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Computer Instruction

m 5-3 Computer Instruction
% 3 Instruction Code Formats : Fig. 5-5

Hex Code

e Memory-reference instruction Symbol =0 1= 1 Description
_ ¢ AND Dooxx B And memory word to AC
» Opcode = 000 ~ 110 ADD  fxxx O Addmemory word to AC
m =0 0o ~ Bxxx, =1 8x0¢ ~Exox LOw 2xxx Adxx Load memory word to AC
Ly 4 STA dxxx  Baxx Slore content of AC in memory
=0 DII?CL 15 14 12 11 0 BUN Axxx  Cuxx Branch unconditionally
I=] . Ind‘,lrect - BSA Bxx  Dwxx Branch and Save retum address
I | Opcode Address A Bz Bxxx  Exxx Increment and skip if zero
/ CLA 7800 Clear AC
CLE 7400 Clear E
. . . ChA 7200 Compement AC
e Register-reference instruction CME 7100 Comp m e
CR 7080 Circulate right AC and E
» o TXXX {?800 -~ ?001) . CLA, Cmi CiL 7040 Circulate left AC and E
NC 7020 Increment AC
15 14 12 11 0 SPA 7010 Skip next instruction if AC positive
] ] SMNA 7008 Skp next instruction if AC negative
oj1 1 1 Register Operation S7A 7004 Skip next instruction if AC zero
L SE 7002 Skip next instruction if E is O
HLT 7001 Hall computer
f NP F800 Input character to AC
. . ouT F400 Output character from AC
e Input-Output instruction ] s F200 Skp on hput flag
— . SKD F100 Skip on output flag
» Fxxx(F800 ~ FO040) : INP, OUT, ION, SKI, .... = e ntermp
ol DF FO40 Inter
15 14 12 11 0
(1 1 1 I/O Operation
Computer System Architecture Chap. 5 Basic Computer Organization and Design O Tt & o



Instruction Set Completeness

A computer should have a set of instructions so that the
user can evaluate any function that is known to be
computable.

A complete set must include sufficient number of

instructions from the following categories:

1. Arithmetic, logical, and shift - CMA, INC, CIR, AND..

2. Moving information between the registers, and between
the registers and memory — LDA, STA

3. Program control, and status check — BUN, ISZ, BSA..

4. Input and output — INP, OUT..

A complete set of instructions, but not efficient.
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Timing and Control

¢ Clock pulses
o Amaster clock generator controls the timing for all registers in the basic computer
o The clock pulses are applied to all F/Fs and registers in system

o The clock pulses do not change the state of a register unless the register is
enabled by a control signal

o The control signals are generated in the control unit

» The control signals provide control inputs for the multiplexers in the common bus,
control iInputs in processor registers, and microoperations for the accumulator



Two (major) Types of
Control Organization

Hardwired Control (This chapter)

» The control logic is implemented with gates, F/Fs, decoders, and other digital circuits
» + Fast operation, - Winng change(if the design has to be modified)

Microprogrammed Control (chapter 7)

» The control information is stored in a control memory, and the control memory is
programmed to initiate the required sequence of microoperations

» + Any required change can be done by updating the microprogram in control memory,
Slow operation



The Control Unit

=

The Sequence Counter
(SC) is incremented
synchronously:

To, Tl, Tz, T3,.. \

The SC is cleared when in
RTL we write
symbolically:

SC«0

IR - Instruction Register

14 13 12 | 11-0
J=B Other inputs
decoder
TEE4 3210
INRERN ="
| Lk
—»
x ~ Control
- Control | Janbe
logic
P pates
Tri. >
Te
r | | |
—LJ5 14 : ..
4% 16 Timing

decoder .
\H\H\ - signal

I increment

sequence
counter

«— clear

(8C)

-« clock
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The Control Unit

< Tz < Tz
Ty T, T;
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Figure 5.7 Example of control timing signals.

Taken from: M. Mano/Computer Design and Architecture 3 Ed.
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Clock and Memory

The memory read/write cycle is initiated
with the rising edge of a timing signal.

It is assumed that a memory cycle time is
less than the clock cycle time.

The memory R/W cycle is complete by the
time the next clock goes through its positive
cycle.

This assumption is not valid in most of
computers.



