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ANSWERS
	Part
	Answer
	Mark
	Additional Guidance

	4 (a) 
	The ROM contains the programs needed to start the computer and load the operating system from disk.

The ROM contains the BIOS which loads the computer operating system from disk (boots the computer).

The ROM contains the BIOS which can be used to perform tests on the computer hardware.

The ROM contains firmware which includes application programs for an embedded device.
	1


1


1

1
[Max 1]
	

	(b) (i)
	It is very fast / very expensive / static uses RAM (SRAM).
	1
	

	(ii)
	Main memory:
· used to store applications and data files currently open
· used to store the operating system while running

Cache memory:
· used to provide a fast buffer for CPU access
· used to hold data / instructions currently being processed

Virtual memory:
· provides a page file / swap space on a disk.
	
1

1


1

1


1

[Max 4]
	No more than two points from any one memory type.

	(iii)
	Disk storage is much slower than memory so using VM slows down processing.

Disk thrashing may occur.

Using VM slows down processing
	1

1

1
[Max 1]
	Any point for 1 mark.

	Total
	
	7
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ANSWERS
	Part
	Answer
	Mark
	Additional Guidance

	9 (a)
	A virtual machine is an operating system running as a guest on a host machine.

Modern hardware allows complete isolation of the guest from the host.

A virtual machine is a way of running more than one operating system simultaneously on a single computer.

This can allow development work for a machine which you don’t have.

For example, it can be used to run 
· Windows XP on a Windows 7 machine 
· Linux on a Windows machine
· Windows on an Apple Mac
· Windows on a Linux machine
· Arcade game emulators such as MAME on standard computer

	1

1

1


1

[max 2]
1
	1 mark for each of 2 reasonable sentences explaining VM (but do not allow reference to dual boot)

Accept emulator

VM used to test software in different environment. 

Checking suspicions software to avoid damage of host OS

Use old software

1 mark for any reasonable use of a VM

Accept as an alternative the use of a single process VM such as the Java Virtual Machine – a similar set of points to the above is needed.

	(b)
	RISC chips used because:
· Use less power / extend battery life
· Smaller
· Run cool without heatsink
· Cheaper

	
1
1
1
1

[max 2]
	 

	(c)
	A RISC chip carries out several simple instructions for each complex instruction on a CISC chip.

Pipelining carries out instructions in parallel so that the instruction set is completed more quickly.
	1

1
	1 mark for recognising need to handle more instructions in RISC.

1 mark for showing that pipelining allows the instructions to be parallelised.

	Total
	
	7
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ANSWERS
	Part
	Answer
	Mark
	Additional Guidance

	6
	(a)
	
	Handles calculations / comparisons

controls the fetching and execution of all instructions.

RAM stores the currently executing program and the data being processed.
	1

1

1
1
	1 mark for calculation or similar
1 mark for fetch / execute

1 mark for program storage, and 1 mark for data

	
	(b)
	
	Allows extra interface cards to be added to the computer.

The cards might be for graphics or sound

Allows for fast disks to be connected.
	1

1

1

Max 2
	One mark for each valid point.

	
	
	6
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ANSWERS
	Part
	Answer
	Mark
	AO
	Further Information

	9(a)
	The computer uses part of the hard disk as virtual memory.

Data which is not currently needed in RAM is swapped to the virtual memory, freeing up RAM.

When the RAM is full the data is transferred to pagefile.
	1

1

1
[max 2]
	AO1
	

	(b)
	More RAM reduces the amount of swapping (pagefile).

Swapping is a very slow process.

A more cost effective option (RAM is cheaper to buy than CPUs).

RAM is easier to install.

More operations/ processes can be stored in RAM.
	1

1

1

1

1
[max 2]
	AO1
	Must mention removing swapping, need not mention RAM

Accept answers with the reference to the problems with the installation of CPU can. 
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ANSWERS
	Part
	Answer
	Mark
	AO
	Further Information

	1(a)
	The accumulator is used for doing calculations
	1
	AO1
	

	
	Values read from memory can be added / subtracted from the value in the accumulator
	1

	
	

	
	Results of calculations are stored in the accumulator
	1

	
	

	
	
	[max 2]
	
	Accept any 2 valid points
Accept temporary/ input / output / intermediate values

	
	The stack pointer stores the address of the top of the stack in memory
	1
	
	

	
	The stack pointer stores the address where the next item can be stored on the stack in memory
	1
	
	

	
	The stack pointer stores the address where the program can retrieve the last item that the program placed on the stack
	1
	
	

	
	
	[max 2]
	
	

	(b)
	Address bus is used to transfer an address ….

