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Computer Science 1A

Introduction to Computer Science

Lecture Notes for Fall Semester, 2009

Introduction & Syllabus Review
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» Lab #1 Ą Due Next week.

»Quiz #2 Simple Computer Ą Next week

»Check the calendar for due dates
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CPU

Random Access
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(Secondary Memory)
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Devices
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» Built the ENIAC & UNIVAC

é while building the ENIAC

ǒCame up with a way to store

programs

ǒTo create a new program on 

the ENIAC wires had to be 

unplugged and plugged into 

new sockets

» They were UNABLE to 

publish  ideas b/c ENIAC was 

top secret

» John Von Neumann published their ideas and is credited 

with the Von Neumann architecture
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»Central Processing Unit

ǒThe òbrainó of the computer

ǒDivided into 3 parts (Registers, CU, ALU)
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Control Unit (CU)

ǒCommunicates with Input/Output (I/O) devices

ǒTransfers data to and from memory

ǒCalls the Arithmetic Logic Unit when necessary

ǒFetches instructions 

ǒ Interprets instructions

ǒExecutes instructions in order

Arithmetic Logic Unit (ALU)

ǒPerforms all arithmetic & logical operations

ǒArithmetic operations

ƻIncrement & Decrement (unary operations ð1 input/operand)

ƻAddition & Subtraction(binary operations ð2 inputs/operands)

ƻMultiplication & Division

ǒLogical operations

ƻNOT, AND, OR, and XOR

Chapter 1- Hardware 6 of  23
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Program Counter (PC)

ǒKeeps track of which statement is currently being 

executed

ǒWhen a statement completes its execution the PC is 

incremented  

ƻ(gets the memory address of the next 

instruction)

Instruction Register(IR)

ǒContains the current instruction 
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ǒStore data

ƻSpeeds execution time 

ƻData to be processed is not in memory Ą it is 

in the CPU

ƻIt is slow to get data from memory

ǒRegisters hold partial results of calculations 

before they can be stored back into memory

ǒFor simplicity assume there are 4  (modern 

computers have many)

ƻ2 input registers

ƻ1 output register

ƻ1 instruction register (IR)

ǒWhen a statement completes its execution the PC 

is incremented to reference the address of the 

next instruction in memory
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»CPU fetches an instruction from 

memory

»Places it into the Instruction register

» It decodes it 

»Executes the instruction
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é through the control unit
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1. The Control unit fetches the next instruction 

from main memory

ǒ It uses the program counter to determine where 

the next instruction is located

ǒ Places the instruction in the instruction register

2. The instruction is decoded into machine 

language

3. Any data required to execute the instruction 

are fetched from memory by the CU and 

placed into registers

4. The ALU executes the instructions and 

places the results in registers
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» Collection of storage locations

ǒNot the same as a hard drive this is internal to the 

system ðlocated on the mother board

ǒMUCH faster

» Each has its own address 

ǒLike a street address ðbut always unique

ǒThe address is in binary (1s and 0s)

» Remember bytes?

ǒMore useful for storing information than 1 bit

ǒUsed to represent a character in ASCII

ƻAmerican Standard Code for Information Interchange

ƻUsed to be 128 chars ðextended is 256 chars

» Word ðthe # of bits an instruction can have  

ǒmachine specific -16, 32, or 64 bitsChapter 1- Hardware 12 of  23



7

H
o
w

w
e

m
e
a
s
u
r
e

M
e
m
o
r
y

Unit Number of 

Bytes

Decimal 

Approximation

kilobyte 210 103

megabyte 220 106

gigabyte 230 109

terabyte 240 1012

petabyte 250 1015

exabyte 260 1018

zetta 270 1021

Yotta 280 1024
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»We measure memory & external storage in

terms of bytes
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»RAM

ǒRandom Access Memory

ƻRead / Write

ƻALL programs and data must be in RAM to be 

processed

ƻVolatile 

ƻMost of main memory

»ROM

ǒRead Only Memory

ƻContents written my computer manufacturer

ƻRead only Č canõt write to it

ƻòBootstrapó is on the ROM chip

ƻNon-volatileChapter 1- Hardware 14 of  23
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»Cache

