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It is very easy to design CPU IP Corel
It is not easy to design good CPU!

To design successfully is far more
difficult than one!
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Chapter 1

Computer Abstractions
and Technology



Contents of Chapter 1

< 1.1 Introduction

«+ 1.2 Computer Language and Software System

« 1.3 Computer Hardware System

«+ 1.4 Integrated Circuits

« 1.5 Real Stuff: Manufacturing Pentium Chips

« 1.6 History of Computer Development



1.1 Introduction

<« Computers have led to a third revolution for
civilization
+ The following applications used to be
“computer science fiction”
= Automatic teller machines
= Computers in automobiles
R Laptop computers
= Human genome project
= World Wide Web



<« Tomorrow’s science fiction computer
applications
« Cashless society
= Automated intelligent highways

= Genuinely ubiquitous computing:
No one carries computers because they are
available everywhere.



« Classes of Computer Applications and Their
Characteristics

«=Desktop computer
®Servers
«=Embedded computer



<+ The influence of hardware on software

= In the past
< Memory size was very small
< Programmers must minimize memory space to
make programs fast
= Nowadays
< The hierarchical nature of memories
< The parallel nature of processors

< Programmers must understand computer
organization more



< Brief introduction to this course

= The Internal organization of computers and its
Influence on the performance of programs

= The hierarchy of software and hardware

< How are programs written in high-level language
translated into the language of the hardware, and
how does it run?

+What is the interface between the software and the
hardware, and how does software instruct the
hardware to perform?

<+What determines the performance of a program, and
a programmer improve the performance?

+What techniques can used to improve performance?



< Brief Introduction to Chapter 1
« Basic ideas and definitions
= Major components of software and hardware
= Introduction to integrated circuits
= Technology that fuels the computer revolution



Where is the performance bottleneck?

Hardware or software  How this component Where is this

component affects performance topic covered?

Algorithm Determines both the number | Other books!
of source-level statements
and the number of I/O
operations executed

Programming Determines the number of Chapter 2 and 3
language,compiler, and | machine instructions for
architecture each source-level

statements
Processor and Determines how fast Chapter 5,6
memory system Instructions can be executed | and 7
/O system(hardware | Determines how fast I/O Chapter 8

and operating system) | operations may be executed




1.2 Below Your Program

From a High-Level Language
to the Language of Hardware

A simplified view of hardware and software as
hierarchical layers

Problem:

should we really place
compilers in the systems
software level ?

Hierarchical layers



Some terms

<« Machine language
R Computers only understands electrical signals

= Easiest signals: on and off

= Binary numbers express machine instructions ex.
1000110010100000 means to add two numbers

)

R Very tedious to write

<« Assembly language
® Symbolic notations ex. addA, B
= The assembler translates them into machine instruction

= Programmers have to think like the machine



+ High-level programming language
= Notations more closer to the natural language
ex. A+B

= The compiler translates them into assembly
language statements

«=Subroutine library ---- reusing programs

= Advantages over assembly language
< Programmers can think in a more natural language
< Improved programming productivity
< Programs can be independent of hardware



« Categorize software by Its use
= Systems software ---- aimed at programmers
= Applications software ---- aimed at users

<« Operating System
«=Handing basic input and output operations
«RAllocating storage and memory

«=Providing for sharing the computer among
multiple applications using it simultaneously

<« Compiler
= Translation of a program written in HLL



From a High-Level Language
to the Language of Hardware

<« The process of
compiling and
assembling

High-level
language
program
(in C)

Assembly
language
program

(for MIPS)

Binary machine
language
program

(for MIPS)

swap(int v[], int k)
{int temp;
temp = v[k];
V[K] = v[k+1];
v[k+1] = temp;