 …. of the memory location
	1

1
	AO1
	

	
	Data bus is used to transfer data …..

…..from / to the main memory to / from the CPU
	1

1
	
	

	Total
	
	8
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ANSWERS
	Part
	Answer
	Mark
	AO
	Further Information

	6(a)
	Line 2: STA 99 – 1 mark for STA
	1
	AO2
	Allow reasonable attempts for STA/STO, ADD and OUT

	
	Line 3: INP
	1
	
	Accept just INP without any symbols

	
	Line 4: ADD 99 – 1 mark for ADD
	1
	
	

	
	Line 5: OUT
	1
	
	

	
	1 mark for both uses of 99 in lines 2 and 4
	1
	
	

	(b)
	
	Step
	Acc
	99
	Output

	1
	5
	
	

	2
	(5)
	5
	

	3
	4
	(5)
	

	4
	9
	(5)
	

	5
	(9)
	(5)
	9



	3
	AO2
	Award 1 mark for each correct column


Note: Bracketed values need not be shown

	Total
	
	8
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ANSWERS
	Part
	Answer
	Mark
	AO
	Further Information

	7(a)
	Planning and organising of program processing

Resource allocation 

Memory management 
	1

1

1
[Max 1]
	AO1
	

	7(b)
	An area on the hard disk drive is used when the RAM is full.
	1

[1]
	AO1
	

	7(c)
	Code or data is organised into sections called pages.

Pages can be moved between RAM and hard drive.

Pages used by a process can be noncontiguous. 

Pages are held in RAM whenever it is available. 

Paging means dividing physical memory into fixed-sized blocks. 

	1

1

1

1

1

[Max 2]
	AO1
	

	7(d)
	Virtual memory is much slower than RAM so the more that virtual memory is used, the slower the system will be.  
	1

[1]
	AO1
	Accept disk thrashing (the idea that increased use of VM increases access to secondary storage and increases wear on the hard disk)

	
	TOTAL
	5
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ANSWERS
	Question or Part
	Answer
	Mark
	AO
	Further Information

	1(a)
	A section of storage (inside the CPU).

	[1]
	AO1
	Accept any suitable description of a register but not just an example.

	1(b)
	Transports bits (inside the CPU).

Transfers data between components (inside the CPU).
	1

1

[Max 1]
	AO1
	Accept any suitable description of a bus (in a CPU).

	1(c)
	RISC architectures support a small number of very simple instructions.

Each instruction is completed in a single clock cycle. 

Individual instructions are executed extremely quickly. 

More instructions are needed to complete a given task. 

RISC architecture requires more registers to provide faster access to data when programs are running.

less power usage / Less cooling required.
	1

1

1

1

1

1

[Max 3]
	AO1
	Award 1 mark for each point up to a maximum of 3.

	1(d)
	А CPU completes a Fetch-Decode-Execute cycle.

Multiple instructions are overlapped in execution. 

The pipeline is divided into stages (fetch / decode / execute).

Each stage completes a part of the instruction.

This happens in parallel.
	1

1

1

1

1

[Max 3]
	AO1
	Award 1 mark only per point, up to a maximum of 3.  

Accept step by step description of pipelining.
For example: one instruction is fetched, while a previous instruction is being decoded, while a third is being executed.

	TOTAL
	8
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ANSWERS
	Part
	Answer
	Mark
	AO
	Further Information

	2(a)
	Instructions are fetched from an address in main memory / from operand.

Data travels along the data bus.

The instruction is stored in the CPU’s register.

The CPU decodes the instruction.

The instruction is executed.

The cycle repeats.
	1

1

1

1

1

1

[Max 4]
	AO1

	Accept data or instructions.

Award 1 mark only per point, up to a maximum of 4.

