
Lecture 2 
Boolean algebra 

AND- is true when all inputs are true  

 
OR- is true when one or more input is true 

 
 

XOR- is true when only one input is true 

 
NOT- returns opposite value 

 
Logic gates 
Computer hardware is made from logic gates 

– Basic logic gates: AND, OR, NOT 

– Derived negated gates: NAND, NOR, XOR, XNOR 

NAND. Is AND followed by NOT. The output is "false" if both inputs are "true." Otherwise, the output 

is "true." 

NOR is a combination OR gate followed by not. Its output is "true" if both inputs are "false." Otherwise, 

the output is "false." 

• Any logic circuits can be build from combinations of just 

AND, OR, NOT 

– alternatively, use just NAND, NOR 



Logic gates 

 

Logic circuits 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Lecture 3 
Cpu & Memory 

1. What is a CPU? 



The Central Processing Unit (CPU) fetches, decodes and then executes instructions that perform 

arithmetic/logic comparisons (i.e is number 1 equal to number 2) and other operations (skip the next 

5 instructions) 

A CPU is comprised of the following components 

 Arithmetic Logic Unit (ALU) performs arithmetic and logic functions 

 Registers - high speed scratch pad to store data currently being processed 

 Memory Buffer Register (MBR)/ Memory data register (MDR) – stores data just received from, 

or about to be written to memory 

 Memory Access Register (MAR) – stores address of memory  

 Program Counter (PC) – stores address of next instruction 

 

2. Explain the execute cycle 

Fetch: copy pc to MAR and get instruction into MDR 

Decode: identify operation and operands 

 Note: May require additional memory fetches 

Execute: Carry out instructions to be accessed next 

Store: Put data to be stored in MDR and put location into MAR 

3. Memory 

Each byte of memory has an address – numbered sequentially – individual bits not addressable, just 

(usually) bytes. An address length of N bits can express 2N numbers (0..2N-1). So the maximum size 

of memory is limited by the length of the address.  

Operating system 
The operating system provides a layer between hardware and user applications. It attempts to protect 

hardware from user and tries to manage resources in efficient and ‘fair’ manner. It also hides hardware 

details from user and application programmer 

 



A computer system 
1. What is a Motherboard? 

It is the main printed circuit board (PCB). The 

motherboard houses CPU socket and slots for main 

memory as well as expansion slots. Expansion card 

functions are increasingly being moved to the 

motherboard 

 

2. What is internal expansion? 

Internal expansion is located in the computer case. 

Examples of internal expansion: Expansion cards 

such as network cards, graphics cards, and internal 

hard drives 

3. What is external expansion? 

External expansion is located outside the computer case. Relates to non-critical functions. It houses 

peripherals such as keyboards, mice, printers, and the link 

Chipset: legacy (old chipset) 
With the legacy chipset, the CPU interacts with many components. The 

Chipset controls communication between CPU and other components. 

Chipset is located in the motherboard. The legacy chipset is considered 

outdated for modern motherboards.  

Northbridge chip connected directly to CPU (to minimise latency) and 

handled high-speed components (e.g. RAM) 

Southbridge connected to Northbridge and handled slower components 

(e.g. disk drives) 

Chipset: modern 
As manufacturing techniques improved and more complex CPUs became possible, control functions 

migrated to the CPU. e.g. memory controller and high speed expansion interfaces 

 

Northbridge remnants and Southbridge merged into a single 'chipset'. For instance, smartphones 

(mini-  computer) use a combined CPU & chipset & memory: 'System on a chip' 

 



Data links 
Between components are data links. Typical topologies are bus (most common) verses point-to-point 

Bus topology is where all of the various devices in the network 

are connected to a single cable or line. 

Point-to-Point is where there is a direct connection between two 

nodes. 

2. Explain the difference between the concepts of a serial 

connection and a parallel connection. Find modern examples of 

each. 

Most computers have three types of ports: serial, parallel, and USB. Data 

transfer is either: serial or parallel. 

Serial: one bit at a time sent on a single wire 

Parallel: multiple wires used to transfer multiple bits at the same time 

Parallel connections tend to suffer from electrical crosstalk. Thus, serial 

can transfer data reliably over a longer distance. Serial transfer is common 

now for peripherals due to increased computer interface speeds 

 

Hot swappable vs warm swappable vs cold swappable: explain the difference 
Devices differ in when they can be connected: 

• Hot-swappable: can be plugged in or unplugged while the computer is switched on 

• Warm-swappable: can be plugged/unplugged when computer is in sleep mode 

• Cold-swappable: should only be plugged/unplugged after switching off the computer otherwise you 

risk data loss, or a computer crash, or a dangerous short circuit. 

1. Why would the (non-physical) way in which a computer interacts with a device determine if it could 

be hot or warm or cold swapped? Provide a basic example of each case. 

Hot swap: To pull out a component from a system and plug in a new one while the main power is still 

on.  

Example: Flash USB devices, allowing an external drive, network adapter or other peripheral to be 

plugged in without having to power down the computer first. 

Warm swap: To pull out a component from a system and plug in a new one without turning the power 

off. A component is unsafe to plug in or remove when switched on, but okay when the computer is in 

sleep mode 

It often refers to pulling or inserting removable drives (CD-ROM, floppy, Blu-ray reader module etc.) 

in a laptop, typically in a suspend mode.  

Cold swap:  The computer may expect something to always be there. Components should only be 

pulled and plugged in after switching off the computer otherwise you risk data loss, or a computer 

crash, or a dangerous short circuit. 



Extreme example: graphics card.  The system boots and is reliant on the graphics card to be there all 

the time; it doesn’t cater for the chance that it may not always be present. If it is removed, the 

computer will still send it instructions and data, and still expect it to process them: it’ll never hear from 

it, and will crash. 

 Mild example: USB hard disk. Hard disks typically have caches of their own: Cache memory is a lot 

faster than actually using the disk, so a memory pool holds recent read and write operations to make 

things quicker. Before a hard disk is removed, the cache should be ‘flushed’ to ensure that everything 

supposed to be written is actually written. If a hard disk is removed without warning, some write 

instructions in the cache may never make it to the hard disk, causing a loss or corruption of data (aside: 

on most operating systems, hot-swappable storage devices usually have their write cache disabled.) 

 


