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data are stored in main memory and instructions are fetched and
executed one after another)

Describe the stages of the fetch-execute cycle
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Von Neumann Architecture
The idea about how computers should be built was proposed by John von Neumann in 1945.

Von Neumann gave an idea how to build computer. This idea is also called the von Neumann

Architecture or Model.

00000000
11101111
10000001
00000001
10000111

A computer should have input/output devices, Arithmetic Logic Unit (ALU),
Control Unit (CU) and computer memory (storage device).

Firstly programs should be stored in computer’'s memory (storage devices).
From storage devices programs should be loaded into CPU (ALU & CU) for

execution.

This is still the basis for computers today.

Control Unit

ALU

CPU

Von Neumann Model
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Stored Program Concept:

The idea given by von Neumann, according to this concept computer should have storage device
to store data and instruction to be processed. Data and instructions are first stored in secondary
storage (HDD or SSD). Then they are loaded in main memory (RAM. Form main memory data and
instructions are fetched in registers inside CPU. Decoder of CU decodes the instruction and ALU
executes the instructions and results are stored firstly in main memory and then in secondary
storage.

Examiner Comments on Question to explain Stored Program Concept

This question appeared to be very challenging for candidates. Many candidates described the
fetch execute cycle. It would be helpful if candidates understood that the stored program concept
is a specific infrastructure for the central processing unit and not the fetch exec cle. It would
be encouraging to see candidates demonstrate a more confident level of k@% of the stored

program concept.

®,
AERAA

ALU cu

CPU

Registers
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Components of von Neumann Model
Von Neumann Model has following four components:
1. Input/Output Devices
2. Memory Unit
3. Control Unit
4. Arithmetic Logic Unit
Input/output (I/O) Devices
The Input/output (I/0O) components of a computer are hardware devices that are responsible for
getting data from the computer to the user or from the user to the computer.
Data going from the user to the computer is called "input." The two main input devices are the

mouse and the keyboard. @
Output devices are used to transmit data from the computer's memory to q . The two output

devices almost every computer system has are the monitor and the pri
L/

Memory Unit

Computer has several types of memory. Memory unit in the eumann model is the main

memory, also called RAM or Random Access Memory. | ers as Immediate Access Store
(IAS).

Immediate Access Store (i.e. main memory) holds T
instructions when they are waiting to be processed. | |
What distinguishes a computer from a calc e ability

to run a stored program; main memory, e computer

to do that.
RAM can be thought of as aQ‘@f oxes, called

cells, each of which can ain amount of data.

The remaining three c of the von Neumann

model of a 2(‘#?’ut
£ 4

inside the Processor.
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Control Unit
The control unit controls the sequencing and timing of all operations. It contains a "clock," that is
actually a quartz crystal that vibrates million times per second. The clock emits an electronic signal
for each vibration. Each separate operation is synchronized to the clock signal. For example 15t pc
operates at 4.7 MHz means 4.7 million instructions per second.
The functions of CU are given below:

e Interprets and carries out instruction of program.

e Selects program statements from memory.

e Moves these instructions to instruction registers

e Carries out instructions

e Directs flow of data between components of CPU and to and from ot%vices.
Arithmetic & Logic Unit (ALU)

Arithmetic unit perform arithmetical operations like +, -, *, and / whwe I unit'are to compare
two quantities. Logical operations are important in computer progr. g

ALU can be thought of as being similar to a calculator, except Qdition to normal math, it
can also do logical (true/false) operations. w

The functions of ALU are given below:

e The arithmetic unit carries out arithmetic like d@ ivision.
e The logic unit enables the processor to mé\parison like =, <, > and logical decisions like

AND, OR, NOT.

e The arithmetic logic unit carries ou

e |t also carries out bit shifting o;@
Register:

Registers are located o

nication with peripheral devices.

, and used temporarily for storing data. Because the registers
are close to the AL
. 4
Registers s{or%e\ta
Immediate Accéss Sto

de out of fast memory, efficiently speeding up calculations.

m Immediate Access Store i.e. main memory.

‘€. main memory) holds data and instructions when they are waiting to
be processed.

Register Holds data or instructions temporarily when they are being processed.

There are 16 registers. Some examples are

a) Program Counter (PC) - an incrementing counter that keeps track of the next memory

address of the instruction that is to be executed once the execution of the current instruction is
completed.

b) Memory Address Register (MAR) - the address in main memory that is currently being read

or written
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c) Memory Buffer/Data Register (MBR/MBR) - a two-way register that holds data fetched from

memory (and ready for the CPU to process) or data waiting to be stored in memory

d) Current Instruction register (CIR) - a temporary holding ground for the instruction that has

just been fetched from memory
e) Accumulator Register (ACC)is used for storing data for ALU to process and the results those

are produced by the ALU.
Buses: "The set of wires used to travel signals to and from CPU and different components of

computer is called Bus."
Bus is a group of parallel wires that is

used as a communication path. As a wire

transmits a single bit so 8-bits bus can transfer
8 bits (1 byte) at a time and 16-bits bus can
transfer 16 bits (2 bytes) and so on. There are

three types of buses according to three types

of signals, these are:
a) Data Bus: "The buses which are used to

transmit data between CPU, memory and

— [

< >
<

Other
registers

Arithmetic
and
Logic Unit

peripherals are called Data Bus."

b) Address Bus: "The buses which ar

connecting the CPU with main memory to identify particular locations (address) in main

memory where data is stored are ¢ ress Buses

c¢) Control Bus: The wires which
by Control Unit to the r IeQ@éo

to transmit the control signals (instructions) generated
nent of the computer.