}
|
swap:
muli $2, $5,4
add $2, $4,%$2
lw  $15, 0($2)
lw  $16, 4($2)
sw $16, 0($2)

sw $15, 4(%$2)
jr $31

00000000101000010000000000011000
00000000100011100001100000100001
10001100011000100000000000000000
10001100111100100000000000000100
10101100111100100000000000000000
10101100011000100000000000000100
00000011111000000000000000001000



An example of the decomposability of
computer systems

Software

{

‘ System Software

( Applications Software

{

{ laT X

...... .

| Compilers {
Operating system <

I/O device

\ drivers

( Virtual memory{

File system{

|



1.3 Under the Covers
Computer Hardware System

<+ Mouse

= The mechanical version ;
< Moving the mouse rolls the large ball inside

< The ball makes contact with an x-wheel and a
y-wheel

< Decide the distance and direction the mouse moves
according to the rotation of wheels

& The photoelectric version
< Better orientation and better precision
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+ Display

= CRT (raster cathode ray tube) display
< Scan an image one line at atime, 30to 75times /s
< Pixels and the bit map, 512X 340 to 1560X 1280
< The more bits per pixel, the more colors to be

displayed

= LCD (liquid crystal display)
< Thin and low-power
< The LCD pixel is not the source of light

< Rod-shaped molecules in a liquid that form a
twisting helix that bends light entering the display



+ Hardware support for graphics ---- raster refresh
buffer (frame buffer) to store bit map

<« Goal of bit map ---- to faithfully represent what Is
on the screen

Frame buffer Raster scan CRT displa)




L)

Motherboard and the hardware on it

= Motherboard

< Thin, green, plastic, covered with dozens of small
rectangles which contain integrated circuits (chips)

< Three pieces: the piece connecting to the I/O devices,
memory, and processor
< Memory
< Place to keep running programs and data needed
< Each memory board contains some integrated circuits
<+ DRAM and cache

« Central Processor unit ----CPU

< Add numbers, tests numbers, signals I/O devices to
activate, and so on

< CPU (central processor unit)

L)

L0

4



< Datapath

= The component of processor that performs
arithmetic operations

< Control

= The component of processor that commands
the datapath, memory, and I/O device according
to the instructions of the program



I\/Iotherboard




Inside the processor chip

(L --——-—— ---------- —
| Control
. Control o)
interface
Instruction cache
Data
cache
Enhanced
=F=§= floating point
and multimedia Integer
1 Ll Secondary
cache
and
RS memaory
!_-h . Control interface
|
__ Advanced pipelining
=S hyperthreading support Control




The five classic components of a computer

Compiler

Interface @

Computer

TN

-

(O

Evaluating
performance

@ Datapath

Processor




Close-up of PC motherboard

Processor M
e
m
0
r
Yy Disk
Processor and USB
interface interfaces
Graphics
1/O bus
slots




Important concept: coftware % \§v

Virtual machine T Mo o
+ Abstractions

= Lower-level detalls are hidden to higher levels

R Instruction set architecture ---- the interface
between hardware and lowest-level software

= Many implementations of varying cost and
performance can run identical software

Applications

COperating System

compiler

Firmware

Instruction Set Architecture

Instruction Set Processor o System

Datapath & Control

Digital Design

Circuit Design

L ayout




+» A safe place for data ---- secondary memory
« Main memory is volatile
= Secondary memory is nonvolatile

«=Magnetic disk

« Rotating platter coated with a magnetic material
< Floppy disk

«= Flexible mylar substance

= 1.44~100MB

« Removable
«» Hard disk

«= Metal

« Mostly not removable

« Rotate on a spindle at 3600 to 7200 r.p.m.

