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Figure 4-1 Block diagram of register.
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Figure 42 Transfer from R1 to R2 when P = 1.

L4 Load
S 3 Cloek

oald olf).:xf

Figure 4-3 Bus system for four registers.

5

= axi
MUX 3

‘TABLE 4-2 Function Table for Bus of Fig. 4-3

S, S; Register selected
Dy D, Dy G C G By By By Az A Ay -
R R A KN R A
i 210 |3 21 ll| 3201 D| 321 ﬂ| 1 1 D
Register D Register ¢ Register B Register A

b LS o JUSH oL 9o

TABLE 4-1 Basic Symbols for Register Transfers

Symbol Description Examples
Letters Denotes a register MAR, R2
(and numerals)
Parentheses ( ) Denotes a part of a register R2(0-7), R2(L)
Arrow « Denotes transfer of information R2 « R1
Comma , Separates two microoperations  R2 « R1, R1 « R2

T: R2 « R1, R1 « R2

Figure 4-4 Graphic symbols for three-state buffer.

. Output Y= A ifC=1
Normal input A High-impedance if C = 0

Control input €

-

Enable ——

Figure 4-5 Bus line with three state-buffers.
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TABLE 4-3 Arithmetic Microoperations

Symbolic
designation

Description

R3 « R1 +R2
R3 « R1-R2
R2 « R2

R2< RZ+1

R3 < R1+RZ +1
Rl « R1+1

Rl «<R1-1

Contents of R1 plus R2 transferred to R3
Contents of R1 minus R2 transferred to R3
Complement the contents of R2 (1's complement)
2's compl the of R2 (negate)

R1 plus the 2's complement of R2 (subtraction)
Increment the contents of R1 by one

Decrement the contents of R1 by one

By,

X G
5t
FA  — Dy
ax1
,  MUx L kil
2
3
|
Xy <
FA  — Dy

ax1 Ho G

5 5
Figure 4-6  4-bit binary adder.
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Figure 4-7 4-bit adder-subtractor.
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Figure 4.9 4bic ardhametic cicuit

P: R1 « R1 & R2

1010
1100
0110

P+Q:

Content of R1
Content of R2
Content of R1 after P = 1

Rl « R2+R3, R4 « R5 \/ R6

TABLE 4-5 Truth Tables for 16 Functions of Two Variables

dowlxo 2ilsi Jg

TABLE 4-4 Arithmetic Circuit Function Table

b

Input

g
H

+

+
i}
5

Microoperation

—_——-—-—0 OO O

++ + 4+
e | <

1+
- -

-0 O~ OO
O OO -=O
OO o W
CooboUbbob | T
L | A | | I T
E S A e

+
-

+
[

Add

Add with carry
Subtract with borrow
Subtract

Transfer A
Increment A
Decrement A
Transfer A

"

FI Fi FJ Fl -FS -Fﬁ -F" ‘F! F! F]ﬂ ‘Fll Fll Fli FH Fli

- o

- o |«

OO
- O
SO o
==
SO
—— e
cor
O
(=R
e

ko 2l95 o

TABLE 4-6 Sixteen Logic Microoperations

Boolean function Microoperation Name
Fo=0 F«0 Clear
F,=xy F<ANB AND
F=xy' FeANE
F=x FeA Transfer A
Fy=x'y F<A NB
Fs=y F«B Transfer B
Fo=x®y F—A®B Exclusive-OR
Fo=x+y F<AVB
Fa=(x +y) F—Ay B  NOR
Fo = (x®y)’ F—A®B Exclusive-NOR
Fo=y' F<FB Complement B
Fa=x+y’ F—AVvE
Fa=x' FeA Complement A
Fa=x"+y F«A VB
Fu = (xy) F+—AAB NAND
Fs=1 Feallls Settoall 1's
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Figure 4-10 One stage of logic circuit.

5 —
S0 —
ax1
MUX
A
. 0 .
B; S So| Output Operation
T E o o] E-arB|aAND
1
] 1 E=AvB | OR
2 1 0| E=A®B| XOR
1 1| E=A Complement
3
(b) Function table
(a) Logic diagram

0110 1010 A before

0000 1111 B (mask)

0000 1010 A after masking
0000 1010 A before

1001 0000 B (insert)

1001 1010 A after insertion
1010 A

1010 B

0000 A—A®B

selective-set 1010 A before
1100 B (logic operand)
1110 A after
selective-complement 1010 A before
1100 B (logic operand)
0110 A after
selective-clear 1010 A before
1100 B (logic operand)
0010 A after

TABLE 4-7 Shift Microoperations

R1<shl R1

Symbolic designation Description
R2«shr R2
R<shlR Shift-left register R
R<+shr R Shift-right register R
R<clR Circular shift-left register R
R«drR Circular shift-right register R
R<ashl R Arithmetic shift-left R
R<«ashr R Arithmetic shift-right R
m‘llﬂwz| —_— | R I Ry ]

Sign
bit

Figure 4-11  Arithmetic shift right.
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Select
. 0 for shift right (down)
i,:'l'z‘:‘] 1 f:;lsh;fl ;;g‘(w)ﬂw"
| e
o MUX [—H
1
Ao Function table
w— | H¢ Select Cutput
| 1o Mux —#, PR S S,
4 ! S  Hy Hi Hy H
0 Ip Ap Ay Ay

A A A I

0 MUX  |—H

Serial
input (1)

TABLE 4-8 Function Table for Arithmetic Logic Shift Unit

Operation select

S S 8 Sa Cin Operation Function

0 0 0 0 0 F=A Transfer A

0 0 0 0 1 F=A4+1 Increment A

0 0 0 1 0 F=A+B Addition

[1} 0 0 1 1 F=A+B+1 Add with carry

0o o0 1 0 0 F=A+F8 Subtract with borrow
0 0 1 0 1 F=A+FB +1 Subtraction

0 0 1 1 0 F=A-1 Decrement A

0 0 1 1 1 F=A Transfer A

0 1 0 0 x F=AAB AND

0 1 0 1 x F=AvyB OR

0 1 1 0 x F=A®B XOR

0o 1 1 1 x F=A Complement A

1 0 x x x F=shrA Shift right A into F
1 1 x x X F =shl A Shift left A into F
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