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zm = m ( , )

i , j , k

, ,

Y 1, y q , 

Z1 , zm

:
1) ;
2) ;



3)

4)

;
5) ;
6)

;
7) ;
8) .

3.1.

1 0 .

si sj , si sj.

.
.

:
D T
RS JK-

D delay).
.

D 3.
D.

3.2

D
q 0 1

0 0 1

1 0 1

0/0 1/1

0

10
D
1



q

3.2).

3.3
3.4

3.3), q(t) q(t+1) 
D.

3.4 D
T- toggle

T 3.5
T. 3.3).

3.3

T
q

0 1

0 0 1

1 1 0

5
T 3.

3.7.

3.6
3.7

RS .

D 

0

1

0

1

T

0

1

1

0

T

T

qq

D

T
q

0 1

T
1

1

00



S 

R 

3.
3.4).

3.4

3.8
RS 3.

3.

Q(t) S R

0 *

1 0

0 1

* 0

3.9

3.10

.
J 

K 

3.
3.5).

SR
q

00 01 11 10

0 0 0 -- 1

1 1 0 -- 1

T

R

S
q

0 1

SR
10

01

10
00

01
00



s0

0 / 0

s1

1 / 0
s2

1 / 0

0 / 1

0 / 0

1 / 0

3.5

3.11
JK 3.

3.

Q(t) J K

0 *

1 *

* 1

* 0

3.12
3.13

3.2.

3.
3.6).

3.14

3.6

pj

si
0 1

s0 s1 /0 s1 /0

s1 s2 /0 s2 /0

s2 s0 /1 s0 /0

JK
q

00 01 11 10

0 0 0 1 1

1 1 0 0 1

TJ

K

q

0 1

JK
10,11

01,11

10
00

01
00



.
S = {s0, s1, s2}.

3.
3.6)

3.8).

3.7

y1  y2

s0 0   1
s1 1   1
s2 1   0

3.15.

3.15

x
y1y2

0 1

0 1 11 /0 11 /0

1 1 10 /0 10 /0

1 0 01 /1 01 /0

x z

y1

y2

y S1

y S2

T1
S

R

S

R

T2

1

2

y R1

y R2



3.

z S1 R1

T1, y S2, y R2 T2,

1 2. z
3.

S1 R1, y S2, y R2

( 3.9).

3.

3.8), 
3.9). 

.
. 

S1 R1, y S2y R2 / z.

11 x = 0 1

1 2. ,
RS ( 3.9),

S1 = 1, R1 = 0, y S2 = *, y R2 = 
z = 0 3. 10, *0 / 0.

3.9 3.10

x
y1y2

0 1

0 1 10, *0 / 0 10, *0 / 0

1 1 *0, 01 / 0 *0, 01 / 0

1 0 01,10 / 1 10,01 / 0

3.9)

1 0 0

0 0 0

z
y2

y1

x



3.
3.11, 3.12, 3.13, 3.14.

3.11 3.12

3.13 3.14

z = 2;

S1 = 1, R1 = 2;

y S2 = 2, y R2 = y1 y2.

,

3.16
3.16

0.
0 0 1

s0 = 01
3.16).

0 * 1

0 * 1

1 0 0

1 0 0

1 0 *

1 0 *

0 1 0

0 1 0

x

x x

S1 R1 y2

y1

x

y2

y1

y2

y1

y2

y1

S2
R2

x

S1 R1



3.16

. 

= 1 

S1 = y S1, R1 = y R1, S2 = y S2, R2 = y R2

.

R

S T1

&

&

&

&

&
R

S T2

0 0 1

y1

1

y2

2

c

& R2

y1

y2

1

2

2

2

1

x

x

c

S1

R1

S2

z

0 0 1

0 1 0

0 0 1

1 0 0

1 0 0

1 0 0

0 1 1

1 1 0

0 0 1

0 0 1

1 0



,
.

y1, y2.

,
= 1 y1, y2

, T1, 
< T1 3,5

z y1,

y2 x z
. 1,

.
x

0, 
T0, 

T1, T0

T1

T0.

t0

s0 = 01 y1 = 0, y2 = 1.
t1,

.
x: 1

t4.

x = 1, y1 = 0, y2 = 1 
t0

S1 = 1, R1 = 0, y S2 = 0, y R2 = 0, z 3.16).



