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Early History in Computing The Zeroth Generation (1642-1945)
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Pascaline (Blaise Pascal, 1643)

http://www.computermuseum.li/Testpage/Pascaline-Calculator-
1642.htm

Napier’s Bones

http://www.grand-illusions.com/acatalog/Napiers_Bones.html

The Stepped Reckoner of Gottfried Leibniz -
(Leibnez, Design in 1673, Completed in 1694) |

http://history-computer.com/MechanicalCalculators/Pioneers/Lebniz.html| -

204111: Fundamentals of Computer Science

Milestone in Computer Architecture

® 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)

_ Original Von Neumann Machine

¢ Transistors: 16-bit machine Whirlwind I, Minicomputer
® The Third Generation (1965-1980)

¢ Integrated Circuits: IBM System/360 (32-bit Architecture)
® The Forth Generation (1980-now)

® Very Large Scale Integration -VLSI : Personal Computer (Intel
8080)

Computer Systems: A Programmer's Perspective, 2nd Edition

First Programmable Machine

® Charles Babbage’s Analytical Engine
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a Babbage’s Analytical Engine (1834)
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Early History of Computer System

First attempt on programmable
computing machine

Charles Turing Machine (1936), Vo Neumann Vacuum Tubes
Babbage’s Architecture ENIAC | Electrical Numerical
Analytical Alan Turing (1945) 1946 Integrator and
(1912-1954) ( ) Computer

Engine (1834)

Electronic Delayed
Storage Automatic
Computer

Incorporated a form of memory

Atanasoff-Berry
Computer
—ABC ( 1937)

Human operator
manipulated external
wiring

Ada (Byron) Lovelace
(1815 - 1852)

World's first computer programmer

Mechanical
relay switches

Computer Systems: A Programmer's Perspective, 2nd Edition



Ada Lovelace (1815-1852)

¢ An English mathematician.
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John Von Neumann (1903-1957)
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John von Neumann with the IAS computer

https://jdhise.wordpress.com/first-generation-computers/
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Alan Turing (1912-1954)
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Brief History of Computing

® Von Neumann Architecture
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Von Neumann Architecture

"fetch-decode-execute”
cycle for instructions in programs

Central Processing Unit

Control Unit

Output
Device

Input

Arithmetic/Logic Unit
Device

Programs stored
in memory just like data
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First Debugging

® A moth was founded in the

Harvard Mark Il computer in 1947.

® Grace Hopper is credited with !
popularizing the term 7‘ ;M%E??w gw}"g d
"debugging™ for fixing computer | ©= el e ffr@‘krﬁ
glitches. o R
* The "Grace Hopper Celebration of | us:- g%fﬁif° e

Women in Computing” is an
annual conference named in her

honor.

= Is

First and Second Generations

° From Mechanic to Electric
Vacuum Tube (1% gen) and Transistor (2" gen)

Von Neumann Architecture

46) 14
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Third and Forth Generation

Mark1 (1944)

Computer Systems: A Programmer's Perspective, 2nd Edition

IBM/360 Mainframe (1964)

Apple 11 (1977) USS$1,298
https://en.wikipedia.org/wiki/Apple_Il
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Development of Computing Hardware

VLSI —Very Large Scale Integratlon

Computer Systems: A Programmer's Perspective, 2nd Edition 17
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Computer System
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Moore’s Law

¢ The number of transistors per square inch on integrated circuits

(Computing Power) is doubling in every 18 months.
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Brief History of Computing

® History of Computing Machine
® Von Neumann Architecture

® Hardware Organization

20
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Hardware Organization in a Typical System Mainboard /Motherboard

4MB Flash CMedia  GamePort/! comg;
BIOS Chip Audio Chip  Audio INOut coma 2X USB Ports | A Sample of
ITE IO Chip Davicom Printer Port LAN Connector
2 = LAN Chip
Hasﬂri%SK Smart Card = Keyboard/ AMD Ath|0n based
i Mouse
- Reader
ovD ICD—HOM g2 Connectors
ovDicD o 2
= Connector e motherboard.
ower
IDA Header Co R
P AGP Pro Slot
Floppy Diive
1 Socket-A
4x UsB
AMD Duron,
2y Ry Athlon,
Attilon XP
5X PCI Slot VIAKTA90
North Bridge
VIA VT8235 ATX12V 4-Pin
South Bridge Connector
HighPaint DDR DIMM Siots
IDE RAID Chip
Front Panel
Connectors CPU FAN1 /
FAN2

