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Real implementations are not quite so perfectn
Computation actually takes some timen

Communication actually takes some timeQ
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Algorithm

1.count the number of adjacencies for each minterm on the k-map.o
2.select an uncovered minterm with the fewest number of adja-cencies.o

3. generate a prime implicant, select the one that covers the most o
uncovered minterms.

4.Repeat step 2 & 3 until all minterms have been coveredo
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f(x.y,zt) = Zm(1,2,7,11,12,15)+d(0,3,6,9,13,14)

f(x,y,z,t) = xX’z+ Xy+ y’t
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Q-M Tabular Minimization Method
(4)

Step 1. list in a column all the minterms of the function to be minimized o
In their binary representation. Partition them into groups according to the
number of Z bits in their binary representation. This partitioning
simplifies identification of logically adjacent minterms since, to be
logically adjacent, two minterms must differ in exactly one literal.
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Q-M Tabular Minimization Method

() M | |
2 0010
4 0100  Groupl(asinglel)
_____ 8 ] 1000 .
6 0110
9 1001  Group 2 (two 1’s)
10 1010
_____ 1z _______ ... 1100 ______.
13 1101 Group 3 (three 1°s)
""" 15 | 1111  Group4 (four 1’s)
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Q-M Tabular Minimization Method
(6)

Step 2. perform an exhaustive search between neighboring groups for o
adjacent minterms and combing them into a column of (7-1)-variable
Implicants, checking off each minterm that is combined. Repeat for each
column, combing (/+1)-variable implicants into (/-2)-variable
implicants, and so on, until no further implicants can be combined.
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Q-M Tabular Minimization Method

Migt)err‘ls abcd Minterms abcd Minterms abcd
2 0010 ./ | 2,6 0-10 Pl2 | 891213  1-0- Pl
4 0100 V | 2,10 010  Pla
8 1000 V| 46 01-0 Pl
6 0110 4,12 100 Pls
9 1001

8,9 100- \/

J
J
10 010 V| 810 100 P
J
J
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Q-M Tabular Minimization Method

(8)
—the final result isa list of prime impticants of the switching function.o

Step 3. construct a prime implicants chart that lists minterms along the o
horizontal and prime implicants along the vertical, with an * entry placed
wherever a certain prime implicant (row) covers a given minterm (column).
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Q-M Tabular Minimization Method
RARE N R AN

2 |416,8/9|10112|13|15

DI, * | * | *
P, | * *

D], | * *

P4 * | *

Pls * *
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Q-M Tabular Minimization Method

(10)

Step 4. Select a minimum number of prime implicants that cover all the o
minterms of the switching function.
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Q-M Tabular I\/I|n|m|zat|on Method

(11) ‘ ‘ ‘ \/
2 4 6 | 10
Pl. | = *
Pl ~ *
Pl, * *
Pls *
Ple *
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Q-M Tabular Minimization Method

(12)

immm f(a,b,c,d)= Pl.+ Pls+Pls+PI;
=1-0- +-010 + 01-0 + 11-1

—a.c’+b’.c.d’+a’.b.d’+a.b.d
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" fa(a,b,c,d)=)> m(0,2,7,10)+d(12,15)

< fs(a,b,c,d)=) m(2,4,5)+d(6,7,8,10)

_F(a,b,c,d)= i ‘ m(2,7,8)+d(0,5,13)
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TERM | abcd | Flags TERM | abcd | Flags TERM | abcd | Flags
0000
0 ay \f 02 000 |ar Pl2 4567 | 01-- | B Pl1
2 |0010| efy |Plio |08 |-000 | y Pl3
4 0100 B \/ 26 |o10 | B Pl4

