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Machine code and

assembly language

8.1 Assembly language

Controlling the computer with
instruction codes

During the Fetch-Execute cycle, the processor fetches instruction
codes from RAM and then executes them (carries them out). A list
of all the instruction codes that a computer understands is called
the instruction set of that computer.

Instruction codes are binary numbers. Each binary number tells the

computer to do a different action. Every type of processor has its
own processor instruction set that works only for that processor.
The same binary number can mean different things in different
computers.

Add 2
numbers

01101000

Computer action

A Figure8.1:Amachine code instructionisdecodedand executed.

Instruction code

A program that is made up of binary instruction codes is called a
machine code file. All software files are-made of ‘machine code.
Programmers could write software by writing machine code. But
this is rare, because it is hard for.a human programmer to make a
program using number codes. Instead, programs-are almost always
written in a programming language and then translated into
machine code.

Mnemonic letter codes

The first programming language to be invented was assembly
language. It is very similar to machine code. But instead of using
binary number codes, it uses short words of three or four letters.
These words are easily converted into number codes.

The words used in assembly language are called mnemonic codes.

Mnemonic is pronounced ‘nu-mon-ic’. It means ‘easy to remember’.
The mnemonic codes of assembly language exactly match the
binary number codes of the instruction set.

Add 2
numbers

ADD
Minemonic code

0110 1000
Instruction code

=>

Computer action

You will be able to:

* understand what assem

language is

 describe the format of a

assembly language instruction
use an address to define an

operand.
P -

Key terms ‘ \)
PN

Instruction set: the binary number
codes that stand for actions a
processor can execute

Processor instruction set: the

instruction set of a particular
processor

Machine code: a low-level
language consisting entirely
of numbers, also known as
executable code

Assembly language: a

programming language that uses
mnemonic word codes instead of
binary instruction codes

Mnemonic: easy to remember

« Figure 8.2: The mnemonic codes of
assembly language can be converted
directly into the binary numbers of
machine code.



Machine code and assembly language

There are different versions of assembly language. Each one uses
slightly different mnemonic codes. Exam questions will use a Key terms
version called standard OxfordAQA assembly language.

Low-level language: a language
Low-level languages that matches closely to  the
Machine code and assembly language are called low-level structure of the computer system
languages. These languages work directly with the registers and Operator: the part of a command

memory locations of the computer. The instructions you write are
very similar to the actual codes the processor uses. This gives you
very good control over the detailed working of the computer. But it
can be hard to write programs in a low-level language. operator in an
assembly language command
Operand: the part of an instruction

that tells the computer what data
to process Destination register: a

that tells the computer what
process to carry out Opcode: the

Building skills 1

numbered
register used in an instruction,

The assembly language used by OxfordAQA is based on the machine
usually to store the result

code of an ARM processor. Do online research to find out what an ARM
processor is.

Operator and operands

In the examples we've seen so far, the instruction told the computer
to add two numbers. In a real program, we must also tell the
computer what numbers to add. Almost every instruction has two
par ts.

 An operator is an instruction telling the computer what process

to carry out. In assembly language this is.shown using an
opcode.
e The operand(s) are the datathat has to be processed.

The operands are fetched at the same time as the instruction during
the Fetch-Execute-cycle.

Result of operation
Operator: ADD é

9 1
Operands:5, 6 9

A Figure 8.3: Each instruction consists of an operator and some operands.

The operation creates a new data value, called the result. The
result has to be saved. The result is typically saved into a register.
A register is a small area of memory inside the processor. The
registers are numbered (for example, from 0 to 12). The register
where the result is saved is called the destination register.




Chapter 8
Addressing mode

You have seen that most instructions include operands. That is the Key term
data you want the computer to use in the operation. There are three
ways to tell the computer what data to use. Addressing mode: different ways

« Immediate addressing: the operand is thelactij afdaa &, want

Immediate addressing means

to use (like in Figure 8.3). providing the actual data. Direct
Direct addressing: the operand is a register or address where addressing means giving the
® the datais stored. location where the data is stored

Indirect addressing: the operand is a register, which holds
e another address where the data is stored (so it takes two steps

to find the data).