Floppy Chassis Fan 1/Fan 2 HDD IDE
Controller | Connector Connector

2X EIDE RAID Controllers
(Support 4 UDMA 66/100/133 Devices)
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Image Source:http://www.pchardware.co.uk/siteimages/soyodgondiagram.jpg
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Motherboard
__ Model*

pntroller
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Hardware Organization in a Typical System [2]

\ Power Supply
*\ Connector

Storage

e Hard drive
Northbridge

Chipset

*Sample of Socket370 CPU Model Removable

py Disk Drive

storage

Optical Disc
Drive

Memory and

Storage
Input Output
. Unit i’ > Unit
Processing Unit Control Unit (CU)
Arithmetic and Logical Unit
Input/Output (ALD)
Southbridge Central Processing Unit (CPU)

ISA Slot Chipset

Image Source: http://triunfandostereo.org/tag/part-of-motherboard-with-image 23 Computer Systems: A Programmer's Perspective, 2nd Edition 24
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Hardware Organization in a Typical System [3]

* WikI23UZaya (Input Unit)

° Y 8LEAINA (Output Unit)

* prgdszatananand (Central Processing Unit)
° UHILAIIND (Memory, Storage)

* MR MT B4R (Buses)

Computer Systems: A Programmer's Perspective, 2nd Edition 25

CPU-Central Processing Unit

]
Qs

. quﬂmamsﬂszmaNamuqﬂﬂ"ma (Instruction set)

s

* AIVANTZLUGA JVBIADNRNADT ANNHKIBTII%
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1 ] [~ 1 A
* aRIUBLHKIIIILAN 915831 TN (Chip) ¥3a lalas
nswawas (Microprocessor)
2995924 (Integrated Circuit: IC) U19ilszian a1adsenaunis

#a1a CPU Tuznnite@a (1380 IC @INa1291 Multi-core

Processor)
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Input/Output -

[<f 1 o Y VI | -
¢ Input Lﬂuﬁum‘mmaa&atmg‘szuu
ABNNNADS
Keyboard, Mouse, Barcode Reader,
OCR, Scanner, Fingerprint Reader,
Smartcard Reader, Microphone, etc.
[<f 1
° Output Ll I8 UAAINAVDINTT
ﬂszmawaﬁ’aa&amnﬂauﬁqmag

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

¢ Control Unit (CU)
ﬁ"mﬁf'lﬁmuqumsﬁﬁmuwamﬁ'mﬂszmaNa

AILANNIIARIHEIUTDYA TN Register, ALU Uaz
Memory

¢ Arithmetic Logic Unit (ALU)

MTauad1N Register LNBINANTA W ITBHANTD
~ Y o LY R 1 v ¢ @ .
Wlsuifiay waldsdenaansinuliln Register

® Registers
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Computer Systems: A Programmer's Perspective, 2nd Edition
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Regist

* nirmhudayafiianailunmadswein gegn
* fafindunitonas cPU
* Saaasnaanlaud
Accumulator lF¥@ndsnganunsawIn
Storage Register Lﬁuﬁ’agauazﬁﬂﬁ{iﬁ%ﬂﬂa
Address Register Lﬁw‘inmﬁwaaﬁagauazﬁﬁﬁl\ﬂ%wﬁwmwﬁ'l
General Purpose Registeri%?hﬂ‘l%ﬂdfff%@hd 9
Floating-point Register Hhvaudsuuy Floating Point

Special Purpose Register L% Program Counter, Stack Register

Computer Systems: A Programmer's Perspective, 2nd Edition 29
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° RAM: Random Access Memory WIHILANIRANL LT
' v v & Y A A =y
wazawdayale tiudagalaaniziaiiginiuaes
(Volatile Memories)
* SRAM - Static RAM (Cache)

° DRAM - Dynamic RAM

31
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. . [ 1 [J [
® Main/Primary Memory %R I8aI0MRanVaIscl ?ffaga

fansansag laual s lniiag (Non-volatile Memories)

® Read-Only Memory (ROM): gnlisunsaiasuaanaann1snan s

aasadawnula
Programmable ROM (PROM): anansatdiawlsunsala 1 ase

Erasable PROM (EPROM): snansaidawuazavla laslduas uv

%38 X-Ray ROM vs RAM

Unit of Memory
unit____Abbr_[sie | |

Byte B 8 bits (8b)

Kilobyte KB 1024 B 210 Bytes =~ 103 Bytes
Megabyte  MB 1024 KB 220 Bytes = 10° Bytes
Gigabyte GB 1024 MB 230 Bytes = 10° Bytes
Terabyte TB 1024 GB 240 Bytes =~ 1012 Bytes
Petabyte PB 1024 TB 2°0 Bytes = 10%> Bytes