8 1000 gy (Pl 510|010 (ap | Pl
s ow1| B |V 45 |010- | S J
6 |o0110| B J

10 |1010| @F J

46 010 | B J

810 100 | g | Pl
12 0| * |Ph2 Js7 T s | P
701l afy | Plis |513 | -101 y Plg
13 1oty | [ 67 |ow- | B J
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Pls o, | x I fi=Pl1+Pls
Plu pBr * fF3|2+3|3+P|13
Plis B, | * | * >

fa=a’b’d’+b’cd’+a’bcd

= f=a’bt+b’cd’




WWW.WiKipower.ir

= .. QM
D p C d

A |

*— ® ® > ——

¥ Yy Y

Pl

HJH
—
Q

Y HD
Pls f,

9




www.wikipower.ir

¥ s

Jo2ls @S alaia glayle




www.wikipower.ir

Sl s le >y U
Half Adder ¢ Full Adder O

=S U

sl U

(e ) yusy (SIL U

(83929 8515 b€ idey) yusly Ao o U
La,S duslasl

A seven segment displayQ



www.wikipower.ir

sl ok

INterface lue 9,59 3939 glo ooy sluai (nail

Truth Table Jgus ew,d

Fo> ¢lp mb el gl e

(Q'M / ¢3,8) el RIPPRE @bj éj‘-w sale Ol



L 2R 4
b {4

Jlis

Truth table

b E

0 00 0

0 0 1 1 bc 00 01 11 10
a

0 10 1 ; 0/{/0//1/

0 11 0 7T

1 00 1 1 L/l/O(l/O

101 0 ’

L 1o 0 P.=(a®b)ec

11 1 1




wWww.wikipower.ir

)‘.\.ojgj.?‘.é &?Jja

P 209 e by o Jgu ey s b o b 31 S99 $9909 C,,5L° Sl .:‘..\.?.'Uf‘

S8l
(a5 cdla,).pamys slua (295 4 Guuyd doia pusy G5y U

(et e silaj shas 31) (6! il (3 1xbo) -5l Ngle (&1hb U




www.wikipower.ir

(}) Half Adder, Full Adder

g‘.é."‘dj dﬁj 8318 Sl 98 A4S Cewl S 939 453)34.«-‘,\9@..15)3)‘.\.9 él,gFU” Adder D
WS dalme |y JAS 089 e ol 9 02)S e pa b |,

PR L' bg’;-’jé %3;454..“,‘ &;3):33.:3 S99 9° ‘-)@-15)3)‘.—\-6 ¢L~,Ha|fAddel‘ D
.Mgaiwbaabgmpé)jwdgbjaajsw




wWww.wikipower.ir

(Y) Half Adder , Full Adder
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Truth Table
Xi Yi C:i-l
l l l ><i Yi C:i-l Ci Si
0 00 0 0
0 01 0 1 )
F.A 0 10| o0 1 Si-X®Y;6Ci4
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0 11 10 Ci=XYi+ XCi 1+ YiCiy
l 1 00| o1 \
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1 01 1 0
Si
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Ripple Carry Adder (RCA)

b, a 0

i il
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lH_Al ‘ _I F.Al vITF.Al ‘|_F.Al ‘|_H'Al

dy b, a, by 2

COUT S? S3 S2 S1
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Ripple Carry Adder (RCA)

b? b3 b2 bl b
9 a a3 2, & % M
\/ vV VI YV \/
ea | i - FA [q| FA [q| FA [q| FA P
_—
l l el Rl
’ S7 S3 S2 S1 S0

COUT

If M=0 ==p A+B
If M=1 w=p A-Bor (A+B+1)
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X=0/

=0/Z=1

Present| Next State| Output
State | X=0 X=1 X=0|X=1
SO So S1 0 1
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o el S9 5l (Jbe

X=0/

=0/z=1
Present Next State| Output
State | X=0|X=1 |X=0|X=1
So So | S 0 1
Si S: S, 1 1
S
S;
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o el S9 5l (Jbe

X=0/Z=0

=0/Z=1

Present Next State| Output
State | X=0 | X=1 X=0 | X=1
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o el S9 5l (Jbe

