Computer
Architecture

Lec 5ha

Dr. Esti Stein
(Partly taken from Dr. Alon Schclar slides)

Based on slides by:

Prof. Myung-Eui Lee Taken from: M. _
Korea University of Technology & Education Mano/Computer Design and
Department of Information & Communication Architecture 3rd Ed.

® Computer Architecture — Esti Stein

o]



General Purpose Digital

Computer
.
* Capable of executing

various microoperations.

 Can be instructed as to

what specific sequence of
.
operations to perform.

Electronic Devices
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A Program

¢ The user of a computer can control the process by means of a program.

¢ Aprogram is a set of instructions that specify the operations, operand, and
the sequence

¢ Alinstruction is a binary code that specifies a sequence of microoperations

¢ Instruction codes together with data are stored in memory

¢ The computer reads each instruction from memory and places it in[R

control register. The control then interprets the binary code of the
instruction and proceeds to execute it by issuing a sequence of
microoperations.




Execution Cyvcle

Instruction 1

Instruction
Fetch

Obtain an instruction from
program storage in memory

processor

Instruction register




Execution Cycle

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

Instruction 1




Execution Cycle

Instruction Obtain instruction from
Fetch program storage in memory
I processor
Instruction Determine required actions E
Decode and instruction size OCPSS@r K
Operand Locate and obtain operand M < R1+R2
Fetch data




Execution Cycle

Instruction Obtain instruction from
Fetch program storage in memory
Instruction Determine required actions m
Decode and instruction size
Operand Locate and obtain operand M < R1+R2
Fetch data
Execute Compute result value or

status



Execution Cycle

Instruction Obtain instruction from
Fetch program storage in memory

and instruction size

' 7
Instruction Determine required actions /—I—\ w

Decode
Operand Locate and obtain operand M« R1+R2

Fetch data
Execute Compute result value or

l status
Result _ .
Deposit results in storage
Store




Execution Cycle

Instruction Obtain instruction from
Fetch program storage in memory
Instruction Determine required actions Ijﬂ
Decode and instruction size / \ i}
Fetch data
Execute Compute result value or
1 status
Result . :
Deposit results in storage
Store
Next Determine next instruction
Instruction (not the next in case of branch)




An Instruction

* A group of bits that instructs the computer
to perform a specific operation.
* An instruction is usually divided into parts.

A group of bits that defines An address in the memory

an operation:
add, subtract, shift, and etc.

n bits define 2" operations
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A Stored Program
Organization

One of the

processor’s
Registers




The Instruction

All instructions and operands are 16 bits

12 bits = length of

4 bits = 16 possible memory is 212 = 4096

operation codes

Size of memory is 4096 x 16

If an operation in the instruction does not need a memory
operand, the rest of the bits can be used to expand the operation.
Examples:

clear accumulator, complement accumulator, read a character
from the keyboard, etc.
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Addressing Modes
_ Op-code | Value or opcode extension |

Immediate addressing mode

Direct addressing mode
Indirect bit

Indirect addressing mode
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Addressing Modes

15 14 12 11 o
I Opcode Address
(a) Instruction format
Memory Memory
22 | 0o | ADD 457 is | ADD 300
/
T F S0
45 Operand .
] Operand
F#____‘HH_-_-_-E
i EA = Effective Address
F +
The address of the
T operand in a
AC I computation type AC
instruction OR
the target address
(b)) Direct address in a branch type (c) Indirect address
instruction
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QUIZI

A binary instruction code is stored in one word of the memory.

A computer uses memory unit with 256K words of 32 bits each.

What is the length (in bits) of one instruction?

The instruction has four parts:

1. An indirect bit

2. An operation code

3. Aregister code part, to specity one of 64 registers.
4. An address part

7

Op. code register code address part

Pl
Indirect bit

How many bits are in the register code part?
How many bits are in the address part?

How many bits are in the operation code part?
How many bits are in a data operand?
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Computer Registers

When 16 bits are sent
it takes the LSBs

Memory
4096 words
16 bits per word

15 Data Register 0

DR
olds the memory operand

15  Accumulator 0

AC
T TOCESSOT TEZISteT

char

Figure 5-3 Basic computer registers and memory.



Register with INC, LD
1°=

Oatput
camy

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

Figure 2-11 4-bic binary counter with parallel load and synchronous clear.
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Oatput
camy

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

Figure 2-11 4-bic binary counter with parallel load and synchronous clear.

