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circuits (learned in Chapters 1 and 2)0] AF2 & L}
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® the registers they contain, and
® the operations that they perform.

» ENCZ,
m What operations are performed on the data in the registers
®m What information is passed between registers
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An elementary operation performed (during
one clock pulse), on the information stored
In one or more registers
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Registers AL U :I 1 clock cycle
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R « f(R, R)

f. shift, load, clear, increment, add, subtract, complement,
and, or, xor, ...
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® The system’s registers
®m The data transformations in them, and
® The data transfers between them.
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<+ YXIAH= HWEXIZE BAHED. 53
SHCE. (e.g., A, R13, IR)

<« A= 20l Jls HY:
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M

= MAR - memory address register
m PC - program counter
= IR - instruction register
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® A register can be viewed as a single entity:

MAR

m Registers may also be represented showing the bits of data they
contain
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e Designation of a register

- aregister
- portion of aregister
- a bit of aregister

« Common ways of drawing the block diagram of a register

Reaqister Showing individual bits
R1 (6 5 4 3 2 1 0
15 0 15 8 7 0
R2 [ PC(H) PC(L)

Numbering of bits Subfields
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< A register transfer such as
R3 « R5
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M0l JIS (control function)
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i.e.,if (P=1) then (R2 « R1)
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HARDWARE IMPLEMENTATION

Implementation of
P: R2«<R1

Block diagram

Timing diagram

AN AE

—_O =

OF CONTROLLED TRANSFERS
=2 OI=HI0N =Y

\ 4

Control |P |
Circuit | R2 4@ Clock
n
I R1 o
t+1
Clock
Load I

Transfer occurs here

 The same clock controls the circuits that generate the control function
and the destination register
* Registers are assumed to use positive-edge-triggered flip-flops

|:_"5|I

e Hanbat National University Prof. Lee Jael M

14



F
1o

Aol == 0OH, F0k()= U

P: R3 « R5, MAR « IR
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BASIC SYMBOLS FOR

REGISTER TRANSFERS

Symbols Description Examples
Capital letters | Denotes a register MAR, R2
& numerals

Parentheses ()

Arrow <«

Colon
Comma |,

Denotes a part of a register

Denotes transfer of information

Denotes termination of control function
Separates two micro-operations

R2(0-7), R2(L)

R2 « R1
P:
A«<B, B«A
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(This is not a realistic approach to use in a large digital system.)
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Bus is a path(of a group of wires) over which information is
transferred, from any of several sources to any of several destinations.

From aregister to bus: BUS « R

|Reqister A| | Register B| | Register C| |Reqister D|

' ' ' '

‘ Bus lines

ﬁ%‘?@%‘ﬁ@@@i‘%@'ﬁ%@

v
B1C1D1 l C2D2 18303D3 184
¥ v 4 ¥

0

es s

s)élmL J

y v b

4-line bus
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Y ~ Load

Reg. R1

Reg. R2 Reg. R3|*

Bus lines
Reg. ROJ*
Select z
w

Three-State Bus Buffers

Normal input A
Control input C

Select

Enable

—

2x4

Do D1 D2 D3

Decoder

<« E (enable)

Output Y=A if C=1

i

Bus line with three-state buffers

A0
BO
CO
DO

High-impedence if C=0

I~ Bus line for bit O

L~

==a

T~
l/

S1—

W O
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MEMORY (RAM)
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Assume the RAM contains r = 2k words.
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® n data input lines data input lines
® n data output lines i
m k address lines
= A Read control line address lines -~
m A Write control line RAM
Read >
unit
Write

n

data output lines
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MEMORY TRANSFER
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Data out Data in

—— Hanbat National University Prof. Lee Jael |8
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MEMORY READ
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R1 « M[MAR]
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® The contents of the MAR get sent to the memory address
lines

® A Read (= 1) gets sent to the memory unit

® The contents of the specified address are put on the
memory’s output data lines

m These get sent over the bus to be loaded into register R1
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MEMORY WRITE

« W22 2% dIXIAH 9| LHE, dIXIAH MS
H)| ate A= BY2 121} 20
M[MAR] « R1
<~ & Zjf A,
N IThe contents of the MAR get sent to the memory address
ines

= A Write (= 1) gets sent to the memory unit

® The values in register R1 get sent over the bus to the data
input lines of the memory

® The values get loaded into the specified address in the
memory
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SUMMARY OF R. TRANSFER MICROOPERATIONS

A< B

AR <— DR(AD)
A <— constant
ABUS < R1,

R2 ¢~ ABUS
AR

DR

MIR]

M

DR M

M < DR

Transfer content of reg. B into reg. A

Transfer content of AD portion of reg. DR into reg. AR
Transfer a binary constant into reg. A

Transfer content of R1 into bus A and, at the same time,

transfer content of bus A into R2
Address register
Data register
Memory word specified by reg. R
Equivalent to M[AR]