These three ways of stating the operand are called addressing
modes.

Building skills 2

Do online research to find a web page that shows the list of mnemonic
codes in OxfordAQA assembly language. You will learn all of these
commands as you work through this unit.

Structure of an assembly language
instruction

To recap, a typical assembly language instruction will have these
par ts:

e opcode
destination register

: addressing mode

e operands.

Not all instructions have exactly this structure. Some commands do

not use operands or a destination register. You will learn more in the
following sections.

Test your understanding

1. Whyis it easier to write a program in assembly language than in
machine code?

2. What is the purpose of the destination register?
Describe the difference between an operator and an operand.

4. Explain the three modes of addressing used in assembly language.




Machine code and assembly language

8.2 Commands in assembly

Ianguage You will be able to:
Loading and storing data ®  load and save data using
commands

Each register holds only one data value. When a program runs, the

computer loads data from memory into the registers, makes some ° Carl}/ out Simple CaIC
changes to the data, and then stores data back into memory. using assembly language

In OxfordAQA assembly language there are 13 registers. Registers Instructions.

are numbered from RO to R12. Memory locations are numbers
without an R in front. In the exam, the question will tell you what

registers and memory locations to use. Key terms
LOAD command Load: a value is copied from
The command to load gets data from a memory location and puts it computer memory to the
into a register. The command has this structure: destination register (using direct
addressing)
Store: a value.is copied from the
e theopcodelDR destination register to computer
the destination register, Rd (where the data goes t0) memory (using direct addressing)

« the memory location (where the data.comes from).

You would write the command in this form. Notice the comma
between the two operands.

Registers are very small areas

LDR Rd, location L
of memory inside the processor

Here is an example. To load data from memory location 99 into that can hold only one value (see
register RO, you would give this command. section 7.1).
LDR RO, 99

Remember that when an operand identifies'a place where the data
is held, this is called direct addressing. That is the only type of
addressing the load command can use.

Some commands can also use immediate addressing. There is
more information about this towards the end of this lesson.

STORE command

The command to store data has this structure. It stores data from
the destination register to a memory location.

STR Rd, location

Here is an example. This command stores the data from register R6
in memory location 23.

STR R6, 23

Once again, this is an example of direct addressing. That is the only
kind of addressing the store command can use.

You can load and store data to a numbered register instead of a

memory location. In this case, the second operand will start with
an R. That tells you that it is a register. This is also an example of
direct addressing.
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MOVE data between registers

The command MOV (short for move) copies data from one register
to another. After the command is completed both registers hold the
same data.

MOV Rd, operand

Let's see the effect of this command. It can be helpful to draw
the registers you need to use, and the data that they hold. In this
example, R3 holds the data value 16.

RO R1 R2 R3 R4
16

You may see a table like this ready-made in an exam question. Or
the question might tell you in words: ‘register 3 holds the data value
16’. Here is an example command.

MOV RO, R3

The command moves data into register RO. The data comes from
register R3. After this command, the registers will look like this.

RO R1 R2 R3 R4
16 16

All these commands use direct addressing. The operands are
locations, and the commands move data between locations.
Remember that you will see an R in front of the operand if itis
the number of a register. A number on its own is the address of a
memory location.

Immediate addressing

Move operations can also use immediate addressing. That means
you give the exact data value rather than a'numbered location

or register. A # symbolin front of the data value tells you it is
immediate addressing. Here is an example.

MOV R6, .#590

This command means ‘move the data value 590 into register 6’.

- I d
WXng skills 1

Write assembly language commands to carry out these operations:

move the number 23 into register 2
® move data to register 0 from register 2
® store data from register 0 to memory location 99.

