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Microoperations lypes

Data transfer only

1. Register Transfer microoperations transter binary
information from one register to another

2. Arithmetic microoperations perform arithmetic <
operation on numeric data stored in registers.

3. Logic microoperations perform bit manipulation
operations on non numeric data stored in registers.

4. Shift microoperations perform shift operations data

\_ stored in registers. -/

Changes data during transfer
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Arithmetic Microoperations

Basic: addition, subtraction, increment, decrement & shift

Multiplication and division are not basic



Arithmetic Microoperations

There are two identical operations

TABLE 4-3 Arithmetic Microoperations

Symbolic

designation Description
R3 « R1 + R2 Contents of R1 plus R2 transferred to R3
R3 «< R1-R2 Contents of R1 minus R2 transferred to R3
R2 « R2 Complement the contents of R2 (1’s complement)
R2 «R2+1 2's complement the contents of R2 (negate)
R3 «< R1+R2 +1  R1 plus the 2's complement of R2 (subtraction)
Rl «R1+1 Increment the contents of R1 by one
R1 «< R1-1 Decrement the contents of R1 by one




Binary Adder-Subtractor

e M=0:Adder B®M+C,=B®0+0=B =S=A+B
e M=1:SubtractorB&M+C,—B®1+1=B'+1=-B=>S=A-B
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Binary Incrementer
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Figure 2-10 4-bit synchronous binary counter.



Arithmetic Circuit

TABLE 4-4 Arithmetic Circuit Function Table

Select
Input Output

S S G Y D=A+Y+C, Microoperation
0 0 0 B D=A+B Add
0 0 1 B D=A+B+1 Add with carry
0 1 0 B D=A+8B Subtract with borrow
0 1 1 B D=A+B +1 Subtract
1 0 0 0 D=A Transfer A
1 0 1 0 D=A+1 Increment A
1 1 0 1 D=A-1 Decrement A
1 1 1 1 D=A Transfer A
°
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Arithmetic Circuit

TABLE 4-4 Arithmetic Circuit Function Table

Select
Input Output

S S G Y D=A+Y+C, Microoperation
0 0 0 B D=A+B Add
0 0 1 B D=A+B+1 Add with carry
0 1 0 B D=A+B Subtract with borrow
0 1 1 B D=A+B +1 Subtract
1 0 0 0 D=A Transfer A
1 0 1 0 D=A+1 Increment A
1 1 0 1 D=A-1 Decrement A
1 1 1 1 D=A Transfer A
°
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Arithmetic Circuit

TABLE 4-4 Arithmetic Circuit Function Table

Select
Input Output

S S G Y D=A+Y+C, Microoperation
0 0 0 B D=A+B Add
0 0 1 B D=A+B+1 Add with carry
0 1 0 B D=A+8B Subtract with borrow
01 1 B D=A+B +1 Subtract
1 0 0 0 D=A Transfer A
] 1] 1 0 D=A+1 Increment A
1 1 0 1 D=A-1 Decrement A
1 1 1 1 D=A Transfer A
°
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Arithmetic Circuit

Cin
S0 ‘
ST ——
Al _ . |
TABLE 4-4 Arithmetic Circuit Function Table L FA DO
Select BO E K
Input Output |’ ‘
Si S G Y D=A+Y+Ca Microoperation "
o — DI
0 0 0 B D=A+B Add ok FA
0 0 1 B D=A+B+1 Add with carry B1 Ir i
0 1 0 B D=A+B Subtract with borrow | - ‘
0 1 1 B D=A+B +1 Subtract
1 0 0 0 D=A Transfer A A2 _ _ .
1 0 1 0 D=A+1 Increment A | e e o D2
1 1 0 1 D=A-1 Decrement A | . _
1 1 1 1 D=A Transfer A B2 > o ‘
A3 .
L FA D3
B3 ) o B
0 —L — \\ Cout
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Logic Microoperations

Logic microoperations consider each bit of the register separately and treat
them as binary variables

Example : XOR

if( P==1)thenR1 < R1®R2 orin RTL P:R1+«+ R1® R2
» S
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Logic Microoperations
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Logic Microoperations

Special symbols in RTL :