X=0/Z=0

=0/z=1
Present Next State| Output
State | X=0 | X=1 X=0 | X=1
So So S: 0 1
Si S: S, 1 1
S, S, So 0 1
S3 S3 S: 0 1
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A More Complex
Sequence Detector

Design a sequence detector whose output Z is one
if the input sequence is 010 or 1001

N X
Il
o O

01/0/11 001000100110
00 )@2Q)100010100
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Mealy Sequence Detector

Target Sequences:
010
1001
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Mealy Sequence Detector

Target Sequences:
010

@ 1001
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Mealy Sequence Detector

Target Sequences:
010
1001
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Mealy Sequence Detector

Target Sequences:
010
1001

1/0 0/0
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Mealy Sequence Detector

Target Sequences:
010
1001

1/0 0/0
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Mealy Sequence Detector

Target Sequences:
010
1001
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Mealy Sequence Detector

Target Sequences:
010
1001
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Mealy Sequence Detector

Target Sequences:
010
1001

1/0 0/0
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Mealy Sequence Detector

Target Sequences:
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Mealy Sequence Detector

Target Sequences:
010
1001
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Mealy Sequence Detector

Target Sequences:
010
1001
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Mealy Sequence Detector

Target Sequences:
010
1001
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Mealy Sequence Detector

Target Sequences:
010
1001

0/0
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Mealy Sequence Detector

Target Sequences:
010
1001
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Mealy Sequence Detector

Target Sequences:
010
1001

0/0
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Mealy Sequence Detector

Target Sequences:
010
1001

0/0
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Mealy Sequence Detector

Target Sequences:
010
1001

0/0
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Mealy Sequence Detector

Target Sequences:
010
1001

0/0
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Mealy Sequence Detector

Target Sequences:
010
1001
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Mealy Sequence Detector

Target Sequences:
010
1001

Present| Next State Output
State | X=0 | X=1 [ X=0|X=1
S(-) | S(0) | S(1)
S(0) S(0) |S(01)
S(1) | S(10) | S(1)
S(01) | S(10) | S(1)
S(10) [S(100)|S(01)
S(100) | S(O) |S(01)

0/0

CoOoOrHrOO0OO
R OOO0OO0OO

0/0
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Mealy Sequence Detector

Present Next State Output State | Code
State X=0 X=1 | X=0 | X=1 Q.Q:1Qo
S(-) S(0) S(1) 0 0 S(-) 000
S(0) S(0) |S(01)] O 0 S(0) | 001
S(1) S(10) | S(1) 0 0 S(1) | 010
S(01) S(10) | S(1) 1 0 S(01) | 011
S(10) | S(100) [ S(01) | O 0 S(10) | 100
S(100) S(0) |S(01)| O 1 S(100)| 101
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Mealy Sequence Detector

Present Next State Output State | Code
State X=0 X=1 | X=0 | X=1 Q,Q:1Qq
000 S(0) S(1) 0 0 S(-) 000
S(0) S(0) | S(01)| O 0 S(0) 001
S(1) S(10) | S(1) 0 0 S(1) 010
S(01) S(10) | S(1) 1 0 S(01) | 011
S(10) | S(100) [ S(01) | O 0 S(10) | 100
S(100) S(0) | S(01)| O 1 S(100)| 101
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Mealy Sequence Detector

Present Next State Output State | Code
State X=0 X=1 | X=0 | X=1 Q.Q:1Qo
000 001 S(1) 0 0 S(-) 000
001 001 |[S(01)| O 0 S(0) | 001
S(1) S(10) | S(1) 0 0 S(1) | 010
S(01) S(10) | S(1) 1 0 S(01) | 011
S(10) | S(100) [ S(01) | O 0 S(10) | 100
S(100) 001 |S(01)| O 1 S(100)| 101
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Mealy Sequence Detector