Example Question

Q 4.1 (a) One of the key features of von Neumann computer architecture is the use of buses.

Three buses and three descriptions are shown below. Draw a line to connect each bus to its

correct description.
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Address bus

This bus carries signals used to
coordinate the computer’s activities

Control bus

Data bus

This bi-directional bus is used to
exchange data between processor,
memory and input/ output devices

Q4.2)

The diagram above shows a simplifi

A

B o,

Coree FONEE
00"

This uni-directional bus carri€s» signals
relating to memory addr tween

processor and memo

of processor architecture.
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Fetch-Execute Cycle:

At its core, all the computer ever does is, execute one instruction in memory after another, over and
over. Although there are many different possible (assembly language) instructions that the computer
can execute, the basic steps involved in executing an instruction are always the same, and they are
called the instruction cycle.

1. Fetch the instruction (transfer the instruction from main memory to the decoder)

2. Decode the instruction (from machine language)

3. Execute the instruction (e.g., add, divide, load, store...)

4.Store the result (for instructions like ADD, place the 'answer' in the specified register.)

The instruction will be

displayed here. e he Instruclion
i /
o
i g
|
4 {0
i

The action log will inlerpret
the instruction being

"DECODE

the instruction

| Y
X "EXECUTE

the Instruction

This computer model will illustrate
where the uctions are in relation
1o what is being asked

Use the lit Play button to
. start and step through the
> animation. When greyed oul,
3 the button is inactive.

BASIC STEPS OF THE INSTRUCTION CYCLE

fremany

When that instruction is done, the cycle starts

The control unit guides the computer's compon ts@gh this cycle to execute one instruction.
@r again with the next instruction.

Registers/circuits involved

The circuits used in the CPU during t re:

e Program Counter (PC) - a nting counter that keeps track of the next memory

address of the ins s to be executed once the execution of the current
instruction is co

er (MAR) - the address in main memory that is currently being

ister (MBR) - a two-way register that holds data fetched from memory
(and ready for the CPU to process) or data waiting to be stored in memory

o Current Instruction register (CIR) - a temporary holding ground for the instruction that has

just been fetched from memory

o Accumulator Register (ACC)is used for storing data for ALU to process and the results

those are produced by the ALU.
o Control Unit (CU) - decodes the program instruction in the CIR, selecting machine
resources such as a data source register and a particular arithmetic operation, and

coordinates activation of those resources
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Arithmetic logic unit (ALU) - performs mathematical and logical operations

address bus data bus
i | memory address
i regiter (MAR
: [
| (PC) register (MDR)
i [
| [ostem
; dock
= | <
contral bus: : : current
- ' CONTROL UNIT (CU) - instruction
i 'y register (CIR)
E 1
E ARITHMETIC AND HESS
E LOGIC UNIT (ALL)

Fetch next
instruction

Y

Decode
instruction

Y
Execute

instruction

NO_~"Any interrupts

to be processed?

YES

CPU

Transfer control to
interrupt-handling
program
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Flow of data and instructions during fetch execute cycle

Memory

Central Processing Unit (CPU)
| S
@ =8

\7 -] MAR
'Y \{s}

|
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Fill in the following table

Description PC MAR | MDR CIR Decoder | ACC | ALU

Test Yourself The table shows six st the von Neumann fetch-execute cycle.

Put the stages into the correct writing the numbers 1 to 6 in the right hand column.[6]

Description of st Sequence No

e Memory Data Register (MDR) and placed
ister (CIR)

the instruction is copi

the instruction is

the address contained in the Program Counter (PC) is copied to the Memory
Address Register (MAR)

the value in the Program Counter (PC) is incremented so that it points to the

next instruction to be fetched

the instruction is copied from the memory location contained in the Memory
Address Register (MAR) and is placed in the Memory Data Register (MDR)

Register Transfer Notation
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To describe the cycle we can use register notation. This is a very simple way of noting all the
steps involved. In all cases brackets e.g. [PC], means that the contents of the thing inside the
brackets are loaded. In the case of the first line, the contents of the program counter are loaded

into the Memory Address Register.

MAR < [PC]

MBR < [Memory] ; PC< [PC] +1 (Increment the PC for next cycle at the same time)
CIR € [MBR]

CIR sends instruction to Decoder of control unit

Decoder decodes

Or ACC< [MBR]

ACC sends data to ALU 0
ALU executes é

Detailed description of Fetch-Decode-Execute Cycle 0\
To better understand what is going on at each stage we'll now a detailed description:
s ~

MAR <- [PC]

PC 201 201 | LOAD 208
202 | ADD #205

MAR 201 203 | STORE 205 ( 0

MBR 204 | HALT

205
CIR e

i

The contents of the Progr the address of the next instruction to be executed, is placed

into the Memory Addre

-
MBR <-[ PC <- [PC]+1
P s
. 4 1] LOAD 206 |
ADD #205
MAR 201 STORE 205
MBR  LOAD 2064 HALT '
R TR 205 | 203
CIR
206 | 1

ACC
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The address is sent from the MAR along the address bus to the Main Memory. The instruction at

that address is found and returned along the data bus to the Memory Buffer Register. At the same

time the contents of the Program Counter is increased by 1, to reference the next instruction to be

executed.
-
CIR <- [MBR]
- 5 201 | LOAD 206
202 | ADD #205
MaE 201 203 | STORE 205
MBE. Ldﬂ-ﬂ _2';15 204 | HALT
o : 205 | 203
Loal 206 T
ACC

The MBR loads the Current Instruction Register with the instruction to be d

y decoder of

control unit or the MBR loads Accumulator with the data to be execut&b

- ~ 2 )
[CIR] executes \
PC 202 201 | LOAD 2086 ‘
202 | ADD #205
MAR B 203 | STORE 205
MBR LOAD 206 204 | HALT
CIR o
LOAD 206 e 0
Exggute  aci 1 o
The instruction is decoded and executed e ALU if necessary.

