e Q35 Q2 0K o M peii ¢el L1 ks s 0K (g NAND

el 0L sld Q3 5 Q0 Jeg 5 Q2 5, QI eliml Sole] I M plamil (o35

(910 = (1001),) (& J3L1 slaall 2 3 83 b1 B 2 O ¢ Ll

Al QL 3L slaal) oy Locie 9 ) )y 1 (28 QWL 15 30l e 50 JyY 1 31 Q3 5 Q2 A1 i

A5 AU Al 3 slaall Ty s T A M 5 gad 09 2l |y Juild W15
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Q|Q3/Q2|Q1|Q0|M
6 | 0 1 1 0 1
510 1 0 1 1
410 1 0] 0 1
37010 1 1 1
2,0 1] 0 1 0 1
170100 1 1
O, 0] 0] 0] O0 1
15| 1 1 1 1 0 | Force value to 9.4.3| > 3
9 1 0] 0 1 1
8 | 1 0] 0] 0 1
710 1 1 1 1
Qo Q1 Q2 Q3
Vce Vee Vee Vece
' s NS ' A= ' N
*— J *— J *— J n—J
Ck — P C a»C arc a»C
+—K O— ¢+K O—— ¢+ K O— ¢—K O—
S) RO S) R1 9 R2 9 R3

— J — — J — —J — —iJ —
Ck > C ac a>c a>c
— K o— K o— K O— ¢+—K o
P ro Tﬁ Tm Prs

Figure 7.11:

The second assembly for exercise 8 ¢y ol S S
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Nl Tests n°l

We want to design a circuit that calculates the Al D13 e 3 Sl s s 3l o s

number of zeros in a 4-bit information (abcd),. «abed 471 o6 3
Create the circuit: 5,1 f-i
o Inputs/outputs. CJB" Jolds
o Truth table. i) Jyds
e Numerical canonical forms. ) ) JEN .

e Simplification. Lol
e Logic diagram. Ry Lalazk| o

We want to design a circuit that calculates the number of “1”s in a 4-bit information (abcd),.

Create the circuit (Inputs/outputs, Truth table, canonical forms, simplification, logic diagram).
S(abed)y 35 pBT an )l 13 Bagne U1 Slas Yl s i 5\ g A

(et Bt ol 311 JSEVI AR Jpior el Jirlae) 3511 210

We want to design a circuit that converts a number represented in 2’s complement on 4 bits to a
representation in signed value on 4 bits.
Create the circuit (Inputs/outputs, Truth table, canonical forms, simplification, logic diagram)
Sl 4 e 3N ol aalkl) 23 (2 ) ok 4 e 2 el B3 ae Js&Z 5yl g A
(Al Jala) o) (i 51 JKAN GRAL) Jye eyl Jalae) 5500 54T

We want to design a circuit that converts a number represented in signed value notation on 4
bits to a representation in 2’s complement on 4 bits.

Create the circuit (Inputs/outputs, Truth table, canonical forms, simplification, logic diagram).
ol 4 e ZQLV.JJ.\ 2 dl ok 4 e sl ols Wbl ol L;‘J&‘.t lsde J£ 5405 o XS
() Bt Lt 3503 ISV i) dyr ¢ lizy Jola) 5,001 541

Design a circuit that converts a binary number on 4 bits to Gray code on 4 bits.
Create the circuit (Inputs/outputs, Truth table, canonical forms, simplification, logic diagrams)

.0@4&‘:;\Mbj}»j&lol:,4écl.;b5bxdjﬁ-b\:(‘:Ma:u\gj
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(bt ¢l i1 IV R Dy eyl Jole) 301 2]

We want to design a circuit that converts a binary number in Gray code on 4 bits to binary on
4 bits.

Create the circuit (Inputs/outputs, Truth table, canonical forms, simplification, logic diagram).
ol 4 e ald sue )l ol 4 do @l f oo o Js2 5yls g X
() Jalad) o) i 51 JKEN GaiAL) Jpe ezl Jolae) 3,00 52T

Quiz n°7

We want to design a circuit that converts a binary number in BCD on 4 bits to Excess-3 code on 4 bits.
Implement the circuit (Inputs/outputs, Truth table, canonical forms, simplification, logic diagrams)

«oly 4 e Excess3 2 Ul ©lk 4 le BCD 3 St Ll sse J 2 550 e A
(bt ¢l i1 ISV L) g ey Jole) 501 2]

We want to design a circuit that converts a binary number in Excess 3 notation on 4 bits to
BCD code on 4 bits.

Create the circuit (Inputs/outputs, Truth table, canonical forms, simplification, logic diagram).

ok 4 k& BCD & J] ok 4 o Excess3 L} See Lle sue J £ 5400 M_&j
(Gl L ol (3 513 IS i)y lizy Jla) 5001 541

We want to create a circuit which allows us to con- Olgs ey Lok 4 Je Ll sue JZ 5505 g S
vert a 4-bit binary number into the 4-bit ROT'(—5) ol 4 e 5-
rotation code. JENI k) Jyde ‘C)Q’J Jala) a0l f-i

Create the circuit (Inputs/outputs, Truth table,
canonical forms, simplification, flowcharts)
Example:

o(Lhs) L) s Ul
:Je

ROT_5(0111) => (0010)
ROT_5(0101) => (0000)
ROT_5(0100) => (1111)
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Tests n°2
Quiz n°1

We want to design a circuit that converts from BCD code to Excess-3 code.

Provide the truth table. i) Jyde Lael
Create the circuit using multiplexers only. L Sl da PRSI f-i

Create the circuit using only a decoder and encoders. s usly Kisy cdaly (',:/ dauly 5, J;T

Create the circuit using only full adders. L J»K & Slyls dauly 5,1 J.AT

Create circuit M1 which multiplies 3 bits by 1 bit.

e Provide the block diagram of M1.
o Truth table.

o Logic diagram.
Provide the block diagram of a full adder (ADD3) for two 3-bit numbers each.
Create the ADD3 using full adders for 1 bit each.

Consider circuit M3 which multiplies two 3-bit numbers (ABC x DEF):

e Create circuit M3 using circuits of type M1 and ADD3.
e Note: The truth table is not requested.

e 1o Al sde Olt 3 45k O e (F1I M 5,01 21
M 5,10 Coanal) Labasd] Laef
¢iidk| Jyds
vkl Lty
ADD3 8,1 e ¢l 3 4 Loge 8 ccratd oK o 5500 ool st Lef
ely o) 67w Ll dauly ADD3 5,00 21
(ABC x DEF) «ly 3 4 lages 8 c3de o m M3 5,141 I

L ADD3 y M1 &byl dauly 3,00 521
u)Ua.anc privEs J}-\? 'KL?JA .
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We want to design a circuit, Comp2, which converts a number represented in signed value to two’s
complement on 4 bits.

Provide the block diagram (inputs/outputs).
Provide the Truth Table for conversion to one’s complement.
Provide the Truth Table for conversion to two’s complement.
Create the Comp2 circuit using only multiplexers.
Create the Comp2 circuit using a decoder and an encoder.
@ Create the circuit using full adders (1 bit) and a minimum of logic gates.
w4 o I AL et e B 3 203l e e J3Z Comp2 315 R
Sl Lkt o
1 ) ell ] ol AL e e
20 Al el 4] il 3RAL] e Lao
b St dasly 2d) el UL il 550 £
oy oy Aoy e e Blanly 5,10 2T
bl Syl e (Kol oy ety o) ) Ol sy 5,0 41 [g

Given a binary information on 4 bits (igi2i1ip), we want to design the circuit CNT that counts the
number of Os in the input information.

Provide the block diagram (inputs/outputs).

Provide the truth table.

Create the CNT circuit using only multiplexers.

Create the CNT circuit using a decoder and an encoder.

We want to turn on lamps, where each lamp has a number corresponding to the number of zeros.
Use the CNT circuit and a decoder to turn on the lamps.

sl ol G oVl s (I ONT 5,04 g 4 ¢ (iniainio) Sl 46 WL e i
Sl Lkt o)
Wikl Jyde Lo
vhi Sl dauly CNT 5,040 2
oy ooy deoly e e Banly 5,10 2T
gaball DY ey Bay ONT 5101 Joxtol lis W sie gllay o5 e Floas 8 cmalan seli) 4
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We want to turn on 8 lamps as follows: we turn on the lamps whose number is less than or equal to
the number N provided as input.

Provide the block diagram (inputs/outputs).
Provide the truth table.
Create the circuit using only multiplexers.
Create the circuit using a decoder and an encoder.
Create the circuit using a decoder and a minimum of logic gates with only two inputs.
el 3 el sl ssbet T e BT LA, EFS PCTUT NPV S AR
O D)
il e Ll
b Ol daly 5,0 2
el ooy dely e e Banly 5,10 2T
dde e 13 el SUI e oS L Bl (ke ey i ety 511 2
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Tests n°3

Chapter 3 Tests

A modulo-16 even counter counts from

0,2,4,6,8,10,12,14,0,2, . ...

Provide the state table of the

counter.

What do you notice?

Implement the circuit using JK

flip-flops.

Provide the equations for Jy, Ky, J1, K1

106

e Fill in the timing diagram accord-
ing to the following setup:

Ck

Jo

Ky

J1

K

Qo

@1

clock

S J,.a.i” ué}i-

Ji{lﬂclé A3 () slie
.0,2,4,6,8,10,12,14,0,2, ...

slowl)d OV Jyder Lasd

Lim S 13k

oz D3 Ay 5101 21 -
Jo, Ko, J1, K1 &Yslas Ll

AL S o o) Bl KT

L

Jo

Ko

Qo

Ji Qi

K, Q1




CPT S0
Clock > g
= S2
— S3
Consider the following modulo-32 5-bit counter cir- 32w ol 5 ke k}\)l\ slaall S
cuit CPT: :CPT
o The Reset input resets the counter to zero. Al 4] 31wl dm Reset Joull o
o Propose a diagram to use the CPT circuit to CPT 5,ll JlxzaY ek Cj:;\ .
count from 0 to 23. 23 1) 0 ope slas”
e We want to use the CPT circuit to trigger an ade 3YY CPT 3,1l Jlewed 25
alarm every 30 seconds. B 23 JL0 e 35 30 J{
Fill in the timing diagram according to the follow- .
ing setup: QLA ST e 5o Bl €]
e What does this setup do? CS Al s Jom 3L
Qo @1 Q2

D Q D QJ

Ck

Qo

Q2




We want to create a modulo 24 hour counter.

How many JK flip-flops should we use?

Provide the clock enable equation to reset the
counter to zero.

Implement a modulo 24 counter.

Provide the equations for D, R, S, Q3.

Fill in the timing diagram according to the follow-

delo 24 s olelld slae e
iz LY e L £
slaw) piad) CL sles Las! o
24 x3 5 aloe 521
D, R, S, Q3 &Ysle Lasl
CSA e el b KT
Jis

ing setup:
A J Qo R Qi
B K Qo b——15 o ?ﬂ>93
1p Qs |-
clock Q:
. £ £ £ £ £ £
A
s |
Qo
Q1
Q2
Qs
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A distorted counter counts from
0,1,2,3,8,9,10,11,0, 1, 2.

e Provide the state table of the counter.

e Create the diagram using JK flip-flops.

Fill in the timing diagram based on the following

L}‘— K :X;u‘ ca;.t.,: slie
0,1,2,3,8,9,10,11,0,1,2
slow YW Jyte Lasd

2oz S 5101 21 -
ST S o g Lt T

@3

setup:
J J Qo
Ck
K K Qop-

Q2

Ck

Qo

Q1

Qs
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A distorted counter counts as L} K :\"-L ‘o;:“: sloe
0,1,4,5,2,3,6,7,8,9,12,13,10,11,14,15,0,1,.... .0,1,4,5,2,3,6,7,8,9,12, 13,10, 11, 14, 15,0, 1,

¢ Provide the state table of the counter. ;\:»JJ VL Jyis Lol .

e Construct the circuit using JK flip-flops. D LY danls 3 \.\S\}-T
Tt S =

Fill in the timing diagram according to the follow- .
ing setup: A A e 3ol Lbt] T
o What does this setup do? S s sy 3L

Qo Q1 Q2

)
the b -

Ck

Qo

Q2
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CPT
Clock > S0
— S1
. S2
Reset ——

We want to create a synchronized light display @Lal\ s 0@ (Wlle ;\,‘J il g s
where the lights turn on one by one. i oty Nl
Construct the circuit using: by 5,04 f/«j

e 8 lamps
. | b 8
e A modulo 8 counter provided in the block di- .
agram Coanall L2l Jaxe 8 457 slac
e A decoder. e K

Fill in the timing diagram according to the follow- QL ST a0l Lalazt| "ST

ing setup: i
S s fay 15L8 .
e What does this setup do?
Qo @1 Q2
Vee=1 Vee=1
Py A
- Q g Q —D Q
clock e q

HK  Qp- HK  Qp- q Q

I I | T
Ck Y Y Y Y Y Y Y Y

Qo

Q1

Q2
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Quiz n°7

So let’s consider the FG flip-flop, defined by the following truth table.

G
0
1
0
1

— = o ol
~ Qoo

Provide the complete truth table and construct the
circuit using only NAND gates.

Complete the timing diagram according to the fol-
lowing cases,

and provide the truth table for each case.

a. FG is asynchronous.
b. FG is synchronized to the rising edge.
¢. FG is synchronized to the falling edge.

ai) dyug Ol FG O3l L

ol 5,10 521 oK1 33ALT e o)
L3 NAND ol s ol

AW OV e o)) Lkt T
Al K 22k Jyder Lsl,
selal k) ke el Ml b
AU ad ke elie O c

Qasyn

Qrise

Qfau
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Consider the UV flip-flop, defined by the following truth table.

O
+

U
0
0
1
1

v
0
1
0
1

Qo

Provide the complete truth table and Create the

circuit using only NOR gates.

Complete the timing diagram according to the fol-
lowing cases, and provide the truth table for each

case:

a. UV is asynchronous.

b. UV is synchronized on the rising edge.

c. UV is synchronized on the falling edge.