Present Next State Output State | Code
State X=0 X=1 | X=0 | X=1 Q2Q1Q0
000 001 010 0 0 S(-) 000
001 001 [S(01)| O 0 S(0) | 001
010 S(10) | 010 0 0 S(1) | 010
S(01) S(10) | 010 1 0 S(01) | O11
S(10) | S(100) [ S(01) | O 0 S(10) | 100
S(100) 001 | S(01)] O 1 S(100)| 101
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Mealy Sequence Detector

Present Next State Output State | Code
State X=0 X=1| X=0 | X=1 Q2Q1Q0
000 001 010 | O 0 S(-) 000
001 001 011 0 0 S(0) | 001
010 S(10) | 010 | O 0 S(1) | 010
011 S(10) | 010 1 0 S(01) | O11
S(10) S(100) | 011 0 0 S(10) | 100

S(100) 001 011 0 1 S(100)| 101
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Mealy Sequence Detector

Present Next State Output —
State X=0 X=1 [X=0|x=1
Q:Q:Q0 | Q,"Q17Q0" | Q2"Q17 Q0"
000 001 010 0] o
001 001 011 0|0 }QO
010 100 010 0| 0 |Q,
011 100 010 1|0
100 101 011 01| 0 —
101 001 011 0| 1 Qs

Which Karnaugh map cells are don't cares?
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Mealy Sequence Detector

X

Present Next State Output —
State X=0 X=1 |X=0|X=1 1
Q:Q1Q0| Q2" Q1" Qu* Q2" Q' Qo" .

000 001 010 0] o

001 001 011 0| 0 { x | x }QO
010 100 010 0| 0 |Q

011 100 010 1|0 LI XX

100 101 011 0| 0 —

101 001 011 0| 1 Qs
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Mealy Sequence Detector

X
Present Next State Output
State X=0 X=1 [X=0|X=1 1
Q2Q1Q0 Qz+c21“LQo+ Qz+Ql+QO+ 1
000 001 010 0 0 0
001 001 011 0 0 o X1 X
o11 | 100 | o |1|o| UGDIX
100 101 011 0 0 Q,
101 001 011 0 1

D, = QX'+ Q,Qy' X
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Mealy Sequence Detector

Present Next State Output ,_,L
State X=0 X=1 X=0|X=1 111
Q2Q1Q0 | Q2"Q17Q0" | Q27Q1 Q0"

000 001 010 0 0 111

001 001 011 0 0 x | 1 }QO
010 100 010 0 0 Qz{

011 100 010 1 0 X | X |1

101 001 011 0 1 Q,
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Mealy Sequence Detector

K_L
Present Next State Output CHER
State X=0 X=1 X=0|X=1
Q:Q1Q0 Q"1 Q0" | Q2" Q1" Qo* 1)1
000 001 010 0 0 x x| 1 0
001 001 011 0 0 Qz{
010 100 010 0 0 X \X |1
011 100 010 1 0 H—’;_)
100 101 011 0 0 Q.
101 001 011 0 1
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Mealy Sequence Detector

K_L

Present Next State Output 1

State X=0 X=1 X=0|X=1
Q:Q1Q0 Q"1 Q0" | Q2" Q1" Qo* 1 1

000 001 010 0 0 1 x | 1 0
001 001 011 0 0 Qz{

010 100 010 0 0 1| X | X]|1

100 101 011 0 0 Q.

101 001 011 0 1
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Mealy Sequence Detector

Present Next State Output —A—
State X=0 X=1 X=0|X=1 1

Q2Q:Q0 | Q,7Q17Q0" |Q27Q17Q0" —
000 001 010 0 0 1 1 }Q
001 001 011 0 0 ) 0
010 100 010 0 0 Qz{ = R

011 100 010 | 1|0 ) x| x| 1
100 101 011 0 0 —

101 001 011 0 1 Q.