« Read/write head and movable arm

« Slower than DRAM, but cheaper for a given storage unit



(4

= CD (optical compact disk)
= Magnetic tape

Communicating with Other Computer
------- Computer network

«= Communication----Information is exchanged

= Resource sharing

= Nonlocal access

=LAN (local area network): Ethernet network

«= WAN (wide area network) :World Wide Web



1.4 Real Stuff: Manufacturing
Pentium 4 Chips

Semicoductor Integrated Circuits

+ Relative performance / unit cost of
technologies used in computers

Technology used in  Relative performance /

computers unit cost
1951 Vacuum tube 1
1965 Transistor 35
1975 Integrated Circuit 900
1995 Very large-scale 2,400,000
Integrated Circuit




+ Growth of capacity per DRAM chip over
time

100,000
|

64M
10,000
4M
1M
1000 =
256K

100 64K

16M

Kbit capacity

16K

10 | | | | | | | | | |
1976 1978 1980 1982 1984 1986 1988 1990 1992 1994 1996

Year of introduction




« The semiconductor silicon and the chip
manufacturing process

Blank
Silicon ingot wafers
processing steps
Tested dies Tested F’atterned wafers
wafer p \

Bond die t DDD DDE ‘ \ Wafer A
ond die to | afer .
package IZI |:| |:| ELZEG ‘:Ix #ﬂ tester

Packaged dies Tested packaged dies

E.@ Part Ship to

E@]ﬂ tester customers




Manufacturing Pentium 4 Chips

« Major blocks of a Pentium Pro die

1/O unit F|Oating-
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)




Digital circuits vs Computer organization

< Digital circuit

« General circuits that controls logical event with logical
gates (Hardware)

<« Computer organization

= Special circuits that processes logical action with
Instructions (Software)

Control sigLnaIs:
Control
unit  {<Status signals Datapath
Control Data
output input

—> Data
output



R G B signals

Board

———-~

RS-232
Interface

PC
Terminal

FPGA -7 _MIPS/X86 =~
CPU
VGA ¢
Interface | Controler || Datapath
A \\ Experimenting
> SO o
2z 2|8 SIS | |
Q;D g:ﬁ ol= <|% g7
(@) K™
I
BUS Interface

PS/2
Interface

KEY
Board

DBUS
ABUS

VRAM

Memory(256K*32bit)

VGA
Monitor

I




1.5 History of Computer

Development
<« The first electronic computers

= ENIAC (Electronic Numerical Integrator and Calculator)
<+ J. Presper Eckert and John Mauchly
< Publicly known in 1946
» 30 tons, 80 feet long, 8.5 feet high, several feet wide
< 18,000 vacuum tubes

L)

L)

0

<

= EDVAC (Electronic Discrete Variable Automatic Computer)

< John von Neumann’s memo about stored-program
computer

< von Neumann Computer



R EDSAC (Electronic Delay Storage Automatic Calculator)
< Operational in 1949
< First full-scale, operational, stored-program
computer in the world
= Other computers(omitted)

«=Harvard architecture:
Program memory and data memory are
iIndependent.



L)

Commercial Developments

« Eckert-Mauchly Computer Corporation
<+ Formed in 1947
< $1 million for each of the 48 computers

= |IBM computers
< First one, the IBM 701, shipped in 1952
< Investing $5 billion for System/360 in 1964

= Digital Equipment Corporation (DEC)
< The first commercial minicomputer PDP-8 in 1965
< Low-cost design, under $20,000

<= CDC 6600
< The first supercomputer, built in 1963



+ Cray Research, Inc.
= Cray-1in 1976

= The fastest, the most expensive, the best
performance/cost for scientific programs.

« Personal computer

= Apple I
< In 1977
< Low cost, high volume, high reliability

= IBM Personal Computer
< Announced in 1981
< Best-selling computer of any kind

< Microprocessors of Intel and operating systems of
Microsoft became popular



« Computer Generations

= FIrst generation

< 1950-1959, vacuum tubes, commercial electronic
computer

«® Second generation
<+ 1960-1968, transistors, cheaper computers

« Third generation
<+ 1969-1977, integrated circuit, minicomputer

= Fourth generation
% 1978-1997, LS| and VLSI, PCs and workstations

= FIfth generation
< 1998-?, micromation and hugeness
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