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Early History of Computer System

First attempt on programmable
computing machine

v Tub
Charles Turing Machine (1936) acuum Tubes . '
Babbage’s - ENIAC :Elfctrlctal Nun;erlcal
Analytical Alan Turing (1946) ntegrator an
(1912-1954) Computer

Engine (1822)

Ada (Byron) Lovelace Electronic Delayed
Atanasoff-Berry (1815 - 1852) Mark | Storage Automatic
Computer World's first computer programmer (1944) Computer
—ABC (1937) Mechanical Incorporated a form of memory

relay switches
Human operator

manipulated external
wiring
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Mark1 (1944)

IBM PC 5150 (1981)
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ENIAC (1946)

Milestone in Comp Arch.

® The Zeroth Generation (1642-1945)
¢ Mechanical Computers: Pascal, Charles Babbage’s Machine
The First Generation (1945-1955)
¢ Vacuum Tubes: ENIAC, EDVAC
® The Second Generation (1955-1965)
¢ Transistors: 16-bit machine Whirlwind I, Minicomputer
® The Third Generation (1965-1980)
¢ Integrated Circuits: IBM System/360 (32-bit Architecture)
® The Forth Generation (1980-)
® VLSI : Personal Computer (Intel 8080)

_ Original Von Neumann Machine

Computer Systems: A Programmer's Perspective, 2nd Edition 6
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Moore’s Law

®  The number of transistors (Computing Power) doubling every 18 months.
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Hardware Organization in a Typical System

LCD Monitor

Simplified
Motherboard
Model*

USB CPU Siot Memory Slot/Bank
SHE ZIF {Zero Instertion Force) Socket

Power Supply
*\ Connector

of Disk Drive
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Memory and
Storage

Processing Unit

Input/Output

Southbridge
ISA Slot Chipset
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Hardware Organization in a Typical System [2] Hardware Organization in a Typical System [3]
Storage * Wik SUTaya (Input Unit)
Prima Secondary |
- e * WIILUAAIHA (Output Unit)
RAM Removable \
Ost_orTie_ * g szarananany (Central Processing Unit)
ptical Disc
ROM rive 1 o
: ° KA NII (Memory, Storage)

. Input R l 1 - Output o
> Unit > > Unit * vibhadId N mIaa(Buses)

Control Unit (CU)

Arithmetic and Logical Unit
(ALU)

Central Processing Unit (CPU)
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Input/Output CPU-Central Processing Unit

6 o o
[ 1 Q 1 [ ) z .
* Input Lﬂ%ﬁ%')ﬂiﬂﬁﬂﬂalﬁ’]gizﬂﬂ ﬂ%ﬂﬂﬂ']\‘iﬂ']‘iﬂi N')ﬂﬂﬂ@ﬂ&l"ﬂ!ﬂﬂ']ﬂ\‘l (Instruction set)

Aa s ° o 1 a 66 ¥ ] o
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[ (%]
Keyboard, Mouse, Barcode reader, dananadini

1 1 [ 1 A
OCR, Scanner, Fingerprint Reader, ° UARIUBLNWBIIIILAN ‘]L%Elﬂ')"l 2N (Chip) %o lulas

Smartcard Reader, Microphone, etc. fwsma Lsﬁaﬁf (Microprocessor)

[ 1 [Y)
° Output LWRWIYUAAINADDINTT 29923374 (Integrated circuit: IC) U9UsztAn 81vdsznauay

isenratonasnaaNfialnas wane CPU luZnwniteda (580 IC #3nan231 multi-core
u

processor)
Monitor, Speaker,Printer, Plotter, etc.
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CPU-Central Processing Unit [ 2]

¢ Control Unit (CU)
ﬁ'mﬁ"nﬁmuq&lmsﬁw'mﬁaamh gilszaulana

AILANNIIARIKEINVDYA TN Register, ALU Uaz
Memory

¢ Arithmetic Logic Unit (ALU)

MITaNANN register LNDYINNITANWITBHANTD
= Y o Y R 1 v ¢ @ .
WSsuiay waldedenaansinu il register

® Registers

1 o [~ [~ Y] <
RIHIYAMNINVIALE N LT LAVHAANSLUDTIATIIDIN
N13AIas L ALU
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* Main/Primary Memory tH%#328A2M831a N2 8955 uL
Read-only memory (ROM): programmed during production
Programmable ROM (PROM): can be programmed once
Eraseable PROM (EPROM): can be bulk erased (UV, X-
Ray)

ROM vs RAM
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Regist
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Storage Register Lﬁuﬁagattazﬂﬁa 2IAAI

Address Register Lﬁfu@‘i'u,mﬁ,waaﬁ'agauasﬁ'lﬁ:o‘luwﬁ'mﬁ'na\lﬁﬂ
General Purpose Register THz2aluwenzuae 9

Floating-point Register HAuaudsuuy floating point

Special purpose Register LB program counter, stack register
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° RAM: Random Access Memory RHIYANINRANLD L
' [y v & w Y A A 1
wazawdayale tivdayalalaniziaaniddiinae
dy . =
La gy (volatile memories)
® SRAM - Static RAM (Cache)

° DRAM - Dynamic RAM
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Cache
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L1 L1
i-cache

L1 L1
i-cache

L2 unified cache

L2 unified cache

L3 unified cache

(shared by all cores)

Main memory

21

Intel Core i7 Cache Hierarchy

L1 i-cache and d-cache:
32 KB, 8-way,

Access: 4 cycles

L2 unified cache:
256 KB, 8-way,

Access: 11 cycles

L3 unified cache:
8 MB, 16-way,

Access: 30-40 cycles

Block size: 64 bytes for all

caches.