3.17

, ,
3.

t1. t1

S1

y1

z = 0.
t6

c = 1
s0

3.
, y S1 = 1, y R1 = y S2 = 2.

c

x

y1

1

y2

2

y R2

R1c

S1c

y R2c

y S2c

z

s0 s1 s2 s0

t0 t1 t2 t3 t4 t5 t6



3.3.

q
k

log2k q k , p - p.

( ).
,

s s I

si sj II , 

I .
,

I II ,

I II
, 3.18.

3.18

s

si

sk

s

sj

x

x

II 

II 

I 

I 

I 

0 0 0

y1y2y3

1 0 0

0 1 0

0 0 1

0 1 1



3. s s , 
I ,

s s sk 001, ,
D-

s . s sk :
y D3 = x 1 2 3 V x y1 2 3 = x  2 3 .

s
sk s sk , 

, I

si sj , II ,
si 01 sj 011,

y D2 = 1 2 3 V y1 2 3 = 2 3;
y D3 = x 2 3 V y1 2 3.

y D2 s
si s sj, 

y D3 

s sj,
, , 

II

I II

I
II .

I

3.15). 
I II ,

.



pj

si, 3.16).
3.15

pi

sj
0 1

s0 s1 s2

s1 s3 s2

s2 s4 s0

s3 s2 s1

s4 s4 s0

3.16

0 1 pi

sj

--- s2 , s4 s0

s0 s3 s1

s3 s0 , s1 s2

s1 --- s3

s2 , s4 --- s4

, I
: s0, s1 s2 , s4. , 

II , ,
, I

s1 s3 s1

s0 s3

s1, I .
I s0, s1 

s2 , s4 II s1 s3 ,

I II
( 3.17).

3.17 3.18

si y1 y2 y3

s0 0 1 1

s1 0 0 1

s2 0 0 0

s3 1 0 1

s4 0 1 0

( 3.18).

s2 s4 s0 s1

s3

y3

y2

y1



,

.
ki kJ

ki = 11001, kJ

+

dij = 3.

,

1.
.

2. M i j

i j

.
3.

4.

q.
5.

sq q

Mq q.
6. q = .
7. q

d
q, 

Sq d
d ,

,
.

8. d
q

, q,
, Sq

ki 11001
kJ 01100

10101



3.19):

3.19

1. 5),(2,4),(3,2),(4,3),(4,5),(5,1)}.
2. {1,2} s1 = 000, s2 = 001.
3. M = {(2,4),(2,5), (3,2) (4,3),(4,5),(5,1)}.
4. {2,4} s4, q=4.
5. M4 = {(2,4),(4,3),(4,5)}, B4 = {2}.
7. C1

4 = {101,011}.
8. 101 + 001 = 100 d101 = 1,

011 + 001 = 010 d011 = 1, s4 = 101.
3. M = { (2,5), (3,2), (4,3),(4,5),(5,1}.
4. {2,5} s5, q=5.
5. M5 = {(2,5), (4,5), (5,1)}, B5 = {2,4,1}.
7. C1

5 = {011}.
C1

5 = {(111),(100)}.
C1

5 = {(100),(010)}.
8. 011 + 001 = 010, 011 + 101 = 110, 011 + 000 = 110 d011 = 5.

111 + 001 = 110, 111 + 101 = 010, 111 + 000 = 111 d111 = 6.
100 + 001 = 101, 100 + 101 = 001, 100 + 000 = 100 d100 = 4.
010 + 001 = 011, 010 + 101 = 111,  010 + 000 = 010 d010 = 6.

100=4. s5 = 100.
3. M = {(3,2),(4,3) }.
4. s3, q=3.
5. M3 = {(3,2),(4,3}, B3 = {2,4}.

C1
3 = {011}.

C1
3 = {111}.

8. 011 + 001 = 010, 011 + 101 = 110 d011 = 3.
111 + 001 = 110, 111 + 101 = 010 d111 = 3, s3 = 011.

3. M = 
: s1 = 000, s2 = 001, s3 = 011, s4 = 101, s5 = 100.

s1

s2 s3

s4s5

0

1

0

0

0

0

1

1



, 
. 

si i . 
3 s1

100, s2 . 
D-

y D2 = y1 2 3.