The Cycle starts again!

%

Q"’Q
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Q 4.4a) Complete the following diagrams showing each step of the fetch decode execute cycle:

- =
- =,
MAR <- [PC .
[PC] MBR <- [Memoryl,.. wswe; PC < [PCJ+1
PC 162 dGL.| LM 167 | i 161 | LOAD 167
162 | LOAD 166 F—
MAR 163 | ADD 166 MAR | o2 | o 1o
| dud) UG 163 | ADO166 |
MBR 164 | STORE 161 MBR 164 | STORE 161 |
IR Tl‘:: DALY o 165 | HALT I
53 166 | 53 |
167°) 35 167 [35 |
- |67 |3 |
ACC
e <N A
4 TR
CIR <- [MBR]
o 161 | LOAD 167 b
162 | LOAD 166
MER 163 | ADD 166 MAR
MER 164 | STORE 161 MER
" 165 | HALT
L 166 | 53 iR
167 | 35
ACC
A P

01  MAR <[PC]
02 PC «[PC]-1 @
03  MDR <[MAR]

04 CIR ¢<[MAR] @
Qt execute cycle shown.

(a) There are three error
ror and give the correction.

b) The fetch-execute cycle is shown in register fry@o ation.

Identify the line number

Line number

Correction



c¢) Solve the program shown below:

Address Contents
1 1010 LDA 1111
10 1111 ADD 1110
11 0000 suB 1101
100 1111 ADD 1100
101 1111 ADD 1011
110 0000 SUB #5
111 1111 ADD #90
1000 0111 STO 1010
1001 1100 STP
1010
1011 55
1100 10
1101 5
1110 50
1111 150
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Keys:
1010 LDA
1111 ADD
0 SUB
111 STO
1100 STP

Instruction No PC

ALU

1010
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Practice Questions

Q 4.5) Describe what differs a computer with a calculator

Q 4.7) Von Neumann gave the idea how computer should be built.
a) Describe the purpose of each of the following parts of a processor:

(i) Control unit

b) Draw and label the diagram of von Neuma

Q"’Q’a

o

Q 4.8) Draw the diagr describe the stages of fetch-execute cycle.

Q 4.9) Description of fetch-execute cycle:
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Q 4.10) The sequence of operations shows, in register transfer notation, the fetch stage of the
fetch-execute cycle.

1 MAR&[PC]

2 PC <[PC] + 1

3 MDR <[[MAR]]

4 CIR <[MDR]
* [register] denotes contents of the specified register or memory location Q
» step 1 above is read as “the contents of the Program Counter are copied emory Address
Register”

(i) Describe what is happening at step 2.

(ii) Describe what is happening at step 3.

Q 4.11) (a) Describe basic,V n processor architecture.

(b) At a particular point in a program, the program counter (PC) contains the value 200.

(i) State the expected value contained in the PC after the instruction held at location 200 has been
L{S10¢] 1 =T RSP
Explain your answer.

Q 4.12) One of the buses found in a typical microprocessor architecture is the control bus.

Describe its purpose.
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...................................................................................................................................................... [1]
Q 4.13) (i) One of the buses found in a typical microprocessor architecture is the control bus.
Describe its purpose.
...................................................................................................................................................... [11
Give one example of a control signal used.
...................................................................................................................................................... [11
(ii) Name and describe two other buses used in a typical microprocessor architecture.

ettt e e ettt ettt eeetteteateaeeee et e eeseeeteeeeheeeateeeheeantee ettt e eaneeeensee ettt anteeeneees seeeeneean seeenreeeneeennens
A SPSURNSRURRRISTRRT o SRR [2]
Q 4.14) (ii) The contents of some special-purpose registers changg a rogram is executed.
Complete the trace table for the fetching of the first program ins ion (867A):

» Show how the contents of the registers change. {

* Put a tick in the address bus and/or data bus column to en there is a signal change on
each bus. [5]

Special purpo ters
Buses
(Contents shown in hex)
Fetch stage

Address Data
bus bus

PC MDR | CIR

MAR € [PC]
PC < [PC]
MDR

*

PCIRE

®
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Q 4.17) The following text includes a description of four stages of the fetch-execute cycle. Use the
terms below to complete the text:

Memory Data Register (MDR), Memory Address Register (MAR), Program Counter (PC),
Current Instruction Register(CIR), address, data bus, main memory, address bus.

The program instructions are stored in a continuous block of .................. .

The Program Counter stores the ... of the next instruction to be fetched.
Stage 1: The contents of the Program Counter are copied to

the .Stage 2 The contents of the ...........cccceeeiiiiiins are then
incremented. Stage 3 The value in the Memory Address Register is loaded to

the .The data value found at this address is loaded on to
the . e and copied t0 the .......ccooveiiiiiiiii .Stage@e contents of
the Memory Data Register are copied to the............cccccee e, and. The i n can now be

decoded and executed.