Key term

Move: a data value is copied into
the destination register (using
immediate or direct addressing)
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Carrying out calculations Key term
We can add and subtract data values using assembly language
instructions: Trace (assembly language): write
down the values in the registers
e ADD - add two operands and save the result in the destination and numbered memory locations
register as you work through a program

- SUB - subtract one operand from another8nd §ave the result in

the destination register.
These commands have this structure.
ADD Rd, operand 1, operand 2
For example, this command adds the value in register 3 to the value
in register 4 and stores the result in register 0. You learned how to hand-trace an
algorithm in section 3.5.

ADD RO, R4, R3

We can use immediate addressing for the second operand. For
example, this command subtracts the value 70 from the value in
register 4. The result is put into register 6.

SUB R6, R4, #70

| ‘ Test your understanding

Building skills 2 ‘
The registers of a computer are

Writeassemblylanguage commandsto carry out these operations: empty, as shown in this diagram.

® movethenumber 99 intoR1 IC\I/Iaetr:\(/);)lluI:cgatlon Iy elds e

e addthenumber 23 to thevalueinR1 and put the result in RO '

storethevalue in RO to memorylocation 55. RO RI | R2 | R3| R4
H 1. Show the contents of the

Trace the reQISters registers after this command
You have learned how to trace an algorithm written in pseudocode. iscarried out.
You can also trace a program written in assembly language. You LDR RO, 100
can trace the effect of each command on the registers. Some exam 5 ghow how the contents of the
questions may ask you to do this. Here is a set of registers showing registers change after this
the starting values. additional command is carried

out.
MOV R1, #99

RO R1 R2 R3 R4

7 8 3. Show how the contents of the
Here is an assembly language command. registers change after this
additional command is carried
ADD R2, RO, RI1 out.
This means ‘add the values in RO and R1, put the result in R2'. After ADD R2, R1, RO
running the command, the registers look like this. 4. What value is stored in
data location 100 after this
RO R1 R2 R3 R4 command is carried out?

7 8 15 STR R2, 100
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8.3 Control program flow

The program counter You will be able to:

An assembly language program is a series of commands. As the ® use conditional branching .

program runs, the program counter counts through the lines of the ° make |Oops and |f Struct
program one by one. Each line is carried out and then the program using assembly language.

counter moves on to the next line.
You can control the program counter using assembly language
commands. Key terms

* You can stop the program counter with thenHdfll.comeanad.
. command akes the program .
* Yau,can make the.pragram counter jumpite asditterent prace in

Label: an identifier used in the

branch command, showing where
to jump to

This gives us control over the flow of the program.

Branching

You can jump to a different line of the program with a branch
command.

* Branch backwards: this can make the prdgremige Farkeid

: . ; dTnthe
repeat some lines, like a loop in pseudocode. R s P72)

 Branch forwards: this can make the program miss out some

lines, like a selection structure in pseudocode.

We put labels into the program to tell the program where to branch
to. The branch command will make the program jump to where the
label is.

For example, here is a program without branching. It adds 1 to the
value in memory location 99.

MOV RO, #1 LDR

R1, 99 ADD R2,

R1, RO STR R2,

99 HALT

Here is the same program with a branch backwards. The new lines
are highlighted.

MOV RO, #1
MYLABEL:

LDR R1, 59

ADD R2, R1l, RO

STR R2, 99

B MYLABEL

HALT




Machine code and assembly language

Now the program contains a label. In this example it is called
‘MYLABEL'. But you can choose any identifier that seems suitable. Key term
When the program reaches the command
Conditional branching: a branch

B MYLABEL command that depends on the
it branches back to where ‘MYLABEL' is. This program will add 1 to result of a comparison between
the value in location 99. Then it will loop back and do it again. Can two values

you see a problem with this program? There is no way to stop the
loop! It will keep adding forever and never halt.

Conditional branching

Mostprograms that include branching use conditional branching.
Thatmeans the branching is controlled by a logical comparison,
usingarelational operator. The command CMP tells the computer to
compare two values. For example:

CMP R2, #15

Thiscompares the value in R2 to the number 15. The result of the
comparison is used in the next branch command. For example, BLT
means‘branch if less than”:

BLT MYLABEL
Here is the program showing this change.
MOV RO, #1
MYLABEL:
LDR R1l, 99
ADD R2, R1, RO
STR R2, 99
CMP R2, #15
BLT MYLABEL
HALT
This branch command will happen.if the value in R2 is less than 15.

