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Overview & Introduction



What is Computer Science?

A Thescienceof computer science is
algorithms

A Theessenc®f computer science is
abstraction

A Thechallengeof computer science is the
exception




Abstraction

A Delving into the depths
reveals more information

A An abstraction omits unneeded detalil,
helps us cope with complexity

What are some of the details that
appear in these familiar abstractions?

swap(int v[], int k)(J
{int temp;O
temp = v[k];O0
V[K] = v[k+1];0
v[k+1] = temp;O
}

swap:U

muli $2, $5,40
add $2, $4,%$20
Iw $15, 0($2)0
Iw $16, 4($2)0
sw $16, 0($2)0
sw  $15, 4($2)0
jr $31

000000001010000100000000000110000
000000001000111000011000001000010
100011000110001000000000000000000
100011001111001000000000000001000
1010110011110010000000000000000001
101011000110001000000000000001000
00000011111000000000000000001000

3



Course Goals

A Obtain a historical perspective of computers and the
computing industry.

IfAbl e t o understand t he

AWhen is a new computer better than an old computer?

i The why and how of tod
tomorrowos computer ar

Apredicto the future
ADensity X today => Density Y tomorrow ?



Course Goals

A Understand limitations of computers
I Speed

I Capacity

I Accuracy

I Understand hardware=> write better software



Course Goals

A Become familiar with information

I Representation
ANumeric
ANon-numeric

i Alphabetic
I Imagery
i Audio



Course Goals

A Become familiar with information

I Units of measure as they apply to information
guantization

I Manipulation of information as applied to
computer architecture
ACalculate
ASearch
ASummarize
AEncode/decode
ACompress



Course Goals

A Become familiar with some of the jargon associatec
with computers and computer science

I Acronyms
A Understand the basics of Boolean Algebra
I Combinational logic circuit (CLC)
I Sequential logic circuit (SLC)
I CLC & SLCvsprogram (software)



Course Goals

A Develop a working knowledge and
understanding of the basic building blocks of
computers, and how they are connected
(hierarchies).

| gates- MSI -VLSI circuits

I buses

I memory

I Processors, pipelines, mujirocessor/core
I Networks and networking



Course Goals

A Understand the ways in which computers are
organized in order to maximize performance
and capacity.

I The VonNeumanarchictecture

| Tradeoffsl tradeoffsi tradeoffs
ATimei space price- utility
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Course Goals

A Understand what is meant by computer
performance

I Execution time
I Operations/second

A Be able to compare computers on the basis
performance measures
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Course Goals

ALearn to reason
guantitatively as often a
possible



Coverage

A Will we cover all the material in the text?
i No!
I Only portions of the first 4 chapters (CS52810)

I Likewise, CS3810 will only cover portions of
the remainder of the text.

A Will we cover material that is not in the
text?

I Yes!
I Follow the lectures and do the homework
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Why Study Computer
Architecture?

Ayou want to call you
scientisto

A you want to build better software people use

I Application programs, compilers, drivers,
operating systems
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Why Study Computer
Architecture?

Ayou may someday need to make a
purchasing deci si on,
advice, or buy a computer for yourself

A You may need to evaluate two computers
iWhich I s Abettero?

I Wh at does ANAbettero mea
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Have you purchased your own
computer?

A How did you do it/shop
I Kick the tires
I Check the warranty
| Testdrive it
I Decide what you needed before you went to the
dealer

I Does dealer make a difference
[ 2272777
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Computer Architecture

A Architecture is an excellent way to learn
about abstractions

I What I1s an abstraction?
Alevel of detall

AWhat is the fAequi v
racing world of a computer scientist?
I Mechanic?

I Driver?
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Computer Architecture

AHardware and software techniques
have similarities

I A program is a finite state machine

I Hardware can be emulated In software
and software can be implemented In
hardware
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Computer Architecture

AThe writing of good software is
dependent on knowing the architecture
of the system(s) on which it will run
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Equivalence of Hardware and
Software

A Anything that can be done with software
can also be done with hardware, and
anything that can be done with hardware
can also be done with software.*

* Assuming speed Is not a consideration
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TSP
For a transit of N cities, with each path between
cities having an associated cost, find the minimum
cost transit that visits every city once and only once

AThe traveling salespers
optimization problem.