0\
Summer 2019 P12 (

3 Vanessa writes a paragraph as an answer to an examin stion about the central
processing unit (CPU).

Use the list given to complete Vanessa’s answei@ ng the correct six missing terms.

Not all terms will be used.

» Components * Data 0 * Decoded
* Executed * Instructions

* RAM » Secondary storage

The CPU processes ....... 4. . 0. W i AN e .
An instruction is ............ MW FrOM e into
the CPU where itis thel ..o e, . Once this has taken place the

instruction i fg - ceeeeee e e eeeneneennas . [6]
¢



Candidate Example response
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Question 3

Example Candidate Response — high

Examiner Comments

unit (CPU).

Not all terms will be used,

Components

Data

Deécoded
Executed

Fetched
Instructions

RAM

ROM

Secondary storage

s 4 e s 8 s s = =

The CPU pi s ndate

3 Vanessawrites a paragraph as an answer to an-examination-question:about+the central processing

Use the list given to complete Vanessa's answer by lnserhng the correct six msamg terms.

An instruction is

Porchad from

Jur.—.Ja.ﬂ;

Jnto the CPU where it is then

instruction is then ............

unit (CPU).

Not all terms will be used.

+  Components

* Data
‘Decoded
Executed
Fetched

Insﬂu%
Seoond krsge

« s e e a4 o= s

3 Vanessa writes aparag'qphas an‘answer to an:examination.q

Use the list given to’ complete Vaneas‘a's answer by

Examiner Comments

° The candidate provides an
incorrect type of storage that is
accessed by the CPU. The CPU
cannot access secondary storage
to fetch instructions and data. The

il s

The CPU processes criong ‘ candidate may misunderstand,
. {felthed rom.... b T secondary mmgeo as the secondary storage will be
where the data is originally stored.
into the CPU where it is then decoged . Once this has taken place the
instruction is then ehecuied ) Total mark awarded =
5 out of 6

How the candidate could have improved their answer

The candidate demonstrated a good understanding of the central processing unit. However, it would have been
beneficial if they had understood that the CPU would fetch instructions and data from the RAM and not secondary

storage.
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Example Candidate Response — low Examiner Comments
3  Vanessa writes a paragraph as an answer to-an-examination quamn -about the-central processing
unit (GPU).
Use the list given to complete Vanessas -answer by inserﬁng the oorreet six mlssing terms.
Not all terms will be used.
. Gumpnnams ! g ' . ;
» Data : : o The candidate shows
= Decoded ~ ‘ o : misunderstanding of what the
- E"m" 7 CPU processes. They provide two
& Ao ) components from the computer,
© RAM ‘ rather than items such as data
* ‘ROM ' L and instructions.
+ -Secondary storage - :
The CPU procassss Rist and ... 2O &5 @ The candidate also
Ammwm i FQ’\-Q;M& — &w“‘g&“ﬂ g’&?a.{aﬂf-’ o misunderstan t the CPU is
ffom secondary
Inin the CPU where it is then . DQ,C.DKQE&. .............................. . Once this has taken pIaca the e beneficial
instruction is then ...... 2. ociked ) ! for to understand
f 6] an only access the

3outof 6

How the candidate could have improved their

The candidate misunderstood the CPU although they undes
executed. They misunderstood what the CPU process he
fetched data from secondary storage.

lat it had a cycle that fetched, decoded and
showed the same misunderstanding that the CPU

Common mistakes candidates ma s question
Some candidates misunderstood that the CP d data and instructions from secondary storage. They may
have thought this, as the data may origin een stored in the secondary storage, however, it would have

been beneficial for candidates to h
accessed by the CPU.

at the data needed to be brought into RAM, before it could be

&

*
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Question 5 (a)
Describe the purpose of each of the following parts of a processor:

(i) Control unit (ii) Memory unit (iii) ALU
Mark scheme
(i) — Manages the execution of instructions — Fetches each instruction in turn

— Decodes and synchronises its execution...
— by sending control signals to other parts of processor [2]

(i)~ Stores program in current use — Stores data in current use

— Stores parts of OS in current use [2]

(iii)— Carries out arithmetic operations — Carries out comparisons

— Acts as gateway in and out of processor (1 per —, max 2 per dotty, max 6) [2]

Example candidate response — grade A
() Control unit

Examiner comment

In part (i), the answer went way beyond what was necessary for full marks. They referred to the
fetch cycle, execution of decoded instructions, reference to clock etc. More than enough for full
marks. In part(ii), the candidate clearly understood that data and instructions (currently in use) are
stored in the memory unit. This reference to currently in use distinguished grade A candidates from
the grade C candidates, as seen in the example below. The third part was also clearly laid out —
the ALU performs logical and arithmetic operations is very clear and unambiguous. Lower ability
candidates tend to refer to doing some arithmetic and making logical decisions which indicates a

lack of understanding of how the ALU works.
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Example candidate response — grade C
(i) Control unit

Bll.coonpupecs... olav. . inshouions. ek, are ginto o ik dn. ...
&.atw.mmmmmm&,.En..n.....mn.'cu&m..um...,..

..e.........n...:laia...“.h.."#..m...m...abha-.m--mu'-h (2]
(i) Memory unit

AVl R ECAODA... Pk ol .. procersnm. .“IA.M%
Haak. Heaprasasas.. a. golng. di... an....i5. B L2 7O

adh. At
(21

L L e L R T

(i) ALU

Lot e hle.ok. siccudben
2. ek \aglead..