Wad] Jyag 2 Al UV oS! L)

uj-,;i‘: Gyl o) 3aal )y Lae
Lz NOR ahly
BV OV e o)) Labat) T
Al S 2k Jyde Lsl,
el Bl e el OO b
AU ad ke elie O c.

Qasyn

Qrise

Qfall
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List the applications of flip-flops. S li by §3)
Recall the truth table of the flip-flop used in the S AN G Jerzadl OOl 222t Jyaz §3
circuit. sl
Cor.nplete the timing diagram according to the fol- f’l\ S A e ‘_fy\ o)) Lalast| fi

lowing setup: -
Record the information (Q2Q1Qp) at each instant. (Q2Q1Q0) Gl Ak & S J=
What does the circuit achieve? S A s Jo 13
Qo Q1 Q2
E D Q D Q D Q
Qp- Qp- Qp-
clock
Ck
E
Qo
@1
Q2
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RANY Quiz n°10

The CD flip flop, defined by the following truth table.

k) Jydg Al CD oS Lyl

C|D| QF

01]0 1 set to 1
0] 1 @ | memory
110 Q@ | switch

1] 1 0 | reset

Provide the complete truth table and create the
circuit using only NOR gates.

Fill in the timing diagram based on the following
setup:

Record the information (Q2Q1Qy) at each mo-

ment.

What does the setup achieve?

gl & ol QB aaad) Jyie Ll

L NOR aholy

FA S A e G o)) L) T
(Q2Q1Q0) meell Ak ¥ &

S A s Jam 130

Qo 1 Q2
Vee=1 Vee=1 Vee=1
t C Q t C Q t C Q
clock
( : - lﬁ : - ( : o
Grnd =0 Grnd =0 Grnd =0
H
Qo
Q1
Q2
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NN Tests n°l

We want to design a circuit that calculates the Al D3 e ¢ Sl se s 31 o s

number of zeros in a 4-bit information (abcd),. «abed 41l o6 j
Create the circuit: 5,1 JAT
o Inputs/outputs. C)tgv Jolde
o Truth table. 1l Jyds o
e Numerical canonical forms. ) ) J&sN .

e Simplification. Lol
e Logic diagram. Akl Lalazt| o

'BNNE Correction

Inputs/Outputs definition CJI;{\) Jetl) Gy s

e Inputs Jsldl: the bits A, B, C, D

o Outputs C)lsi\:
We use 03 output bits, such that:
If ABCD = (0000) => Then XYZ = (100) meaning four zeros.
If ABCD = (0011) => Then XYZ = (010) meaning two zeros.

OY a3y bl ol S
(100) = XYZ <= (0000) = ABCD 0¥ 13

Truth table 2aid! Jsu

(N |A[B|C|D|X|Y|[Z] Canonical forms % 1 JE2YI
0O o0jo/l0[O0|)1]0]0O First canonical form; &)l J5W sl
1 700,01 011 3.4 i
2 0/0/1]0f0|1]1 ?
3 /070110110 « X =3[0]
4 |0 1]0]0]O0]1]1
s lolilalillalilo e Y =Y1,2,3,4,5,6,8,9,10,12]
6 0|11, 0010 o Z=Y[1,2,4,7,8,11,13,14]
710111 0101
sl1lololollol1l1 Second canonical form; L55)\ G Sl
9 1001010 U
00,1010} 0,10
alilolilillololy e X =T][1,2.3,4,5,6,7,8,9,10,11,12,13, 14, 15]
121100l o]1]o0 e Y =TJ[0,7,11,13, 14, 15]
13111071 001
wlilililololols « Z=T10,3,5,6,9,10,12, 15|
5711171 0010




Karnaugh map 24,5 Lhz

Function X 44! Function Y 44!
CD CD

oo 01 11 10

00 (1) o] 0o o0 00

00
0
0. 0| 0 00 01m
AB AB
11,0101 0 | o 11u000
(1]

10 0 0 0 0 10

Simplified form L.l Kl Simplified form Ll )l
X = a.b.e.d Y = a.bé+béd+abec+a.cd+bed+b.éd
Function Z 44

CD

oo 01 11 10

00 | 0 0
01 0 0
110 0
10 0 0

AB

Simplified form Ll Kl
7 = af.b.c.df—i— q.b.é.df—l— a.b.c.d + a.b.c.d+ a.b.c.d+
a.b.c.d+a.b.c.d+ a.b.c.d
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Simplified forms L.l )l

o Logic diagram bkl olakid
e X =ua.bcd 4B cn
e Y =a.b.ctbedtab.ctacdtb.edt

« Z=abcdtabe d—ta.l;;c.d+§t.b.c.d+ )
a.b.c.d +a b.c.d +a b.c.d + a.b.c.d AC.D
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We want to design a circuit that calculates the number of “1”s in a 4-bit information (abcd),.
Create the circuit (Inputs/outputs, Truth table, canonical forms, simplification, logic diagram).
S(abed)y 35 w61 an )l 13 tagne G117 Slas Yl s i 5\ LY

(et Bt ol (3 503 ISV i) dyr ¢lizy Jola) 5001 541
Short response 8 a2 hle|

e X =a.b.cd

e Y =uabi+a.cd+abd+acd+abd+a.cd

e Z =uabecd+abéd+ab.ed+ abed+ abéd+ abed+ ab.cd+ ab.ed

We want to design a circuit that converts a number represented in 2’s complement on 4 bits to a
representation in signed value on 4 bits.

Create the circuit (Inputs/outputs, Truth table, canonical forms, simplification, logic diagram)
ol 4 e 5,y Q\SW\W\MJLQ@4&:2QLM\&}W\:.\: Js2 5yls g A
(Al ) o) 51 JKAV GRALY Jpie eyl Jalae) 35000 520

REAN Correction

Inputs/Outputs definition C)L%\) Je Al oy

o Inputs J&ldl: the bits A, B, C, D

represent a number in 2’s complement, with A as the sign bit:

o Outputs G)l%\:
We use 04 output bits: WXYZ, such that:
for example: ABCD = (0000)¢p2 < WXY Z = (0000) g4
all positive numbers remain the same.

ABCD = (1001)epy < WXY Z = (1111) 4 = (=7)10



Truth table 2aid! Jyds

N JAIBICID|WI[X|Y|Z
0o lofolofo]ololo0]o0
1ololo/1/0/0/0]1
2 /0/o/1/0fofol1]o0
s1olof1/1]o]o 1|1
aloft1lofofol1]0]0
50010101 0]1
6 0|1 100 1 1 0
7001110111
s11l0ololo0| x| x|X[X
9 1100 1|1 111
1010101 11 0
1101 1)1 1]0 1
121100l 1]1]0]0
130110 1)1 /11 1
1411 /1/0] 101 0
15011111 00 1

Karnaugh map 4,8 Lhz

Function W
CD

00 01 11 10

00 0 0 0 0

01 0 0 0 0
AB

11‘1111

10‘X111

Simplified form Lul! Kl
W=a

Canonical forms 4 53 JEN
First canonical form; 2}l JsW sl

IV
« W =57[9,10,11,12,13,14, 15]
e X =Y[4,5,6,7,9,10,11,12,13]
e Y =31[2,3,6,7,9,10,13, 14]

« Z=Y%[1,3,5,7,9,11,13,15]

Second canonical form; _2)I sl ‘_,K:J\
Sl ’

« W=TJ[0,1,2,3,4,5,6,7]
« X =TJ[0,1,2,3,14,15]
« Y =TJ[0,1,4,5,8,11,12, 15]

« Z=T][0,2,4,6,8,10,12,14]

Function X
CD

oo 01 11 10

00 0 0 0 0

01L1 1] 1] 1)

11 1 1 0 0

0 |[X]1]1] 1]

AB

Simplified form L.yl K2l
X =ab+ab+be
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Function Y

cD

00 01 11 10
00| 0 | 0 ( 1 |[1
00| 0 | 0 { 1 |1

AB

110@0

o | ()]

Simplified form L.l Kzl
Y = a.c+cd+a.éd
Simplified forms el K2l

(] W:a
b

ol

e X=ab+ab+
c.d -+ d

ol

.c+ Q.

|
Q

o« Y
A

Il
.

Function Z
CD

00 01 11 10
00 0 1 1 0
01 0 1 1 0

AB

11 0 1 1 0
10 X 1 1 0

Simplified form L.l K2l

Z=d

Logic diagram k| olah)

A o
[d




We want to design a circuit that converts a number represented in signed value notation on 4
bits to a representation in 2’s complement on 4 bits.

Create the circuit (Inputs/outputs, Truth table, canonical forms, simplification, logic diagram).
.0@4&2‘_;\”,&:1\&;5&\;0\%4&8)@?\ o3 aalall 2 dl 3 Y hae J£ 5 ls e A

(el Bt Lol (3 513 ISV i) dyr ¢lizy Jola) 5,001 541
Short response 6 a2 Al

e W=uab+ac+ad
e X =a.b+abc+abd+bed
e Y=ac+ecd+aid

e Z =4d

Design a circuit that converts a binary number on 4 bits to Gray code on 4 bits.

Create the circuit (Inputs/outputs, Truth table, canonical forms, simplification, logic diagrams)
WOl 4 e gl g ey Al ol 4 Lo Bl bsae J £ 50 g
(bt ¢l i1 IV R Jyae eyl Jole) 301 4]

BN Correction

Inputs/Outputs definition C)ls‘:\} Je Al Gy

o Inputs J&ldl: the bits A, B, C, D

represent a binary number

o Outputs C)I;E\:
We use 04 output bits: WXYZ of Gray code, such that:
for example:
ABCD = (0000)2 <~ WXY Z = (0000)grqy
ABCD = (0001)2 <~ WXYZ = (0001)gray
ABCD = (0010)2 <~ WXY Z = (0011) grqy
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Truth table 2aid! Jyds

N°|A|B|C|D|W|X|Y|Z
olofolofofofo]o]oO
1Ljojojol1[o0|0[0]1
200100011
3/0/0/1]1]0j0|1]0
4 10[1lofofof1]1]0
5,0 1[0 10 111
6 01 /1]0]0]1]0]1
7101 1]1]0]1]0]0
g l1folofof 1][1]0]oO
9 1j0j0|1|1|1]0]/1
100,10 10| 1111
11011 1]1]1]0
12/1[1/ofof1]o][1]0
Bi1j1/0[1| 1011
1411 1][0|1/0]0] 1
51111 1]0]0]0

4| Karnaugh map 24,5 Lhz
2

Function W 4l (25,8 Lhz

AB

Simplified form Ll Kl

00

01

11

10

W=ua

124

CD

00 01 11 10
0 0] 00

0 0] 00

‘ 1 | 1|11
‘ 1|1 ] 1] 1

Canonical forms % 43! JE2Y

First canonical form; )| 5@l Sl

AN "

o W=Y8,9,10,11,12,13, 14, 15]

« X =5[4,5,6,7,8,9,10,11]

. Y =Y[2.3,4,5,10,11, 12, 13]

e Z=Y[1,2,5,6,9,10,13,14]
Second canonical form; 62 gy el
St

« W=T]0,1,2,3,4,5,6,7]

« X =TJ[0,1,2,3,12,13, 14, 15]

« Y =T[[0,1,6,7,8,9,14, 15|

« Z=T][0,3,4,7,8,11,12,15]

LFunction X @l 24,8 Lhz
CD

oo 01 11 10

00 0 0 0 0

o1 (1 ] 1] 1] 1)

AB

11 0 0 0 0

10|t [ 1]1] 1]

Simplified form L.yl K2l
X =a.b+a.b



Function Y @l 5,8 Ll

CD
oo 01 11 10
00 0 0 1 1
01 1 1 0 0
AB
11 1 1 0 0

10 0

0

Simplified form L.l Kzl

Y =bi+be

Simplified form L.l Kzl

(] W:a

e X =ab+ab

e Y =bc+

° Z2201j+

b.c
c.d

Function Z 4\l Cog,8 Lhz

CD
00 01 11 10
0| o |[1] o [1]
01 0 1 0 1
AB
11 0 1 0 1
0o (1) o[
Simplified form L.l Kzl
7 =cd+eéd
Logic diagram aakl) ol
ABCD
A=
—A@B=X
) >
—B®C=Y
) >
\ C.&aD=7
e

12¢



We want to design a circuit that converts a binary number in Gray code on 4 bits to binary on
4 bits.