3.20
, , y2 y3

,
s1,

y D2 = y1.

. 
(p 3.21):

3.21
D-

(p 3.21) : s1

s2,

s1

s2
s4

s3

s5

x
0 1

0

1

1
0

1

1

0 1 0 0 0
0 0 0 1 0

0 0 1 0 0

0 0 0 0 1

y1y2y3y4y5

1 0 0 0 0

0

1

32

9

7

5

8

46

s1 s2

x
0

010100

y1y2y3



s1

x = 0. s1

y1 = 1 y1

(p 3.21)

y D1 = x y5 V x y3;

y D2 = y1;

y D3 = x y1 V x y2 V x y4;

y D4 = y2 V y4;

y D5 = y3.

(p 3.21), 

RS-

0.
S

R (p 3.21)
s1 s2,

S

s1 x = 0
R

. 
s1 y1 = 1

y1

(p 3.21)

y S1 = x y5 V x y3;

y S2 = y1;

y S3 = x y1 V x y2 V x y4;

y S4 = y2;

y S5 = y3;

y R1 = y1 V x y1 = y1;

y R2 = y2 V x y2 = y2;

y R3 = x y3 V y3;

y R4 = x y4;

y R5 = x y5.

21

9 7

8 6 4

2 3

5

9 7 1 8

2 6

57

4

9

1

8 6 4

2

5



3.4.

(p 3.22)

DC. p 3.22 : q
k

k q , . . q = 2k.

3.22

,

,

x1

xn

z1

zm

DC

y1 yq

Y1 Yk

Y k
Y 1



, ( 3.23).

3.23

3.19.

3.19

si Y1 Y2 y1 y2 y3 y4

s1 0 0 1 0 0 0

s2 0 1 0 1 0 0

s3 1 0 0 0 1 0

s4 1 1 0 0 0 1

3.24

,
3.24

D-

1. (p 3.23) : s1

s2, Y2

s1 x = 0. 

s1

s2

s4

s3

0 0 0 1
1   1

0

0

0 1 0 0
0  1

x
0 1

1

1
y1y2y3y4

1 0 0 0
0 0

Y1  

0 0 1 0
1  0

1

0

1
3

2

1

6
4

5

8

7

Y1

Y2

y1

y2

y3

y4

DC



s1 y1 = 1 y1. 
(p 3.23), 

y D1 = x y1 V y2 V x y2 V y4 V y4

y D2 = y1 V x y1 V y2 V y3 V y4

RS-

0.
(p 3.23) s1 s4,

S

s1 x = 1. 
s1 y1 = 1

x y1.
(p 3.23), 

y S1 = x y1 V y2 V x y2

y S2 = y1 V x y1 V x y3

y R1 = x y3 V y

y R2 = x y2 V x y4

3.5.

- , ROM)  
, PLA)

3.25

M1 M2
1

1

x1

xn

f1

fm

1

q

2 3 4 7 8

1 2 3 6 7

2 3 4

1 2 6

5

4 8



,
m n

M1 M2 ( 3.25):
M1 q

M2

M1

n
M1

M2. M2 

.
M1 , q = 2n

x1, x2, xn

f1, f2, fm,

. 

3.10 3.
3.20.

m
n q

1 q
n M2 m

1.

3.20

x y1 y2 S1 R1 S2 R1 z

0 0 0 1 1 1 0 1

0 0 1 1 0 0 0 0

0 1 0 0 1 1 0 1

0 1 1 0 0 0 1 0

1 0 0 1 1 1 0 0

1 0 1 1 0 0 0 0

1 1 0 0 1 1 0 0

1 1 1 0 0 0 1 0



q
M1

M2.
3.10 3.14) , 

.3.

Z = 2;

y S1 = 1, y R1 = 2;

y S2 = 2, y R2 = y1 y2.

3.21

x y1 y2 S1 R1 S2 R1 z

0 -- 0 1

-- 0 -- 1

-- -- 0 1 1

-- 1 1 1

s
n m > t,

3.26
, s q

m n
r n s, m > t, r q

3.26

3.26

ROM, PLA ROM, PLA

x1 xn

f1 ft ft+1 fm

. . .