General Cache Concept

Smaller, faster, more expensive
memory caches a subset of
the blocks

Cache ([ 4 [ o [ 20 [ 3 |

Data is copied in block-sized
transfer units

Larger, slower, cheaper memory

Memory | 0 ” 1 ” 2 ” 3 | viewed as partitioned into “blocks”
L4 Il s I s [ 7 |
L8 Il o [ 10 J{ 11|
[ 22 || 13 || 14 ][ 15 |
e0000c0cccccccccoe

Dynamic Random-Access Memory (DRAM)

@ 1 o { [ a\
o l,ﬂwvimﬂmwmﬁag‘lugﬂtmnﬁwmm
. ﬁé’numzmsé‘mﬁo‘luzﬂuuu Cell

V) [~ "\ -
* LTI uTNITATaRAK (LF89UA7)

b = o 1 v aa
Tun1so1sneanmibeln DRAM azlduuuaasNG

(rows and columns)

® Value must be refreshed every 10-100 ms




DRAMs Addressing

64 MB memory module
consisting of eight 8Mx8
DRAMs
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Reading DRAM Supercell (2,1)

Step 1(a): Row access strobe (RAS) selects row 2.

Step 1(b): Row 2 copied from DRAM array to row buffer.

16 x 8 DRAM chip

i Cols i

RAS = 2 E 0 1 2 3 E

2 ! 0 i

addr i i

: 1 i

iR i

Memory ! ows !
controller E 2 = = E
8 - 3 |

W :

data \/ \/ i
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Conventional DRAM Organization
* d xw DRAM:
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]
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Reading DRAM Supercell (2,1)

Step 2(a): Column access strobe (CAS) selects column 1.

Step 2(b): Supercell (2,1) copied from buffer to data lines, and eventually back to the CPU.

16 x 8 DRAM chip

supercell
(21)

; Cols i

CAS = 1 E 0 L 2 3 i

addr | i

To CPU ! 1 '
Memory i Rows i

controller , 2 !

supercell i 3 i
(2,1) — ;

Internal row buffer
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Memory Modules Secondary Storage

| addr (row = i, col = j)

0O : supercell (i,j) [ & '
° Secondary Storage l#tAuzayatia 91U dayalavg

DRAM
o oa| feeme tilalad INLae9(nonvolatile) LLIANANBHVDIIZNS
o memory module < o
——j 0 consisting of 1 ] = y - =
DRAM 7 . - o eight 8MIx8 DRAMS lﬂﬂmaﬂa AR M : g .
n [ # .

¢ Solid State

bits | bits | bits  bits  bits | bits  bits | bits ° Magnetic
56-63  48-55 40-47 32-39 24-31 16-23 8-15 0-7

¢ Optical

63 56 55 4847 40 39 3231

2423 16 15 8 7

Memory
controller

0

64-bit double word at main memory address A

¢ Virtual Memory WWwnrslanuwnuas Secondary Storage

[~ 1 1 o [-%]
NUUBFINVLI18VDIRBIYAINNINNRANVDIIZUY
64-bit double word
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What's Inside A Disk Drive? Disk Geometry

Spindle
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Arm
Platters . ' @
* Disks 9znaua8Li® Platter Inaaziiniin ladaIn1w

Surface
Actuator ( )
. Ltdazﬁﬁuazﬁqal,l,mm'%mﬁ'mgjﬁﬂnd'l Track
1 ~ 1 1 = 1 [
* nazluuaaz Track dnIIYLa8gAITENI1 Sector L1ln

1 [~ [ 1
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.\ ’ Electronics Tracks
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Image courtesy of Seagate Technology Sectors




Disk Geometry (Muliple-Platter View)

¢ Aligned tracks form a cylinder.

Cylinder k

Surface 0

Platter O
Surface 1
Surface 2

Platter 1
Surface 3
Surface 4

Platter 2

Surface 5

Spindle

Capacity = (# bytes/sector) x (avg. # sectors/track) x (# tracks/surface) x

(# surfaces/platter) x (# platters/disk)
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An Example Memory Hierarchy

r 3
CPU registers hold words retrieved
from L1 cache
L1 cache
Smaller (SRAM) L1 cache holds cache lines retrieved
’ from L2 cache
faster,
costlier L2: L2 cache
per byte (SRAM) L2 cache holds cache lines
retrieved from main memory
L3:
Main memory
Llarger, (DRAM) Main memory holds disk blocks
slower, retrieved from local disks
cheaper
per byte L4: Local secondary storage Local disks hold files
(local disks) retrieved from disks on
remote network servers
L5: Remote secondary storage
) (tapes, distributed file systems, Web servers)
v

Computing Disk Capacity

Example:
512 bytes/sector
300 sectors/track (on average)
20,000 tracks/surface
2 surfaces/platter

5 platters/disk

Capacity = 512 x 300 x 20000 x 2 x 5
= 30,720,000,000
= 30.72 GB

The CPU-Memory Gap

The gap widens between DRAM, disk, and CPU speeds.