If R2 is not less than 15,the branch command will not happen. The
program-will halt.

Table 8.1 'shows all the conditional branch commands that you can use.

V¥ Table 8:1: Branching commands

Branch command Meaning

BEQ Branch if equal

BNE Branch if not equal Building skills 1

BGT Branch if greater than The example program branches

BGE Branch if greater than or equal to if the value in RZ is less than
15. Rewrite the program so that

BLT

Branch if fess than it branches if the value in R2 is
BLE Branch if less than or equal to equal to 0.
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Use branching to make a selection structure

A branch backwards makes the program repeat. That makes a loop.
Or you can branch forwards, jumping over some commands. That
creates a selection structure (similar to if... else).

For example, this program loads two numbers, adds them together
and saves the result to memory.

LDR RO, 110

LDR R1, 120

ADD R2, RO, RI1

STR R2, 110

HALT
The next example shows the same program with a branch
command added. The branch command skips to the label ‘END’ if
the two values are equal. It misses out the commands to add the
two values and store the result. The new lines are highlighted.

LDR RO, 110

LDR R1, 120

CMP RO, R1

BEQ END

ADD R2, RO, R1

STR R2, 110
END :

HALT

Building skills 2 < Y \ >

® Rewrite this program so-that it skips to the end if the value in R1 is
less than 0.

e Write an assembly language program that loads two values from

memory locations 98 and 99, subtracts the smaller one from the
larger one, and saves the result to memory location 100.

Test your understanding

1.~ What command stops a program?

2. How many operands follow the command CMP?
3. How is alabel used in a branch command?
4.

Which structure in a pseudocode program is similar to branching
backwards in an assembly language program?




8.4 Understand and write
programs

Variables, values and calculations

In high-level languages, we use variables. Variables are names
given to data locations. Here is an example program written in
pseudocode. The variables are called X and Y.

X = 40
Y=Y+ X
Y=Y - 30

Now let’s turn the program into assembly language. We will use
registers and memory locations to store the values. The ones we
have chosen are shown in this table.

Variable Register | Memory location
X RO 99
Y R1 101

In the exam, they will tell you what registers and data locations
to use.

Pseudocode | Discussion Assembly language

X = 40 Use immediate MOV RO, #40
addressing to move the
value 40 into RO.

Store the value to STR-RO, 99
memory location 99.
Yy = v + x | Usedirect addressing LDR R1, 101

to get the value from
memory location 101
into register R1.

Add X and Y. The ADD R1, R1, RO
destination registeris Y.

Y =Y —30Subtract 30 from SUB R1, R1, #30
Y using immediate
addressing. The
destination registeris Y.

Store Y back into STR R1, 101
memory location 101.

End the program. HALT

You can see that a single line of pseudocode often matches two
lines of assembly language. One line loads or saves the value and
another line processes the value.

Machine code and assembly language

You will be able to:

 write an assembly la

program to complete a task

e understand what an

language program does

* try out a program usir

online simulator.

Building skills 1

Write an assembly language
program to match the following
pseudocode program. Load and
save variables A and B using
memory locations 81 and 82.

Use registers RO and R1 in your

code.
A=A4-17
B=A+A
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Programs with branching

Many programs include loops and selection structures. To copy
these structures in assembly language, you must use conditional
branching. Here is an example requirement.