Left side - condition Right side - operation

denoted by

denoted by o denoted by
denoted by

denoted by
denoted by
denoted by

denoted by

Example:

P+Q: RlI«~R1+R2, R3«+ R4V R5

o

or addition or

®13



Logic Microoperations

There are 16 different function that can be performed with two binary
variables:

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

Foe \ F, F5 F. Fs F¢ F; Fz F; F,o Fu F» Fs Fa Fis
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Logic Microoperations

There are 16 different function that can be performed with two binary
variables:

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

x )y Fk F, F, F; F, Fs Fﬁ F; Fa F9 FIO Fu F12 F13 F14 FIS
S

O 0/lO |0l O O 0 O O O 1 1 1 1 1 1 1 1
O 1440 10/ 0 0 1.1 1 1 O O O O 1 1 1 1
1 0//O O] 1T 1 0 0 1 1 0 0 1 1 0 0 1 1
1 1410 |1y 0 1 0 1 0 1 O 1 0 1 0 1 0 1
—
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Logic Microoperations

There are 16 different function that can be performed with two binary
variables:

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

x )y Fk F, F, F; F, Fs Fﬁ F; Fa F9 FIO Fu F12 F13 F14 FIS
S

O 0/O0 O 10 O O O O O 1 1 1 1 1 1 1 1
o140 O01J00 01 1.1 1 O0 O O O 1 1 1 1
1 0//O0 O J1} 1 0 0 1 1 0 0 1 1 0 0 1 1
1 1410 1|00 1 0 1 0 1 0 1 0 1 0 1 0 1
—
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Logic Microoperations

There are 16 different function that can be performed with two binary
variables:

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

x )y Fk F, F, F; F, Fs Fﬁ F; Fa F9 FIO Fu F12 F13 F14 FIS
S

O 0O O O O O O |0 O 1 1 1 1 1 1 1 1
o 144$0 0 O O 1 1 (1y1 0 O O O 1 1 1 1
1 0/0 0 1 1 O O (11 0 0 1 1 0 0 1 1
1 1440 1 0 1 O 1 |0} 1 O 1 0 1 0 1 0 1
— -
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Logic Microoperations

There are 16 different function that can be performed with two binary
variables:

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

x )y Fk F, F, F; F, Fs Fﬁ F; Fa F9 FIO Fu F12 F13 F14 FIS
S

O 0O O O O O O |0 O 1 1 1 1 1 1 1 1
o 144$0 0 O O 1 1 (1y1 0 O O O 1 1 1 1
1 0/0 0 1 1 O O (11 0 0 1 1 0 0 1 1
1 1440 1 0 1 O 1 |0} 1 O 1 0 1 0 1 0 1
— -
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Logic Microoperations

TABLE 4-6 Sixteen Logic Microoperations

—
m— e

Boolean function  Microoperation Name
Fo=0 F«0 Clear
TABLE 4-5 Truth Tables for 1¢ F,=xy FeAN E AND
x y|Fo F, F» F» F. Fs Fs F, F;=xy' F—ANB
5 olo o o o o o o o Fi=x Ft—;i Transfer A
o1/lo0 o o0 o0 1 1 1 1 Fi=x'y F—A NB
Y A Fs=y F«B Transfer B
Fo=x®y F—A®B Exclusive-OR
F=x+y F<A\/B OR
xry Fs F; F,o F., Fio Fp \Fu Fis F:E: (x-]-}!}' F{—AVB NOR
00/ 1 1 1 1 1 1 1IN_1 Fo=(x®y) Fi—af._ﬂ':}ﬁ Exclusive-NOR
‘1’(1] 000 0 11 Fio=y' F«B Complement B
1 1 , _
i1l o1 0 1 0 1 0 1 Fyu=x+y F<AvB
Fo=x FeA Complement A
Fi=x'"+y F—A\/B
Fi= (xy) F<—ANB NAND
Fis=1 Fealll's Set to all I's
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LM - HW implementaion

* Logic gates are inserted for each bit or pair of bits in

the registers.

* Most computers use only 4 operations: AND, OR, XOR

and complement.
e All 12 others can be derived.

Figure 4-10 One stage of logic circ

S| —

4x1

uit.