. . . . . .



n s , m t, r > q, 

. 3.27

3.27

3.28:

3.28

x0

x1

xn

C

f0

fm

ROM
x0

x1

xn

C

f0

fm

PLA

f1 f1

PLA PLA

x1 xn

f1

mm jj

fj fm

. . .

. . .

. . .



4.

,

4.1.
) 

1.
s0.

2.
si, i n, 

.
3.

,
.

4. si sj

, si sj.

4.1

4.1

yi x1 x2

y0 0

y1 z

y2 1

U0 1 1

y1

x1

y0

x2 x2

y21, y2y2

x2

y0

0

0

0

0

1

1

1

1



4.1).

4.1).

s0 0

s1, s2, s3, s4. 

s2 s4 2, 

,
, 4.2.

4.2

i

ZZ...Z
n

n

y0 y1 y2.

s0/100

s4/001

S1/010 s2/001

s3/011

Z 1
Z 0

0 1

1 1

Z Z 

0 0

Z Z

x1x2

Z Z

1 0



4.2) 
4.2. 

,
( 4.3).

4.3

s0 s2

s0 s2. 
: s0.

4.2

y0 y1 y2

x1 x2

si
0 0 0 1 1 1 1 0

1   0   0 s0 s1 s1 s1 s1

0   1   0 s1 s1 s4 s2 s3

0   0   1 s2 s1 s1 s1 s1

0   1   1 s3 s0 s0 s0 s0

0   0   1 s4 s1 s0 s0 s1

s0

s4

s1 s2

s3

Z1/100
Z0/010

01/001

11/001

ZZ/010

00/010

ZZ/100

x1x2/y0y1y2

ZZ/010

10/011



4.4
( 4.4).

4.2.

.

. 

si Ui,

si. 

U0

s0; 
yj

xi

s0

s4

s1

s3

Z1/100
Z0/010

01/001

11/001 00/010

ZZ/100

x1x2/y0y1y2

ZZ/010

10/011



i

i

i.
, Ui ,

i.
i

i , Ui.

( 4.4).
4.3.

4.3

x1x2

si
00 01 11 10

s0 s1 / 010 s1 / 010 s1 / 010 s1 / 010

s1 s1 / 010 s4 / 001 s0 / 001 s3 / 011

s3 s0 / 100 s0 / 100 s0 / 100 s0 / 100

s4 s1 / 010 s0 / 100 s0 / 100 s1 / 010

( 4.1) 

x1 x2 0 4.1

y0: x1 := x1;     x2 := 0;
y1: x1 := 1; x2 := Z, 2 );
y2: x1 := x1;      x2 := 1.

i

s0 . s1

y1 U1

x1 := 1; , x2 := z s1

1 U1 11 10. U1 = 
{00, 01, 11, 10}. s1

s1 s1

s3 y1 y2 y1 x1

x2

U3 =
s3 so c 0 0 0= {11, 00} .

s1 : s1 s4 s0 U4 = 



0 s1 s0

2

U0 = {11, 00} , U1 ={ZZ}, U3 = {0Z}, U4 = {01}.

4.5.

4.5

. 4. ,
Ui,
4.4).

s3

s4

s2 

4.5).

s0

s1 U1 = {0Z}

11 0Z
y1

s1
s4

U0={11}

U1={ZZ}U4={01}

00 1Z
y101 01

y2

s3s0 s0

s0

10 0Z
y1 y2

11 11
y2

U3={0Z}

0Z 00
y0

01 00
y0

U0={11,00}

00 1Z
y1

U1={ZZ}

U0={11,00}

s1

s1U0={11,00}



4.4

x1x2

si
00 01 11 10

s0 s1 / 010 --- s1 / 010 ---

s1 s1 / 010 s4 / 001 s0 / 001 s3 / 011

s3 s0 / 100 s0 / 100 --- ---

s4 --- s0 / 100 --- ---

4.5

x1x2

si
00 01 11 10

s0 s1 / 010 --- s1 / 010 ---

s1 s1 / 010 s2 / 001 s0 / 001 s2 / 011

s2 s0 / 100 s0 / 100 --- ---

1)

2)
3)
4)

.



5.

1) 

2)

3) 

5.1

s1

x1 n 1 n

x1 n 

x3

1 0 1

t

V

x2

1 0 0 1

t

V

C

x1

tt

t

V

1 0 0 1



C
5.

