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Intr oduction
A Brief Histor y Of Computing

C S E  3 2 2  —  C O M P U T E R  A R C H I T E C T U R E  I I

A  B r i e f  H i s t o r y  O f  C o m p u t i n g J a n u a r y  1 8 ,  2 0 0 0 – 8

Some Basic Terms

Architecture: “The ar t or science of b uilding habitab le structures”

Our Structures: Computer Systems

Our Inhabitants: Computer pr ograms

Computer Ar chitecture: Ar t of describing and b uilding computer systems
whic h can e xecute computer pr ograms; alternativel y: structure & beha vior
of computer as seen b y assemb ly level pr ogrammer

Computer Or ganization: Description of major logical & ph ysical
components of a computer and ho w the y interact

Computer Implementation: Description of electrical components used to
build a computer

Computer Ex ecution Model: Description of ho w pr ograms e xecute within a
computer ar chitecture

Instruction Set Architecture (ISA): Description of the instructions whic h can
make up a computer pr ogram, and the semantics of what eac h does when
executed

Feature Siz e (in micr ons): minim um width of a gate of a CMOS transistor
possib le in a par ticular tec hnology g eneration
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People & the Computer Design Process

Computer Ar chitect: Ar chitecture Le vel
• Develops ISA, computer system ar chitecture
• Interpla y between har dware (mac hine or ganization) and software

(compiler s, interpreter s, runtime) needed to sustain the “inhabitants”

Computer Designer: Or ganization Le vel

• Develops detailed mac hine or ganization
- Partitioning into major b loc ks
- Specification of eac h bloc k’s interfaces & functionality
- Selects tec hnology to be used f or eac h major b loc k

• Develops o verall timing, po wer, packaging specifications and b udg ets
• Develops test pr ocedures to verify pr oper system operation

Logic Designer: Implementation Le vel

• Implementation of eac h bloc k in specified tec hnology
• Develop and test b loc k implementation
• Integrate m ultiple b loc ks into higher le vels

Physical Designer: positioning of transistor s on c hip & librar y of macr os
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History of Events Relevant to Computer Architecture

• xxx BC - Astr onomical computer s: Stoneheng e, etc
• xxx BC - Pytha gor ous in vents abacus
• 1400’s - Arabic astr olabe f or astr onomical calculations
• 1600’s - Chinese Slide rule
• 1642 - Blaise P ascal’ s mec hanical calculator f or ad dition & subtraction
• 1673 - Leibniz b uilds all metal calculator whic h can ad ds, subtract,

multipl y, and divide
• 1740s - Jacques de V aucanson uses punc h car ds to store wea ving

patterns
• 1804 - Jacquar d develops automated loom using punc h car ds to direct

loom
• 1832 - Charles Babba ge builds pr ototype of Diff erence Engine to

mechaniz e computation of tables of functions using diff erence methods
• 1833 - Babba ge designs Anal ytical Engine: use of punc h car ds f or

program store , intermediate data stora ge
- Never finished - Babba ge’s son finishes par tial pr ototype in 1910

• 1833 - Lady Ada A ugusta Lo velace (daughter of Lor d Byr on) - w orld’ s
fir st pr ogrammer (of Anal ytical Engine)
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• 1876 - Kelvin’ s Tide Predicter - enter tide data via wheels, output on
graph paper r oll

• 1890 - Herman Hollerith de velops use of punc h car ds f or 1890 US
Census

• 1896 - Hollerith f ounds T abulating Mac hine Compan y
• 1924 - Tabulating Mac hine Compan y mer ges with other s to f orm IBM
• 1930 - MIT Diff erential Anal yzer:

- Purpose: solve diff erential equations
- Mechanical computation with fir st use of v acuum tubes f or memor y
- Programmed b y aligning g ears on shafts

• 1936 - Konrad Zuse b uilds Z1 - fir st binar y computer using Erector Set
par ts, ke yoard and lights f or output (rela y memor y)

• 1937 - Alan Turing, British Mathematician, de velops theor y of
computability and the “T uring mac hine” model

• 1938 - Zuse b uilds Z2 - using punc hed tape and rela ys
• 1939 - Enigma - mec hanical cipher/decipher mac hine (mec hanical with

keyboar d)
• 1939 - John Atanasoff (Io wa State): designs ABC v acuum tube

computer to solve sim ultaneous linear equations
- Influenced John Mauc hly’s ENIAC