Memory read operation: transfers content of
memory word specified by AR into DR

Memory write operation: transfers content of
DR into memory word specified by AR
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ks 01013 = A

+ J|2HOI Atz Ol0IT 2 A
m Addition
m Subtraction
® [ncrement
®m Decrement

© ZJIH0QI Atz 00| Z HAt
® Add with carry
m Subtract with borrow
®m Transfer/Load

m etc. ...
Summary of Typical Arithmetic Micro-Operations
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
R2 « R2'+1 2's complement the contents of R2 (negate)
R3 « R1+ R2+ 1| subtraction
Rl« R1+1 Increment
Rl« R1-1 Decrement

- e T I AT




BINARY ADDER / SUBTRACTOR / INCREMENTER

Binary Adder I y ! I I
r FA |€3{ FA |€2{ FA |[&1] FA |«C0

v v v v

C4 S3 S2 S1 SO
Binary Adder-Subtractor

B3 A3 B2 A2 Bl Al BO A0

I

rFA & FA &2 FA <« FA oL

v v v v
C4 S3 S2 S1 SO
Binary Incrementer as A2 AL AO 1
I T S B A e RO
y X y X y X y
HA HA HA HA

z
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A0 X0 Co
= ZI0
BO 0 4x1 YO c1
—5 % MUX
Al X1 c1
&3 A
Bl 0 4x1 Y1 c2
—> 5 MUOX
A2 X2 c2
33 O e
B2 0 4x1 Y2 C3
e é MUX
A3 X3 c3
3 £V e
B3 0 4x1 Y3 c4
— ; MUX |
Cout
e P
S1 SO Cin Y Output 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

. Hanhat National University Prof. Lee Iagl
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< Specify binary operations on the strings of bits in registers

® Logic microoperations are bit-wise operations, i.e., they work on
the individual bits of data

m useful for bit manipulations on binary data
m useful for making logical decisions based on the bit value

% There are, in principle, 16 different logic functions that can be
defined over two binary input variables

B|F, F, F,...F3 Fiy Fis

PR oOoOo|>
RPORO
eoNolole
RPOOO
Or OO
e

1
1
1
0

P OR

< However, most systems only implement four of these
® AND (A), OR (v), XOR (®©), Complement/NOT
+» The others can be created from combination of these

IR
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. =2| 00|32 oM 2IAE

- 16 different logic operations with 2 binary vars.

-n binary vars — 22 "functions

« 212 gt

Sot= 16 010132 Hat 2 X2 E.

x{[0011 Boolean Micro- N
y|]0101 Function Operations ame
0000 FO =0 F«0 Clear
0001 F1 =xy F«<AAB AND
0010 F2 =xy' F«— AAB’
0011 F3 =X F« A Transfer A
0100 F4 =x'y F«< AAB
0101 FS5 =y F«B Transfer B
0110 F6 =x®Yy F—«A®B Exclusive-OR
0111 F7 =x+vy F«<AvVB OR
1000 F8 = (X +vY) F« (AvB) NOR
1001 FO =(x®vy) | F« (A®B) | Exclusive-NOR
1010 F10 =y F« B’ Complement B
1011 Fl1l=x +V' F«<AVB
1100 F12 = X' F« A Complement A
1101 F13=x"'+y F«<AVB
1110 F14 = (xy)' F<« (AAB) NAND
1111 F15=1 F«alll's Settoall 1's

R s |
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=d| 0I0|3= At O] OI=HAHI0 +Y

>
L 4X]1 |—as
— MUX Fi
>

—Do 3 Select

St |
So
Function table

S, S, | Output pu-operation
O 0 |F=AAB AND
O 1 |F=AvVvB OR
1 0 |[F=A®B XOR
1 1 |F=A Complement




« =2 DI|EE A2 YIXIEE Ot0] BH(Y 20| HIEE X
XS}

+ AUXIAEIOIO] BIOJEIS AZSICE (12 HXIAE B = Al
DEXOH| &SIt

m Selective-set A<—A+B

m Selective-complement A<« A®B

m Selective-clear A« AP

m Mask (Delete) A« Ae-B

u Clear A—A®DB

= Insert A< (AeB)+C

® Compare A—A®DB
_ I
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SELECTIVE SET

% In a selective set operation, the bit pattern in B is used to set
certain bits in A

1100A,
10108B
1110A,, (A< A+B)

< If a bit in B is set to 1, that same position in A gets set to 1,
otherwise that bit in A keeps its previous value
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SELECTIVE Y&

% In a selective complement operation, the bit pattern in B is used
to complement certain bits in A

1100A,
10108

0110A,, (A« A®B)

“ If a bitin B Is set to 1, that same position in A gets
complemented from its original value, otherwise it is unchanged
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CLEAR MHH

% In a selective clear operation, the bit pattern in B is used to clear
certain bits in A