J.\'Iun..gﬂ

Examiner comment
Part (i) was not really de
are stored here:

comdd.. bandk... 13 ks kit
kvl deak. s o wed. ack.....

p.mrw.ﬁkm.. .

trol unit. Part (ii) did not mention that data and instructions currently in use
tchy with the candidate describing the ALU as ‘adding numbers’ and ‘making
logical decisians’, was awarded a mark was the reference to the ALU acting as a gateway.
Candidates at grade C te ow the terms but were unclear of how it all interlinked and produced very vague,
often incorrect, answers tions of this type.
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Example candidate response — grade E
() Control unit

'*"'"‘h*mmad--m&mqnmmﬂ ; ‘
.mlt."%&iw.......ﬁh&_.;ﬁgi%. dﬂ ...lﬁ._. : ToCeisa Y

T T T P aErs L b

[

(ii) Memory unit
AL Shnved wdnad Aloe. Aol .
,..mw\}.':l:ﬁr{)‘ﬂdQMMﬁ " TR ,,,é............................,..
A SR, 0. LIS, OOCR0OYY. > taild Yoe.
ST ¥ &7 VT2 S W o 0" SR e 2]
(iif) ALU
—DEecoes. Qre G- 0. Aoe. Ol 0. ...
P A0 AN ONe.. . Hae.

A = , 2

rarrameiae o

Examiner comme
The occasior@l,g&ect

works. Part (ii) was a little

was used, but the candidate had no real understanding of how the control unit
ith the candidate showing some idea of how the memory unit works but falls short
of making some key comments which could gain marks. In part (iii), a reference to arithmetic and calculations was the

level of understanding. There was no mention of arithmetic operations or logical comparisons in their answer.
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(c) The table shows six stages in the von Neumann fetch-execute cycle.

Put the stages into the correct sequence by writing the numbers 1 to 6 in the right hand
column.

Sequence

Description of stage Pt

the instruction is copied from the Memory Data Register (MDR) and placed
in the Current Instruction Register (CIR)

the instruction is executed

the instruction is decoded

the address contained in the Program Counter (PC) is copied to the Memory
Address Register (MAR)

the value in the Program Counter (PC) is incremented so that it points to the
next instruction to be fetched

¢

the instruction is copied from the memory location contained in the Me
Address Register (MAR) and is placed in the Memory Data Registe

(6]

Example Candidate Response High, Middle and Low O

Sequence

Description of stage number

the instruction is copied from the Mem ory; aR sr (MDR) and placed Ll‘
in the Current Instruction Register (CIR)

the instruction is executed

the instruction is decoded

the address contain rogram Gounter (PC) is copied to the Memory

nter (PC) is incremented so that it points to the

the inst om the memory location contajned in the Memory
Address Regis R) and is placed in the Memory Data Register (MDR)

W IN | S Ton | 6

(6]
Examiner comment — high

In part (c), in common with the vast majority of candidates, this candidate has correctly identified
the sequence of stages of the von Neumann fetch-execute cycle.
Marks awarded in part (c) = 6/6
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Topical Questions from Past Papers

Q 1) Summer 2015 P11

7 (a) One of the key features of von Neumann computer architecture is the use of buses.
Three buses and three descriptions are shown below.
Draw a line to connect each bus to its correct description.

Address bus

Control bus

Data bus

This bus carries signals used to
coordinate the computer’s activities

This bi-directional bus is used to
exchange data between processor,
memory and input/ output devices

This uni-directional bus carries
relating to memory addresse
processor and m

®

in the table below. Put

(b) The seven stages in a von Neumann fetch-execute cycle ar ﬂv
each stage in the correct sequence by writing the numbers @ e right hand column. The

first one has been done for you.

Gten

address re

Stage Sequence
number
the instruction is then copied from the memory | ion contained in the MAR
(memory address register) and is placedyig DR (memory data register)
is thep*executed
dress of the next instruction to be 1

uction, if any, is placed in the MAR (memory

the value in the P€
the next instruction to be fetched

program counter) is then incremented so that it points to

Examiner s Comments on Question 7 (a) and (b)

Part (a) was answered very well with most candidates able to gain two marks.

In part (b) very few candidates gained full marks despite the range of responses they could have given.
Most candidates demonstrated a need to improve their knowledge of the fetch-execute cycle. Many
candidates gained just one mark for the incrementation of the program counter. Some candidates gained
three marks for identifying some correct stages.
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3 A section of computer memory is shown below:

(a) (i) The contents of memory location 1000 0001 are to be read.
Show the contents of the Memory Address Register (MAR) and the Me

during this read operation:
MAR

MDR

Address Content
1000 0000 0110 1110
1000 0001 0101 0001
1000 0010 1000 1101
1000 0011 1000 1100
1000 1100
1000 1101
1000 1110
1000 1111

[2] @

(ii) The value 0111 1001 is to be written into
Show the contents of the MAR and MDR duri

MAR

or tion 1000 1110.

thi

rite operation:

(2]

Register (MDR)



PAGE 371

(iii) Show any changes to the computer memory following the read and write operations in part

(a)(i) and part (a)(ii). [1]

Address Content

1000 0000 0110 1110

1000 0001 0101 0001

1000 0010 1000 1101

1000 0011 1000 1100

1000 1100

1000 1101

1000 1110

1000 1111

(b) Name three other registers used in computers.