Create the circuit (Inputs/outputs, Truth table, canonical forms, simplification, logic diagram).
Wl 4 e Sl sse Al ok 4 e gl B ek ade I s g

(el Lt ol 3 513 ISV i) dyer olizy Jla) 5001 541

Short response 8 a2 hle|

Quiz n°7

We want to design a circuit that converts a binary number in BCD on 4 bits to Excess-3 code on 4 bits.
Implement the circuit (Inputs/outputs, Truth table, canonical forms, simplification, logic diagrams)

«Olx 4 e Excess3 & 4] @bk 4 e BCD g Mt KLt lsde Jo2 55 e A
(bt ¢l i g1 ISV R g ey Jole) 501 2]

Correction

Inputs/Outputs definition G)l's‘-\j Jell ey

o Inputs J&ldl: the bits A, B, C, D

represent a number in BCD

o Outputs C)l'sE\:
We use 04 output bits: WXYZ of Excess-3 code, such that:
(WXYZ = ABCD + 11),
We notice that numbers > 9 represent forbidden cases. for example:
ABCD = (0000)peq «— WXY Z = (0011) a3

ABCD = (0001)peq <~ WXY Z = (0100)03
ABCD = (1001)peq «— WXY Z = (1100) 03
ABCD = (1010)peg < WXY Z = (XX X X ) e
ABCD = (1111)peq + WXY Z = (XXX X)er3



Truth table 2aid! Jyds

N JAIBICID|WI[X|Y|Z
0olofolofofolol1]1
1ololo/1/01]0]0
2001001 0]1
3 0/0/ 110 1 10
g lol1lolofol1]1]1
500101 1]0]0]o0
6 0|1 1]0 1 0 01
7101111010
s 1lolofo] 1 011
9 1]0l01 11 0 0
101010 X|X| X|X
111011 X|X| X|X
121100 X[X[X][X
131101 X |X| X|X
141110 X |X| X|X
1501111 XX X|X

Karnaugh map 24,5 Lhz

Function W 4l <o 5,8 Lhz
CD

oo 01 11 10

00 0 0 0 0

01 | 0 1 1 1 ’
AB
1 {X X|||x X’

Simplified function Ll Kl
W =b.c+bd+a.c

Canonical forms i a1 JE2YI

e W=>5,6,7,8,9]

« W=T]0,1,2,3,4,10,11]

e X =31,2,3,4,9]

« X =T1[0,5,6,7.8, 13,14, 15]
« Y =50,34,7,8]

e Y =T][1,2,5,6,9,10,13, 14]
« Z=50,2,4,6,8|

e Z=T]I1,3,5,7,9,11,13, 15|

Function X 4l 5,8 Ll
CD

oo 01 11 10

000‘111

01 m 0l 0| o0
AB
11 @ X | X | X

IOO‘IXX’

Simplified function .l Kl
X =bc+bd+bed

~



Function Y @l 5,8 Ll

00

01
AB

11

10

cD
00 01 11 10
1] o [[1]] o
1| o [[1]] o
X|| X |[|x|| x
1] o ||x|| x

Simplified function Ll Kl
Y =cd+ed

Simplified functions ladl K2l

o W=bc+bd+a.c

e X =0bc + b.d + b.ec.d

e Y=cd+éed

e / =d

128

Function Z 4l <o 4,8 Lhz
CD

00 01 11 10

00 1 0 0 1

01 1 0 0 1

AB
11 X X X X

10 1 0 X X

Simplified function Ll Kl
Z=d

Logic diagram aakd) olak|

ABCD
(][

&vvv

P

B.D w

=
=




We want to design a circuit that converts a binary number in Excess 3 notation on 4 bits to
BCD code on 4 bits.

Create the circuit (Inputs/outputs, Truth table, canonical forms, simplification, logic diagram).

ol 4 e BCD J2f Jl ol 4 o Excess3 (3 Mt Lle lsae J2 51 o

(el Lt ol 3 503 ISV i) dyer ¢ olizy Jla) 5,001 541

Short response 6 a2 bl

We want to create a circuit which allows us to con- Olgs ey Lok 4 Je Ll sue JZ 5505 e S
vert a 4-bit binary number into the 4-bit ROT'(—5) ol 4 e 5-
rotation code. T . 35
JKaY @il Jods oyl > e [\

Create the circuit (Inputs/outputs, Truth table, ) N S J, ) & . J‘
. L . o(Lhs! o) Ul
canonical forms, simplification, flowcharts) .
Example: '

ROT_5(0111) => (0010)
ROT_5(0101) => (0000)
ROT_5(0100) => (1111)

Correction

Inputs/Outputs definition GJL;L.\) Jetl) Gy e

e Inputs Jsldl: bits A, B, C, D
represent a binary number
o Outputs C)&‘-\
We use 04 bits: WXYZ as output of ROT(-5), as: (WXYZ = ABCD — 101)2
for example: ABCD = (0101)g «+ WXY Z = (0000),0—5
ABCD = (0110)9 + WXY Z = (0001),01—5
ABCD = (1111)3 + WXY Z = (1010)0t—5
numbers less than 5 are rotating
ABCD = (0100)g + WXYZ = (1111)0t—5
ABCD = (0011) < WXY Z = (1110)pt—5
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Truth table 2aid! Jyds

(N[AB|C|D|W|X|Y|Z]
O[0]0]0]O 1011
1 10]0]0]1 111700
2 0Oj0|11]0 1 1701
3 00|11 1 1110
4 0] 1]01]0 1 11111
5 01|01 0/0 00
6 0| 1|1]0 0101011
7T 10111 0Ol0 10
8 11010]0 00|11
9 | 1]0]0]1 O0]1,101]0
1 170]11]0 0 1701
11110111 Ol1 10
121111010 0 1711
13111071 1 170,00
4, 1 ]1]11]0 1 1001
511171 110110

Karnaugh map 24,5 Lhz

Function W 4l <o 5,8 Lhz

CD
00 01 11 10
o0 (1] 1 | 1] 1]
01 t{) 0 0 0
AB
1| o (1 |[[z]] 1]
10 0 0 0 0

130

Simplified form L.yl Kzl
W = ab.c+abd+ab+acd

Canonical forms i; 54\ J&N

W =3%00,1,2,3,4,13, 14, 15]
W =T][5,6,7,8,9,10,11,12]
X =3[1,2,3,4,9,10,11,12]
X =T][0,5,6,7,8,13,14, 15]
Y =300,3,4,7,8,11,12, 15
Y =[[1,2,5,6,9,10,13, 14]
Z =1%[0,2,4,6,8,10,12, 14]

Z =T11[1,3,5,7,9,11, 13, 15]

Function X @l 24,8 Lz

AB

CD
oo 01 11 10

000‘111

01@000
11Mooo

100‘111’

Simplified form L.l K2l
X =bc+bd+bed



Function Y @l 5,8 Ll Function Z 4l <o 4,8 Lhz

CD CD
00 01 11 10 00 01 11 10
00 [1] o [[1] o 0| 1] o] o |1 ]
01 1 0 1 0 01 1 0 0 1
AB AB
11 1 0 1 0 11 1 0 0 1
10 1 0 1 0 10 1 0 0 1
Simplified form L.l Kl Simplified form L.l Kzl
Y =cd+ed Z=d
Logic diagram aakd) olak|
ABCD
(L[]

Y

Simplified form Lul! Kl

e X =bc+bd+bed

e W=uabc+abd+ab+a.cd B.C.D
e Y=cd+éd B
B B.D X
e Z=d .
B.C
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U Tests n°2

We want to design a circuit that converts from BCD code to Excess-3 code.

Provide the truth table. k) Jyde Lael

e Inputs: the bits A, B, C, D represent a number in BCD.

o Outputs: We use 04 bits: WXYZ as the Excess-3 output code, such that: (WXYZ =
ABCD + 11)q

We notice that numbers greater than 9 represent forbidden cases. For example: ABCD =
(0000)peq < WXY Z = (0011)z3

ABCD = (0001)peq < WXYZ = (0100)c03

ABCD = (1001)peq < WXY Z 1100)e3

ABCD

)
(1001) (
(1010)peq < WXY Z = (X X XX)ez3
(1111) (

ABCD = (1111)peqg + WXY Z = (X X XX)ez3

Truth Table

(N[ X[A[B|C|W|X|Y|Z]
O[0]O0O]0O0]O 0O]0 1]1
1 70001 0 1100
210101110 0 1101
31]0/0/1]1 0 1110
4 0] 1]0]0 0 1111
510101 1 0l01|O0
6 |01 ]1]0 1 0011
7 0O/1]1]1 1 0 10
811]0[01]0 1 0111
9 1]0/0]1 1 1100
1 110 11]0 X X | X | X
111011 X X | X | X
121 1] 1]01]0 X X | X | x
13/]1]1]0]1 X X | X | X
14111110 X X | X | X
1511111 X X | X | X

Create the circuit using multiplexers only. L ol daul FRIIN J;.T
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1010 1010 1000 0000 1001 1001 1000 0000

b WL U IR

A—> A—>
B—> Mux 16 to 1 B—s Musx 16 to 1
C—» C—»
D—» D—»
W X
0111 1000 0100 0000 l(iolOi) lOlli.]l llelfi) 0000
A—> A—>
B—> Mux 16 to 1 B— Mux 16 to 1
C—> C—»
D—>i D—>i
Y 4 BCD-Excess3

Create the circuit using only a decoder and encoders. L& Joly ioy il ",:/ dauly 5, J;T
. W(A,B,C,D):Z[5,6,7,8,9]:S5+Sﬁ+57+58—|—59
e X(A,B,C,D)=>5[1,2,3,4,9] =51+ So+ S5+ S4+ 59
e Y(A,B,C,D)=>[0,3,4,7,8] = So + S3 + Sy + S7+ Ss

o Z(A,B,C,D)=>1]0,2,4,6,8] = Sy + Sa + S1+ S + Sg

ABCD

bied

Decoder 4 to 16
S0S1S253S4S5556S57S8Se . ... Sis

KEREL

YYYYVYYYY VY

**{wvvvvwwwvv***

EoE1E2E3 E4EsEsE7EsEoE10EnE 2. .. Eis

Encoder 16 to 4

!

WXYZ

BCD to Excess3
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Create the circuit using only full adders. L K o= bl dauly 5,14 J;T
Excess-3 = BCD + 3, so (WXYZ)y = (ABCD)y + (0011)9

BCD to Excess3

: 0o C 0 C: 1 Co 10 :

X vV — vy

A B Cu A B Cu A B Ci A B Cn

C S C S C S C S

Ry ; v v i

—_— St S St So |
W X Y Z

Create circuit M1 which multiplies 3 bits by 1 bit.

e Provide the block diagram of M1.
o Truth table.

e Logic diagram.
Provide the block diagram of a full adder (ADD3) for two 3-bit numbers each.
Create the ADD3 using full adders for 1 bit each.

Consider circuit M3 which multiplies two 3-bit numbers (ABC x DEF):

o Create circuit M3 using circuits of type M1 and ADD3.
e Note: The truth table is not requested.

o 1o 20 sum Ol 3 4 s gf'a{cwié)\Ml 8,\;5\}4'.7
(M1 3,00 Ceanall Llat] Lsl
iaad) Jyde -
n&b—’l‘ M‘} .
ADD3 5,10 ol cOly 3 4 Lagn 7 copadd) oK & ol Ceanall Lkt L
oty o JE e Slyls danly ADD3 35100 4
(ABC x DEF) «ols 3 4 lege K cnde o s M3 3,141 S

L ADD3 s M1 &bl dauly 5,000 521 -
u}kk.ajg.c ol d}-\q— %ﬂ» .
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Correction

Create circuit M1 which multiplies 3 bits by 1 bit.

L | cb.j:\:.\s.g Ol 3 4 s ujwcdé‘\l\/[l 5)\.\3\;.4'?

a. Block diagram c.all Lzt

ABC x
L]
M1
B
S; S So

o Inputs jslull:
— 1 bit number X: 0/1
— 3 bits number: ABC
o Outputs C)BH
— 3 bits 525150

b. Truth Table diiad! Jyus

(N [X[A|B[C[ S |55
O[O0 0]O 0 000
1707001 000
2100} 1]01j 0 ,01]O0
37170011 0]0]O0
4 10[1]0]0) 0|00
50101} 0]0]O0
6 {011,000/, 0
710111 000
8 11100 ]0Y O] 0O
911 ,0]0]1 0101
w1010} 0, 1]0
111,011 0 1 1
1211111010 1 010
137171 ,0|1 1701
4111 1]0 1 1 0
571111 1 1 1

c. Karnaugh map 24,8 Ll
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o Function S2 4\
BC

00 01 11 10

00 0 0 0 0

01 0 0 0 0
XA

1 (1] 1] 1] 1]

10 0 0 0 0

Simplified form L.l Kl

S2 =a.x
o Function SO 4!
BC
00 01 11 10

00 0 0 0 0

01 0 0 0 0
XA

11 0 1 1 0

10 0 1 1 0

fied form L.l Kl
SO0 = cx

Simplified forms :
e S2(X, A, B,C) =ax
e SI(X,A,B,C) =bx
e SO(X,A,B,C) =cx

o Function S1 %!
BC

00 01 11 10

00 0 0 0

01 0 0 0
XA

0
0

1100(171

1000LJ

Simplified form L.\l Kzl
S1=bx

Simpli-

d. Logic diagram aaa:ll <l

A B C
2
S: S1 So

e. Provide the block diagram of a full adder (ADD3) for two 3-bit numbers each.

ADD3 551l o c 0l 3 4 Lo 8 e JaE a5 ol il Ll



B2B:1Bo A2A:1 Ao
L L]y e

3-bits adder

CS:; S1 So

f. Create the ADD3 using full adders for 1 bit each.

A:B: C AiB1 ¢, AoBo O
YYVr— Yy

A B G A B G A B Ci
C S C S C S

C2 l Sz Sl SO

g. Consider circuit M3 which multiplies two 3-bit numbers (ABC * DEF):

WABC x DEF «ols 3 4 lags 8 ede © o M3 5,11 S

e Create circuit M3 using circuits of type M1 and ADD3.

L ADD3 , M1 &yl dawly 5,001 21 -
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| 10

Add 3 bits

d e f
ﬁj |
?ﬁj 19
Add 3 bits

Cs Ss S; S S So

Multiplication 3*3 bits

We want to design a circuit, Comp2, which converts a number represented in signed value to two’s
complement on 4 bits.

Provide the block diagram (inputs/outputs).

Provide the Truth Table for conversion to one’s complement.
Provide the Truth Table for conversion to two’s complement.
Create the Comp2 circuit using only multiplexers.

Create the Comp2 circuit using a decoder and an encoder.

@ Create the circuit using full adders (1 bit) and a minimum of logic gates.
WSl 4 e 1 U] el 507 BB Bl e o0 JF Comp2 315 e 5
O D)
1AL el J) ol 3RAL e Lae]
20 Al el 4] il 38AL] e Las
b Sl danly 2] el ] ol 5,05 41

oty o dely o5 e dlauly 5,101 ]



Al U e oK b Bl ey o LB o) Syl ety 3,000 321 [6]

Correction
We want to design a circuit, Comp2, which converts a number represented in absolute value to two’s
complement on 4 bits.

(ol 4 o VI L o) e B 3l 07 op JF Comp2 8 a5
Provide the block diagram (inputs/outputs).