32
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1% L1Cache, L2Cache, L3Cache aaa1a a2 1wn1s

awidundana Lo
u P— Register file

< Cache ALU
memories

Bus interface

System bus  Memory bus

e} Main
bridge memory
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Load-Store (Fetch-Execute) Architecture

v
* druaanlunsrinwiualagsausmamwwida (Clock
S [J 04 g lﬂy
Cycle) 13898101 A3

Fetch — INN1991WANSY b ALK Program counter

DI}
o A 1

° &
Decode — LUAAIMNRNILVDIANAINDIUT U

Execute — NN15USLNIANAAHY

Fetch Decode Execute

Fetch Decode

Execute
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Load-Store (Fetch-Execute) Architecture
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*Computer Architecture and Organization: An Integrated Approach, 1st Edition, 2007 **Computer Systems: A Programmer's Perspective,
2nd Edition

General Cache Concept

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

Cache [ 4 f|] o [ 10 |[ 3 |

Data is copied in block-sized

transfer units

Larger, slower, cheaper memory

Memory | 0 ” 1 ” 2 ” 3 | viewed as partitioned into "blocks"
La [ s [ 6 |l 7|
L 8 I[ 9 J[ 20 J| 11 ]
[ 12 || 13 || 14 || 15 |
0000000000000 0000




Dynamic Random-Access Memory (DRAM)

[ 1 o H 1 r-Y
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° 3 ”ﬂﬂm:m‘sé’wﬁa‘lugﬂuuu Cell
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v = o 1 (% aaAa
Tunrsarstednmibels DRAM azlduuuaosNG

(rows and columns)

¢ Value must be refreshed every 10-100 ms

Secondary Storage

(<3 o 1
° Secondary Storage l#tAuzayaria 91U dayalania
1aa laidi LWL e (Non Volatile) L9 ANANBMWEVDIIFNS
[~ Yo &
iudayalansh

* Solid State === |

® Magnetic

¢ Optical
¢ Virtual Memory unrslgnwnuas Secondary Storage
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NN NRA IRV YVDIR WA AMNINRANVDITZUD
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DRAMs Addressing

64 MB memory module
consisting of eight 8Mx8
DRAMs

Computer Systems: A Programmer's Perspective, 2nd Edition 38

What's Inside A Disk Drive?

Spindle

Arm Platters

Actuator

Electronics
(including a
processor

I
scsl and memory!)

connector

Image courtesy of Seagate Technology




Disk Geometry

. U 1 o < [ 7 v
* Disks Usznauargur Platter lagaziiuiin lagadnii
(Surface)

1 v ~ =) (> 1 A 1
¢ Ll(ﬁ]&:ﬂ’l%ﬁ]&&l')dLL‘W'J%L‘SEN(FI’JEJ%l‘iﬁlﬂ')’] Track

1 1 1 1 [~
* nazluuaaz Track %zﬁ%%wﬂaﬂqm‘%ﬂmﬁ Sector tilw
1 [ 1% @) 1
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Sectors

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

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)

An Example Memory Hierarchy

s
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




The CPU-Memory Gap

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

100,000,000.0

V\\A Disk
10,000,000.0 * . - - -
1,000,000.0
SSD
100,000.0 =
10,000.0 —e—Disk seek time

—&—Flash SSD access time
—&- DRAM access time

—8— SRAM access time

—~ CPU cycle time

—O— Effective CPU cycle time

@ 10000 |
100.0 M
10.0 \*

1.0 M

0.0

1980 1985 1990 1995 2000 2003 2005 2010
Year
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¢ History of Computing — calculation machine
from mechanical equipment to electronics
° Von Neumann Architecture
Separate memory and processing unit

¢ Hardware Organization

Input / Output / Memory / Processing Unit / Buses
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* 1 HwantanszrIvanlsznauas gRnIINNKlnIEUY
Ixiadeayalugiluuy Fixed-size chunk luwiag word (1
word = 4 bytes (32bit) or 8 bytes (64bit) )

* System Buses 1sznauais

Control Bus ladsdyaimaiuaa

Address Bus 17@92aayaaiuibe - - -
1 A A A + 4

Tunibrga1897 i ! ! g
| Control bus | S

L1 1 v 2 o

Data Bus l#gszayacns 9 [ Addressbus |1 E
v v v B

| Data bus | o
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° R. Bryant and D. O’Hallaron, Computer Systems:
A Programmer's Perspective, 2nd Edition,
Prentice Hall, 2011

® M. Murdocca and V. Heuring, Computer
Architecture and Organization: An Integrated
Approach, 1%t Edition, 2007
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