Computer Science
Fundamentals

Lecture 5: Computer systems architecture

Lecturer: Olga Yugay



Today’s focus

Communications

Applications

Operating Systems

Hardware




Something familiar...

Hardware

System Unit Screen Monitor

e

Speaker

b
v LTI Y Y S LA
- as FEres -~ -
w.-_::n_ Rants ~

Microphone



* Logical structure of Computer System

« Computer Architecture

 Levels within computer architecture
Physical organization of the computer
Main components of digital logic layer
Processor
Control unit
« ALU



Computer Architecture: Basic Levels

SOFTWARE LEVEL

HARDWARE LEVEL

— N[O | B>]|O1]| O | N




Computer Architecture: Levels in detall

SOFTWARE LEVEL

Application Layer

Higher—Order Software Layer

Operating System Layer

SO0 (O | N

HARDWARE LEVEL

Machine Layer
 Machine language instructions

Microprogrammed Layer

* Interprets the machine language instructions
and directly causes the digital logic elements to
perform operations

Digital Logic Layer
* Gates that are combined onto a single chip

Physical Device Layer
* Transistors

« Capacitors

* Resistors




The von Neumann architecture

* |s the computer design principle
* The basis for computers even today

* Main characteristic:
* Units that process information are separate from the units that store information.
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Data flow through a von Neumann machine

Input ‘ | CPU Main Output
devices memory devices

‘ Bus

FIGURE 5.2 Data flow through a von Neumann machine



The von Neumann architecture 1

* memory unit holds both data and instructions

 arithmetic/logic unit is capable of performing arithmetic and logic operations
on data

* input unit moves data from the outside world into the computer
e output unit moves results from inside the computer to the outside world

e control unit acts as the stage manager to ensure that all the other
components act in concert

1 Dale, N., & Lewis, J. (2020). Computer Science llluminated (7th ed.). Jones & Bartlett Learning, Ch 5



Video

Khan Academy and Code.org | CPU, Memory, Input & Output 2

2 Youtube.com. 2018. Khan Academy and Code.org | CPU, Memory, Input & Output. [online] Available at:
<http://youtube.com/watch?v=MMzdKTtUIFM> [Accessed 7 June 2022].


http://youtube.com/watch?v=MMzdKTtUIFM

Computer configuration

CoreTM i5 is a type FSB - bus between the processor and the
of processor, which outside world is called the front-side bus.
runs at a speed of 2.5 FSB is pulsing 1066 million (or just over a

GHz

Synchronous,
dynamic RAM
DD3 - Double Data
Rate 3, type of
memory

Graphics
processor unit
Games and other
graphics software
interact with GPU
=>faster image
manipulation

billion) times per second.

Cache is small, fast memory that is usually built into the

processor chip.

Processor have direct access to 6 MB of memory without

using the FSB

Dell Inspiron 5000

* 2.5GHz Intel . e i5
(1066 MHz FSB / 6 MB cache)

» 15.6 inch Full HD LED touchscreen
(1920 x 1080)

« 8 GB SDRAM DDR3

« Intel HD Graphics 520

« 1TB HDD 5400 RPM

« DVD +/- RW drive

* 802.11A, 802.11bgn, and Bluetooth wireless

* Intel RealSense 3D camera

« Lithium lon Battery with 7-hour average life

* Ports: 1 USB 3.0,2 USB 2.0, 1 HDMI, LAN
10/100, audio input/output

* 15 x 10.2 x 0.9 inches, 5.36 pounds

* Windows 10 Operating System




Computer configuration 3

In general, a faster clock, faster FSB, and more cache would seem to make for a
more powerful computer.

But as in all areas of engineering, there are tradeoffs.

e Faster processor => it consumes more power => the circuitry may overheat

and shut down.
e Faster FSB => requires faster devices in the outside world => their circuitry is

more expensive.
e Cache gets bigger => access to its data becomes slower => slows down the

Processors.

3 Dale, N., & Lewis, J. (2020). Computer Science llluminated (7th ed.). Jones & Bartlett Learning, Ch 5



Hardware and Software

Khan Academy and Code.org | Hardware and Software 4

4Youtube.com. 2022. Khan Academy and Code.org | Hardware and Software. [online] Available at:
<https://www.youtube.com/watch?v=VzVSt6jxiqw> [Accessed 7 June 2022].


https://youtu.be/VzVSt6jxiqw

Motherboard °

In a PC the components in a von Neumann machine are physically located in a
printed circuit board called the motherboard.