	2(b)
	The clock speed indicates how fast a CPU can run.

It indicates how many instructions the CPU can execute each second.
	1

1

[Max 1]
	AO1

	

	2(c)
	Increasing the clock speed results in more instructions being processed each second.

More instructions can be completed in a given time.
	1

1

[2]
	AO2
	Award 1 mark per point up to a maximum of 2 marks.

	2(d)
	Increase the RAM.
Use a CPU with more cores.
Use a CPU with more cache.
Overclock the CPU.
Use a hard disk with a faster read–write speed.
Upgrade HDD to an SSD.
Install a faster graphics card.
Install faster RAM.
	1
1
1
1
1
1
1
1

[Max 2]
	AO2
	Allow other correct changes.

	TOTAL 
	9
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ANSWER
	4(e)
	INP 
STA A 
INP 
STA B 
LDA A 
SUB B 
OUT 
HLT

	
1

1
1
1

1

[Max 5]
	AO2
	1 Input AND Store A
1 Input AND Store B
1 Load accumulator with A
1 Subtract B from accumulator
1 Output contents of accumulator

Accept other suitable mnemonics.
Allow other routines that produce the same output.
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ANSWERS
	Part
	Answer
	Mark
	AO
	Further Information

	5a
	1. Main memory
2 / 3. Control unit / CU 
2 / 3. Arithmetic logic unit / ALU
4. System bus
	1
1
1
1
[4]
	
	Accept names of three busses instead of ‘System bus’

	5b
	MAR<-[PC]
MBR<-[Memory] and PC increases by 1
CIR<-[MBR]
CIR holds the command to be executed
	1
1
1
1
[4]
	
	Allow any correct description with reference to registers.

	5c(i)
	Transfer of data / instructions between computer components.
	[1]
	
	

	5c(ii)
	29-1=511
	[1]
	
	

	5d
	Enlarge the bus width.
Increase the clock speed of CPU.
Increase the word length.
	1
1
1
[max 2]
	
	

	
	Total
	12
	
	





CPU, MEMORY. SYSTEM ARCHITECTURE 2020-2021 (PAPER 1)

[image: ]


ANSWERS
	Part
	Answer
	Mark
	AO
	Further Information

	7a
	RAM is volatile. ROM is non-volatile.

RAM stores OS and currently running programs. RОM stores start-up program (BIOS). 

RAM can be changed. ROM cannot be changed by the operating system.
	1

1


1

[3]
	
	Accept any correct differences.

	7b
	Advantages
Allows to run software even if RAM is full.
Provides an overflow which can be used as RAM.
Disadvantage
Slows down computer performance.
	
1
1

1
[max 2]
	
	Allow any reasonable answers.

	7с
	Allows several operating systems work on the same machine.
Any security faults of a guest OS cannot affect the host OS.
No need for any additional hardware.
	1

1

1
[max 2]
	
	Allow any reasonable answers.

	
	Total
	7
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ANSWERS
	Part
	Answer
	Mark
	AO
	Further Information

	4a
	Low level language

Benefits:
High speed of executing program.

Interacts with hardware directly.
	1

1

1
[3]
	AO1
	Accept any reasonable answer

	4b(i)
	Returns the value of an expression C-B+A
	[1]
	AO2
	Accept either word description of task OR letter expression

	4b(ii)
	17
	[1]
	AO2
	





CPU, MEMORY. SYSTEM ARCHITECTURE 2021-2022 (PAPER 2)

[image: ]


ANSWERS
[image: ]

image9.png
A CPU manufacturer describes an older device as having 32-bit registers. Its newer device
has 64-bit registers.

(a) What is the word length in the newer CPU?

(b) Suggest two reasons why they have increased the size of the register. You should refer
to the fetch execute cycle in your answer.





image10.png
(c) Describe the four steps of the instruction cycle (fetch / decode / execute).