C = 0 

.
si ,

pk

, pk

( 5.1).

5.2
, 

5.3):

5.3

5.
( .5.1). 

s1

s2/0
01
11
10

11
01

11

00

00

10

10

00
01

s1/0

s3/1

si

pk pi

pk



;

5.1

wi
x1x2

si
00 01 11 10

0 s1 (s1) (s1) s2 s3

0 s2 s1 (s2) (s2) (s2)

1 s3 s1 s2 s2 (s3)

s1

,
10, s3

(s3).

5.1.

.

:

A.
P = W = {a, b, c}. a a b b

b c c a
a = 00, b = 11, c = 10.

5.4

b b a a a c c b
A A

1 1 0 0

1 1 0 0
0 1 1 1

0 0 0 1

x1

x2

y1

y2



5.

: P = W = {a, a , b, b , c, c }.
a a b b

b c c a ( 5.
a = 000, a = 001, b = 110, b = 111, c = 100, c = 101.

5.5

:

,

5.2.

, 

, 

5.6
5.6 si sj

y1 y2 1 2

si sj

x

y1y2

0  1
y1y2

0  1

b a a c c b
A A

1 1 0 0

1 1 0 0

1 0 1 0

0 1 1 1

0 0 0 1

1 1 0 0

x2

x3

y2

y3

x1 y1



1 = 2 01 10;
1 > 2 01 00 10;
1 < 2 01 11 10.

si sj

5.6 . 

.

5. 5.1).
5.

5.3):

5.2

si y1 y2

s1 0 0

s2 0 1

s3 1 1

5.3

1 > 2 00 01 11.
-

.
1 < 2 00 10 11.

-
10, 

z
x1x2

y1y2
00 01 11 10

0 00 (00) (00) 01 11

0 01 00 (01) (01) (01)

1 11 00 01 01 (11)



11.

.

5.3.

, 
, ,

q
qmin = log2k , qmax = k, k

,
5.7). 

5.7

01/0
01
11
10

11
01

11

00

00

10

10

00
01

00/0

11/1



5.

5.8

.
si

i
si sj

i j 5.9).

5.9

s1 s13

100
y1y2y3

s3

101 001

01/0
01
11
10

11
01

11

00

00

10

10

00
01

00/0

11/1

10
10

00



, 

.

5.3:s1 = 100, s2 = 010, s3 = 001 
, 5.10.

5.10
D-

(
p 5.10 )

y1 2 3

s1 = 100 , 

x1x2y1 y2 = 1,
y1 2 3

s2 = 010. 
p 5.10

. 
:

y D1 = 1 2y2 V 1 2 y3 V y1 2 3;

y D2 = x1 x2 y1 V 1 x2 y3 V x1 x2 y3 V 1 y2 3;

100/0 110 010/0

101 011

001/1

X1 2

00
01

01
11

01
11
10

11 11

00 00

00
10

10

00 01
11

00

4

1 2

3

11

10

9

13

7

6

8
5

12
y1y2y3/z

3 7 12

1 9 9 11



y D3 = x1 2 y1 V 1 2 y3;

z = y3.

. 5.11
:

5.11

t0 s1 , y1y2y3

x1x2 = 01.
y D1 = 1, y D2 = 0, y D3 = 0

t1.
t1 x1 t2 y D2 = 1

t3 y2 = 1; t3 t4

y2 y D1: 
1 0 t5 y1 = 0 , 

t5 s2.

y1

x1

y2

y3

x2

y D1

y D2

y D3

t0 t1 t2 t3 t4 t5

5 13



s1 s2 y2

y1

RS-

(p 5.10 s1 = 100 110

S x1x2y1

s2 = 010 

R x1x2 y2. 
p 5.10), 

y S1 = 1 2 y2 V 1 2 y3;

y S2 = x1 x2 y1 V 1 x2 y3 V x1 x2 y3;

y S3 = x1 2 y1;

y R1 = x1 x2 y2 V x1 2 y3;

y R2 = 1 2 y2;

y R3 = 1 2 y3 V 1 x2 y3 V x1 x2 y3;

z = y3.

. 5.12
:

t0 

s1 , y1y2y3 x1x2 = 01.
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