Provide the Truth Table for conversion to one’s complement.
1 o) ]yt 2230 Jpr Jacd

'N° | X|A|B|C|S3|S2]S1]S0|
ojolojoloffo]lo]o]oO
1Ljojojoj1jo0]0 0 1
2 /0/0[1 /00010
3/70(071 10 0]1]1
alol1joloflo|l1]o0]oO
5/0/1j0 10| 1]0]1
601, 1/0|0| 1|10
71011101 1|1
g l1fofolof 1][1]1]1
9 1jo0 01| 1]1|1]0
10(1/0(1]0 11 0|1
1mj1jo(1|11]1,0]0
1211 lofofl1]o|1]1
Bl1/1(0[1]|1]0 1|0
{11 [1]01]0 0|1
511110000

Provide the Truth Table for conversion to two’s complement.
2 Al el J) bl BAL T e e

'N° | X|A|B|C|S3|S2]S1]S0|
ojolojoloffo]lo]o]oO
1Ljojojojrjo0]0 0 1
2 /0/0[1 /00010
3/0(0/1 /10 0]1]1
4lol1joloflol1]o0o]oO
5/0/1j0o 10| 1]0]1
6 01, 1/0|0| 1|10
71011101 1|1
g|1]lojoloflolofo]o
9 1001|1111
100101 ]0f 1|1 1|0
1mwjt1jof1|11t1 0]1
21t lofoffrt]1]0]o0
Bl1/1(o0|1|1]0 1|1
411 [1]01]0 1|0
5011|1110 0]1
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Create the Comp2 circuit using only multiplexers.
L5 Slag daaly 2] el ]y o 551 40

We need only 3 multiplexers because SO does not need to be represented with more than one

line.
o 0011 0011 0110 0110 00 ? 1111 0111 1000
YWY YV WY Vi YIYY YYYY YYVY VWV
. A
g_, Mux 16 to 1 (E’;_> Mux 16 to 1
D—p D —»f
: 1 1
S0
s1 S2

0000 0000 0111 1111

LRI RLR

AT™
B—> Mux 16 to 1
C—p
D_p
s3

Create the Comp2 circuit using a decoder and an encoder.
ol s oy e ke ey 3100 2

‘N° X‘A‘B‘CHS3‘S2‘81‘SOHEncoders‘
O[l0]O0O]0O0]O 0 0 0 0 I
1 0]0/|0]|1 0 0 0 1 I
2100|110 0 0 1 0 I
3 /0[01/1]/1 0 0 1 1 I3
4 1011010 0 1 0 0 1
5101101 0 1 0 1 I
6 0|1 |11]0 0 1 1 0 I
7101111 0 1 1 1 I
81101010 0 0 0 0 Iy
g9 l1lolol1| 1111 Iis
10/ 110 11]0 1 1 1 0 14
111 ]0]1]1 1 1 0 1 I3
121111010 1 1 0 0 1o
13 | 1 1/0]1 1 0 1 1 I
14 11110 1 0 1 0 Io
15 | 1 1 1|1 1 0 0 1 Iy

We notice that:

e For cases between 0 and 7: the same number is produced.
o Cases from 8 to 15: correspond to the numbers (0, 15, 14, 13, 12, 11, 10, 9).

e The encoder input number 8 has no entry, to be forced to 0.

Therefore, we can change the outputs of the decoders and the inputs of the encoder.
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LLL

Decoder 4 to 16

S0S1S:S: S4Ss5SeS7  SsSo S10S11 S12S13 S14S1s5

l ‘| l
RO
S \“\
St
R

e

\
At
RO
Sy

Wt S

R ‘s

EiEsEcE7;  EsEoE1En Ei2Ei13E1Ess

EoE:EzE3

Encoder 16 to 4

ey

SV to Comp2

@ Create the circuit using full adders (1 bit) and a minimum of logic gates.
kil Ol e oK b il ey o LK) R Sl daly 5,0 2]
o 1 3L oadl p 2 ] el it
O LS5 Dyl Jap oy 22yl 0
S3=a
Sy=ab+ab=a®b
Si=act+ac=aDc

So=ad+ad=a®d

Given a binary information on 4 bits (i3i2i1ip), we want to design the circuit CNT that counts the
number of Os in the input information.

Provide the block diagram (inputs/outputs).

Provide the truth table.

Create the CNT circuit using only multiplexers.

Create the CNT circuit using a decoder and an encoder.

We want to turn on lamps, where each lamp has a number corresponding to the number of zeros.
Use the CNT circuit and a decoder to turn on the lamps.

.‘3};’-.\1\ :v}\’l\ L:;)U.,;Y\ dJde g,..w\i éﬂ CNT 3)\.,\“ (:6-&55 Y c(igigilio) Q\;L 4&: 'A.;Li' aﬁ}r\%‘ L:"Jj
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Sl L] o))

aid] Jyde Lasl

vhib Sl dauly CNT 5,040 2

oy oy oy g e iy 35101

bl JasY e aay ONT 85101 Janzad lio V1 soe 3l o5 ae loan 8 miban silo) 4

Correction

Short response 8 a2 hla|
Given a binary information on 4 bits (igi2i1ip), we want to design the circuit CNT that counts the
number of Os in the input information.

el Begall 3 5LVl sse (I CNTS L g & e (igizitio) Sl Ade e s L

Provide the block diagram (inputs/outputs) Ceomall Lozt g‘“J\

Provide the truth table.
Wil Jye Lasl
Numeric canonical forms Sy = > (0)
S1=3(1,2,3,4,5,6,8,9, 10, 12)

So=32(1,2,4,7,8,11,13,14)

Create the CNT circuit using only multiplexers.

L Ol dholy ONT 5,10 41

Create the CNT circuit using a decoder and an encoder.
ol s oy e ke ey 511 4

We want to turn on lamps, where each lamp has a number corresponding to the number of zeros.
Use the CNT circuit and a decoder to turn on the lamps.

gball Uiy ey Biny ONT 5511 Jewtd Gl 5o gllay o3y 4l loan 8 miban silal 4



8

Zero Counter

ZSISI
B C

Decoder 3to 8

S
A
So S1 S2 S S4Ss Se Sy

T EARE
Quiz n°5

We want to turn on 8 lamps as follows: we turn on the lamps whose number is less than or equal to
the number N provided as input.

Provide the block diagram (inputs/outputs).
Provide the truth table.

Create the circuit using only multiplexers.

Create the circuit using a decoder and an encoder.

Create the circuit using a decoder and a minimum of logic gates with only two inputs.
el 3 el sl ssbet T e BT L ) bl o g5 Eat calian 83l o/
Sl Lkt o)
k) Jyde Laed
b Sl dauly 5,0 4]
ol oy Aoy e e Blanly 5,10 2T
e 5 12kl DU e Ko b By osle e e danly 5,101 2
Correction

We want to turn on 8 lamps as follows: we turn on the lamps whose number is less than or equal to
the number N provided as input.

(Al G aal) saall bt T e BT Lehy (@) bl o g Bt il 8 Belal o
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Provide the block diagram (inputs/outputs). Caomal ] Lol fvu\

A B C

Lo L Lo L3 Lals Le Ly

BRO® RRE

Provide the truth table.

k) Jyds Lol
Truth Table
AIBIC Lo Ly [ Lo | Ls 1Ly | Ls | Lg | L7
olololf1lololololololo
ojlol1|1]1lo0o/0lo0o]o0o]lo0o]oO
ol1/ofl1]1]l1/0lo0]0]lo0o]oO
o111 1|1]1]0o/0/ 01]0
tlololl 111110070
tlol1) 1111|1100
11011111110
T T T s (A O A A |

Create the circuit using only multiplexers
L Sl dhaly 5yl 521

0111 1111 0011 1111 0001 1111
1 Wi N prev B et 1
A —t A —r A —t
B—s Mux8tol B—» Mux8tol B—» Mux8tol
C—» C—» 7 C —» 7
Lo 1 1 l
L1 L2 L3
0000 1111 0000 0111 0000 0011 0000 0001
Wi L bie b Hid b bid b
A | g\:: Mux 8to 1 g:: Mux 8 to 1 g:; Mux 81to 1
2:: Mux 8 to 1 o | o | c 7
Ll4 L15 L16 L7

Create the circuit using a decoder and an encoder.
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el s ol e 7 S Waly 5,101 2T

In order to simplify the functions, we use the first canonical digital form.

LO_Z(01234567)
= 57(1,2,3,4,5,6,7)
~5°(2,3,4,5,6,7)

L3_2(34567)

L4—Z(4 . 7)
2(5,6 )

L6—2(677)

Lz =3 (7)

l l l Diagonal Lamps

A B C
Decoder 3to 8
So S1 S Ss S4Ss Se Sy 1 —» |,

'y

L.

v ) )—

L4

—) -
\/ _})—LS
FD_

Ls
\j

Lz

Create the circuit using a decoder and a minimum of logic gates with only two inputs.

e 5 12kl DU e Ko b By osle e e danly 3,101 2T

From the canonical forms, we observe that;

L¢ = L7 + S
Ls =L+ S5
Ly= L5+ Sy
Ly = L4+ S3
Lo=L3s+ 5
Li=Ly+ 5
Lo=1
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l l l Diagonal lamps
A B C

Decoder 3to 8

So S1 S2S;3 S4Ss S6 Sy

* I

"
La

1— plo




Tests n°3

Chapter 3 Tests

]G] J,.a.i” u‘}-
A modulo-16 even counter counts from A¥ :x,u“ (16 Wi () sl
0,2,4,6,8,10,12,14,0,2, . ... .0,2,4,6,8,10,12,14,0,2, . ..
e Provide the state table of the shaall YW Jydes Lef
counter. Lo 13k o
. ice? .
What do you notice? ﬂ'C U6 danly 5,10 52T -
e Implement the circuit using JK
flip-flops. Jo, Ko, J1, K1 &Yslas Lel
Provide the equations for Jy, Ko, J1, K3 D) SR e ol k| fi .

e Fill in the timing diagram accord-
ing to the following setup:

L Jo Qo J1 Q1T

clock

F Ko Qo K, Ql

A modulo-16 even counter counts from 0,2,4,6,8,10,12,14,0,2....
States table

N°[Q3[Q21Ql Qo
0,000 0
2l 0010
470100
6|0 110
8| 1,000
10 1010
2011100
Ml 11,10
0,000 0

We notice that the output Qg is always 0, so we can connect the output )y to 0 and build a
modulo-8 counter.

8 3 ol o) Al a7 1) el pyies QO 1 A1 GT s



Qo Q1 Q2 Q3

Vee=1 Vee=1 Vee=1
[ ] [ ] [ )
[ [ [
pr pr pr
0 =k Q SE Q SE Q
clock
—HK _ Q —HK _ Q —HK _ Q
cl cl cl
7 7 7
Timing diagram: Lfﬁj\ Labg|
AN AN AN AN
Ck
Jo
Ky
J1
K,
Qo
Q1




CPT

Clock >

Reset ——

Consider the following modulo-32 5-bit counter cir-
cuit CPT":
e The Reset input resets the counter to zero.

e Propose a diagram to use the CPT circuit to
count from 0 to 23.

e We want to use the CPT circuit to trigger an
alarm every 30 seconds.

Fill in the timing diagram according to the follow-
ing setup:

e What does this setup do?

SO
S1
S2
S3
S4

32 asi ol 5 Je JIA) sl S
:CPT

A J] 1l s Reset Jo-all
CPT &,ld) Jlazw lakz CJ:;\ .
123 410 oo slaas”
4 3MLY CPT 5,1 Jlaszal oy 5
23 410 e ik 30 K
QI S a3 et ST
CS Al s Jam 3L«

Q2

W [E

b}

—

e To count from 0 to 23, the Reset must be set to 1 when the value 24 appears.
24 34l gy Lote 31l i O Ll €23 310 e dad

24 = (11000)9 — R = S4.5355.51.50

\E. cr

O

To trigger an alarm every 30 seconds, we need to count from 0 to 29, so we must reset the

counter to the value 30.

30 i) e slad) i ¢ 29 3]0 e daie 6l €5 30 87 4 GOLY

30 = 111102 — R = 54.53.52.;91.570
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oiz.

Timing diagram: o) Lkt

Ck

Qo

Q1

Q2

At each rising edge of the clock of a D flip-flop, its output Q copies its input D.
Each output is thus copied to the next one: it is a 3-bit shift register. The new bit entering into
QQ is E.
D. Jodll 23 Q £l Jsl « D oMl 3 deladl suelo 3 K e
B s QO Jooy sl ol ol ool 3 3] Jor o 13 edd Lo sl o2



We want to create a modulo 24 hour counter.

e How many JK flip-flops should we use?

e Provide the clock enable equation to reset the
counter to zero.

e Implement a modulo 24 counter.

Provide the equations for D, R, S, Q3.

Fill in the timing diagram according to the follow-

delo 24 s olelld slae e
iz LY e L £
slaw) piad) CL sles Las! o
24 x3 5 aloe 521
D, R, S, Q3 &Ysle Lasl
CSA e el b KT
JIs

Q[

o} ﬁ@:z

ing setup:
A J Qo R
B K Qo p—S
— D QQ —
clock Q2

How many JK flip-flops should we use?
We need 5 flip-flops because 24 = (11000),,.

24 = (11000), 12l 5 Jo K 24 saall OV 36 5 J) s

Provide the clock enable equation to reset the counter to zero. slawl paad CL dolrs Ll

CL =Q4.Q3
Implement a modulo 24 counter.

24 x35 Ialae 2]

Q(] Ql Q4
|
Vee=1 Vee=1 Vee=1 Vee=1
Y [— [— [—
HJ Q HJ Q HJ HJ Q
clock
—KidJ 7K7@J HK HK  Qp
7 7 7 7
Equations of D,R,S, Q3 Vs las
D=Q
R = Qo
S = Qo
Q3=Q11 Q2



Timing diagram: oo fl Lk

Ck

Qo

@1

Q3




A distorted counter counts from & K _W;,u“ ca;,'.'.: sl
0,1,2,3,8,9,10,11,0, 1, 2. i 0,1,2,3,8,9,10,11,0,1,2
e Provide the state table of the counter. sl YW Jyde Lael o
o Create the diagram using JK flip-flops. f“'C S dauly 5,101 J;j .

Fill in the timing diagram based on the following s
AU S A o 3o L) K]

setup:
J J Qo Q3
Ck
K K Qop-
— D Q2
R R ’ :‘
S S Qip-
Provide the state table of the counter. slawl YU Jydo Led
N° | Qs | Q2 || Q1| Qo
0 0 0 0 0
1 0 0 0 1
2 0 0 1 0
3 0 0 1 1
8 1 0 0 0
9 1 0 0 1
10 | 1 0 1 0
11 | 1 0 1 1
0 0 0 0 0

We note that Q2 is always 0.