A The TSP is NRRomplete

I no polynomial of fixed degree grows as fast as
it does

AThe only way to find th
exhaustive search

AHow |l ong would it take
city TSP?
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TSP with 31 cities

A Since the transit is circular, it does not
matter which city we start at.
I If we start at city 1 there are then 30 next city to

Visit choices

AThen there are 29 next city visit choices
I Then there are 28 next city visit choices
I Etc.

I Thus, the total will be 30!
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TSP with 31 cities

A How many transits do you think a computer
(a really fast one) can compute in a second?

I 10°"?/second

A Now all we have to do is compute 30!/107?
I 30! ~ 10732
I 1year ~ 31X10”6 seconds
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Address Space

Assume my machine addresses locations using a 32
bit address. (?)

My application is such that | wish to store on a disk a
record for every person in the world. However, |
will only need to address an individual record, not
flelds in a record.

Will my 32-bit address space work?
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Architecture Vs Organization

A Architecture:

I Programmer accessible attributes

A Organization:

I attributes not accessib

A This course will examine bot
organizational attributes will

e to programmer
N, but the

ne examined at a

fairly abstract level. Emphasis will be on

architectural aspects.
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Gradingi UGH!

A Who gets the 100%?

A Everything will eventually be computed as
a score of a.00

I Itis all curved
I On any test, the points possible will be
If (class high score < 100)
points possible = class high score + 1
else
points possible = 100
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History

A In the History of Computers, there are some
givens: (Gordon Mooré Intel cofounder)

iMooreodos Law -foun@®g 5, l nt

AiThe density of transi st
doubl e every two years. o

AOf t en worded as @AThe den
doubl e ev e r(Wewlll8se this muimitey o

A Sometimes talk about performance doubling
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ARockods Law
I Arthur Rock, Intel financier

IiNnNThe cost of capital e gl
semiconductors wi | | doult

i In 1968, a new chip plant cost about $12,000.

At the time, $12,000 would buy a nice home in
the suburbs.

An executive earning $12,000 per year was
Nmaking a very comfortabl e |
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ARockods Law

I In 2005, a chip plants under construction cost
over $2.5 billion.

$2.5 billion is more than the gross domestic
product of some small countries, including

Belize, Bhutan, and the Republic of Sierra
Leone.

I For Mooredos Law to hol d,

or vice versa. But no one can say which will
give out first.
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History

A 16001900 Mechanical era
| Babbage difference engine
A 1943i Charles Aiken
i $1M from IBM for Mark |
Aadd 6 seconds, divide 12 seconds
Aused relays
A Eckert & Mauchley = ENIAC
I 1946, 1900 tubes
A 1947, Von Neuman inspires EDVAC
| first stored program computer
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History

AWhat has fu
O9O00s & O0O0O0s

| cost reductions
Aintegrated circuits, RAM
| operating systems
Aieaseod of wuse
| application software

Aword processing
Aspreadsheets

I networks = Internet

el ed t he
?
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History - Integrated Circuits

A 1951 Tubes
A 1965 Transistor
A 1975 Integrated circuit 1C (SSIC, MSIC, LSIC)
A 1990 VLSI (millions of components/chip or /die)
A Memory
i RAM
i DRAM
A1MB 1986
A64MB 1996
ADRAM growth rule 2X every 1.5 years
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History - Integrated Circuits

Year

1951

1965
1975
1990

Technology  Performanciost

Vacuum 1

Tube

Transistor 35

IC 900
VLSI 400,000
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Number of transistors on
an integrated circuit

Moore’s Law

10,000,000,000 .
Number of transistors doubling every 18 months. L
1,000,000,000/
, tanium 2
. {9 MB cache)
.t ." o
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-
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Image:Moores law.svg
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Branch
Control
Data
cache
Bus |Integer
. data- Floating-
Instruction ,
h path point
cache datapath

N
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Pentium

I/O unit Floating-
point
Integer | datapath
Memory | data-
buffer path
Data
cache
Reservation stations
(control)
Reorder buffer
(control)
Instruction
cache and
Branch fetch unit Instruction Microcode
decode (control)
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Making of an IC

Blank wafers

Slicer

Individual dies
(one wafer)

Die
tester

"
Egga
UIIII
| o

Tested packaged dies

_.®_.

20 to 30 processing steps

Dicer

Silicon ingot
Tested
dies
SEE N
Bond die to el
package I“I - I'I
=~
Packaged dies
EEE | ..
DEE | e

A 4

Ship to customers

l

Patterned wafers
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Integrated Circuits

A Costs
I Wafer cost is fixed
I What happens when die size increases?