Motherboard is the main circuit board of PC

The motherboard also has connections for attaching other devices to the bus:

® a mouse
e a keyboard
e oOr additional storage devices

5Dale, N., & Lewis, J. (2020). Computer Science llluminated (7th ed.). Jones & Bartlett Learning, Ch 5



Physical organisation of the computer

3 sl
(¥ G' f: *ll Chipset
' fﬂﬂ* . -.E Ch|p1

AGP Bus Frontside Bus

PCI Bus

ATA Bus

DIMM
Slots

l...J )

- nv ’

:
®

Ll

~;':§:I[1E' and

@) . Flappy
Connectors




Physical organisation of the computer °

* Modular construction
 Many different microcomputers contain the same microprocessors

* Bus — collection of parallel electrical conductors called “lines” onto which a
number of components may be connected

* Internal buses
 External buses

6 Dale, N., & Lewis, J. (2020). Computer Science llluminated (7th ed.). Jones & Bartlett Learning, Ch 5



Physical organisation of the computer /

* Buses convey:
e Data signals

* Data address signals
e Control signals
* Power

* Bus lines

e Data lines (Data bus)

e Address lines (Address bus)
e Control lines (Control bus)

" Dale, N., & Lewis, J. (2020). Computer Science llluminated (7th ed.). Jones & Bartlett Learning, Ch 5
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Example of Bus connections

PROCESSOR

> MDR

IPOWER . L Ll

Fig 13.6 An example of Bus connections.

SNd VLvd
SOd TOALNOD

MDR -
Memory
Data
Register

MAR —

Memory
Address
Register

MBR -
Memory
Buffer
Register



Example of Bus connections

MAIN
INPUT OUTPUT MEMORY PROCESSOR
UNITS UNITS UNITS

v VA

GENERAL PURPOSE BUS

Note. Only one transfer takes place at a time, with
bus control lines arbitrating multiple transfer
requests.

Fig 13.3 A system based on a general-purpose bus.



Example of Bus connections

INPUT ouTPUT INPUT ouTPUT
UNITS UNITS UNITS UNITS
/O BUS /O BUS
MAIN
MEMORY
PROCESSOR UNITS

MEMORY BUS

MEMORY BUS

MAIN PROCESSOR
MEMORY
i i
UINTES Note. I/O units have additional circuitry
Note. All data passes through the processor (called VO channels or Pe.n.pheral BESCeusae)
on its way betvgeen /O uni?s i lll)ielnory. which control I/O once initiated by the
Processor.
Fig 13.4 A system based Fig 13.5 Another system

on two buses. based on two buses.



How your computer memory works 8

8 Senanan, K., 2016. How computer memory works. [online] Youtube.com. Available at:
<https://www.youtube.com/watch?v=p395zZWCw8J4> [Accessed 7 June 2022].


https://intranet.wiut.uz/Uploads/ModuleMaterialAttachments/9cdb9f90-f16b-4bed-a00a-14ab642bf158.mp4

Processor °

* Functions
* To control the use of main storage to store data and instructions
* To control the sequence of operations
* To give commands to all parts of the computer system
e To carry out processing

* Consists of two primary elements
e Control Unit (CU)
e Arithmetic and Logic Unit (ALU)

9 Dale, N., & Lewis, J. (2020). Computer Science llluminated (7th ed.). Jones & Bartlett Learning, Ch 5



Processor 19

* Registers — special-purpose temporary-storage locations within the
processor or other devices

Types of registers
 Memory Data Register (MDR)
* Handles all data and instructions passing in and out of the processor

 Memory Buffer Register (MBR)
* Handles all data and instructions passing in and out of main storage

* Memory Address Register (MAR)

* Handles location addresses (source/destination) during transfer between the MDR and
MBR

e Data Buffer Registers
 Exists in I/O units connected to the processor and have similar purpose to the MBR

10 pale, N., & Lewis, J. (2020). Computer Science llluminated (7th ed.). Jones & Bartlett Learning, Ch 5



Example of bus connections related to processor

. PROCESSOR MDR -
. - Memory
Data

Register

>SMDR|  [MAR[

SNd VLvd
SOd TOALNOD

MAR -
Memory

L Address
I Register
POWER (7

MBR -
Fig 13.6 An example of Bus connections. Memory

Buffer
Register




Processor registers 11

* Registers in the processor are constructed so that their contents
can be accessed and altered much faster than the contents of
locations of main storage

11 pale, N., & Lewis, J. (2020). Computer Science llluminated (7th ed.). Jones & Bartlett Learning, Ch 5



Details of a processor
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Fig 13.7 Details of a processor.



Processor registers 12

* IR (Instruction Register)

* Holds an instruction to be executed which was first taken from main storage via the MDR and placed
in). There it is rapidly decoded and performed

* DR (Data Registers) within ALU

* Hold data to be processed that was taken from main memory via MDR. The required arithmetic or
logic operation is rapidly performed. ALU provides result in one DR from which it is taken and stored
in main storage

* AR (address registers)

* hold addresses from Memory Address Register (MAR), either stores the memory address from which
data will be fetched to the CPU, or the address to which data will be sent and stored.