C}J (}-\’u Q2 CJSL_\ :)T L;—%

Create the diagram using JK flip-flops. i).c S dauly 5,10 J;i



Qo Q1 Q2 Q3
Vee=1 Vee=1 Vee=1
Py 4 P
] Q 1 Q 0 1 Q
clock
HH K B 637 —H K B 637 H K B Qy
4(]) (& c

S S e o)l L) T

Ck

Qo

Q1

Q2

Q3




A distorted counter counts as
0,1,4,5,2,3,6,7,8,9,12,13,10,11,14,15,0,1,. . ..

¢ Provide the state table of the counter.

e Construct the circuit using JK flip-flops.

Fill in the timing diagram according to the follow-
ing setup:

e What does this setup do?

w

4 K ™) ca;i; sl
.0,1,4,5,2,3,6,7,8,9,12,13,10,11,14,15,0, 1,

3

slow SV Jyde Lasd
2oz Sy 55101 21 -

S S e (o)l L) T

S A Vs o I3Le =

Qo @1 Q2

) e

Ck———PpC C C T

State table. slaw YL J e

N° 1 Qs | Q2| Q1| Qo
0 0 0 0 0
1 0 0 0 1
4 0 1 0 0
) 0 1 0 1
2 0 0 1 0
3 0 0 1 1
6 0 1 1 0
7 0 1 1 1
8 1 0 0 0
9 1 0 0 1
12 1 1 0 0
13 1 1 0 1
10 | 1 0 1 0
11 1 0 1 1
14 1 1 1 0
15 1 1 1 1
0 0 0 0 0

We notice that Q2 and Q1 are inverted.

Obsdis Q1 5 Q1 e 21 0F L=



Qo Q3
Vee=1 Vee=1 Vee=1
pr =7
—J Q —J —J Q
clock
Hk  ob—  Hx _ab—)  Hx _ g Hx _ ap
C. C
Construct the circuit using JK flip-flops. i).c S dauly 5,10 ﬁi

Fill in the timing diagram according to the following setup: QL ST a0l Lalazt| K i

, K K K £ K K K £
Qo
Q1
Q2

What does this setup do? S s Jamy 1506

The D flip-flops are wired in toggle mode (the D input is connected to the Q output):

e The output QO toggles on every rising edge of H.
e The output Q1 toggles on every rising edge of Qp (thus on every falling edge of Q).
o The output Q2 toggles on every rising edge of Q7 (thus on every falling edge of Q1).
e We can recognize a modulo 8 counter.
Ho ol suelo 2 87 de (Jas QO 20 -
(Qo Al B 3! G f) Qo soelo e e i Q1 21
(Q1 A B 3 G l) Q1 dsoelo e 8 e i Q2 A
8 s sl Jo Ol S



CPT
Clock > S0
— S1
. S2
Reset ——

We want to create a synchronized light display @LA\ s o (AnlFe ;\};J i) g A
where the lights turn on one by one. i ol Vol
Construct the circuit using: Al y 5,0 ,4?

e 8 lamps @Lm 3 .

e A modulo 8 counter provided in the block di- .
agram Coanall L2l Jaxe 8 457 sluc

e A decoder. ey Kae

Fill in the timing diagram according to the follow- SN Sl 2ot Bl € i

ing setup: i
S AN sy 15LS -
e What does this setup do?
Qo Q1 Q2
Vee=1 Vee=1
® ®
Iy 4
1 Q g Q —D Q
clock —J o
—HK  Qp- —HK  Qp- g Q
cl cl
L7 L7 T
Construct the circuit using: dauly s)\.\i\;,éi
e 8 lamps ch;u 8
e A modulo 8 counter provided in the block diagram Coanall L2l Jare 8 455 sl
e A decoder. ey Ko
- &
il B
2 "
nn = R
Ll
_|[o | o] '
~ @
-~ @




Fill in the timing diagram according to the following setup: QL ST a0l Lzt "ST

What does this setup do? S s ey 150
Modulo 8 counter 8 s sl

Qo

Q1

Q2




Quiz n°7

So let’s consider the FG flip-flop, defined by the following truth table.
daad] ez O Al FG O L)

Fl G| QF
010 0
01 @
1101 @
111 1
Provide the complete truth table and construct the dauly 5, JAL S 2l | Jyos (“'"J‘
circuit using only NAND gates. sy NAND Jodl i Syl

Complete the timing diagram according to the fol- < .
lowing cases, AV OV e el Ll )

and provide the truth table for each case. Al ﬁ ALl dyder Ll

a. FG is asynchronous.
b. FG is synchronized to the rising edge.
¢. FG is synchronized to the falling edge.

Provide the complete truth table and construct the circuit using only NAND gates.

Karnaugh map

NTF[G[QOF .
0lo0l0]0] 0

1 olol1 0 00 01 11 10
21010 1 —
30110 o 00| o0 |[1
411001 a

5 11010 1 [ 1] o (1 [
6 1 1]/0 1

7010111

QT=FG+FQ+GQ
QT=FG+FQ+GQ

Qt = (FG).(FQ).(G.Q)
Qt=(F1G)](F1(D1Q)(GET(DTQ)

Complete the timing diagram according to the following cases,

and provide the truth table for each case.

a. FG is asynchronous.
b. FG is synchronized to the rising edge.
c. FG is synchronized to the falling edge.

Truth table (Asynchronous case)



F|G]| Qf
0,01 0
01 @
10| @
1)1 1
Ck
F |
G

Qasyn r

Truth table (Synchronized to the rising edge case)

Ck | F | G| QT
0/1 X | X || Q
100 0
ol 1] Q
1] 0] Q
F 1)1 1
Ck
F |
G
Qm’se e
Truth table (Synchronized to the falling edge case)
Ck | F G| QT
0/1 X | X || Q
L 100 0
T 01| Q@
T 10| Q
1)1 1
Ck
oo
G
Qfall

160




Global diagram

Ck

F |

G I

Qoo | J

Qrise R —

Qfat — .

161



Consider the UV flip-flop, defined by the following truth table.

O
+

UV
010
01
110
171

Qo

Provide the complete truth table and Create the
circuit using only NOR gates.

Complete the timing diagram according to the fol-
lowing cases, and provide the truth table for each
case:

a. UV is asynchronous.
b. UV is synchronized on the rising edge.
c. UV is synchronized on the falling edge.

Wad] Jyag 2 Al UV oS! L)

bigl & ol QB aaad) Jyae Ll
Lz NOR ahly
Y OV o o) Lalait) T
Al 22k Jyde Lel,
.w\‘;\ﬁj)c M) a.
el k) we cple OO by
AU ) we el O c

Provide the complete truth table and Create the circuit using only NOR gates.
L5 NOR aauly 32l & 65l JoB01 aaad) Jyte Las

%

el el =N el @)
—_—_ 0 ol =oolJd
— o = ol or ol
t—lO»—l»—tOO}—‘O‘Q_i_

N O U W NN = O

QT =U+Q).U+V).(V+Q)

QT =U+Q).U+V).(V+Q)
QT =(U+Q)+U+V)+(V+Q))
QT=(ULQLULVIV)LI(VIV)IQ)

Karnaugh map

o] o) 1 (o]0

1 1 1 1 0

C
00 01 11 10

We use the second canonical form to work
with NORs.

.NOR

Sl el Y GUI G S Jarid

QT =U+Q).(U+V).(V+Q)

Uuv

[*

Complete the timing diagram according to the following cases:

and provide the truth table for each case.

a. UV is asynchronous.

162



b. UV is synchronized on the rising edge.

c. UV is synchronized on the falling edge.

Ck

Qasyn

Qrise

Qfall

Truth table (Asynchronous case)

U | V] Qt ‘
001 Q
01 0
110 1
111] ¢
Ck
U
| /A —
Qasyn

Truth table (Synchronized to the rising edge case)

Ck [UV]QF
0/1 X X || Q
Flolo| @
Flol1] o
S l1]o 1
11 Q

163



Ck

U

|2 S —

Qm’se e
Truth table (Synchronized to the falling edge case)

Ck Qr

0/1
T
L
L

— o = O X<
OroLO

Ck

U

| /2 —

Qfatl  — |

Globale

Ck

U

Vv N

Qasyn

Qrise R —

Qfat —— |
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List the applications of flip-flops. S ol s §3)

Recall the truth table of the flip-flop used in the

circuit.

Complete the timing diagram according to the fol-

lowing setup:

Record the information (Q2Q1Qp) at each instant.

S A G Joted| O3 1AL Jyag 53
sl

M S e GV ) L) 1
(Q21Qo) wsl k- K 3 e

What does the circuit achieve? S A M o 3L
Qo Q1 Q2
E Q D Q D Q
Qp- Qp- Qp-

Applications of flip-flops

clock

Counters, registers, memories.

SISy SVomdly clslaadl (b Sl

Recall the truth table of the flip-flop used in the circuit. .Sl d Jermlh OVl 2z ad | Jyug fs

el

Truth table a2zl Jyds

Ck D O
0 | X | Qi1

10 0

I | 1

Complete the timing diagram according to the following setup: S cwem GV oo f) bk fi

atd
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Record the information (Q20Q1Q0) at each instant.

Ck
E
Qo
Q1
Q2
N°[Q21Q1 Qo
0, 0] 010
1001
20 110
3/ 1/0 0
47001
500110
6|10 1
71011
0 1] 10

What does the circuit achieve?

Shift register

166
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CIRRNY Quiz n°10

The CD flip flop, defined by the following truth table.

il Jydg O all CD M L

' C | D] Qf
010 1 |settol
0|1 @ | memory
10| @Q | switch
1|1 0 | reset

Provide the complete truth table and create the
circuit using only NOR gates.

Fill in the timing diagram based on the following
setup:

Record the information (Q2Q1Qy) at each mo-

ment.

What does the setup achieve?

Qo

Vee=1 Vee=1

gl & ol QB aaad) Jyie Ll

L NOR aholy

FA S A e GV o)) L) T
(Q2Q1Qu) %efull Ak 5 3

clock

Grnd =0 Grnd =0

NOR dasl la 321 & 63l Jo801 a2k} Iyl Las

L%
N[C[D[Q]QF
0000 1
1lolol1] 1
2 0/ 1,0 0
3o/ 111
417001
51,01 0
6 |1]1/0] 0
71111 0

S A s Jam 130
Q1 Q@2
Vee=1

Q t C Q

Grnd =0
Karnaugh map

D@
00 01 11 10

0 1 1

@

@

0| lo)

We use the second canonical form to work

with NOR gates.

NOR &bl ks &Y GBI 3501 K2l s
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RQT=(C+QD+Q)
RQT=(C+QD+Q)
QT=(C+Q)+(D+Q)
QT=(C+Q) 1 (D+Q)
Qt=(C1lQ)L(DlQ)
QT=(C1C)L(QLQ)L(DLID)LQ)

M A e S o)l L) T

Ck
Qo
@1
Q2
Record the information (Q2Q1Qo) at each moment. Logall il K 3 :}g
N° [ Q2 Q1 Qo
0 0 0 0
1 0 0 1
2 0 1 0
3 0 1 1
4 1 0 0
5) 1 0 1
6 1 1 0
7 1 1 1
0 0 0 0
1 0 0 1
2 0 1 0
3 0 1 1
4 1 0 0
What does the setup achieve? S AN ey 1306

Modulo 8 counter, counts from 0 to 7.
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Chapter 10

Exams I HEN
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Al Exams S lwel

INRARE Subject n°1

Exercise n°1 (10pts[1.5, 2.5, 1.5 ,2.5, 1.5])
A factory manufactures products, which must undergo a conformity test for criteria such as weight,
size, color, and odor.

o If the product is free from manufacturing defects, it is classified as “first choice”.
o If the product has only one defect, it is classified as “second choice”.
e If the product has two defects, it is classified as “third choice”.

o If the product has more than two defects, it is rejected.
Design the logic circuit that sorts the products according to quality and manufacturing defects.

o Inputs/Outputs

e Truth Table

e Numeric Canonical Forms
e Simplification

o Logic Diagrams

Uy Oty 21y 0390 lal 2l A1, 0l o1y 031 lal Bl Sl Slaxll 512 0T (2 ¢ Ol e

SNSRI e 6 e G 4 ¢ i) e o UL ) OF7 13
SO el e G daly (e gl 3 OKT 13 -

S SLLT 6T e ity 4 ¢ Ol 4 gl OET 1] -
.m,ggcww;shémo{\s\‘.

el Oy pal) Oy B3 e Szl 5 ) A 5,01 521

@t's'-, Jelde
il Jyd -

L) a5l ISy .
Lol -

Lbzt| .

Exercise n°2 [4pts]
Redo the circuit from exercise 2 using multiplexers only.
b Old plisal 2 5@ e 31 el

Exercise n°3: [6 pts (1, 2, 1.5, 1.5)]
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Consider the JK flip-flop.

Recall the truth tables of the JK flip- ﬂ.c OO Lo
flops

Sall waadkl Jyae $3 [0
Complete the timeline according to the = ) 55 33

following cases LV OV o 3o ) Lalast| J{T
a. JK is synchronized on the rising Gaelall 3 dl e pelie M A
edge. B ’

AU AL ke elie O b,
b. JK is synchronized on the falling DUl e v '
edge.
on rising edge saclall Lt

Ck

on falling edge AU At

Ck

y |

Q|




INRY Subject n°2

Correction

Exercise n°1 (9pts:[1, 2, 1, 2, 2, 1])

We want to create a circuit that finds the
greatest divisor of a 4-bit binary number (ex-
cluding itself).

Create the circuit.

Input/Output

Truth Table

Canonical forms

Simplification using Karnaugh map

Express simplified outputs using only
NAND gates

]E Draw the logic diagram wusing only
NAND gates

Exercise n°2 (5pts)

A 358 Wl

4 e 05 St sud S ) s 5l g
(s o) Sy
agalall 5,1l <]

¥ Jol

Wil Jyue

L) 2, Il

5,6 gz L)

L3 NAND o s Zasall )31 oo e
L35 NAND <y, bl ) [§

Redo the circuit from exercise 2 using a decoder and a minimum of logic gates.