Key terms

Assembly language simulator: a
web page where you can enter an
assembly language program and

Two values are stored in memory locations 50 and 51. Find the LZ%pgﬁgfm Cllmes e e
largest of the two values and store it to location 55.
Let’s go through the requirement and turn it into assembly language
see Table 8.2). We will use RO and R1 to store the two values.
able 8.2: The assembly language program to meet the example
v
requirement
Requirement Discussion Assembly language
Two values are stored in memory | Load the two values from the memory LDR RO, 50
locations 50 and 51. locations to the registers. LDR R1j 51
Find the largest of the two values.| Compare the two values. CMP RO, R1

IT the Tirst value Is greater go 1o

the fabel firSty par fFirst

Otherwise, go to the label-'second”. B second
Store the first value and skip to the end FivsE
Store the largest value to location trst:
55. STR RO, 55
B end
seconda:
Store the second value.
STR R1, 55
enda:
End the program.
HALT

Understand orexplain a program

You may be given a program in assembly language and asked to
explain what it does or write pseudocode to match its actions. It

is a good idea to trace the assembly language program and see
what happens to the values in the registers as you work through the
commands one by one.

Using'a simulator

Yourprograms are written in standard OxfordAQA assembly
language. This is not a real assembly language. You cannot run the
programs on your computer. Instead, you can trace them by writing
down the values in the registers after each line of the program.

There is another way to try out your programs. Clever and helpful
people have created online assembly language simulators. An
online simulator will run a program written in OxfordAQA assembly
language as if it were inside a computer. Peter Higginson has made
a very good simulator that you can use for free online at
www.peterhigginson.co.uk/AQA

Building skills 2

Trace the program in Table 8.2.
Show the contents of the registers
at each line. Assume that the
locations 50 and 51 hold the
values 100 and 200.
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AssemblyLanguage Registers Main Memory (32 bit words as signed)

INP RO,2 PC L Incrementer o 1 3 3 4
INP R1,2 R12 o 000 SIBSI4TIZA 285143038  -528408576 285073404 285212672
ADD RZ,R1,R0 it e o0 0 o ] ] ]
OUT RZ2,4 R10 0 010 0 0 0 0 0
HALT L g 01s 0 0 0 0 0
RS 020 0 [} o ] 0

h i
X :{Dutput the sum o i o 05 0 0 0 o o
PR KASORTY A6 0 030 0 0 0 o 0
S o 03s 0 o 0 0 0
M 0 040 0 0 [ 0 0
3 o 045 0 o ] 0 0
n2 o 050 0 0 0 0 0
i o 058 0 0 0 0 0
= - 060 0 o 0 o [
065 0 0 0 0 0
om0 0 0 0 0 0
0% 0 o o ] [
a8 0 0 [ 0 ]
0n&s (1] a (1] (1] (1]
Control 090 o o o o o
08s 0 (1] (1] (1] 0
Unit 100 0 o 0 o o
108 0 o 0 0 o
110 0 0 0 0 0
1% 0 0 0 0 0
. 2 120 0 [ ] ] 0
Arithmetic 125 o o o o L]
and Logic 130 0 2 2 o o
toug 135 0 0 0 0 0
Unit 140 (] ] L] o L]
145 0 o 0 [ 0
150 0 0 o 0 [
155 0 o ] 0 0
emit | G 160 0 ] L] 0 L]
- L 165 0 o o o 0
|l'lpl.lt 170 (1] (1] [V (1] |
175 0 0 [] ] o
[ASsewBLE] [RUN] Output 150 0 0 0 0 0
p

: z : 185 0 [ 0 0 [
RESET| [LOAD] INFO] [add  ~| [OPTIONS ~| 150 0 o 0 0 0
195 ] 0 ] 0 [

[.\Ewi;l". g Program Ansa ]

AQA Assembly Language Simulator V1.3 @ Peter L Higginson 2018-24

A Figure 8.4: Peter Higginson's AQA
To use this simulator: assembly language simulator.

« copy all the assembly language commands into the box on the le

of the screen and click the ‘Submit’ button'that appears

- put any starting values into the numbered memory locations
. ctlgl(ﬁrlé)on the ‘run’ button (or ‘step’ to go through the program line

If this website is not-available, carry 'out an online search for Building skills 3
‘AQA assembly language simulator”to find other examples. Many
simulators have minor limitations: Run the programs given in this
. . . ection using an onling simylator.
« in some simulators if you want to put startipg-vahies.ia the
registers, you have to load them from memory locations and running more assembly

* the conditional branching commands BGE &y B¥Edo not work

in all simulators.