* STATUS register

* is used by the control unit as a means of detecting conditions which have occurred such as the ALU
detecting the arithmetic error of division by zero.

12 Dale, N., & Lewis, J. (2020). Computer Science llluminated (7th ed.). Jones & Bartlett Learning, Ch 5



Details of a processor

MAR

ARO

AR

AR2

>\

AR3

AR4

wCcw wumrggy»

AR5

ARG

D
— |

I

AR7

External
Status
Lines

>| STATUS

DRO

DR

DR2

wcw CpzAamOd2Z—~

DR3

DR4

DRS5

wcw »HP»0

DR6

>| PC ]

I Y E LTI E Yy

DR7

VYVVVVVVVVVVVVVY

e e I

MDR

HOOE0000 000000

PROCESSOR

.
s
= - —— e iﬁ
(S
— Clock
e

ower
_ines

Fig 13.7 Details of a processor.



Processor: Control Unit 13

* component of a computer's central processing unit (CPU) that
directs the operation of the processor.
* Is a nerve centre of the computer

e Coordinates and controls all-hardware operations (ie, those of
peripheral units, main memory and the processor itself)

13 Dale, N., & Lewis, J. (2020). Computer Science llluminated (7th ed.). Jones & Bartlett Learning, Ch 5



Control Unit operation 4

* Fetch-execute cycle

* Control unit causes the requisite instruction to be fetched from main
storage via the MDR and placed in IR. When main storage receives an
appropriate signal from the control unit it transfers the instruction,
whose address is specified in the MAR, into the processor’s MDR via the
data bus

* The control unit interprets the instruction in the IR and causes the
instruction to be executed by sending command signals to the
appropriate hardware devices.

14 Dale, N., & Lewis, J. (2020). Computer Science llluminated (7th ed.). Jones & Bartlett Learning, Ch 5



Fetch-execute cycle

unit
(2) Decode instruction (3) Get data
Registers
FETCH CYCLE EXECUTION CYCLE
(1) Fetch instruction | (4) Execute the instruction
b

Main memory

FIGURE 5.3 The fetch-execute cycle



Control Unit — Control of sequence of instructions 1°

* PC (Program Counter) or SCR (Sequence Control Register)
registers

 Hold the location address of the next instruction to be
performed

15 Dale, N., & Lewis, J. (2020). Computer Science llluminated (7th ed.). Jones & Bartlett Learning, Ch 5



Details of a processor
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Processor: Arithmetic and logic unit (ALU) 6

* Functions
 Carries out the arithmetic (add, substract, multiply and divide)

* Performs certain “logical operations” (testing whether two data items
match)

16 Dale, N., & Lewis, J. (2020). Computer Science llluminated (7th ed.). Jones & Bartlett Learning, Ch 5



Performance and cost

faster faster

FLEXIBILITY
SPEED USABILITY
slower < Slower

expensive COST » cheap

small <« CAPACITY » large

high ———— VOLATILITY > low



* is random access memory (RAM) that a computer microprocessor can
access more quickly than it can access regular RAM.

 Cache management algorithms
* LFU (Least Frequently Used) and LRU (Least Recently Used)
* The difference is that determining which data items to overwrite.

17 Dale, N., & Lewis, J. (2020). Computer Science llluminated (7th ed.). Jones & Bartlett Learning, Ch 5


http://searchmobilecomputing.techtarget.com/definition/RAM

Recommended sources:

Essential material
* Dale, “Computer Science llluminated”, Chapter 5

* R. White, “How computers work”, Chapters 2, 3, 4

Advanced material related to the topic:
What Every Programmer Should Know About Memory

Computer Architecture Essentials | James Reinders, former Intel Director
How Computers Calculate - the ALU: Crash Course Computer Science #5

Reqisters and RAM: Crash Course Computer Science #6

The Central Processing Unit (CPU): Crash Course Computer Science #7
Instructions & Programs: Crash Course Computer Science
How A CPU Works



https://people.freebsd.org/~lstewart/articles/cpumemory.pdf
https://www.youtube.com/watch?v=yOa0WpMwzWk
https://www.youtube.com/watch?v=1I5ZMmrOfnA
https://www.youtube.com/watch?v=fpnE6UAfbtU&t=539s
https://www.youtube.com/watch?v=FZGugFqdr60&t=52s
https://www.youtube.com/watch?v=zltgXvg6r3k&t=205s
https://www.youtube.com/watch?v=cNN_tTXABUA&t=88s
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