[Total: 7]
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Part Answer Mark | Additional Guidance
1(a) 64- bit 1 28, 2*=64
(b) Allows the processing of much larger numbers 1 Accept “more
in a single fetch execute cycle. information®
Increases the speed of processing because 1
fewer fetch/execute cycles are needed.
(c) Contents of program counter loaded into 1 Accept abbreviations
memory address register. PC, MAR, MBR (MDR),
CIR
The contents of main memory at that address 1
are loaded into the memory buffer register. Accept
MAR«[PC]
The contents of the memory buffer register are 1 MBR—[MAR]
loaded into the current instruction register. PC—[PC]+1
CIR—[MBR]
The instruction is executed, the program counter 1 CIR decoded then
is incremented and the cycle starts again. executed
Accept
explanation of FDEC
without paraphrasing
the question using
keywords bus, ALU,
CU, buffer
Total 7
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9

(a) Briefly explain the term virtual machine. You should include an example of the use of a
virtual machine.

(b) Mobile devices such as phones and tablets normally use RISC processors instead of
CISC processors.

State two reasons for this.
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(c) Explain why pipelining is important in the design of a RISC processor.

[Total: 7]
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6 (a) CPUwu RAM - gBa KOMNOHEHTa MaTePUHCKOI nNnaTbl kKomnbtoTepa. O6bACHUTE OYHKLUN
KaXKJ0ro KOMMoHeHTa.

CPU
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9 A computer has:

e A3GHzCPU
e 4GB of RAM
e A mirrored pair of 512 GB hard disks.

(a) A program needs 6 GB of RAM in order to run. Explain how it is possible to run the
program on this computer without increasing the amount of RAM.
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(b) The program runs very slowly on this computer. There are two options to upgrade the
computer:

e Change the processor to a 3.2 GHz CPU
¢ Increase the RAM to 8 GB.

Explain why increasing the amount of RAM is the more appropriate option.
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1 A computer contains a CPU and a system bus.

(a) Describe the purpose of the following registers in a CPU.

Accumulator
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(b) Explain the function of the following components of the system bus.

Address bus

[Total: 8]
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5 A processor, or Central Processing Unit (CPU), can be described as either Reduced
Instruction Set Computer (RISC) or a Complex Instruction Set Computer (CISC).

(@) Why does a RISC CPU use less electrical power?

(b) A computer has 4GB of RAM but can work with datasets that require much more storage
than this. Explain how this is done.

(d) A CPU contains a number of registers. Briefly explain the purpose of the accumulator
and the memory data register.

[Total: 6]
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6

(a) Complete the table using assembly language.
You must use the following steps:

input an integer

store the integer in memory location 99

1
2

3 input a second integer

4 add the second integer to the first integer
5

output the result.

Line

Instruction
number struct

1

[5]
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(b) Complete the trace table for your program.

Use 5 for the first integer and 4 for the second integer.

Memory
Step Accumulator location 99 Output
1 INP
2
3

[3]
[Total: 8]
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7 The following error occurred when a program was run:

- ©

Not enough memory to run the application.
Please close other applications and try again.

(a) State the operating system function that generated this error.
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(c) Explain how paging is used to organise virtual memory.

[Total: 5]
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1 (a) A CPU contains registers. Define the term register.
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(d) Explain how pipelining works when processing instructions.

[Total: 8]
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2 (a) State four steps which occur during the Fetch-Decode-Execute cycle.
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(d) Identify two other changes that could be made to a computer to improve performance.

[Total: 9]
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(e) Write a simple program using assembly language to subtract B from A.

A and B are integers entered by the user.
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5

(a) Fill the gaps in the diagram.

input / output

. devices
registers





image2.png
Part

Answer

Mark

Additional Guidance

5(a)

RISC CPU normally uses less power because
there are fewer transistors.

(b)

The dataset is loaded from its file into RAM. If
not enough RAM is available, blocks of data are
moved from RAM to a special paging file on
magnetic disk from which it can relatively rapidly
be fetched back into RAM when needed for
processing.

(c)

Access to data in RAM is much quicker than
access to virtual memory, for which pages of
data have first to be fetched back into RAM from
disk.

(d)

The accumulator is used as a general purpose
mathematical register. Intermediate calculation
results are stored there which saves transfer to
and from main memory for each calculation.

The memory data register acts as a buffer when
data has to be transferred to or from main
memory.