®18



Register with[INC) LD, CLR
e

0

AC
AR
DR
PC
TR

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

Incremont

ount

T%-ZB\

TR

Figure 2-11 4-bic binary counter with parallel load and synchronous clear.

camy

Oatput
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The bus

Perform A&L ops

On AC and DR ‘\\

|
—>] CONTROL
UNIT

No direct bus path
from mem to AC

s

The Bus

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

CLOCK

Figure 5-4 Basic compurter registers connected to a ¢common bus.

Alon Schclar, Tel-Aviv College, 200

Input Device
Keyboard

Printer
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Reminder — register with parallel load
Lo —{ >0

L

?
}:‘::

[ =

X

D o Ay

IR
OUTR

I

Taken from: M.

Mano/Computer Design Clock —D
and Architecture 3™ Ed.

Figure 2-7  4-bit register with parallel load.

Alon Schelar, Tel-Aviv College, 2009
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The clock cycle

Edge triggered FF:

Write on rise of the
.. nhext edge
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The Bus

» Accumulator(AC) : 3

Path

= 1) Register Microoperation : clear AC, shfift

AC,...

s 2)Data Register : add DR to AC, and DR to

AC

End camry bit set/reset), memory READ

D,T, : DR < M[AR]
D,T.: AC « DR, SC

-

= 3)INPR: Device

Adder & Logic

» Note) Two microoperations can be executed
at the same time
DR <« AC :5,5,5, =100(4), DR(load)
AC « DR: DR — Adder & Logic — AC(load)

Fig. 5-4 Basic computer registers connected to a common bus

= Bus
=
Memony unit 7
4096 16 Address
I
Write Read
" AR "
I INAR CIR
-
PC D
LD INR CLRA
. oA | !
[ L |
CLA
I 4
I L |
CLA
. N 5
N |
S T } a
I L |
L 1] C1A
-| OuTR,
o I——Gur.'k
+—16-bit common bus+—
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The Bus - examples

- TR <DR - =y
— Place DR on BUS | =
« S5,5,5,=011 (DR num is 3) Wite Fea
— Insert BUS content to TR | Fa o 1k
« Enable LD (load) input of TR | J o s
+ DR<MEMAR] = . r s ] |
— AR is connected to address input of MEM e iE]
— Enable READ input of MEMORY rEAE 17 1
— Place MEMORY content (MEM[AR]) on BUS.. | | - > '
« 5,5,5,=111 (MEM numis " | INFR
— Insert BUS content to DR
« Enable LD (load) input of DR ' l " A 19
il LN [ 6
S i o . + Clock

16—bit common bus +—



The Bus — concurrent data
transfer

» During the same clock cycle

— The content of any register can be applied
onto the bus and | L Ry e

— an operation can be performed in the adder
and logic circuit

oy L |
4006+ 16 _.ﬁ.ddress

+ The clock transition at the end of the cycle 7 += “
—transfers the content of the bus into the target """ .
register and
—the output of the adder and logic circuit into I T
AC. | " i '\ | 6

* T.IUTFH/\
0 +— Clock
+—16-bit commen bus+
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The Bus — concurrent data

transfer

« DR~AC
— Place AC on BUS
+ S,8,S,=100 (AC numis 4)
— Insert BUS content to DR
« Enable LD (load) input of DR

- AC —DR

— DR connected to AC via the Adder & Logic (aka A&L ...

or ALU)
— Instruct ALU to let DR pass through
— Enable LD (load) input of AC

« Can be executed in the same clock cycle

TR

LD INR CIR

{'.'IUTH/_\

| R —

«—— Clock

+——|6-bit commaon bus+—
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s
£
=
™ Mamary unit 7
4086x 18 Address
| [
i
L]

The following control inputs are
active in the bus system shown in
The Bus slide or here
For each case specify the register
transfer that will be executed T

.
during the next clock transition — : 5
oD D L e
reglster oper. oper.
Read

1 1 0 PC - -

1 0 0 DR Write -

0 0 0 AC - Add
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&
s
=
™ Mamary unit 7
4086x 18 Address
|

i
L]

The following register transfer are
active in the bus system shown in
The Bus slide or here

For each case fill the table below

N
|
=

Sz Sl SO LD Of Memory AR ‘_15 bit common bus*—
register_|_oper

AR « PC

IR <« M[AR]
M[AR] < TR

AC«DR,
DR«AC y



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
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