Homework # 1

Design of digital computer



I. Function.
For the given succession of integer positive numbers Q + a,
asum

gMZ

must be find for any mteger

Algorithm for solving the problem:
So = Qo;
Si=ap+a; = So+ ayq;
So=a9+a + a, = S;+ ay;



ll.Architecture.
Set of instructions:
Copy a, from the main memory in accumulator (one of ALU registers).
Code 1;
. Add to the content of accumulator ( ay) the secondterm ( a;).Code 5;
Store (copy) the content (result = Sy ) from accumulator to the main
memory. Code 2.



Language:
1). Format:
for integers (numbers)

o Magnitude
0 15

for instructions

0 34 15

2).Alphabet:
input- binary;
output — hexadecimal.
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Example of Program Execution

Memory CPU Registers Memory CPU Registers
3001 9 4 0} [300]lPC |300[1 9 40 3 0 0]PC
301159 4 1 ACI 301159 4 1 000 3|AC
30212 9 4 1 194 0[IR|302[29 41 1 94 0]IR
9400 0 0 3 940[0 0 0 3
94110 0 0 2 941(0 0 0 2
Step | Step 2

Memory CPU Registers Memory CPU Registers
30011 9 4 0 30 1|PC 300(1 9 40 3 0 1]PC
30159 4 1} 000 3|]AC)301|5 9 4 1 D00 5]AC
3022‘)4]1-.594IIR 3()22‘)41&5‘)41(
9400 0 0 3 940[0 0 0 3 142=5
9410 0 0 2 941[0 0 02—

Step 3 Step 4

Memory CPU Registers Memory CPU Registers
300(1 9 4 0 30 2|pPC 300(1 9 40 3 0 2|PC
3015 9 4 1 000 5|AC]301[59 4 1 000 5|AC
302129 4 1 294 1|IR|302({29 41 29 4 1|IR
900 0 0 3 940[0 0 0 3
94110 0 0 2 9410 O 0 5
Step 5 Step 6
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Memory Cells

111 Program

Registers of CPU

300 | 1940 300 PC
301 | 5941 AC
302 | 2941 300 MAR
MBR
940 | 0003 I IR
41| 0002
300 1940 | 301 PC
301 | 5941 AC
302 | 2941 300 MAR
1940 MBR
940 | 0003 I IR
911 | 0002
300 | 1940 300 PC
301 | 5941 AC
302 2941 C 940 MAR
1940 MBR
940 | 0003 @ 1 IR

941

0002

>

Instruction
Fetch



300 1940 301 PC
301 | 5941 AC
302 | 2941 940 MAR
0003 MBR
040 : ) —
0003 / IR
041
0002
.300 | 1940 301 PC
5941 AC
301
302 2941 940 MAR
: 0003 MBR
940 | 0003 1 IR

941

0002

Loading of
MBR from
Memory

> Loading of AC

from MBR




300 1940 301 PC
301 5941 0003 AC
302 2941 301 MAR
0003 MBR
940 0003 1 IR
941 0002
300 1940 302 PC
301 5941 0003 AC
302 2941 301 MAR
5941 MBR
940 0003 1 IR
941 0002
300 1940 302 PC
301 5941 0003 AC
302 2941 @; 941 MAR
5941 MBR
0003 @ 5 IR

941

0002

|

Instruction

Fetch



300

301

302

940

941

1940

5941

2941

To the contents of AC
the number, which
has been read from

the memory is adding



300 1940 302 PC
301 5941 0005 AC
302 2941 302 MAR
0002 | MBR
940 0003 5 IR
941 0002
300 1940 302 PC
301 5941 0005 AC
302 2941 302 MAR
“Sh 2941 | MBR
o [ o003 5 IR
941 0002
300 1940 302 PC
301 5941 0005 AC
302 2941 >941 MAR
2941 | MBR
940 0003 2 IR
941 0002

Instruction

Fetch



300 1940 302 PC
301 5941 0005 AC
302 2941 941 MAR
0005 MBR
940 0003 2 IR
941 0005
300 1940 302 PC
301 5941 0005 AC
302 2941 302 MAR
0005 | MBR
940 0003 / 2 IR

941

0005

>

Loading of
Memory from
MBR



IV Structure.
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3.2 / COMPUTER FUNCTION 69

e — CPU Main memory

Pc I SRS l «bus lnslrt.u:lion

T C— Instruction
l Instruction

7 ' .

| Accum 1 .

Data

6 System

e e N =D

Data
8 Data

PC = Program counter
10 IR Instruction register

= MAR Memory address register
MBR = Memory buffer register

Accum = Accumulator

11 — Figure 3.2 Computer Components: Top-Level View 2
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V. State Diagram for one Instruction.
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Instruction Operand Operand
fetch fetch store
Address of operand
Multiple Multiple
operands results
. Operation Code )
Instruction Instruction Operand Operand
. Data
address operation ——  address 2 —>  address
2 2 = operation z
calculation decoding calculation calculation
Instruction complete, Return for string
fetch next instruction or vector data

Figure 3.6 Instruction Cycle State Diagram
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VI. Computer Organization
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CPU Main memory

System

I PC I MAR bus .

Instruction

o0 e N =D

Instruction

Instruction

IR MBR

.

Accum .
Data

Data
Data
Data

277

.

o n-2
n-1

PC =  Program counter

IR Instruction register
MAR =  Memory address register
MBR =  Memory buffer register

Accum = Accumulator