[2]
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(b) List the steps of the Fetch-Decode-Execute cycle using register notation: PC, MBR,
MAR, CIR.
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(d) State two ways to increase performance of PC.

[Total: 12]
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7 (a) Describe three differences between RAM and ROM.

(b) State one advantage and one disadvantage of using virtual memory.

adVaMtagE
disadvantage e —
....................................................................................................................................... 2
(c) Explain the purpose of the virtual machine.
[2]

[Total: 7]
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4 A programmer writes the program.

INP RAM
STAA 0 1 2 3 4 5 6 7 8 9
INP 901 [ 310 [ 901 [ 311 | 901 [ 312 [ 211 [ 110 [ 902 | ©
STAB
INP 10 [ 11 [ 12 [ 13 [ 14 [ 15 [ 16 | 17 [ 18 | 19

STAC 9 4 |12 ] o0 0 0 0 0 0 0
SUB B

ADD A
ouT
HLT
10 ADAT
11 BDAT
12 C DAT

©CoO~NOAOPDWN-=0O

(a) State the level of the programming language of the given code and describe its two
benefits.

Level of the programming language

Benefit 1

(b) (i) Identify the task that this program code performs.

(ii) Determine the result of executing the lines 6-9 of the program, if the values of the
variables are following: A=9, B=4, C=12.

[1]
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5 (a) Give two features of the CISC architecture.

Feature 1 ---------------------------------------------------------------------------------------------------------------------------
Feature 2 ---------------------------------------------------------------------------------------------------------------------------
....................................................................................................................................... 2]

(b) Give two features of the RISC architecture.
Feature 1 ---------------------------------------------------------------------------------------------------------------------------
Feature 2 ---------------------------------------------------------------------------------------------------------------------------
[2]

[Total: 4]
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Part

Answer

Mark

AO

Further Information

5a

Complex Instruction Set Computing / complex instructions

Large number of instructions

Non-fixed size of instruction, e.g. instructions have variable format.

Memory-to-memory

Several cycles for instruction
Hard to use pipelining
Emphases on hardware
Energy consuming

Shorter code

Less number of register

[max 2]

AO2

5b

Reduced Instruction Set Computing / simple instructions
A limited number of instructions

Fixed size of instruction

Register-to-register

One instruction per cycle

Emphases on software

Simple to use pipeline

Less energy consuming

Longer code

More number of register

4 4 a4 a4 4o a4 a o

[max 2]

AO1

Total
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A CPU is described as having a 32 bit address bus and a 64 bit data bus.

(a

-

What is the maximum number of directly addressable memory locations in which the
CPU can store and retrieve data?

(c) What is the range of numbers which can be represented in the accumulator as
unsigned integers?
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(e) Using an assembly language of your choice, show the steps for the following:

e CPU adds the contents of memory locations 1000 and 1001
e CPU stores the result in memory location 1002

Use the accumulator in the process.

[Total: 7]
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Part

Answer

Mark

Additional Guidance

1(a)

Directly addressable memory will be 232 or
4 294 967 296

Accept either the power
form or the final
number. Power may be
written as superscript
rather than with caret.
Accept 4 gigabytes or 4
gigalocations.

(b)

Accumulator will hold 64 bits of data.

(c)

Range will be 0 to 263 -1

(d)

The control bus carries signals from the CPU to
other devices in the computer.

The control bus carries status and request
signals from other devices to the CPU.

Must indicate
connection outside
CPU.

(e)

Load (1000) acc
Add (1001) acc

Load acc (1002)

Anything which stores
the contents of first
location in accumulator,
adds second location
to accumulator and
then stores
accumulator contents
in 1002 is acceptable.
Must use accumulator
for addition.

Accept instructions
looking like Load acc,
(1000) (ie register
before value).

Accept instruction in
form “store” or “Id” or
“mov” instead of “load”.

Total
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4 Computers have different types of memory.

(a) Explain the purpose of the ROM in a computer.

(b) Three types of memory are cache, main memory (RAM) and virtual memory.

(i) Give one feature of cache memory.
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(b) Three types of memory are cache, main memory (RAM) and virtual memory.

(i) Give one feature of cache memory.
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(iii) State one disadvantage of virtual memory.

[Total: 7]