(c) The control unit is part of a computer system.
What is the function of the control
UNIE? e et er e e e e e e e e e e e et e e e e s e eeneeees

Examiners’ Comments Question 3 (a), (b) and (c)

In part (a) some candidates were able to recognise and se
read the whole question before answering as some had n
candidates were able to provide the correct contents
recognise how a section of memory worked and ¢
In part (b) some candidates could provide thr
In part (c) many candidates demonstrat
description and needed specific di

ect address and contents. Candidate need to make sure they
the correct memory location provided in the question. Some
ond set of registers, but some candidates did not manage to
provide a correct answer to the question.

cgisters, but many could only provide one or two.

wledge of the workings of the control unit. Most were vague in their

¢ unit operates.
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Q 3) Winter 2016 P12

6 Four computer terms and eight descriptions are shown below.
Draw lines to connect each computer term to the correct description(s). [4]

Computer term Description
Arithmetic and
logic unit (ALU)

Data can be read but not altered

Carries out operations such as
addition and multiplication

| Controlunit |

Stores bootstrap loader and BIOS

Fetches each instruction in

Random access
memory (RAM)

Read only memory
(ROM)

ges execution of each instruction

Examiner Report
The full range of marks was seen from candi

connected a single line from each compu
of question means that there may b
question states to draw a line, thi

this question on terms and descriptions. Some candidates only
e question stated to draw lines, candidates should note this type
line that can be drawn to connect terms to description. If a

a single line should be drawn from each term to a description.

Q 4) Winter 2016 P

1To proce$:a inst
main stages.

Name each stage in
StAGE T e e

entral processing unit (CPU) goes through a cycle that has three

StAgE B .o e e [3]
Examiner Report Question |

Some candidates could correctly identify the three stages of processing an instruction, some managed to identify fetch
and execute, but not decode. Some could not identify any correct stages. The most common incorrect answer given
by candidates was input, process, output. This was not a specific enough answer for candidates to gain the marks.
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Q 5) Summer 2017 P12
1 Name three different buses that are used in the fetch-execute cycle.
BIUS T et et ea e e ettt e

Examiner Commenton Q 1
Many candidates provided three correct busses. The most common incorrect answer was candidatesproviding fetch, decode and execute, which
demonstrated a misunderstanding of the question.

Q 6) Winter 2017 P13
4 Six components of a computer system and six descriptions are shown.

Draw a line to match each component with the most suitable description. [5]

Component

Arithmetic Logic Unit (ALU)

Use ut calculations on
Buses
data.

Control Unit(CU) d to temporarily hold data and
ontrol Uni
instructions during processing.

Immediate Access Stor Used to allow interaction with the

computer.

Used to hold data and
instructions before they are

processed.

Used to manage the flow of data

Registers
through the CPU.
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Q 7) March 2018 P12 (India)

10 The table shows a segment of primary memory from a Von Neumann model computer.

Address Contents
10001 11001101
10010 11110001
10011 10101111
10100 10000110
10101 00011001
10110 10101100

The program counter contains the data 10010.

(a) (i) State the data that will be placed in the memory address register (MAR).
............................................................................................................................. @.[1]
(ii) State the data that will be placed in the memory data register (MDR q

......................................................................................................... .. S ||
(b) Describe the stored program concept when applied to the Vo % nn model.

Comments on Question
(a) (i) and (ii) Most candi
f understanding.
(b) This question appe very challenging for candidates. Many candidates described the f
efch execute gycle: elpful if candidates understood that the stored program concept is
a specific infr%ct central processing unit and not the fetch execute cycle. It would be

encouraging toeSee ¢ s demonstrate a more confident level of knowledge of the stored pro

gram concept.

vided a correct response and demonstrated an excellent level o
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Q 8) Summer 2018 P11
5 Six components of the Von Neumann model for a computer system and six descriptions are

given. Draw a line to match each component to the most suitable description. [5]

Component Description
Holds data and instructions when they
Immediate access store(IAS) are loaded from main memory and

are waiting to be processed.

Holds data temporarily that is

Register currently being used in a calculation.
Control unit(CU) Holds data or instructions temporarily
when they are being proce }s
Accumulator(ACC)

Arithmetic logic unit (ALU)
e calculations on data.

thway for transmitting data and

Bus . .
instructions.

Q 9) Summer 2018 P12
6 Kelvin correctly answers an examinati @on about the Von Neumann model.
Eight different terms have been remo

m his answer.
Complete the sentences in Kelyin’ , using the list given. Not all items in the list need to be
used.

» accumulator (ACC) ss bus « arithmetic logic unit (ALU)
« control unit (GU) a bus * executed

« fetches ** t‘ mediate access store (IAS)

* memory address r er (MAR) * saved

* memory data register (MDR) » program counter (PC) -« transmits

The central processing Unit (CPU) ... e the data
and instructions needed and stores them in the. ... to
Wait to be ProcesSEd. T .ooivuiiiii i et e a e e e holds the address

of the next instruction. This address is sent to the

The instruction can then be decoded and ..o .
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Any calculations that are carried out on the data are done by
L1 = TP . During calculations, the data is

temporarily held in a register called the ... [8]

Q 10) Winter 2018 P13
11 The fetch-execute cycle make use of registers.

(a) Describe the role of the Program Counter (PC).

........................................................................................................................................... [2]
Q 11) Summer 2019 P12 @

3 Vanessa writes a paragraph as an answer t e ination question about the central
processing unit (CPU). (6

Use the list given to complete Vanessa’ by inserting the correct six missing terms.

Not all terms will be used.

