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Instruction
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Data
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PC = Program counter

IR Instruction register

MAR = Memory address register
MBR Memory buffer register

I/O AR = Input/output address register
I/O BR = Input/output buffer register

Figure 3.2 Computer Components: Top-Level View
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ComP‘-'ter Function

1

- progrom execution _
- Fetch Cycle Execute Cycle

START Y

Figure 3.3 Basic Instruction Cycle

15

(a) Instruction format

‘Magnitude .

(b) Integer format

Program Counter (PC) = Address of instruction } S:ys"cem register
Instruction Register (IR) = Instruction being executed '
Accumulator (AC) = Temporary storage ) user register

(¢) Internal CPU registers
0001 = Load AC from Memory

0010 = Store AC to Memory
0101 = Add to AC from Memory (AC<4—AC+ M {ddv))

0110 = subbract (d) Partial list of opcodes
geii = shi ‘
0106 = shr

frli = hodt

Figure 3.4 Characteristics of a Hypothetical Machine -




CPU CPU
Memory Registers Memory Registers
3001940 300! PC 30001940 300 PC
301 59411 AC 30115941 0003 [AC
30212941 1940 |IR 30212941 1940 jIR
940 000 3 940 0003
941 000 2 9411 0002
Step 1 Step 2
CPU CPU
Memory Registers Memory Registers
30[1940 301] PC 3001940 301] F¢
301 594110003 AC 30115941 0005 |AC
30212941 5941 |IR 30212941 5941 |IR
940/ 000 3 9401 0003 3+t2,=5
941{ 000 2 941{ 0002 —""
Step 3 Step 4
CPU CPU
Memory Registers Memory Registers
30001940 302| PC 30011940 302i PC
30115941 0005 |AC 30115941 0005 |AC
30212941 »~ 2941 |IR 30212941 2941 |IR
9401 0003 9401 0003
9411 0002 9411 0005
Step 5 Step 6

FIGURE 3.5. Example of program execution




Instruction cycle (including interrupt)

Multiple Multiple
operands resulls

Instruction compiete, Retum for string

' - interrupt
fetch next instruction or vector data

Figure 3.12 Imstruction Cycle State Diagram, with Interrupts

Interrupt

- improve efficiency

- cpu speed vs. I/O speed 5 100 1

- cpuis idle during I/O operation. With interrupt, cpu
can serve other user’s program - multiprogramming

- Classes of interrupt
- program interrupt: divide by zero, overflow, ...
- timer interrupt |
- T/O interrupt
- machine interrupt: hardware failure

Interrupt handling routines are in the O.S.

Muttiple Interupts ‘
) FCES - disable i‘nfem-i!B
() Priority - Preemptive.




User Program I/C Program
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® ®
WRITE 1/O Command
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WRITE
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(a) No Interrupts

User Program {/0O Program
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{b) Interrupts; Sﬁt I/O

FIGURE 3.7. Program flow of control without and with interrupts
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{c) Interrupts; Long [/O Wait

Tirne —_—
®
9

Processor

/O @

. . 1/0
Wait t]
ail Operation Operation
Processor
—_— Wait;
— ®.
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[
® @ | w
Operation
i Processor
Processor | 10 Waitz
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v @
—_— {b) With Interrupts
(a) Without Interrupts

FIGURE 3.11. Program timing; long 1/O wait




Interconnection Structure

bus: 50 ~ 100 lines

Ex. Load AC, A /1 load content of memory location A to AC //
"o Addressbus: address of A

o Databus: content of A
o Controlbus:  control signal for Load instruction
<= peod
Memory le— write
0A12|Load AC,A TG
read —>

write —»

<  Patal

data (External)

data)y (Ex¥ernal)