Al S e oK e B ey e plasnal 2. R 50 ~ el

Exercise n°3: (6 pts:[2, 2, 2])
Let’s define the XY flip-flop by the following
truth table:

k] Jyag Al XY ol Lo

X
0
0
1
1

— o~ oK

- Q0o Q

Complete the timing diagram for the fol-
lowing cases, and provide the truth table
for each case:

a. XY is asynchronous.

b. XY is synchronized on the rising
edge.

c. XY is synchronized on the falling
edge.

Jsder bely 12 OV o ol Lkt T
o K 2l

el e M a.

saclall 4l de el NI b,

WU Bl de pelie SN c.




Chapter 11

Exam Solution Slbee ¥ J gl

173



Exam Corrections

INRANE Solution of subject n°1

Exercise n°1

Slloe) J gl

Inputs and outputs definition C)l's‘-b Je Al Gy

o Inputs J&ldl:

e Outputs C)BH

— Weight A:

— Size B:

— Color C:
— Smell D:

"has a defect’ denoted 1
"has a defect’ denoted 1
"has a defect’ denoted 1
"has a defect’ denoted 1

— First choice C1:

'yes’ denoted 1

— Second choice C2:
— Third Choice C3:

— Rejected R:

Truth tabledaad! Jyis

'yes’ denoted 1
'yes’ denoted 1

'yes’ denoted 1

'N°|A|B|C|D|C1|C2|C3 R|
ojojlojofjof 1][o]o0]oO
1jojo/0o/1]0 1|00
2 /001,001 00
3J0(0(1]1fo0o]o0]1]0
alol1/ofofof1]o0]o0
5/0/1(0/ 100 10
6 01 1]0|0]0]1]0
701110001
gl1lololof o] 1]0]o0
9 /1001|0010
101,010 00 10
1mj1rjo/1/1/]0,0 0|1
12/1/1lojof o]0 o0]o0
B/1 10100 0]1
411,100 0 0|1
511,110,001

4| Karnaugh map 24,5 Lhz
5

174

'no defect’ denoted 0
'no defect’ denoted 0
'no defect’ denoted 0
'no defect’ denoted 0

'no’ denoted 0
'no’ denoted 0
'no’ denoted 0

'no’ denoted 0

Canonical forms ;54| JE2NI

. C1=Y[0]

. O1 _
T101,2,3,4,5,6,7,8,9,10,11,12,13, 14, 15

. C2=Y[1,2,4,8]

. C2 —
110,3,5,6,7,9,10,11,12, 13, 14, 15]

. C3=1Y[3,5,6,9,10,12]

« C3 =
[100,1,2,4,7,8,11,13,14,15]

« R=131[7,11,13,14,15]

o R =
I100,1,2,3,4,5,6,8,9,10,12]



¢ Function C1 e Function C2
CD CD

00 01 11 10 00 01 11 10

00 (1] o 0] o0 00 | o (1] o |[1]
ot 0o 0o 00 ot (1] o 0| o0

AB AB
11 0 0 0 0 11 0 0 0 0

00,001 0 10 (1) o] 0o

Simplified form L.l Ll Simplified form M\_JQIJ\

Cl = a.b.ed C2 = a.b.e.d+a.b.e.d+ ab.c.d+ a.b.cd
o Function C3 .
D e Function R

CD
00 01 11 10

001 010 0 0| 00|00
ol 0 ot o o ([1]l o
1 0100 " 1| oo (1 [[1]] 1
1010 0 0 00 [1]] o0

00 01 11 10

AB

Simplified form Lul! 8l
C3=abed+abed+abed+abed+abed+
a.b.c.d

Simplified form Lul! Kl
R =a.bc+abd+a.cd+b.cd



Simplified forms L.l Kzl e Logic diagram aak:ll &llakz|

— Cl=a.bed
A B D
_ _ _ _ _ (11 ][]
— Cg = a.b.c.d + a.b.cd + ab.cd +
a.b.c.d
— C3 = a.b.é.d+ ab.cd+ ab.ed+
a.b.c.d+ a.b.c.d + a.b.c.d

— R=abc+abd+a.cd+becd

Exercise n°2

Repeat the circuit from Exercise 2 using the multiplexers only.
L Sl plasnil 2 B e 51 el

o i Jydas Moo 16 (53 C;i\ S8 STd & LW Il i e e L) ods 4
Lo )

gy gl oo B F catiie gy Sode 16 (65 pasd) K02 ST

Block diagram for 16 bits multiplexer 1416 C:sl- Ceonal| Lalazt|



C: ”
C —
ci Mux 16 to 1

Co

Truth table for 16 bits multiplexer 1416 C; i Jyde

N

03‘02‘01‘00”5mux‘

el
el
e2
ed

ed
eb
eb
e’

e8

e9
el0
ell

el2
el3
el4d
eld

[an}
[an}
[es}

0
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15

0
0
0
0
0
0
0
0
1
1
1
1
1
1
1
1

=== = O 0000 | R EEE]IOOO
— = O O — = O O | == OO e )
_— OO P OO | PO, O| RO

o

Corresponding truth table il i Jyds



N [A[B|C|D|Cl]|C2|C3 R Spu |
0 0/0]00 1 0 0 0 el
1 001011 0 1 0 0 el
2 0/0]1 0 0 1 0 0 e2
3 00111 0 0 1 0 e3
4 0O/ 1100 0 1 0 0 ed
) 0O/ 1]0]1 0 0 1 0 eb
6 O/1]10 0 0 1 0 eb
7101111 0 0 0 1 e’
8 170]01]0 0 1 0 0 el
9 11001 0 0 1 0 e9
101 ]0]11]0 0 0 1 0 el0
111011 0 0 0 1 ell
121111010 0 0 0 0 el2
131110711 0 0 0 1 el3
1411110 0 0 0 1 el4d
51111 0 0 0 1 elb

Quality Control Circuit
1000 0000 0000 0000
A —
B—> Mux 16 to 1
C—»
D—»
Ci1
0001 0010 0110 1000
A —
B> Mux 16 to 1
C »
D—V
C3

Exercise n°3

On rising edge

—
=~
co

g
.
g
:
saclall 3l



Ck

Q

Q I
On falling edge AU adl

Ck

; |

Ql
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IR Solution of subject n°2

Correction A58 4l

Exercise n°1 (9pts:[1, 2, 1, 2, 2, 1])
We want to create a circuit that finds the
largest divisor of a 4-bit binary number (ex-

cluding itself). 4o 055 L}L'f s ST (WLEJ\ ng 5l Pl
Create the circuit. (s ) Oy
2kl 5,100 4]
Input/Output ; Ml =
2, |&! 1
Truth Table o
k) Jye
Canonical forms i .
L)) 2,0 I
Simplification using Karnaugh map O Jyit ot
Express simplified outputs using only L NAND o) i :,1;.31 GJQ_\ o ;\c

NAND gates
L35 NAND @l L o) [
@ Draw the logic diagram using only

NAND gates

Inputs and outputs definition C)l's‘-\} Jelll Gy

o Inputs J&ldl: a 4 bits number N = (ABCD)s

o Outputs C)lé\ The largest divisor PGD(N), 3 bits because PGD(15) = (5)10 = (101)2 and
PGD(12) = (6)10 = (110)»

Truth tabledaad! Jyds

' N°|A|B|C|D| PGD| S2]|S1|S0|
ofojojolo| X [X]|X|X
Llojojo 1| 1 00 1
2 0[0[1]0] 1 010 1
3Jo0joj1]1] 1 001
alof1]olo] 2 010
500101 1 001
6|01/ 1,0 3 0|1 1
Tlol1 11 o1 001
g l1][ofofo| 4 100
9100/ 1) 3 0|1 1
10/1/0 1[0 5 1101
1,011 1 001
121100 6 1 1]0
Bl 10 1] 1 001
41,110 7 111
51, 11]1] 5 1101

Another Solution T J=
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\N°A\B\C\D\PGDHSHSHSO\
ofjofolo]o X | X
1 ,0/0[0]1 X | X
1501111 01

.1111,\111d,.\=L\<3;.\c,{\f;V\M\ Bl Ko

Canonical forms ;53\ JENI

« First canonical numeric form; J,Y! AN G L

— S2(A, B, C, D) = ¥[8, 10, 12, 14, 15]
— S1(A, B, C, D) = Y[4,6,9,12, 14]
— SO(A, B, C, D) = 5[1,2,3,5,6,7,9,10,11, 13, 14, 15]

« Second canonical numeric form; J&I 2 4@ Kl

— S2(A, B, C, D) =[][1,2,3,4,5,6,7,9,11,13]
— S1(A, B, C, D) = [][1,2,3,5,7,8,10, 11,13, 15]
— SO0(A, B, C, D) = [[[4,8,12]

Karnaugh map 4,8 Lhz

e Function S2 «\4! o Function S1
CD CD
00 01 11 10 00 01 11 10
00 X 0 0 0 00 X 0 0 0

oLl 0o 0o 0 o0 ot 1]l 0o | o |[1 ]
AB AB
100 1/ 0o o |1 10 | 0 0 0

Simplified form L.l Kl Simplified form L.l Kl
S2 = a.d+ab.c S1 =b.d+a.b.cd



e Function SO 4\4!
CD

00 01 11 10

00 | X 1 1 1

01 0 1 1 1
AB

11 0 1 1 1

10 0 1 1 1

Simplified form L.l Kl
SO0 =c+d

Simplified forms

« S2(A, B, C, D) = a.d+a.b.c
« SI(A, B, C, D) = b.d + a.b.cd

« SO(A,B,C,D)=c+d

@ NAND forms Logic diagram akd| olakz|
:ﬁ.a;b.c A B CD
—(@td)t(atbto) ool
— (et (@1 d)](@tbte)

e S1(A, B, C,D) = b.d+a.b.c.d =b.d+ a.b.cd

b.d.a.b.c.d
=Bt dtd)](at®1b)1(cte)td)

« SO(A,B,C,D)=c+d

—2d %

=Tt (dtd)

Exercise n°2 (5pts)
Redo the circuit from exercise 2 using a decoder and a minimum of logic gates.

) S e (Ko e Bl sy i plasnaly 2 91 5515 ~ ol
Corresponding truth table
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IN°|A|B|C|DJ|S2|sr|s0| S0 S1 S2 S3|S4 S5 S6 S7|S8 S9 S10 SI1|S12 SI13 S14 SI5 |
olojlojlololl X | X | X 1 0 0 0o0lo0o 0 O O0]O0O 0 o0 0 0 0 0 0
1 0,001 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2 10(0l1]0] 0] O 1 0 0 1 o/0 O 0 O|lO O O 0 0 0 0 0
310lofl1]1] 010 1 o 0 0 1,0 0 0 O0Ol0O 0 O 0 0 0 0 0
4 10, 1]701]0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0
510(1l0]1] 010 1 o 0 0 o0/0 1 0 O0Ol0 0 O 0 0 0 0 0
6 0|1 1]0 0 1 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0
7001111 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0
l1]lolofol] 1 0 0 o 0 0 o/l0 0o 0 Oo|l1 0 o0 0 0 0 0 0
9 17001 0 1 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0
01,07 17]0 1 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0
mwlj1lol1]1] 0] o0 1 o 0 0 O0O/0 O 0 O|lO O O 1 0 0 0 0
121,110/ 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0
Bl1l1lo]1] 00 1 0O 0 0 O0O/0 O 0 O|lO O O 0 0 1 0 0
Mdl111]0] 1 1 1 o 0 0 0|0 O O 0|0 0 O 0 0 0 1 0
5|11 /1/1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

We notice that:

. S2’(A, B, C, D): 2(8, 10,12, 14, 15) = 2(88,810,512,514, 515)
° Sl’(A, B, C, D): 2(4,6,9, 12, 14) = 2(54, 56,59,.512, 514)
° SO’(A, B, C, D): 2(1,2,3,5,6, 7,9,10,11,13, 14, 15)
= Z(Sl, S52,53,55,56,57,59,510,511, 513, 514, 515)
= T1(50, $8,512) = S0 | S8 | S12
A B C D
Decoder 4 to 16
So S1 S2S; S4Ss S6 Sy Ss So S10S1, S 12 S1z S1a SN
S’
Yvy
Yyvyyy S
YYVYY S’
Greatest Dividor

Yyvyy

Exercise n°3 : (6 pts:[2, 2, 2])
Let’s define the XY flip-flop by the following

truth table: i) Jyut O Al XY YN L)

— = O o ¥
— o = oK
— QloloQ
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Complete the timing diagram for the fol-
lowing cases, and provide the truth table Jyos ‘Lw@ 2N YW . o)) Lkt fi

for each case: e ﬂ 2l

a. XY is asynchronous. .. .
O,atm B ;.)W‘ a.

sacl | 2| s el O b,
U 2w el O c.

b. XY is synchronized on the rising
edge.

¢. XY is synchronized on the falling
edge.