Test your understanding

1. This pseudocode command assigns a value to a 3. A pseudocode program includes a structure that

variable. You have to write assembly language to begins with the key word while. What assembly
match the command. What type of addressing language technique would you use to match this
would you use? structure?
age = 26 4. Two values are stored in registers R1 and R6. If the
2. Theresult of a program is stored in R5. Write an two values are the same, the program must jump
assembly language command to store this result to the label ‘start’. Write the assembly language

to memory location 100. commands to make this happen.
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8.5 Bitwise operations

Working with binary values You will be able to:

Inside the computer, values are always stored in binary form. We do * Uuse blnary Shlf't to multlp
not usually think too much about the binary numbers. We just work divide binary numbers

with the values. But we can use assembly language commands to ° perfo rm b|tW|Se operatic
make changes to the 1s and Os of binary numbers - the bits. These using Boolean operators.

are called bitwise operations.

Binary shift

Shifting the bits in a binary number to the left or right multiplies

or divides the number by a power of two. An assembly language
command called logical shift will do this task. There are two logical
shift commands:

Key terms

Bitwise operation: an assembly
language command that makes
changes to the bits in a binary data
value

Logical shift: an assembly

Command | What it does Explanation language command that shifts all
the bits in a byteto the right or left

LSL Logical shift left | Multiplies a binary number by a
power of two

power of two

You used binary shift to multiply
and divide binary numbers in
section 5.3.

For example, the binary number 00100100 is stored in register RO.

That binary number has the value 36. This command will shift all the
bits in RO one place to the left. The destination register is'R1.

LSL R1, RO, #1 Building skills 1

After the command has run the registers-ook like this:
Change the assembly language

RO R1 R2 command so that it divides the
same binary number by 4. Show
00100100 (36) A 01001000 (72) the values in the registers after

this command has run.

The bits have shifted one place to the left. This has multiplied the

number by 2, giving a final value of 72. _
Boolean operators

You learned about Boolean logic

There is an‘assembly language command to match each Boolean ; i
gates in section 7.5.

operator.
Boolean Output of the gate Operator in
operator assembly language
NOT Changes the value of each bit to its opposite MVN
AND True only if both input values are True AND
OR True if either or both input values are True ORR
XOR True if one input value is True and the other is False | EOR




Machine code and assembly language

The Boolean operators can be used to combine two binary numbers
to make a new binary number. In bitwise operations, we use 1 to
stand for True and 0 to stand for False.

In the following examples, we will use these two binary numbers
held in registers RO and R1.

RO R1 R2
01001010 | 01101001

NOT operator (MVN)

You have already learned that the move command MOV moves

a value from one register to another. An alternative is the ‘move
negative’ command MVN. This moves the value, but also swaps the
bits, so that every 1 becomes a 0, and every 0 becomes a 1.

Here is an example of a ‘move negative’ command.
MVN R2, RO

After the command has run, the registers look like this.

RO R1 R2
01001010 |01101001 | 10110101

The MVN command works like the Boolean NOT gate — it reverses
the value of each bit.

AND operator

Here is an example of an AND operation. The destination register
is R2.

AND R2, RO, RI1

To see how this command works, put one binary number above
the other and compare the bits in each column. The number value
doesn’t matter. In columns where both bits are 1, the result is 1.
There are only two places where both bits are 1. In all other cases
the resultis 0.

Thetiwovalues™o 1 0 0 1 0 1 0
g1 £oilnnl

The'result 43 o0 100 0

After this command has run, the registers look like this. The result is
in R2.

0 R1 R2

001107001 | 01007000




Chapter 8

OR operator (ORR)

In assembly language, the OR operator is written asoORR. Let’s look
at an example.

ORR R2, RO, RI1

To see how this command works, put one binary number above the
other. In columns where there is at least one 1, the result is 1. In all
other columns the result is 0.