So —
MUX

Aj
Bj 0 51 So | Output Operation

_D_ — Ei o0 o | E=AAB | AND

) 1
0 1 E=AvEB OR
'_‘]D—Jz 1 o| E=A®B| XOR
I4
l 1 1 | E=A Complement

(a) Logic diagram

{(b) Function table
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LM - applications

 Logic microoperations are very useful for
manipulating individual bits or a portion of a word
stored in a register

* Used to change bit values, delete a group of bits, or
insert new bit values

Selective set:

A«<—AvVvB

Sets to 1 the bits in register A where
there are corresponding 1’s in
register B.

It does not effect bit positions that
have 0’s in B.

e2]



LM - applications

 Logic microoperations are very useful for
manipulating individual bits or a portion of a word
stored in a register

* Used to change bit values, delete a group of bits, or
insert new bit values

Selective complement:

A« A ©B

Complements to 1 the bits in
register A where there are
corresponding 1’s in register B.

It does not effect bit positions that
have 0’s in B.
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LM - applications

 Logic microoperations are very useful for
manipulating individual bits or a portion of a word
stored in a register

* Used to change bit values, delete a group of bits, or
insert new bit values

Selective clear:

A« A AB

Clears to 0 the bits in register A
where there are corresponding 1’s
in register B.

It does not effect bit positions that
have 0’s in B.

e23



LM - applications

 Logic microoperations are very useful for
manipulating individual bits or a portion of a word
stored in a register

* Used to change bit values, delete a group of bits, or
insert new bit values

Selective mask:

A«<A AB

The mask operation is similar to the
selective-clear operation.

Except that the bits of A are cleared
only where there are corresponding
0’s in B.
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LM - applications

Insert:

* The insert operation inserts a new value into a group of bits.
* Thisis done by :

1. asking the bits

2. QRing them with the required value

We would like ic change the two rightmost bits of  to

Clear the bits you want to change  Set the bits to the desired pattern

®25



LM - applications

 Logic microoperations are very useful for
manipulating individual bits or a portion of a word
stored in a register

* Used to change bit values, delete a group of bits, or
insert new bit values

Clear operaion:

A« A ©B

The clear operation compares the
words in A and B and produces an
all 0’s result if the two numbers are
equal.

026



Shift Microoperations

 Shift microoperations can be used for serial transfer of data.
* Three types of shift microoperation : Logical, Circular, and
Arithmetic

R1
=0

R1 < shl R1

®27



Shift Microoperations

 Shift microoperations can be used for serial transfer of data.
* Three types of shift microoperation : Logical, Circular, and
Arithmetic

R1 <« shl R1

28



Shift Microoperations

 Shift microoperations can be used for serial transfer of data.
* Three types of shift microoperation : Logical, Circular, and
Arithmetic

R1

\AAXT \AAR7T
R1 <« shr R1
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Circular shift

R1 « cil R1
R1 < cir R1

@30



Circular shift

R1

R1 « cil R1

®3]



Arithmetic shift

I: Ron-1 | Ry-2 —= Ry Ry

Sign
bit

Figure 4-11 Arithmetic shift right.



Arithmetic shift-left

OF « Rn—l@ Rn—Z Rn—l



Shift - HW implementaion

Select

Serial 0 for shift right (down) Function table
input (/) 1 for shift left (up) Select Du:put
| 5 5 Hyg H H; Hy
p MUX —H
1 0 e A A A
Ag 1 A Az As I
A ————+ S
0 MUX f—H
Ar 1
" * When 5=0, the input data is shifted
. right (down in the diagram).
0 — H2
‘ * When S=1, the input data is shifted
left (up in the diagram).
A}
. mx —u * A shifter with n data inputs,
1 . .
requires n multiplexers.
Serial
input (f;)

® ®34



ALU - Arithmetical Logical

53
52
51
S0

Bi —

Al

Al-l

AT IS

Ai+l

Unait

The contents of specific source
registers are placed in the input
of the ALU.

The ALU performs the
operation, and the result is then
transferred to a destination
register.