A#tdies/wafer decreases (Pentium =
196/wafer, Pentium Pro= 78/wafer)

Aprobability of bad die increases
Acost/die increases
I packaging cost = number of pins
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Integrated Circults

A If increase density of chip by 2, what should we
do with the added capacity/space?

I RAM chips- no question
| processor chip ?
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Integrated Circults

cos / wafer
dies/ wafer* yield

cod /die =

wafer area
die area

dies/ wafer ©

1
(1+ (defectd area* die area/ 2))

yield =
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Fallacies & Pitfalls

A Computers are built today like yesterday

A One can ignore hardware progress in designinc
new machine

A price/performance is predictable at 1,3,5,10 yes

inThe Eniac I S equl pp
tubes and weighs 30 tons, computers in the
future may have 1,000 vacuum tubes and
per haps wel gh 1.5 to
1949

42



Measures of capacity and speed:

A Kilo- (K) = 1 thousand = Faand 2°
A Mega (M) = 1 million = 16 and 2°
A Giga (G) = 1 billion = 108 and 2°

A Tera (T) = 1 trillion = 102and 2°

A Peta (P) = 1 quadrillion = 18 and 2°
A Exa (E) = 1 quintillion = 168 and 2°
A Zetta (Z) = 1 sextillion = 18* and 2°
A Yotta- (Y) = 1 septillion = 16* and 2°

Whether a metric refers to a power of ten or a power of
two typically depends upon what is being measured.

43



A Hertz = clock cycles per second (frequency)

1MHz = 1,000,000Hz
Processor speeds are measured in MHz or GHz.

A Byte a unit of storage

1KB = 210= 1024 Bytes
1MB = 220= 1,048,576 Bytes
Main memory (RAM) is measured in MB

Disk storage is measured in GB for small systems, TB
for large systems.
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Measures of time and space:
A Milli - (m) = 1 thousandth = 1®
A Micro- (n) = 1 millionth = 10°
A Nano (n) = 1 billionth = 10°
A Pico- (p) = 1 trillionth = 1012
A Femte (f) = 1 quadrillionth = 165
A Atto- (a) = 1 quintillionth = 168
A Zepto (z) = 1 sextillionth = 161
A Yocto- (y) = 1 septillionth = 164
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A Millisecond = 1 thousandth of a second

I Hard disk drive access times are often 10 to 20
milliseconds.

A Nanosecond = 1 billionth of a second

I Main memory access times are often 50 to 70
nanoseconds.

A Micron (micrometer) = 1 millionth of a meter
I Circuits on computer chips are measured in microns.
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A We note that cycle time is the reciprocal of clock
frequency.

A A bus operating at 133MHz has a cycle time of
/.52 nanoseconds:

133,000,000 cycles/second = 7.52ns/cycle

Now back to the advertisement ...
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The micropr ocess :Eute:l'—ﬂheaph%heap
the system. It executes program

Instructions. This one is a Pentium [T pentium 4.20GHz
(Intel) running at 4.20GHz. * 400MHz 256MB DDR SDRA
« J2KB L1 cache, 256KkB LZ
| « B0LB serial ATA hard driv
( ¢ R o SB ports, 1 serial port,
I'_"x: . ohitor 19" 24mm AG, 12

I of 48% CD-RW drive
| [ b [ 28MB PClgynracss video

A system bus moves data within the “':E"‘
- Al

——fcomputer. The faster the bus the bette,, .., .
{ This one runs at 400MHz. I
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A Computers with large main memory capacity can
run larger programs with greater speed than
computers having small memories.

A RAM is an acronym for random access memory.
Random access means that memory contents
can be accessed directly if you know its location.

A Cache is a type of temporary memory that can be
accessed faster than RAM.
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‘ This system has 256MB of (fas{f’ " lnstpe Clenpe (S

synchronous dynamic RAM R G

400MMFz 256MB DDR SDRAM
32KB L1 cache, 256 KB L2 cach
80GB gerial ATA hard drive (T2
8 USBJports, 1 serial port, 1 pa
Monitgor 19" 24mm AG, 1280 X
48x JD-RW drive

(SDRAM) . . .