1100A,
10108

0100A,; (A«<A-B)

< If a bitin B Is set to 1, that same position in A gets set to O,
otherwise it is unchanged
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MASK &4t

% In a mask operation, the bit pattern in B is used to c/ear certain
bits in A

1100A,
10108

1000A,, (A<« A-B)

< If a bitin B Is set to 0, that same position in A gets set to O,
otherwise it is unchanged
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CLEAR A4t

% In a clear operation, if the bits in the same position in A and B
are the same, they are cleared in A, otherwise they are set in A

1100A
10108

0110A,, (A< A®B)
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% An insert operation is used to introduce a specific bit pattern
Into A register, leaving the other bit positions unchanged

»» This is done as

®m A mask operation to clear the desired bit positions, followed by
= An OR operation to introduce the new bits into the desired positions

= Example
¢ Suppose you wanted to introduce 1010 into the low order four bits of A:
1101 1000 1011 0001 A (Original)
1101 1000 1011 1010 A (Desired)
¢+ 1101 1000 1011 0001 A (Original)
1111 1111 1111 0000 Mask
1101 1000 1011 0000 A
(Intermediate)
0000 0000 0000 1010 Added bits
1101 1000 1011 1010 A (Desired)
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% There are three types of shifts
m [ogical shift
m Circular shift
u Arithmetic shift

< What differentiates them is the information that goes into
the serial input

e A right shift operation

Serial
input \_> R R R R R ‘ ‘ R
A left shift operation |Sr$|f§|uat|
] < < « < < < <+ ——

-
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=cl A|IBE
< In a logical shift the serial input to the shift is a O.

< A right logical shift operation:

0
—> > > > > > > > —>
< A left logical shift operation: 0
] < - < - < - < <—/

< In a Register Transfer Language, the following notation is used
u shl for a logical shift left
m shr for a logical shift right
m Examples:
¢ R2 « shrR2
¢ R3 « sh/R3

s Hanbat National University Prof. Lee Jael |8 |
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< In a circular shift the serial input is the bit that is shifted out of
the other end of the register.

< A right circular shift operation:

A 4
A 4
A 4

B [
» »

[
»

A 4

A 4

< A left circular shift operation:

< »)
« <

A
A
A
A
A
A

< In a RTL, the following notation is used
m clf for a circular shift left
u clr for a circular shift right
m Examples:
¢ R2 « cirR2
¢ R3 « c//R3 @




dE AIBE

MSAIEEE= = HI0lUd B E Q0|8 (integer)

« HE ANEEE= 28§ &0t= ALhlt 20

PE MNIEEE 28 Uscs ALhl L

- HEAZENM 520 82 a¥A| 9 F2E XPI8AM &2

oIl Us)| Ads aWotl= A0ILL

/
000

o0

e

*

L)

0

% A right arithmetic shift operation:

ol sign
| bit

» »
L )

A 4
A 4
A 4
A 4
A 4

% A left arithmetic shift operation:

sign|,

/ bit |~

A
y

A
A

SR s |
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Shift Microoperations

thE A|ZE

o AU M= AMUA = overflowE M3 0L OF SHLE.
0
e < ) « « < X
Before the shift, if the leftmost two
) ) —V bits differ, the shift will result in an

overflow

< RTLOIM= OS2 H)| 8E AT

m ashl/ for an arithmetic shift left
m ashr for an arithmetic shift right
m Examples:

¢ R2 « ashrR2
¢ R3 « ash/R3

s Han At National Uniyersity Prof. Lee Jael |8 |
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AZE 010|3= AH&H9| Ot=HI0 A

0 for shift right (down)

Serial Select :
input (1) 1 for shift left (up)
S
o Mux [ HO
1
A0
S
Al
0 Mux Hi
A2 1
A3 ——
o Mux [ M2
1
o Mux [ M3
1
Serial

input (1))




&g =d A|ZE A

S3
S2 Ci
S1 1
{0
Arithmetic|Pi
Circuit
v
Ci+1
N Logic |=L
A Circuit
|
hr
Ai-1 >
shli
Ai+1

Select

0 4x1}— F.

1 MUX

2

3

S3 S2 S1 SO Cin Operation Function

0 0O O 0 0 F=A Transfer A

0 0O O 0 1 F=A+1 Increment A

0 0O O 1 0 F=A+B Addition

0 0O O 1 1 F=A+B+1| Addwith carry

0 0 1 0 0 F=A+B’ Subtract with borrow
0 0 1 0 1 F=A+B'+1| Subtraction

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

0 0 1 1 1 F=A TransferA

0 1 O 0 X F=AAB AND

0 1 O 1 X F=AvB OR

0 1 1 0 X F=A®B XOR

0 1 1 1 X F=A Complement A

1 0O X X X F=shr A Shift right Ainto F
1 1 X X X F=shl A Shift left Ainto F
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