» Components @ * Decoded

* Executed * Fetched * Instructions

* RAM * ROM » Secondary storage

The CPU progessesiih o e AN e
An instruction ‘Q’ ........................................... 170] 1 TSR UU T into

the CPU where itis t

instruction is then ..., . [6]

........................................................ . Once this has taken place the
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Q 12) Winter 2019 P13
7 The Von Neumann model for a computer system has several components that are used in the fe

tch-execute cycle.
(a) One component is main memory.
(i) Describe what is meant by main memory and how it is used in the Von Neumann model for a co

mputer system.

(ii) State two other components in the Von Neumann model for a compute

2 e ettt e e ettt \

(b) Computer systems often use interrupts. (

Five statements are given about interrupts. o

Tick (') to show if each statement is True or False. [5]

Statement

0 True | False
v) ()

Interrupts can be hardware based or soft

Interrupts are handled by the operatin

Interrupts allow a computer to mu

Interrupts work out whic ive priority to

Interrupts are vital to a and it cannot function without them

Q 13) Winter 2019
2 The Von Ng’ an

cycle. One componen

a computer system uses several components in the fetch-execute
used is the Control Unit (CU).

Identify four other components that are used in the Von Neumann model for a computer system.
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Q 14) March 20 P12

1 The Von Neumann model for a computer system uses components, such as registers and buses, in the
fetch-execute cycle.
(a) Draw a line to connect each component to its correct description. [3]

Component Description

Increments to point to the address of the next
Control Bus . )
instruction to be fetched

Holds the result of a calculation. It is located

Program Counter (PC) )
within the Arithmetic Logic Unit (ALU)

Memory Data Register
(MDR)

Accumulator (ACC)

Q 15) Summer 20 P12
1 A Von Neumann model for a computer s a central processing unit (CPU) that makes use of

registers.

(a) Identify three registers that
Register 3 S . [3]
One stage of processing nstructions is the decode stage.

(i) Identify the two other stages of processing instructions.

(ii) Identify the component of the CPU that is responsible for decoding instructions.
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Q 16) 15a Summer 20 P11

5 Six components of a computer are given.
Some are part of the central processing unit (CPU) of the Von Neumann model for a computer system.

Tick (V') to show if each component is a CPU component or is Not a CPU component. [6]

CPU Not a CPU

t
Componen component (v') | component (v)

Arithmetic logic unit (ALU)
Hard disk drive (HDD)

Memory address register (MAR)
Random access memory (RAM)
Solid state drive (SSD)

Control unit (CU)

Q 17) Winter 20 P13

2 Paige has a computer that has a central processing unit (CPU) based on the
computer system.

(a) Identify the component within the CPU that controls the flow of data.¢
.................................................................................................................... \ [1]
(b) Identify the component within the CPU where calculations are carricd out
.......................................................................................................... [1]
(c) Identify the component within the CPU that stores the addressie ext instruction to be processed.
.................................................................................................................................... [1]
(d) Identify the register within the CPU that holds an instruc at has been fetched from memory.
....................................................................................... N, ARSI [1]
(e) Identify the register within the CPU that holds data t}h been fetched from memory.
................................................................................. [1]
Q 18) March 20 P12 0
8 The Von Neumann model, for a com em, uses the stored program concept.
(a) Describe what is meant by the % m concept.
..................................... [2]
23
oo

(b) The fetch-execute ¢

(i) Describe the role of rogram Counter.

(ii) Describe the role of the Control Bus.

(2]
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(¢) Computers based on the Von Neumann model, for a computer system, use interrupts.
Explain why interrupts are needed.

(b)

Marking Scheme

this bus carries signals used to

address bus coordinate the computer's
activities
exchange da 3

control bus processor,
input/oufput

data bus

sequence
number
the instruction is then copi e memory location contained in the
MAR (memory addre )and is placed in the MDR (memory data 3
register) s
ECoded and is then executed 7
nter) contains the address of the next instruction to be (1)
on is then copied from the MDR (memory data register) 4
2 CIR (current instruction register)
Eontained in the PC (program counter) is copied to the MAR 2
address register) via the address bus
the address part of the instruction is placed in the MAR (memory address 6
register)
the value in the PC (program counter) is then incremented so that it points g
to the next instruction to be fetched

The incrementation of the pragram counter can appear at any stage after 2. All other

stages must be in the correct given order.

(6]
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3

(if)

(iii)
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MAR 0 0 0 0 0 0
MDR 1 0 1 0 0 0
1 0 0 1 1 1
0 1 1 1 0 0
L/
Address Contents \
1000 0000 0110 1110
1000 0001 0101 0001
1000 0010 1000 1101
1000 0011 1000 1100
1000 1100
1000 1101
1000 1110
1000 1111

eration of memory, processor and input/output
are interpreted
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Computer term

Anthmetic and logc
unt (ALU)

Control unit

Random access
memaoy (RAM}

Read only memory

PAGE 382

Description

Data can ba read tut not altered

Caries ot operations such as
addbon and multiplication

Stores boctstrap loader and BICS

Fetches each mstruction in lum

Carries out cperafions sudh as
AND, ©OR, NOT

Stores part of the cperating system
currantly in uss

Stores data currently in uss

(ROM)
Q 5) Summer 2017 P12
Question Answer Marks
1 » address (bus) 3
» control (bus)
» data (bus)
Q 6) Winter 2017 P13
Question Answer Marks
4 1 mark for eachcor 5 marks 5

Description

Used o connect mgether
e internal com ponents
of the CPLL

Used to carry out
calculations on data.