Truth table (Asynchronous case)

XY | Qt
ololl o
011 @
110 @
1)1 1
Ck
X
Y
Qasyn L

Truth table(Synchronous case on the rising edge)

O
+

N
— O R O X
— QQe O

C

o

b

Y

Qrise e

Truth table(Synchronous case on the falling edge)



O
+

— O R~ O XK

— QIO o O

Ck

Y

Qfall
Global

Ck

X

Y

Qasyn

Qrise

Q ranl

Ut
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Appendice A | Gode

T ) L1 el I 5l) 51l ol ) e 3208 s

IPXRE Books s

+(2012 Zerrouki,) http://nibras.sf.net Ll Catll Slalball s pls OF -
o Ait-Aoudia Samy, Architecture des systémes informatiques, OPU, 2012, (Ait-Aoudia, 2012).

o Drias-Zerkaoui Habiba Introduction a I’architecture des ordinateurs, OPU, 2003 (Drias-Zerkaoui,
2003).

o M.C. Belaid, Algebre de Boole et Fonctions Logiques, Pages bleus, 2007 (Belaid, 2007a).
o M.C. Belaid, Circuits Logiques Combinatoires et Séquentiel, Pages bleus, 2007(Belaid, 2007b).

o Souag Nadia, Logique combinatoire: Exércices corrigés (Souag, 2013),

IPVAIWA Courses online gp&sj S BE)

o Computer science courses by Taha Zerrouki: http://infobouirauniv.wordpress.com (Zer-
rouki, 2013)

o Cours Structure machine par Hakim Amrouche http://amrouche.esi.dz (Amrouche, 2021)
o TD et Examen par Pr. Amar Balla: http://balla.esi.dz/ (Balla, 2021)

o TD et Examen par Kara Abdelaziz: https://www.el-kalam.com/ (Abdelaziz, 2022)

e http://www.allaboutcircuits.com/

e DZuniv Le paradis des étudiants https://dzuniv.com/

IPKIRY Youtube Channels Sy Mo b ey

https://www.youtube.com/Qtaha.zerrouki (3s,) 4b ,sSl 5l3 .1 »

L2aVin gy —
2ias A Sl b —
30V i U, ) 2 machine Structure -

Il Software Ola s i\,,

http://nibras.sf.net il catl Olbdbaall Js i pls gl »

o Multimedia logic simulation software http://multimedialogic.sourceforge.net/

https://wuw.youtube.com/playlist?1ist=PL6rWyhpXGJImdxzoRZXGh5CTC4A3dF860T"
https://wuw.youtube.com/playlist?1ist=PL6rWyhpXGJmdNW1tljgNu5etFrLNZElaI?
https://www.youtube.com/playlist?1ist=PLUfAL3A5C7Tu3BfmPdawyTIuwEDsJ1izV?


http://nibras.sf.net
http://infobouirauniv.wordpress.com
http://amrouche.esi.dz
http://balla.esi.dz/
https://www.el-kalam.com/
http://www.allaboutcircuits.com/
https://dzuniv.com/
https://www.youtube.com/@taha.zerrouki
https://www.youtube.com/playlist?list=PL6rWyhpXGJmdxzoRZXGh5CTC4A3dF86OT
https://www.youtube.com/playlist?list=PL6rWyhpXGJmdNW1tljgNu5etFrLNZE1aI
https://www.youtube.com/playlist?list=PLUfAL3A5C7Tu3BfmPdawyTIuwEDsJlizV
http://nibras.sf.net
http://multimedialogic.sourceforge.net/
https://www.youtube.com/playlist?list=PL6rWyhpXGJmdxzoRZXGh5CTC4A3dF86OT
https://www.youtube.com/playlist?list=PL6rWyhpXGJmdNW1tljgNu5etFrLNZE1aI
 https://www.youtube.com/playlist?list=PLUfAL3A5C7Tu3BfmPdawyTIuwEDsJlizV

Glossary

Jﬂﬂ

) 3 6»\).\8\ CLWU alks slel » - V) yslad Uy O an Slbdbaall sl LFgp /LS'“J’/CSJ‘J“ (Olodall 426
(2013 Zerrouki,) ,(2012 Zerrouki,) ,(2004 s Slulydl & paasdd) 22D J) 4y ull) (1990 ,(}L;U LA LIl

12.1.1 YA RCPE R RIS TR

Automatic [Automatique] A
Initialization [Initialisation)] oz
Alphabet [Alphabet] Lz
Meeting [Réunion] sl£
Retain [Retenir] L L)
Inclusion [Inclusion] o) g1
Contact details [Coordonnées| ollus!
Choice [Choiz] Sl
Selection [Sélection] Sl
Encoder [Encodeur] PN
Multiplier [Multiplicateur] (olsly) o2 AN
It [1f] 15)
If [S] 56 13)
o [Donc] 03l
Transmission [ Transmission) Jl |
Shift [Déplacement] a1yl
Base [Base] 50 (ol
Replacement [Remplacement] Jiadul
Restitution [Restitution] gl Al
Restore [Restituer] el ol
Involvement [Implication] ok
Identifier [Identificateur] () fw\
Signal [Signal] syl
Convention [Convention] las!
Lower [Inférieur] ij
On the other hand [D’autre part] e 5,/ J| %ls)

S A e [N
Reset [RAZ ( remise d zéro)] (e
Implementation [Mise en ceuuvre]

Configuration [Configuration)

Give [Donner]

o o

Restriction [Restriction] Slas)
Read [Read) i 3l

Superior [Supérieur] uﬁ,{T
Acquire [Acquérir] S
The numbers of significance [Chiffres significatifs]
ANRURGAES ¢b)‘>(\

Optimal [Optimal] (J.,a;\(\) Ji:\/\
Algebraic structure [Structure algébrique] W

W adl

188

) il J) 3sk)

slae|

ke c‘ﬁ,}i colslael

Algorithmic [Algorithmiquel Ol gl
ASCII [Ascii]  legall Jald 2L31 15 V1 52201
Fixed point [ Virgule fize] FEAC AW P
Float point [Virgule flottante] TN RAWAP
Determining [Déterminant] EREY
command [Commande] FA Cladkes — /T
Realization [Réalisation) S
Perform [Effectuer] i3 }T
Decrease [Diminuer] uaL ua.mi
Optimization [Optimisation] J.«a\(\ sl
Rest [Reste] db
Modular [Modulaire] %l
Gradually [Au fur et a mesure] - @tﬂl" -1
el

Obvious [Evident] f\ s ¢t
Sub-program [Sous-programme] Sp i\s P
Demonstration [Démonstration) Ola
Label [Etiquette] Bl
Dimension [Dimension] (:L’ui) A
Dimension [Dimension] (;\J) A

Access [Accés)

Js5 s ctj\;
Article [Article] A

Machine structure [Structure machine] P
(<4

Data [Données] Sldars (bl
Influence [Influence] P
Compilation [Compilation] ey - (ol —u.);b
Divergence [Divergence] Llo

Permutation [Permutation]
Commutative [Commutatif]

o
(LA Je) ple

Series [Série (en série)

Compatibility [Compatibilité] o3 ¢ S
Association [Association] C.S
Associative [Associatif] s
Update [Mise a jour] sz-””'
Editing [Edition] N e g
Conversion [Conversion] JsZ
Assignment [Affectation] oAt

Flow [Flux] PN
Verification [ Vérification]



Recursive [Récursif]

Recurrence [Récursivité]
Order [Ordre] g
Modulo (mod) [Modulo (mod))

Composition [Composition] S
Designate [Désigne] Jos
Coding [Codage] e
Notation [Notation] s
Growth [Croissance] Al
Power supply [Alimentation] Ll - ey
Record [Record] P\
Management [Gestion] 5,05) - _pd
Statement [Déclaration] Ode| ¢4 a5
Design [Conception) );,43' o
Application [Application] Gy
Expression [Ezpression) sle s
Enumeration [Enumération) sl

Definition [Définition] S

Comment [Commentaire] A
Instruction [Instruction] PR
Fork [Branchement] ¢A
Decomposition [Décomposition) Ay
Intersection [Intersection] CLL::
Equivalence [FEquivalence] 55
Symmetrical [Symétrique] G bl
Coordination [Coordination] " Gl
Execution [Ezécution) Sl cdas

Parallel (in parallel) [Paralléle ( en paralléle)] ¢y

(A k)

Directive [Directive]

(©lexs) 45

Distributive [Distributif] Y
Combination [Combinaison] Wb §
Combinatorial [Combinatoire] S5
Stream [Courant] v
Constant [Constant] Ny
Secondary [Secondaire] <5t
Secondary memory [Mémoire secondaire] Y By
Byte [Octet] EME, (\S)T ol
Binary [Binaire] ale
Arroy [Array] Jyde
Table [Tableau] Jyde
Truth table [Table de vérité] — (ghw) Waadl g
Root [Racine] e
Square root [Racine carrée] S ol
Cubic root [Racine cubique] L;,_&),\a.
Module [Module] ) s
Part [Partie] s
Addition [Addition] o
Device [Dispositif] o}i» - Sl
Computer [Ordinateur] O gl

PC Personal Computer [Pc personal computer]

2 ol

Quotient [Quotient] deed) ool
Case [Cas| |
Term [Terme] A
Limit [Borne] b s

Character [Caractére]

(S2) oo /em~
Field [Champ] 2

=

Real [Réel] s
Solve [Résoudre] :}4 J=
Loop [Boucle] Wl
Memory space [Espace mémoire] — daw ) 513 e
(5571

Particular [Particulier] ool
Store [Stocker] 0% q:;.
Line [Ligne] s
False [Fauz] s

Iteration [Itération]
Linear [Linéaire]

s
s

Cell [Cellule] s
Circuit [Circuit] a,ls
Sequential circuit [Circuit séquentiel] T 50>
Logical circuit [Circuit logique] iakate 54ls
Function [Fonction] Als
Exponential [Ezponentiel] oY Al
Sinus [Sinus] e Als
Degree [Degré] iy
Check [Vérifier] B B>
Hint [Indice] M
Rotation [Rotation] Olygs
Cycle [Cycle] 5593

Memory [Mémoire] 5513
RAM (Random Access Memory) [RAM (random

access memory)] L}\}i«)\ gl 5513
Rom (Read Only Memory) [ROM ( read only

memory)) L 5:) 55513
Central memory [Mémoire central] L5, 8513
Significant [Significatif] ESRE
Header [Entéte] (e ) WA
Rank [Ordre] Eg
Rank [Rang] i
Digital [Numérique] S
Bit (Binary Digit) [Bit ( binary digit)] é\: 3
Symbol [Symbole] 3

Synchronize [Synchroniser] o el
Time [Temps]

oo
Couple [Couple] Gl )
Even [Pair] )
Static [Statique] ‘;’{Lﬂ
Negative [Négatif] Al

Register [Registre]
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Line [Ligne]
Capacity [Capacité]
serie [Chaine]
Semiconductor [Semi-conducteur] 4 o Iose 4
b

Charge [Charge] o]
Condition [Condition] A b
Shape [Forme]
Formal [Formel]

Object [Objet] O -
Configure [Configurer] Xl tle
Design [Concevoir] );as -

Industrial [Industriel] Flo
TRUE [ Vrai] i (Ol
Image [Image] ) 890
Formula [Formule] EESS
Multiplication [Multiplication] < 2
Multiplication [Multiplication] (olsly) o2
Printer [Imprimante] il

Natural [Naturel]
Substraction [Soustraction]

Manner [Maniére] @
Method [Méthode] @ b
Way [Fagon) @ b

Overflow [Débordement]

(0lad) geib

To treat [Traiter] gl
High [Haut] Jdl
Operand [Opérande] (P) b
Factor [Facteur] (;}/a\f«) el
Vector operator [Opérateur vectoriel] £l Jalo
Express [Ezprimer] J:,u" e
Number [Nombre] sk
Integer [Entier) == ke
Integer [Integer] sde

BCD: Binary Coded Decimal [BCD: Binary Coded

decimal] étﬂ\ rLE;J\ L} "/w‘/ S e sk
Random [Aléatoire] Syie
Random [Random] alsie
Organ [Organe] et
Relationship [Relation] B
Respectively [Respectivement] s Al ke
Operation [Opération] e
Column [Colonne] 54
Address [Adresse] Ol g
Mean [Signifier] BN

-

Asynchronous? synchronous [Asynchrone ¢ syn-

chrone] e ?oelie e
Undetermined [Indéterminé] sd2
Mouse [Sourie] 5,0

190

Odd [Impair]
Assumption [Hypothése]
Action [Action]
Effective [Effectif]

g2
Lo p
S -

e

Decoding [Décodage] e Al o
Concerning [Concernant] o2z L
List [Liste] ik
Reducible [Réductible] dizeN 6
Divisible [Divisible] el e
Rule [Régle] 3cs

Law [Loi] 05

Canonical [Canonique] Q56
Division [Division] e
Euclidean division [Division euclidienne] dod
LAk

Flip flop [Bascule] Ll - g;%
Writing rules [Régles d’écriture] W& el B
Normalized [Normalisée] Caolge - ol
Value [Valeur] e
Maximum [Mazimum)] (S had
Block [Bloc] &

w

)ﬁ.)
35

Electric [Electrique] ab &

Constitute (it constitutes) [Constituer (il con-

Repeat [Répéter (repeat)
Spherical [Sphérique]

stitue)] d;ﬁi 0;5
For [For] J,T o S
While [Tant que] ol Le
Indicator [Indicateur] L p- A%
Buffer [Tampon] C,g}
Direct [Direct] J.Z/L/a
Origin [Origine] Te
Successive [Successif] CL.A
Suite [Suite] 3l
Homogeneous [Homogéne] ol

Synchronous? Asynchronous [Synchrone ¢ Asyn-

chrone] elie e 7ol
Transitive [ Transitif] (Gdnze
Complement [Complément) (..:.u
one’s complement [Complément d un] 4| - (,.:::

A1)
Two’s complement [Complément Vrai d deux) (o

P

Alternate [Alternée] Calze
Interval [Intervalle] Jiz
Sum [Somme] g5
Set [Ensemble] ic,#
Got [Obtenul ade J,,;s.
Outputs [Sorties] Sia
Buffer [Buffer] CBhe O



Buffer [ Tampon)]
Diagram [Schémal
Entry [Entrée]
Integrated [Intégré]

Cd5e O

Feos ey = bh2
J;.\,\»

#o

S

3l

Conjugate [Conjugué]
Corresponding [Correspondant]
Peripheral devices [Périphériques]
(e )

dependent [Dépendant]