122 PCl avpnrace vidan care
|

J1é and two | evels of <cac
cache Is smaller and (probably) faster than the L2 cg
I Note that these cache sizes are measured in KB. |
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Hard disk capacity determineg
the amount of data and size of — Cheap! Cheap! Cheap!

rogram n store. |
programs yOl{ can store B tium 4.20GH:z

+« 400MHz 256MB DDR SDRAM

« JZKB L1 cache, 256KB L2 cache

» BOGB serial ATA hard drive (7200 RPM)
. 8458 ports, 1 serial port, 1 parallel port
AN ohiter 19" 24mm AG, 1280 X 1024 at 7hHz

B
L

18x CD-RW drive

—| This one can store 80GB. 7200 RPM is the rotatiopal

speed of the disk. Generally, the faster a disk rotafes,
~|the faster it can deliver data to RAM. (There are mjany

other factors involved.)
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ATA stands foradvanced technology attachmgmhich
describes how the hard disk interfaces with (or

connects to) other system components

B0GB serial ATA hard dr (T200 RPM)

8 USB ports, 1 set 1 parallel port
Monitor 19" 24mm AG, 1280 x 1024 at 75Hz

] L] & & [

48x CD-RW drive

12§MB PCI expres eo card
56K PCIl data/fax n

64-bBit PCl sound ¢

. r can store about 650MB of data. This drive |

supports rewritable CDs, GRW, that can be writte
to many times.. 48x describes its speed.
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Portsallow movement of data
between a system and its exter|
devices. |

Fheap! Cheap! Cheap!

— U 11 &.20GHZ

— 400MHz 256MB DDR SDRAM

- JZ2KB L1 cache, 256 KB L2 cache
R 80GB serial ATA hard drive (7200 RPM)

» 8 USB ports, 1 serial port, 1 parallel port
fonitor 18" 24mm AG, 1280 x 1024 at THHz
48x CD-RW drive
128MB PCI| express video card
+» 56K PCIl data/fax modem
+» 64-bit PCl sound card
ed 10/100 Ethernet card

ten ports.
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A Serial ports send data as a series of pulses along
one or two data lines.

A Parallel ports send data as a single pulse along
at least eight data lines.

A USB, Universal Serial Bus, is an intelligent serial
Interface that is self-configuring. (It supports
Apl ug and play. 0)
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System buses can be augmented by?P' ©heap! Cheap!
dedicated I/O buses. PQripheral }gcp;

component interfaces one such busfMs DDR SDRAM
o ercedche, 256 KB L2 cache
— | EI‘JGE serial ATA hard drive (7200 RPM)
| 77 T 8 USB ports, 1 serial port, 1 parallel port
AN Monitor 19" .24mm AG, 1280 x 1024 at 75Hz
] 48% CD-RW drive
128MB PCI| express video card
56K PCI data/fax modem
64-bit PCI sound card
Integrated 10/100 Ethernet card

Thle Sysiai (55 (e PEl Jemess: & u |
card, a sound card, and a data/fax modein.
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8 USB ports, 1 serial port, 1 parallel port

\ » Monitor 19" 24mm AG, 1280 x 1024 at THHz
» 48%x CD-RW drive

s 128MB PCI express video card

+« 56K PCIl data/fax modem

» 64-bit PCl sound card

» |ntegrated 10/100 Ethernet card

The video card contains memory and
programs that support the monitor.
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A There are many organizations that set
computer hardware standards-- to include
the interoperabllity of computer components.

A Throughout this book, and in your career,
you will encounter many of them.

A Some of the most important standards-
setting groups are . . .
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A The Institute of Electrical and Electronic
Engineers (IEEE)

I Promotes the interests of the worldwide electrical
engineering community.

I Establishes standards for computer components,
data representation, and signaling protocols,
among many other things.
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A The International Telecommunications Union
(ITU)

I Concerns itself with the interoperabillity of
telecommunications systems, including data
communications and telephony.

A National groups establish standards within their
respective countries:

I The American National Standards Institute (ANSI)
I The British Standards Institution (BSI)
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A The International Organization for
Standardization (1SO)

I Establishes worldwide standards for everything
from screw threads to photographic film.

I Is influential in formulating standards for
computer hardware and software, including their
methods of manufacture.

Note: ISO isnot an acronym. ISO comes from the Greek,
Isosmeani ng Aequal . o
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A Each virtual machine
layer Is an abstraction of
the level below it.

A The machines at each
level execute their own
particular instructions,
calling upon machines at
lower levels to perform
tasks as required.

A Computer circuits
ultimately carry out the
work.
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A Level 6: The User Level
I Program execution and user interface level.
I The level with which we are most familiar.