£ontrol Unit
©uy

Used to tem porarilyhold
dataand insrucions
duting processing.

Immediate Access
Store (1A8)

Used w allow ineracion
with the com puter

INputCuTpUL

Used 1o hold data and
insrucions before they
are processed

Fegisters

Used 10 manage the fow
of data through the CPU.
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Q 7) March 2018 P12 (India)

Question Answer

Marks

10(a)(i) | 10010

10(a)(i) | 11110001

10(b) Any four from:

The program is stored on a secondary storage device

Data and instructions are moved to memoary / RAM

Data and instructions are stored in the same memory / RAM
Data and instructions are moved to reqgisters to be executed
Instructions are fetched one at a time

Q 8) Summer 2018 P11

Question Answer

Marks

5 1 mark for each correct line, up to @ maximum of 5 marks:

Component Description

- Holds data and instructions when they are
Imm;g::lz:g;ess loaded from main memory and are waiting
to be processed.
Register Holds data temporarily that is currently
being used in a calculation.

Control unit ‘ Holds data or instructions temporarily wh

(CU) they are being processed.
Accumulator Manages the flow of data &
(ACC) between the compone! 5 oft
Arithmetic logic
unit (ALU)

Bus

or transmitting data and
instructions.

Q 9) Summer 2018 P12

6 1 mark for each correct missing word, i

— executed

.
v

Q 10) Winter 2018 P1

Question Answer

Marks

11(a) Holds address of next/current instruction ...

» ... to be fetched/processed/executed

=

11(b) Stores data/instruction that is in use ...

... from address in MAR

8 R
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Q 11) Summer 2019 P12

3 1 mark for each correct term, in the correct place:

- Datalinstructions

- Instructions/data (must be the alternative to MP1)
- Fetched

- RAM

- Decoded

- Executed

Q 12) Winter 2019 P13

221013 Cambridge O Level — Mark Scheme OctoberMovember 2019
PUBLISHED

Question Answer Marks

Tiapi) Three from: 3
= RAM

Primary memary

Volatile memory

Holds currently in use datafinstructions
Directly accessed by the CPU

Tia)ii} | Two from: 2
Arithmetic and logic unit (ALY

Memory address register (MAR)

Memeory data register (MDR) & Memory buffer register (MBR) 0
Accumulator (ACC)

Immediate Access Siore (IAS)

Control Unit (CU)

Program counter (PC)

‘Current instruction register (CIR)

Address bus

Data bus

Control bus

Imput device

Output device

Secondary storage device

HHEHHHEHHBEHHHEHBEHEHEH

221013 Cambridge we| lark Scheme OetoberMovember 2019

Question Answer Marks

Ti(b) One mark for each correct row 5

True False

) 34!
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Q 13) Winter 2019 P12

2210M2 Cambridge O Level — Mark Scheme October™ovember 20189
PUBLISHED
GQuestion Answer Marks
2 Four from: 4
= Arithmetic and logic unit (ALU)
= Memory address register (MAR)
= Memery data register (MDR) i/ Memory buffer register (MBR)
w Accumulator (ACC)
= Immediate Access Store (JAS)
=  Main memory & RAM
= Program counter (PC)
= Current instruction register (CIR)
=  Address bus
x Data bus
o  Control bus
= Input device
m  Dutput device
= Secondary storage device
Q 14) March 20 P12 @
047812 Cambridge IGCSE — Mark Scheme March 2020
PUBLISHED
Question Answer Mark
1(a) Component Description 3
Increments to point to the address
Control Bus of the next instruction to
fetched
Program Counter (PC)
Memory Data Register
(MDR)
rary storage between the
Accumulator (ACC) entral Processing (CPU) and
primary memory

1 mark for 1 correct line

2 marks for 2 cormre:

3 marks for 3/4 con
1(b) Any two from: 2

+  Address b

» Data bus

Q 15) Summer20 P

221012

Cambridge O Level — Mark Scheme

e PUBLISHED

MayiJune 2020

Question

Answer

Marks

1(a) Any three from:

MAR

MDR # MBR

PC I/ AR ff NIR i SCR
ACC

CIR# IR

1AS

3

T{bHi)

Fetch
Execute

1(b)(ii}

Control unit
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Q 16) 15a Summer 20 P11

5

cCPU Mot a CPU
Component component | component
) (*
Arithmetic logic unit (ALU) v
Hard disk drive (HDD) e
Memaory address register (MAR) v
Random access memory (RAM) ¥
Solid state drive (SSD) v
Control unit (CU) ¥

Oine mark per each correct row

Q 17) Winter 20 P13

2(a) = Control unit /f CU

2(b) - Arthmetic logic unit // ALU

2(c) - Program counter // memory address register /f PC If MAR

2(d) - Memory data register /f current instruction register /f MDR /f CIR
2(e) - Memory data register /¥ MDR

Q 18) March 20 P12

8(a) — Instructions and data stored in the ain memory
— Instructions fetched and executed i r / one after another / in
sequence
8(b)(i) — Holds the address ...
— ...of next/ currentin
8(b)(ii) | Any two from:
— Carries / tra rol signals/instructions // carries/transfers
- 0 components // from devices to CPU/CU
- e FE cycle
8(c) 4

—  To allow multitasking

— To allow for efficient processing // prioritising actions
— To allow for efficient use of hardware

—  To allow time-sensitive requests to be dealt with

— To avoid the need to poll devices