ǒFaster than RAM slower than CPU registers

ǒBetween registers and primary memory

ǒCheaper and more plentiful than registers

ǒRelatively small amount of memory 

ƻCompared to RAM

ǒContains a copy of a portion of main memory

ƻCPU - checks to see if requested portion is in 

cache

ƻIf so, it retrieves it

ƻIf not, it has to go to main Ą replaces cache with 

new data retrieved

ƻMost processing is performed with a small portion 

of data Ą so mostly will be in cache
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»Allow the computer to communicate 

with the outside world - Do not store 

data

ǒKeyboard

ǒMonitor

ǒPrinter

ǒMouse

ǒMicrophone

ǒspeakers

ǒEtcé
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(AKA auxiliary storage devices)

» Cheaper than memory

» Non-volatile

Examples

» Magnetic disk (typical hard disk drive)

ǒPlatters

ƻConstructed of light aluminum alloy 

ƻOR Ą glass or ceramic (more resistant to heat)

ƻCoated with magnetizable material (ferrite 

compound)

ÅOn both sides

ǒCan have several platters 

ǒIn 2008, typically store in the high GBs and 

TBsChapter 1- Hardware 17 of  23

» Compact Discs (CDs) - Digital Versatile Discs(DVDs) & 

Blu-ray Discs (BDs)

ǒROM  - Read only

ǒR ðWORM (Write Once Read Many)

ǒR/W ðRead/Write  (more expensive

ǒHow much do they typically hold

ǒCD Ą 650 MB,  DVD Ą 4.7 GB, BD Ą 25 GB

ǒDVDs and BDs can be dual layer 2 (record on both 

sides)

» USB flash drives Ą flash drives, USB drives, jump 

drives, pen drives, thumb drives, key drives, tokens 

ǒFlash RAM or Flash Memory (Can R/W)

ƻSpecial type of Electronically Erasable Programmable 

Read Only Memory

ǒNon-volatile

ǒChip
Chapter 1- Hardware 18
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» An electrical pathway (wires)

» These connect all the components to the CPU

» The CPU transfers data & instructions to 

various address locations using a Bus

Von Neumannõs paper proposed a single data bus, 

but this created a bottleneck soé

» 3 types of Buses

ǒData Bus Ą moves data between main memory and 

the CPU registers

ǒAddress Bus Ą holds the address of the data that 

the data bus is accessing

ǒControl Bus Ą carries the necessary control signals 

that specifiy how the information transfer is to take 

place 19 of  23
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Ą moves data from the main memory to 

the CPU and back

ǒSeveral wires

ƻEach wire carries 1 bit of information

ǒ# of wires is dependent on the computers 

word size

ƻ16 bit Ą 16 wires

ƻ32 bit Ą32 wiresé etc

ǒ1 word is transmitted at a time

Chapter 1- Hardware 20 of  23
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Ą holds the address of the data that 

the data bus is currently accessing

ǒUsed to access a specific word in memory

ǒ# of wires is dependent upon address space

ƻ# of addressable locations
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» If a computers memory is 64k and the word size is 1 

byte

ǒ64 * 1024 (210) = 65536 (216) bytes 

ǒAddresses can range from 0-65525

We would need 16 wires to hold a given address 

» If a computers memory is 32MB and the word size is 2 

byte

32 * 1048576 (220) = 33554432 bytes

ǒEach word is 2 bytes so 3554432 / 2 = 16777216

ǒHow do we find what power of 2 is 16777216?

ǒWe want the inverse of 2n which is log2n

ƻYour calculator typically calculates log10n

ǒ log2n = log10n / log102

ǒ log 16777216/ log 2 = 7.2447199/.30103 = 24

We need 24 wires and can have 0-16777216 address locations
Chapter 1- Hardware 22 of  23



12

C
o
n
t
r
o
l

B
u
s

Ą Carries the necessary control signals that 

specify how the information transfer is to take 

place

» # of wires depends on the # of computers 

instructions

NOTE:

ǒIO devices donõt use buses that are used for the CPU 

to communicate with memory

ǒThey use controllers

ǒThese devices are much slower than the CPU

ǒIO devices are either serial or parallel

ƻSerial use a single wire connection

ƻParallel use several wires for connection
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