100,000,000.0

"\‘\‘ Disk
10,000,000.0 ¢ L 2 4 2 *
1,000,000.0
SSD
100,000.0 A
10,000.0 —e—Disk seek time .
—&—Flash SSD access time
—&—-DRAM access time
2 1,000.0 1 —e— SRAM access time
DRAM -~ CPU cycle time
100.0 —O—Effective CPU cycle time
> .,
1.0
N \Dcfgig—
0.0 T .

1990 1995 2000 2003 2005 2010
Year

1980 1985




* 1 HwagaaszrIvaIwlsznaua1s GRBIINNKlIEUY
Ixiivadedayalugiluuy Fixed-size chunk luwiiag word (1
word = 4 bytes (32bit) or 8 bytes (64bit) )

* System Buses 135znauaas

* Control Bus lfasdyanmaiuas

* Address Bus l#d@sdayasuniy

A A A + 44
* Tunirzarad ~camre 1
v I —
* Data Bus lzg@szayacs 9 L} Addessbus L g
I Data bus | &1
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Von Neumann Architecture

Register file

ALU

Systeryi bus ~ Memory bus
. e} Main
Bus interface bridge memory
I/O bus D D |:| )
Expansion slots for
. - other devices such
USB Graphics Disk as network adapters
controller adapter controller
Mouse Keyboard Display hello executable

Disk stored on disk

e

Input/Output
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Machine-Level Representation of Programs

[ ‘34 f .
* Tusunsundondn azdinnsudasedlngy machine code

Tasg compiler LLaL assembler

. [ | & o o o
* machine code LHwlAANTINNIAIAUNTHNTHVBY
Tusunsa uazAdanuaalunIaanadInans 9uas
a ¢ A o v
AaNNILAaY tialrldsunsurinewla

° machine code THAMNUANANNWAIN Instruction Set
Architecture (ISA) (32 bit, 64 bit)

o [~ Q-‘ .
® Programmer Finaaddrlanann13uas machine code
Tuwsvasdszandnininnsdanllsunsa
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C iling "hello.c" (Revisited
ompiing nello.cC evisite
#include <stdio.h>
#include <stdlib.h>
int main () {
printf ("Helloworld!\n") ;
return 0O;
printf.o
Pre- . . | .
hello.c pmc?mr hello.i C?gﬁ”)erl hello.= Ass(g:?er hello.o L(IT;? hello
source | ‘PP | Modified I Assembly Relocatable Executable
program source program object object
(text) program (text) programs program
(text) (binary) (binary)
0}\
43
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Runtime Environment

* Tumssuldsunsa hello.c aaldsunsalailaidndande
CPU uaz Memory laainss

* Operating System #38 0S YiwTNfLInAINA19TENI
Software Ltaz Hardware

¢ executable program (ﬁ%a machine code) %zﬁmﬁgﬂtmu
mnﬁufn’agamwaaﬂﬂé’aaﬁuamﬂmﬂmmmaa 0S 5w
(32bit, 64 bit)

} Software

} Hardware
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Running "hello.c"

Application programs

Operating system

Processor Main memory I/O devices

1. Reading the hello command from the

keyboard.

2. Loading the executable from disk into main

memory

3. Writing the output string from memory to the

display.

44
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1. Read "hello"” Command from Keyboard

CPU

Register file

AL

System bus

Memory bus

] A a

. nJ
Bus intefface i bridge
1 /0 bus D D D

Expansion slots for
other devices such
as network adapters

Main
memory hello

U Graphics Disk
control adapter controller

Mouse Keyboard Display

3 hello executable
w stored on disk
hello
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3. Writing "Hello World" on Screen

CPU

Register file

AL

System bus  Memory bus
. /0 < Main fe= « n
Bus intesface brdige memory Hello world\n
hello binary code
I/O bus I] D I:I
Expansion slots for
L Y other devices such
uUsB Graphics Disk as network adapters
controller adapter controller

Mouse Keyboard Disilay

E hello executable
stored on disk
"Hello world\n"
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2. Load "hello" from Disk to Memory

CPU
Register file
ALY
System bus  Memory bus
. /o l Main " n
Bus interface brigge T memory|~> Hello world\n
hello binary code
/0 bus D I:I D .
Expansion slots for

- - other devices such

usB Graphics Disk as network adapters
controller adapter controller
Mouse Keyboard Display
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- hello executable
w stored on disk
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