Clock and Timing Signals

Example:
T): AR « PC

1. T, is active during the entire clock cycle
interval.

2. During this time the content of the PC is placed
onto the bus, and the LD of AR is enabled.

3. The actual transfer occurs when the clock goes
through a positive transition (end of cycle).

4. On positive transition SC goes from 0000 to
0001.

5. T,is active and T, is inactive.
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QUIZ4

Draw a timing diagram| o= _ﬂ

similar to this one, assuming| *“J L

- | |
that SC is cleared to 0 at time "7'——1_—1\ |

T, if control signal C, is

active:

C,T,. SC < 0

C, is activated with the| "«

positive  clock  transition

associated with T,




Instruction Cycle

Instruction
Fetch

11

Obtain instruction from
program storage in memory

processor

Instruction register




Instruction Cycle

Instruction Obtain instruction from
Fetch program storage in memory
Instruction Determine required actions
Decode and instruction size processor

M« R1+R2
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Instruction Cycle

Instruction
Fetch

!

Instruction
Decode

!

Operand
Fetch

13

Obtain instruction from
program storage in memory

Determine required actions
and instruction size

Locate and obtain operand
data

M« R1+R2




Instruction Cycle

Instruction
Fetch

!

Instruction
Decode

!

Operand
Fetch

!

Execute

14

Obtain instruction from

program storage in memory

Determine required actions
and instruction size

Locate and obtain operand

m

O

R1= 2
2

M« R1+R2

data

Compute result value or
status




Instruction Cycle

Instruction
Fetch

!

Instruction
Decode

!

Operand
Fetch

!

Exe_cute

1

Result
Store

15

Obtain instruction from

program storage in memory

Determine required actions
and instruction size

Locate and obtain operand

M« R1+R2

data

Compute result value or
status

Deposit results in storage
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Instruction Cycle

Instruction
Fetch

!

Instruction
Decode

!

Operand
Fetch

!

Exe_cute

1

Result
Store

!

Next
Instruction

16

Obtain instruction from
program storage in memory

and instruction size

Locate and obtain operand Instruction register

Determine required actions /—\ Ij“

data

Compute result value or
status

Deposit results in storage

Determine next instruction
(not the next in case of branch)



Instruction -
T

Instruction Obtain instruction from

0

FETCH
.-

Fetch program storage in
memory

T,: AR« PC

Memory unit 7

00 409616
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Instruction - FETCH

Instruction Obtain instruction from
Fetch program storage in
memory
T,: AR« PC
T, : IR <~ M[AR],
PC« PC+1

18

/ e

101 \ADD\ 202

D)

Bus

q AR (=100
PC (=101
. A |
. b  INA CLA -
A e
-
[ |
| R
5 2]
. R —
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Clock




Instruction - DECODE
instruction | Ll AR« PC | Iﬂ—rl}f

FEtCh Tl . IR < M[AR]/ - P = 5. . Address b.?

Instruction | Determine required

Decode actions and s _ |
instruction size —101 rc o] 2
T,:Dy,.., D, <~ Decode IR(12-14) L= . 3
= ‘- LDy IMRA CLR

AR « IR(0-11),

rﬁdder‘i =E
I ( IR(15) # and s " _AC & "4
® logic [®
. LDy MA  CLA
...... L .
Instruction register (IR} ) -
S § . INFR
15_ T T T | 11 =0 e .
3xB
decoder <4
_ TE543210
T
|
L
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Instructlon EXECUTION

20

Instructlon 1o: AR < PC — -
Eetch T, : IR < M[AR],
1 PC«PC+1
Instruction T,:Dy,.., Dy ¢
D d Decode IR(12-14) L INR CLR
€code AR « IR(0-11), o
/ v I<_ IR(lS) L MR CLR
Operand S m
FetCh el . LDy INR CLA
e .
Exe-CUte "L iede LDy MA CLA ;
......... v
! T{T, T, T,
Result
Stfre 0| ADD| 202
Next - W A
Instruction / D WA oA
2 | - i'JLJTFiXh