A Level 5: High-Level Language Level

I The level with which we interact when we write
programs in languages such as C, Pascal, Lisp, and
Java.
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A Level 4;: Assembly Language Level

I Acts upon assembly language produced from
Level 5, as well as instructions programmed
directly at this level.

A Level 3: System Software Level

I Controls executing processes on the system.

| Protects system resources.

I Assembly language instructions often pass
through Level 3 without modification.
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A Level 2: Machine Level

I Also known as the Instruction Set Architecture
(ISA) Level.

I Consists of instructions that are particular to the
architecture of the machine.

I Programs written in machine language need no
compilers, interpreters, or assemblers.
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A Level 1: Control Level

I A control unitdecodes and executes instructions
and moves data through the system.

I Control units can benicroprogrammear
hardwired

I A microprogram is a program written in a low
evel language that is implemented by the
nardware.

I Hardwired control units consist of hardware that
directly executes machine instructions.
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A Level 0: Digital Logic Level

I This level is where we find digital circuits (the
chips).

I Digital circuits consist of gates and wires.

I These components implement the mathematical
logic of all other levels.
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AMany of storeddpegraimscomputers have
the following characteristics:

I Three hardware systems:

AA central processing unit (CPU)
AA main memory system
AAN 1/0 system

I The capacity to carry out sequential instruction
processing.

I A single data path between the CPU and main
memory.

AThis single path is known as tlien Neumann
bottleneck
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A This is a general
depiction of avon

Central Processing Unit

r "
: s N
Neumann system: (Program counter ) [ b
s N ( N
C J C J
A These computers ‘ N _ Main
C P, Registers Memory
employ a fetch- . )

decode-execute
cycle to run
programs as
follows . ..

Arithmetic-Logic
Unit

ob
Input/Qutput
System
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A The control unit fetches the next instruction from
memory using the program counter to determine where
the instruction is located.

Central Processing Unit

f N
(Program Counter) ( )
C ) (L A
N J J
. Main
( ) Registers Memory
\ y

Arithmetic-Logic
Unit

Control
Unit
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A The instruction is decoded into a language that the ALU
can understand.

Central Processing Unit

f N
[Program Counter) ( )
C A A
\ J \ J
: Main
( ) Registers Memory
. v

Arithmetic-Logic
Unit

Control
Unit
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A Any data operands required to execute the instruction

are fetched from memory and placed into registers

within the CPU.

Central Processing Unit

'

(Program Counter) ( )
C N L A
N J J
C A egisters
C 7 Regist

y

Main
Memory

Arithmetic-Logic

Control
Unit

Unit
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A The ALU executes the instruction and places results in

registers or memory.

Central Processing Unit

f N
(Program Counter) [ )
C N L A
N J J
C A egisters
C g Reest

. v

Arithmetic-Logic

Unit

Main
Memory
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A Conventional stored-program computers have
undergone many incremental improvements
over the years.

A These improvements include adding
specialized buses, floating-point units, and
cache memories, to name only a few.

A But enormous improvements in computational
power require departure from the classic von
Neumann architecture.

A Adding processors is one approach.
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A In the late 1960s, high-performance computer
systems were equipped with dual processors
to increase computational throughput.

A In the 1970s supercomputer systems were
Introduced with 32 processors.

A Supercomputers with 1,000 processors were
built in the 1980s.

A In 1999, IBM announced its Blue Gene
system containing over 1 million processors.
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A Parallel processing is only one method of
providing increased computational power.

A More radical systems have reinvented the
fundamental concepts of computation.

A These advanced systems include genetic
computers, quantum computers, and dataflow
systems.

A At this point, it is unclear whether any of these
systems will provide the basis for the next
generation of computers.
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Addressing the speaap
Bottleneck

A Parallel computing

I Multiple processors
AEach processor has its own memory, etc.
AEach processor executes a different part of a
program
I multiple cores
AMultiple processors but shared memory

APredict will go to 10006
distant future
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Amdahl 0s Law
common case fast)

A If one enhances a fraction f of a
computation by a speaap S, then the
overall speedip Is

speedup  (f.5 =

r
(1- f)+g
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Multi-Core

A As chip densities have increased, the
guestion arises. What to do with the extra
chip space?

I Make smaller chips

I Put more memory (cache) on chip

I Add more complex instructions

I Put more processors (cores) on the chip
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Times Are Changing
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