The ALU is a combinational
circuit, therefore the data
transferred from source to
destination through the ALU is
performed during one clock
pulse period.
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ALU - Arithmetical Logical
Unit

TABLE 4-8 Function Table for Arithmetic Logic Shift Unit

53
:ﬁ Operation select
S0 [il $S S S S G Operation Function
0O 0 0 0 0 F=A4 Transfer A
e o 0 0 0 0 1 F=A4+1 Increment A
o 4% 0o 0 o0 1 0 F=A+8B Addition
0o 0 o0 1 1 F=A+B+1 Addwith carry
] 0 0 1 0 0 F=A+ E Subtract with borrow
Cit 0 0 1 0 1 F=A+B+1 Subtraction
' 0 0 1 1 0 F=A-1 Decrement A
0o 0 1 1 1 F=4 Transfer A
[ 0 1 0 0 X F=ANAB AND
B T 0o 1 0 1 X F=AVyB OR
- el 0 1 1 0 X F=A®B XOR
0 1 1 1 x F=4 Complement A
1 0 x x x F=shra Shift right A into F
Ai-1 1 1 X X X F=shlA Shift left A into F
Aitl
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ALU - Arithmetical Logical
Unit

TABLE 4-8 Function Table for Arithmetic Logic Shift Unit

83
S1 Operation select
cal S; Sz S] So Cm Opcration Function
— T/ N N
arith 0 OO0 0 O0) F=4 Transfer A
l oo st of —_— 0 0§10 0 1] F=4+1 Increment A
Fa. 44 0 00 1 0] F=A+8B Addition
| 0 00 1 1] F=A+B+1 | Add with carry
hl—J | T 0 0|1 0 0| F=A+B Subtract with borrow
Cit] _ o Fi)O0O O}1T 0 1] F=A+B +1 | Subtraction
: 0 e 0 o011 1 0] F=A-1 Decrement A
. 0 0J\1 1 I/ F=A4A Q'gansferA /
[ .l 0 1 0 0 X F=AAB AND
- P 0 1 0 1 x F=AyB OR
A 0 1 1 0 x F=A®B XOR
Al 0 1 1 1 x F=4 Complement A
1 0 x x x F=shra Shift right A into F
Ai-1 1 1 X X X F= Sh.l A Sh.ift lﬂﬂ A intO F
Ai+l

() @37



ALU - Arithmetical Logical
Unit

TABLE 4-8 Function Table for Arithmetic Logic Shift Unit

$3
S1 Operation select
S0 [il $S S S S G Operation Function
0 0 0 0 0 F=A4 Transfer A
| Ounstve 0 0 0 0 1 F=4+1 Increment A
o 0 0 0 1 0 F=A+B Addition
T 0 0 0 1 1 F=A+B+1 Addwithcary
l Lo 0 0 1 0 0 F=A+B Subtract with borrow
Cit e . F 0 0 1 0 1 F=A+B+1 Subtraction
- j MU 0 0 1 1 0 F=4-1 Decrement A
K 0 0 1 1 1 F=4 Transfer A
[ ' 0 1)0 0) x F=AAB AND
| [ 0 1 0 1 X F=A V B OR
I;‘% ———— 5 a0 0 1 1 0 X F=A®B XOR
Al 0 1Jl1 1) x F=A4 Complement A
1 0 x x x F=shra Shift right A into F
Ai-l 1 1 x x x F=shlA Shift left A into F
A+l
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ALU - Arithmetical Logical
Unit

TABLE 4-8 Function Table for Arithmetic Logic Shift Unit

83
:i Operation select
> a $ & & S GCa  Opertin Function
0O 0 0 0 0 F=A4 Transfer A
l NS 0 0 0 0 1 F=A4+1 Increment A
i 0 0 0 1 0 F=A+8B Addition
T 0o 0 0 1 1 F=A+B+1 Addwithcarry
l L% 0 0 1 0 0 F=A+B Subtract with borrow
) . Fi 0 0 1 0 1 F=A+B+1 Subtraction
Citl — 0 0 1 1 0 F=A-1 Decrement A
0o 0 1 1 1 F=4 Transfer A
[ 0 1 0 0 X F=AAB AND
E Cesmd 0 1 0 1 X F=A\B OR
Bi ] o 0 1 1 0 x F=A®B XOR
Al 0 1 1 1 x F=4 Complement A
1 0) x x x F=shra lShiftrightAintoF l
Aiq X X X F=shlA Shift left A into F
Ai_q
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