o Clock

16-bit common bus +—

Bus

"7

.pE

—n 4

"5
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The Instruction Format

m 5-3 Computer Instruction
4 3 Instruction Code Formats : Fig. 5-5

Hex Code
[ Memory're'fer Symbol 1=0 I=1 Description
code r AND O Baxx And memory word to AC
ADD Taxx S Add memory word to AC
n LA 20xx Axxx Load memory word to AC
e 4 STA Jxxx Baxx Store content of AC in memary
1=0 : Dlmct’ 15 14 12 BUN daxx  Cxxx Branch unconditionally
=1 " ll‘ldil‘ect L BSA Buxx  Duxx Branch and Save retum address
Opcody BZ Brxx  Exxx Increment and skip if zero
CLA 7800 Clear AC
CLE 7400 Clear E
. . CMA 7200 Complement AC
e Re -reference instruction CME 7100 Comp m e
CR 7080 Circulate right AC and E
» Txxx {7800 ~ 7001) : CLA, CMA,\'{ oL 7040 Circulate left AC and E
NC 7020 Increment AC
15 ) SPA 7010 Skip next instruction if AC positive
] ] SMA 7008 Skip next instruction if AC negative
of1 1 1 )’xt‘-glstcl' Operation S7A 7004 Skp nexl instruction it AC zero
S7E 7002 Skip next instruction ifE is 0
HLT 700 Hall computer
NF F800 Input character to AC
. . ouT F400 Qutput character from AC
e Inp ut instruction ] | = F200 Skib on hput flag
- . SKD F100 Skip on output flag
»  Fxxx(FB00 ~ F040) : INP, OUT, ION, SKI, = o intermp
DF FO40 Inter
151 )
(1 1 1 )UO Operation

Computer System Architecture

Chap. 5 Basic Computer Organization and Design

@ Korea Univ. of Tech. & Edu.
Dept. of Info. & Comm.
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The Instruction Format

m 5-3 Computer Instruction
% 3 Instruction Code Formats : Fig. 5-&§

[=0 : Direct,

I=1 : Indirect

15

14 12

r

J | Opeote

Regi

15

-reference |
» Txxx Y7800 ~ 7001):

jon
CLA, C

0

]

15

e Inp

» - Fxxx(

eoiste

ut instruction
00 ~ FO040):

15 14 13 12 |
dxB
decoder
76543210

0

Instruction register (IR)

1

0

D

1

, OUT, ION, SKI, .. 1

Computer System Architecture

Chap. 5 Basic Computer Organization and Design

@ Korea Univ. of Tech. & Edu.
Dept. of Info. & Comm.
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Determine Instruction lype

m 5-3 Computer Instruction
4 3 Instruction Code Formats : Fi

[=0 : Direct,
I=1: Indirect

15 14

Address

Start
SC 0
¥ 1 T
| AR~ PC —l
L T1

I IR — M [AR], PC+—PC+1 |

L Ty

Decode operation code in /R (12 - 14)
AR & [R (0 =11}, { + IR (15)

[R:gisu:rur’}[(l/ﬂ N, =0 (Memory-reference)

hvd

. . T
put instruction :
i Exgecule
800 ~ F040) : INP, Ol input-output
instruction
SC+0
]
|
I/0 Operation
D,IT,
1
Computer Systemn Architecture Chap. 5 Basic Figure 5-9

It for instruction cycle (initial configuration).
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1Ins

Instruction
Fetch

!

Instruction

Decode

truction - Indirect

[T:AR<Pc ] E

D
T, : IR < M[AR],
PC < PC+1 T

7

3

T2 : DO YAXYS D7 e
Decode IR(12-14)
AR « IR(0-11),

Operand
Fetch

!

Exe_cute

[« IR(15)

| |D,'IT,: AR «M[AR]

Result
Store

!

Nex

Instruc
;é

24

o |
Bus

350

AR (=202

‘i_" INF CLA

l.._h_

PC

L MR CLR

- DR

LD INR LR

® Adder | ~El

and 1 AL

LD INR LR

A
il
-

-I:uﬂ'l:_
e Il e L4

INFR

L

TR

AN

L |




T,: AR « PC

T, : IR < M[AR],
PC« PC+1

QUIZS

T,:Dy,.., Dy <
Decode IR(12-14)

AR « IR(0-11),

L« IR(15)

The following words reside in some

memory addresses

Let PC=100H

And the next clock cycle is T,

What will be the values of
the following registers at

the end of cycle T, ?

PC, AR, IR in hexadecimal?

100 1001 0001 0100 0000
101 0111 1000 0000 0000

120 0000 0001 0000 0001

13F 1111 1111 0000 0000
140 0000 0001 0010 0000

ADDR DATA
(hexa) (binary)
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