Related [Lié] Lo
Attached [Muni) 5 B
Complex [Complexe] Ains —J L
Coder [Codeur] (e A S\JT) w"lxi
Disadvantages [Inconvénients| £6 gl
Equality [Fgalité] 3 ylune
Stable [Stable] :,2...“»
Continuous [Continu] Jecom
Level [Niveau] (S s
Identical [Identique] L;;U;u
Identification [Identification] %) Je <% - dalke
Equation [Equation] Wsles
Reciprocal [Réciproque] oS e
Microprocessor [Microprocesseur] Aoas e
Treatment |7Traitement] idlas
Coefficient [Coéfficient] Jolae
Null [Nul] podns
Comparator [Comparateur] (%)l S\:T) ())Lli
Comparison [Comparaison] ELJ;LL
Article [Article] Jlae
Resistance [Résistance] e ylae
Admitted [Admis| J st
Condensed [Condensé] S -
Note [Remarque] e
File [Fichier] ale
Gega [Géga) e
Mega [Méga) Ose
Graph [Graphe] Ol oo

Sequencer [Séquenceur] ek
Boolean [Boolean]
Reflexive [Réflexif]

Generator [Générateur] Ao
Characteristic [Caractéristique] 8y
Driver [Conducteur] Mose ¢ 3L
Impulse [Impulsion] Ll
Result [Conséquence] o

Result [Résultat] dond
Relative [Relatif]

Relatively [Relativement]
Sequence [Séquence] ol e

Text [Texte] o
System [Systéme] ol
Theorem [Théoréme] B
Execute [Ezécuter] J;.T s
End [End] als
Type [Type] £5
Species [Espéce] Wod (fy
And [And) ‘},,o )\)

Else [Else] (oS 4 131) piE

Otherwise [Si non] (uﬁ"{l \al Y\}
Exchange unit [Unité d’échange] Jald) sus s
Control unit [Unité de commande] Sa:l\ o s

ALU (arithmetic and logical unit) [UAL ( Unité

arithmétique et logique)] ghidly olud) susy
Unique/ unitary [Unique/ unitaire] — gdely /Ao
Settings [Parameétres| Ll

Functioning [Fonctionnement]

Function [Fonction] (ale) aik,
Generate [Engendrer] j}i As
Match [Correspondre] Jelr
Note [Note] s d o
Left [Gauche] Sl
right [Droite] 1

Agree (it is suitable) [Convenir (il convient)] wly
Exist [Existe] Ao g
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12.1.2 R IRCP NPT

Access [Accés]
Acquire [Acquérir]
Action [Action]
Addition [Addition]
Address [Adresse] Ol ge
Admitted [Admis) J st
Agree (it is suitable) [Convenir (il convient)] ks

Js edpos cp sk
w‘j{‘

JE -
&

Algebraic structure [Structure algébrique] )
B ]

Algorithmic [Algorithmique] Ol gl
Alphabet [Alphabet] v
Alternate [Alternée] <alze

ALU (arithmetic and logical unit) [UAL ( Unité
arithmétique et logique)) ghidly old) susy
And [And] (Led) 5
Application [Application] Gl
Arroy [Array] Jgde
Article [Article] A
Article [Article] Jas
ASCII [Ascii]  <lodull dold 1l 15 31 5 ,42)

Assignment [Affectation)] gLl
Association [Association) Cﬁ
Associative [Associatif] L
Assumption [Hypothése] Lo )

Asynchronous? synchronous [Asynchrone ¢ syn-

chrone] e ?oelie e
Attached [Muni] - B
Automatic [Automatique] A
Base [Base] sl (ol

BCD: Binary Coded Decimal [BCD: Binary Coded

decimal] L}L’.ﬂ\ eladl 3 f/:/ S A ke
Binary [Binaire] ale
Bit (Binary Digit) [Bit ( binary digit)] L;L-: ;,5)
Block [Bloc] €&
Boolean [Boolean] GUs ¢ fas
Buffer [Buffer] 6,33;&;,3-
Buffer [Tampon] c,g/}a
Buffer [ Tampon)] Ca%e d:,;.
Byte [Octet] EME, ﬂéj ol
Canonical [Canonique] dsb
Capacity [Capacité] G
Case [Cas] A

Cell [Cellule] Y
Central memory [Mémoire central] L5 8513
Character [Caracteére] (S2) oo/~
Characteristic [Caractéristique] 8y

Charge [Charge] s
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Check [ Vérifier] B B>
Choice [Choiz] Sl
Circuit [Circuit] a,ls

Coder [Codeur]
Coding [Codage]

ey
Coefficient [Coéfficient] Jolas
Column [Colonne] 34F
Combination [Combinaison) Wy
Combinatorial [Combinatoire] S5
command [Commande] ;4 Claddws — ‘/i

Comment [Commentaire]
Commutative [Commutatif]

(Lo 5151) o,

Comparator [Comparateur]

Comparison [Comparaison] %,lae
Compatibility [Compatibilité] o3 ¢ S
Compilation [Compilation] Ay - Cadeas —;,L)Lb
Complement [Complément) (e
Complex [Complexe] Aine —Jf
Composition [Composition) S
Computer [Ordinateur] oyl
Concerning [Concernant] o2t Led
Condensed [Condensé] S - S
Condition [Condition] A b

Configuration [Configuration] —¢s ¢ K& «lslae|

Configure [Configurer] Xl fle
Conjugate [Conjugué] 1
Constant [Constant] b

Constitute (it constitutes) [Constituer (il con-

stitue)) O;Q d;f
Contact details [Coordonnées] olilas]
Continuous [Continu] o
Control unit [Unité de commande] I S s
Convention [Convention e
Conversion [Conversion] JosZ
Coordination [Coordination] s
Corresponding [Correspondant] B

Couple [Couple] Bl my)

QS"&)"\"

Cubic root [Racine cubique]

Cycle [Cycle] 5595
Data [Données| Slbane (bl
Decoding [Décodage] YT IROH
Decomposition [Décomposition] A
Decrease [Diminuer] gy ua.aj
Definition [Définition) ey
Degree [Degré] Iy



Demonstration [Démonstration]

dependent [Dépendant]
Design [Conception)

Design [Concevoir]
Designate [Désigne]
Determining [Déterminant]
Device [Dispositif]
Diagram [Schémal

Digital [Numérique]
Dimension [Dimension)

Dimension [Dimension)
Direct [Direct]

Directive [Directive]
Disadvantages [Inconvénients]
Distributive [Distributif]
Divergence [Divergence]
Divisible [Divisible]
Division [Division]
Driver [Conducteur]
Editing [Edition]
Effective [Effectif]
Electric [Electrique]
Else [Else]

Encoder [Encodeur]

End [End]
Entry [Entrée]

o ¢ Bl

J.ii c"};_.w A
.

L
(65415 Y
e AL 3l

il

Jole

Enumeration [Enumération] sl
Equality [Fgalité] 3 ylune
Equation [Equation] Yoles
Equivalence [Equivalence] 55
Euclidean division [Division euclidienne] dod
!

Even [Pair] )
Exchange unit [Unité d’échange] Joldl s
Execute [Exécuter] }T ¥
Execution [Ezécution) S cdas
Exist [Existe] Aoy
Exponential [Ezponentiel] oVl
Express [Ezprimer] J:,u' J:c
Expression [Ezpression) le
Factor [Facteur] (Jolse) ol
False [Fauz] s
Field [Champ] S
File [Fichier] ale
Fixed point [ Virgule fize] LA AW P
Flip flop [Bascule] Ll - ggﬁ
Float point [Virgule flottante] T AWAP]

Flow [Flux]
For [For]

dsx
Job o e S

Fork [Branchement]
Formal [Formel]

Formula [Formule]

Function [Fonction]

Function [Fonction]
Functioning [Fonctionnement]
Gega [Gégal

Generate [Engendrer]
Generator [Générateur]

Give [Donner]

Got [Obtenul

Gradually [Au fur et a mesure]
el

Graph [Graphe]

Growth [Croissance]

Header [Entéte]

High [Haut]

Hint [Indice]

Homogeneous [Homogéne]
Identical [Identique]

'ucy;

- gl -1

Ol ¢ o
o7

(e ) Al

las

Identification [Identification] % 4| Je <% - mUm

Identifier [Identificateur]

1t 1]

If [S7]

Image [Image]

Implementation [Mise en ceuvre]
Impulse [Impulsion]

Inclusion [Inclusion]

Indicator [Indicateur]

Industrial [Industriel]

Influence [Influence]
Initialization [Initialisation]
Instruction [Instruction]
Integer [Entier]

Integer [Integer]

Integrated [Intégré]
Intersection [Intersection)
Interval [Intervalle]
Involvement [Implication]
Iteration [Itération)

Label [Etiquette]

Law [Loi]

Left [Gauche]

Level [Niveau]

Limit [Borne]

Line [Ligne]

Line [Ligne]

Linear [Linéaire]

List [Liste]

Logical circuit [Circuit logique]

(Ge) 2 ol
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Loop [Boucle] Wl
Lower [Inférieur] JMT
Machine structure [Structure machine] AV 4
(=)

Management [Gestion] 5,015) - _pd
Manner [Maniére] @ b
Match [Correspondre] Dol s

Maximum [Mazimum)]
Mean [Signifier]
Meeting [Réunion)

Mega [Méga) O sche
Memory [Mémoire] 3513
Memory space [Espace mémoire] — a ) 51401 e
(5571300

Method [Méthode] @ b
Microprocessor [Microprocesseur] s Flas
Modular [Modulaire] %l
Module [Module] s
Modulo (mod) [Modulo (mod)] — (iewd) 3L) 457
Mouse [Sourie] 5,6
Multiplication [Multiplication] < 2
Multiplication [Multiplication] (Ololy) o2

Multiplier [Multiplicateur)
Natural [Naturel]

(Sbsl) @ 3ls]

Negative [Négatif] ;JL»J
Normalized [Normalisée] Caolgs - ol
Notation [Notation] .
Note [Note] 2d o
Note [Remarque] >l
Null [Nul] pone
Number [Nombre] sde
Object [Objet] O -
Obvious [Evident] &l c@r:.,\g
Odd [Impair] :;:J.’o

On the other hand [D’autre part] e s,/ d| R'AL'@\L
G A e [N
one’s complement [Complément a un]

1)

w Z

Al ez

Operand [Opérande] (?) b
Operation [Opération] e
Optimal [Optimal] (‘_}wiﬁ\) J::\/\
Optimization [Optimisation] Jﬁ»;‘Y\ sl

Order [Ordre] o

Organ [Organe] s
Origin [Origine] [
Otherwise [Si non (S5 4 13) VY,
Outputs [Sorties] o

Overflow [Débordement] (Obad) pib

Parallel (in parallel) [Paralléle ( en paralléle)] ¢\g

(A &)

Part [Partie]

o
Particular [Particulier] ool
PC Personal Computer [Pc personal computer]
@2 ol
Perform [Effectuer] i1 J.;-T
Peripheral devices [Périphériques| — <lambe ¢3!

(e C)
Permutation [Permutation]

e

Power supply [Alimentation) Wdw - w Y
Printer [Imprimante] il
Quotient [Quotient] deed) ool

RAM (Random Access Memory) [RAM (random
access memory)] L}\}&J\ gl 5513

Random [Aléatoire] é\}.ﬁp
Random [Random]| alse
Rank [Ordre] ",
Rank [Rang] 4y
Read [Read] i | 31
Real [Réel] s
Realization [Réalisation] ’ S
Reciprocal [Réciproque] oS ne
Record [Record] Weoed
Recurrence [Récursivité] G |5
Recursive [Récursif] o=l

Reducible [Réductible] dizeN 6
Reflexive [Réflexif]

Register [Registre]

Related [Lié] L
Relationship [Relation) B
Relative [Relatif] =
Relatively [Relativement] L
Repeat [Répéter (repeat) Yty
Replacement [Remplacement] Jlagal

Reset [RAZ (remise a zéro)] (sam) il d s5k)

Resistance [Résistance] L 5lae
Respectively [Respectivement] s A e
Rest [Reste] al
Restitution [Restitution) gl e
Restore [Restituer] e o]
Restriction [Restriction) Slasl
Result [Conséquence] o

Result [Résultat] dons
Retain [Retenir]
right [Droite] o
Rom (Read Only Memory) [ROM ( read only

memory)] L a0 55513
Root [Racine] e
Rotation [Rotation] Olyes
Rule [Régle] scls
Secondary [Secondaire] b



Secondary memory [Mémoire secondaire]

Selection [Sélection]

a5t
Ol

Semiconductor [Semi-conducteur] 4,,5}1 Jose 4

Jst
Sequence [Séquence]
Sequencer [Séquenceur]

Sequential circuit [Circuit séquentiel]

serie [Chaine]

Series [Série (en série))
Set [Ensemble]

Settings [Parameétres)
Shape [Forme]

Shift [Déplacement]

Signal [Signal]

Significant [Significatif]
Sinus [Sinus|

so [Donc]

Solve [Résoudre]

Species [Espéce]

Spherical [Sphérique]
Square root [Racine carrée]
Stable [Stable]

Statement [Déclaration]
Static [Statique]

Store [Stocker]

Stream [Courant]
Sub-program [Sous-programme]
Substraction [Soustraction)
Successive [Successif]
Suite [Suite]

Sum [Somme]

Superior [Supérieur]

pe e
cl}'.é ‘dau:u
A 8yl
s
(I k) e
ey

Ll

S

|

5L

Symbol [Symbole] 3
Symmetrical [Symétrique] © bl
Synchronize [Synchroniser] J“j:. ool
Synchronous? Asynchronous [Synchrone ¢ Asyn-

chrone] oplie e 200l
System [Systéme] =
Table [Tableau] s
Term [Terme] do
Text [Texte] o

The numbers of significance [Chiffres significatifs]
AV 13 p6,Y)
Theorem [Théoréme]
Time [Temps]

&

o)
To treat [Traiter] t tle
Transitive [ Transitif] (Cdnze
Transmission [ Transmission] JL ol
Treatment [Traitement] idlre
TRUE [ Vrai S (Olgo

Truth table [Table de vérité] — (ghi) 3aak! Jyde
Two’s complement [Complément Vrai d deux) (o

Type [Type] &
Undetermined [Indéterminé] s e
Unique/ unitary [Unique/ unitaire] — (gdoly [do=s
Update [Mise a jour] ’ WP

Value [Valeur] ded

Vector operator [Opérateur vectoriel] — Flad Jolo
Verification [ Vérification] 38K
Way [Fagon] b
While [Tant que] el Lo

Writing rules [Régles d’écriture]
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