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Overview

°Programmer’s Model of a
Microprocessor

* Address Space
* Registers
* Instruction Set

°Fetch — Decode — Execute Cycle
°Programmer’s Model of ARM 7TDMI
°Translation of C to ASM
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Review: What is Subject about?

Application (Netscape)
4 Operating

Soffware |—|Assembler (Windows XP)
[ linstruction Set

Hardware |Processor|Memory|lIO system | Architecture

Datapath & Control

v
| Digital Design |

| transistors |

°Coordination of many /evels of
abstraction
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Review:Programming Levels of Representation

temp = v[k];
High Level Language v[k] = v[k+1];
Program (e.g., C) V[k+1] = temp;
Compiler Idr r0, [r2, #0]
Assembly Language Idr 1 y [r2, #4]
Program (e.g. ARM)
str r1, [r2, #0]
A I/
ssembler str r0, [r2, #4]
Machine Language 1110 0101 1001 0010 0000 0000 0000 0000
Program (ARM) 1110 0101 1001 0010 0000 0000 0000 0100

[ ] 1110 0101 1000 0010 0001 0000 0OOOO 0000
1110 0101 1000 0010 0001 0000 0000 0100

Machine Interpretation

Control Signal ALUOPJ[0:3] <= InstReg[9:11] & MASK
Specification
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Review: 5 Classic Components of a Computer

Network/Bus

Processor 7/////// Processor
. Input 7
Control Control
Memory Memory
AN
Datapath Output Datapath
JAY

NN

| ALU || Registers|
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An Expanded View of the Memory Systems

Processor
Control
| o
|~ Ha.rd disk|
== . (Virtual
Main T
7 e nd Memo
Datapat @. B 2" Cache ry
Z g
g
1 T
Speed: Fastest Slowest
Size: Smallest Biggest
Lowest

Cost: Highest

*Cache and Virtual memory are handled by hardware
and Operating System

*Programmer sees only one memory and the registers
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Registers

° Small and fast memory inside the processor
» Load data from memory (Hold Data)
» Store memory addresses (Hold Addresses)
* Hold computation Operands and Results
- Store back to memory From memory

Selectors:4 bits

In ARM r15 (pc) is
the program counter. i

It points to the J
. . 2-bit AL
instructions

in memory Y

Register filel ARM has 16 Register:

rO - r15, (each 32 bits)
Data: 32 bits

v

° There are other specialized registers as well which
are not visible to the programmer
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Fetch Decode Execute Cycle

Obtain instruction from program storage

Processor W
Determine required actions 2 Input
Control /////
Memory
Locate and obtain operand data %////A
Datapath Output
VAN Y

Compute result value or status
ALU || Registers

Deposit results in storage for later use

Determine successor instruction

T
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The Programmer’s Model of a Microcomputer

Instruction Set:
r0, [r2, #0]
r2,r3,r4

Idr
add

Registers:
ro - r3, pc
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Memory Address Space (ARM 7TDMI)

230 = address space size in words

A word (4 bytes in memory)
4 x 230 = address space size in bytes = 4GBytes

>interpretations

o

Since 1980 almast every Binary Contents
machine uses addresses
to level of 8-pits (by'
E0832004 ; i
0x80000000| 44 2. 3. 14 instruction
E0452006 . .
0x80000004| ¢, 12 15, 16 |[instruction
Addresses; E5920000
0x80000008| |4r rg, [r2) [instruction
0x8000000C 9x00000020 Data 20,,,=32
Same as variable
Same as variabl
value
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16 Visible Registers (ARM 7TDMI)

0

1

|—! usable in user mode

[P

r3

r4

5

In ARM pc is the program counter.

6

r7

It points to (contains the address of )

4

p = mal the instructions being fetched from
9 r9 fia | memory
r10 —:
r11 4 —
rz 12 fig | r13 abt| ‘:-q — |
13 13 fiq r:i sve 14 ab r14 _und
r14 4 fig b—"r=m
15 (PC) They will be covered later
= —1 SPSR i|
oPSh i == SPSR_abt |-SPSH | =
d fig sve abort irg undefined
user mode mode mode mode mode mode
31 2827 87 6 5 & 9]
NZCV| unused | IF |T| mode |

Instruction Set (ARM 7TDMI)

o

Set of instruction that a
processor can execute

° Instruction Categories
» Data Processing or
Computational (Logical and
Arithmetic

* Load/Store (Memory Access:

or transferring data between
memory and registers)

+ Control Flow (Jump and
Branch)

* Floating Point
- coprocessor

*  Memory Management
31 2827

0

1

Registers

2

r3

r4

5

6

7

8

o

r10

ri1

ri2

r13

r14

r15 (PC)

CPSR |
—

8 76

5 4 0

| NZCV unused

| IF |T| mode
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Data Processing Instructions

° Data Processing Instructions:
+ operate ONLY on registers
» store result ONLY on registers
+ Category: Arithmetic, Logical, Data

Registers

0

1

2

3

4

5

6

r7

Memory Access Instructions

° Memory Access Instructions:

+ Transfer data from a memory address to a register
(load instructions)