Thetwovalues 0 1 0 0 1 0 1 0

I ina gEa
The result i e O 5 8

After this command has run, the registers look like this

RO R1 R2
01001010 | 01101001 | 01101011

EXCLUSIVE-OR (EOR)

In assembly language, exclusive-OR is written asEOR. Let's look at
an example.

EOR R2, RO, RI

In columns where the bits are different the result is 1..In all other
cases, the result is 0.

Thetwovalues 0 1 0 0 1 0 1 0
011010 Qg
The result 0010 o0 U

After this command has run, the registers look like this.

RO R1 R2
01001010 01107001 | 00100011

Test your understanding

1.._What is the mathematical effect of shifting the bits in a binary
number to the left?

2. What assembly language command is equivalent in effect to the
Boolean NOT operator?
3. What is the difference between the assembly language operators
ORR and EOR?
4. RO holds 000071001 and R1 holds 00000001. What is the result of
the following command?
EOR R2, RO, R1

Key term

Exclusive-OR: a Boolean operator
that returns True if the values of
the two operands are different.
The logic gate is called XOR. In
AQA assembly language, it is
written EOR

Building skills 2

Write an assembly language
program to load two binary
numbers from memory and
combine them using the bitwise
operators. Use a different
destination register for the result
of each operation.



Chapter 8 Revision and exam practice

Revision checklist

Can you do the following?
Instruction format (see pages 176-178)

[ Understand the term ‘processor instruction set’ and know that an instruction
set is processor specific.

O Know that instructions consist of an opcode, an addressing mode and one or

more operands (value, memory address or register).
O Know that the format of an instruction, in machine code or assembly

language, may be dependent on the type of instruction.
O Understand and apply immediate, direct and indirect addressing modes.

O Know that in machine code instructions are expressed in binary and that.in

assembly language they are expressed as mnemonics.

Assembly language programming (see pages 179-190)

O Understand and apply the basic operations of:

load

add

subtract

store . - -
branching (conditional-and unconditional)

« compare ¢ logical bitwise
operators “(AND, OR, NOT,
XOdgpat o
o shift right
shift left
halt.
[ Use the basic operations to write, trace and reason about assembly language

programs using immediate, direct and indirect addressing modes.




CRehvaipstioern 8and exam practice

Practice exam questions

Consider this assembly language program.
1.

MOVRO, #0

MOVR3, #0

LDRR1, 98

LDRR2, 99
loop:

ADDR3, R3, RI
ADDRO, RO, #1
CMPRO, R2 BLT
loop STRR3, 98

HALT

a) State the name of the addressing mode of the final operand
in the instruction

ADD RO, RO, #1 (1 mark)

b) Memory location 98 holds the number 11. Memory location
99 holds the number 2. Create a trace table to show how:the
contents of the memory locations and registers change when
the program is executed. (4 marks)

c) State the purpose of the program. (2 marks)

d) A programmer considered using the-single bitwise opcode
LSL instead of this program. Contrast the two approaches
and explain any advantages or. limitations of each approach.

(4 marks)

This algorithm compares two positive integers X and Y and

subtracts the smaller from the larger.
IF X < ¥ THEN

Z =Y - X

ELSE.
Z =X =Y
ENDIEFE




Machine coRdev aisniodn a asnsedm exbaly

a) Write an assembly language program, using the OxfordAQA
assembly language instruction set, to implement this

algorithm:

. Ioa(njcgl};he values of X and Y from memory locations 55
an

o ¢ gngﬁ,a{%the values and subtract as shown in the éuo\ywﬁ &’qg%gé%s ||”}C|U§§8a%(|;'7sg

Good understanding of assembly

voitarethe result 2,10 memony Jocation=Bie il hep youtomake

uses terms such as ‘operand’ and
the program runs. (6 marks) ‘bitwise’, so you need to remember
and understand what these terms

. . mean. The list will be a big help as
b) The program has been written in assembly language. You you write assembly language code

could also write the program in machine code, or in a high- in the exam.
level language. Discuss the advantages and disadvantages
of writing a program in assembly language compared to the
alternatives. (4 marks)
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