Dp=Q,+ QX' +Q;/Qq
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Mealy Sequence Detector

X

Present Next State Output

State X=0 X=1 X=0|X=1
Q2Q1Q0 | Q2"Q1" Q0" | Q27Q1 Q0" 1

000 001 010 0 0 0
001 001 011 0 0 1

010 100 010 0| 0| | x

011 100 010 1 0 : :

100 101 011 0 0 Q,

101 001 011 0 1
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Mealy Sequence Detector

K_L

Present Next State Output

State X=0 X=1 X=0|X=1
Q:Q1Q0| Q" Q1" Q0" | Q" Q1" Qo* 1

000 001 010 0 0 x [(x T 1 0
001 001 011 0 0 Qz{

010 100 010 0 0 X | X

100 101 011 0 0 Q.

101 001 011 0 1

Z =Q;QuX + Q,QuX



Mealy Sequence Detector
Design Verification

DO - Q2 + Ql’x’ + Ql’QO

Present Next State Output 5 =%
State | X=0 X=1 |X=0[x=1] * " N
Q:,Q:Q01Q,"Q:"Q0" |Q,7Q17Qq" D, = QX + Q,Q,'X
000 001 010 0 0 Z = Q;QpX + Q,QpX
001 001 011 0 0
010 100 010 0 0 .
011 100 010 1 0 oo
100 101 011 | 0 |0 ®
101 | 001 011 | 0 | 1 C%
110 277 277 > | 2 9
111 277 272? > | 2 =
S



Mealy Sequence Detector
Design Verification

Dy=Q,+ QX' +Q;'Qq

Present Next State Output ~
State X=0 X=1 |X=0|x=1| P:=X
QQ:Q01Q,7Q:"Q0" |Q,"Q17 Q0" D, = QX'+ Q,Qy'X
000 001 010 0 | 0| X=QQX +Q,Q.X
001 001 011 0| 0
010 100 010 0| 0 X
011 100 010 1|0 ‘ ‘ E
100 101 011 0|0 . B
101 001 011 0| 1 1 C%
110 1?? 0?? 2 | ? { y 0o 9
111 1?? 0?? 2 | ? k=
Q> X2
1 X X o
= S



Mealy Sequence Detector
Design Verification

Present Next State Output Dy =Q, + QX' + Q' Qg
State X=0 X=1 |X=0|x=1| D,=X
Q2Q1Q0 | Q,"Q:"Q0" |Q,"Q17Q0” D, = QX + Q,Qy’X
000 001 010 0 | 0| x=0,00X+Q,0.%
001 001 011 00
010 100 010 00 X
011 100 010 1|0 — =
100 101 011 0|0 171 i
101 001 011 0| 1 111 }Q S
110 10? 01? 2 | 2 v ©
111 10? 01? ?2 | 2 X1 O,
Qz{ o E
L/ =
—— =

=]

il



Mealy Sequence Detector
Design Verification

Present Next State Output Dy = Q, + QX + Q,'Q,
State +X=9 + +X=} + X=0|X=1 D, =X
Q:Q:1Q0 Q,"Q1"Qo” |Q2,7Q17 Qg , s
000 001 010 | 0 | 0 | P2™QuX*QQ0X
001 001 011 0 | 0| XTQQeX +QQX
010 100 010 0| 0
011 | 100 010 |10 X .
100 101 011 0 0 . =
101 001 011 0 1 — ®
110 101 011 2 | 2 1 1 S
111 101 011 | ? | ? { x> > 8
0 1S
W] x | x | 1 -
— %

=]

il



Mealy Sequence Detector
Design Verification

Present Next State Output | p =, +Q/X +Q,Q,
State X=0 X=1 X=0|X=1 D. = X
Q2Q1Q0 | Q,"Q:"Q0" |Q,"Q17Q0” o o
000 001 010 0 | 0 | D27 QX QX
001 001 011 0 | 0 | X=QuQX +QQpX
010 100 010 0| 0
011 100 010 1|0 X .
100 101 011 0| 0 : : =
101 001 011 0| 1 @
110 101 011 0] o0 1 %
111 101 011 1| 1 AT e 2
Q, | x N2
— %
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