» Transfer data from a register to a memory address
(store instructions)

movement 8 . E les:
« Examples: 19 xampres:
pl . 2 1 & r2 :? ldr rl, [r2] ; rl € mem[r2]
mov S, ¥ nr i r12 Address of memory location is in register r2
add rl, r2, r3 ; rl € r2 + r3 gi str rl, [z3] ; rl O mem[r3]
and r3, r3, rd ; r3 € r3 AND r4 —— Address of memory location is in register r3
All covered in details later [ cesp All covered in details later
31 2827 8765 4 0
|NZCV | unused | IF |T| mode
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Control Flow Instructions What'’s this stuff good for? GameBoy!
— -
° Control Flow Instruction: N'dpe“d% E::Mcgtlve GameBoy
* Power by rocessor
* Generally next Instructions + Color LCD240 x 160 pixel (32 000 colors)
are fetched from Sequential E0832004 struction - USD100 .
addresses in Mem 0x80000000| 44q r2, r3, r4 Is This the Executive’s GameBoy?
E0452006 . ; :
+ Some Instructions cause 0x80000004| o > 5 15 |instruction
fetch of next instruction E5920000
from non sequential 0x80000008| |4 0, [r2] instruction
addresses in Mem (Control = A000004
flow or branch instructiong)y8000000C} -, "o o701 |instruction
« Examples: Ninend Gy Adrce 2 ws
br there s e e et 0
£085200 instruction
) ) 0x80000014 44q r2, 15, r5 i .
All covered in details later s .
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240 by 160 pixels—

corm at hitt

Sam
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COMP 3221 Reading Materials

° Printed Laboratory booklets (Highly Recommended)
* Buy from the Bookshop for $10 (Available from Week #2 )
« Available on-line as well

° Companion CD-ROM (Highly Recommended)

* Present your Lab booklet to CSE's store staff (in K17-B08) to be
stamped and collect your CD.(Available from Week #2)

« All Software tools and user manuals used in the lab

 All relevant documentation relating to hardware development
board used in the lab

» Copies of all relevant data sheets for the processor and other
devices on the hardware development board used in the lab

» Copy of ARM Processor Reference Manual
+ All the Laboratory Exercises documentations

* Many programming examples
* And LOT MORE...

« Available on-line as well ) )
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COMP 3221 Laboratory Session

°Laboratory:
* Monday: 14:00 — 16:00 EE233
* Monday: 17:00 — 19:00 EE233
* Tuesday: 11:00 — 13:00 EE233
* Wednesday: 13:00 —15:00 EE233
» Thursday: 12:00 — 14:00 EE233
* Friday: 14:00 - 16:00 EE233

* You will be only allowed into the lab session that you are
enrolled in. No’exception allowed.

* You have until TOMARROW to enroll into a lab session
* Wednesday, Thursday, Friday lab sessions are full!

» Special Open Access labs

* Wednesday : 16:00 —18:00 EE233

* Friday: 16:00 — 18:00 EE233

* Not assessed

* It is only for those who need a bit of extra time
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Laboratory Groups

° Linux Lab Group Account

° Day Time Group User Name
Monday: 14:00 - 16:00 ual -ual8 & pal —pa18
Monday: 17:00 - 19:00 ub1 - ub18 & pb1 — pb18
Tuesday: 11:00 - 13:00 uc1-uc18 & pc1 - pc18
Wednesday: 13:00-15:00 ud1-ud18 & pd1 —pd18
Thursday: 12:00 - 14:00 ue1 - ue18 & pe1 — pe18
Friday: 14:00 - 16:00 uf1 —uf18 & pf1 — pf18

PASSWORD: group_X
With X being the group number,
eg group_ua1, group_pe18

You must change your password the
first time you log in.
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ELEC 2041 Laboratory Schedule

°Laboratory:

» Special Open Access lab Sessions

* Wednesday: 16:00 - 18:00 EE233
* Friday: 16:00 - 18:00 EE233
« Starts from week #4

* Not assessed

. {t is only for those who need a bit of extra
ime
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Laboratory Documentation

°Written Extensively

°They Server as:

Sample Assembly Program
C statement: k =k - 2

Binary Contents

r2 0x94 E3A02094 |Instruction
- Lecture Notes 0x80 | mov r2, #0x94 |(Data proc.)
* Tutorial o 2 E3A05002 \|nstryction
utoriails 0x84 mov r5, #2 (Data prOC.)
« AND Practical exercise 2| 0x94 oxgg | 52929000 linstruction
0 0x20 Lk ldr_r0,1r2] _|(Mem Access)
°Careful Reading Enables you to: 0] 0x20 | OX8C | o 000% '(Bsat[gcg'rgg)
» Understand the Subject material - E5820000  (Instruction
_ _ 5 0x2 0x90 | str r0,[2] |(Mem Access)
i Do tutOl'Ia| pl'a.ctlce - 0 3 Nx94 X 0x0000001E |Data 20hex= 3210
* AND get practical experience ) (’
r 0x94
DO TAKE THEM VERY SERIOUS! 0 Ox1E
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Compilation Conclusion

°How to turn notation programmers prefer
into notation computer understands?

° Program to translate C statements into
Assembly Language instructions; called a

° Example: compile by hand this C code:
g=b+m
=a-e;

° Easy: addr1, r2, r3
sub r4, r5, ré6
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°ARM has 16 32-bit registers

°Instructions are all 32 bits

°Instruction Categories

* Data Processing or Computational
(Logical and Arithmetic

* Load/Store (Memory Access: or
transferring data between memory and
registers)

» Control Flow (Jump and Branch)

°Access to memory is only through 1dr
and str instructions
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