• 1941 - Z3: fir st operational g eneral purpose stored-pr ogram computer
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• 1941 - Von Neumann pr oposes ED VAC
- Electr onic Discrete V ariab le Computer
- 4 address instructions (3 operand, 1 f or ne xt instruction)
- Serial binar y arithmetic
- 1K words of mer cur y dela y line main memor y
- 20K words ma gnetic wire secondar y memor y
- Concept of “Stored Pr ogram” - pr ogram stored in memor y like data
- “Chaining:” one pr ogram loading another - beginnings of “operating

system”
• 1943 - British Colossus - fir st all-electr onic computer (2,400 v acuum

tubes) used to crac k German codes (contrib utions b y Turing)
- Decipher Enigma coded messa ges at 5,000 c hars/seconds
- At peak, 10 mac hines ran 24 hour s a day

• 1943 - IBM/Harvard Mark I b y Howard Aiken
- electr omec hanical computer: recreation of Anal ytical Engine
- 8 ft tall, 50 ft long, 1 million par ts
- Worlds fastest calculator: about 3 23 decimal-digit ad ditions per

second, 6 sec f or m ultiple , 30 for divide; stora ge for 72 23-digit
number s

- Made IBM household w ord
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• 1944 - John Von Neumann teams with Mauc hly & Ec ker t
- Star t work on fir st pr ogrammab le computer - ED VAC

• 1946 - Bipolar transistor de veloped at A T&T Bell Labs
• 1946 - ENIAC - fir st US all-electr onic computer - trajector y calculations

- John Mauc hly & Presper Ec ker t
- 18,000 tubes, 60,000 lbs, 1,500 sq. ft, staff of 5 to replace tubes
- Programmed b y wire plugs into panels
- 5,000 decimal ad ditions (or 300 m ultiplies) per second
- 20 10-decimal digit “accum ulator s”; eac h digit = 10 v acuum tubes

• 1947 - Ecker t & Mauc hly star t Ecker t-Mauc hly Compan y (bought b y
Sperr y-Rand)

• 1948 - IBM 604 Electr onic T abulating Punc h sells as widespread
business mac hine

• Late 1940's - Manc hester Univ . & Ferranti A TLAS in vents
- one-le vel store - predecessor to vir tual memor y
- 32 "Page" main memor y of 512 w ords & 200 pa ge drum

• 1950 - UNIVAC-I - fir st non-militar y pr ogrammab le computer
- Memor y was sound wa ves in mer cur y dela y line
- GE fir st non militar y customer
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• 1951 - Maurice Wilkes in vents micr opr ogramming as alternative to
hardwired contr ol logic

• 1950s - assemb ly langua ge programming
• 1952 - Completion of V on Neumann’ s ideas in Princeton IAS computer

- 40 bit memor y words , eac h holding 40 bit 2’ s complement #
- 20 bit instructions, 2 to a w ord

• 1952 - Sperr y-Rand UNIVAC-I predicts presidential race on TV
• 1952 - fir st ma gnetic core memor y demonstrated
• 1953 - IBM 701 - fir st mac hine designed to be mass pr oduced

- 1,024 bits of RAM using electr ostatic CR T tubes
- Magnetic T ape units

• 1953 - IBM 650 - smaller lo w cost mac hine f or b usiness
- Magnetic drum used f or main memor y
- 1,800 sold vs f orcast b y marketing of “0”

• 1953 - MIT TX-0 is 1st transistoriz ed computer
• 1953 - IBM builds fir st ma gnetic disk drive
• 1955 - IBM 704

- Vacuum tube
- ISA inc luded inde x register s & binar y floating point
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- rudimentar y operating system
- Separate Input/Output Pr ocessor s

• 1955 - Beginning of use of ma gnetic cores f or main memor y
• 1957 - Digital Equipment Corp. (DEC) f ormed & deliver s PDP-1
• 1957 - John Bac kus at IBM in vents FOR TRAN

- FORmula TRANslation
• 1958 - Rober t Noyce (Fairchild) & Jac k Kilb y (Texas Instruments)

independentl y invent Integrated Cir cuit
• 1959 - IBM 7090: fir st solid state computer s delivered to US Air Force for

Early Warning System
• 1959 - Standar dization of COBOL (COmmon Business

OrientedLangua ge) - Grace Hopper
• 1960 - Lisp langua ge developed
• 1961 - IBM STRETCH

- high speed transistoriz ed core memor y scientific computer s
- Overlapped instruction f etch & execute
- Multipr ocessing

• 1961 - Star t of MIT Apollo Guidance Computer
- 256 words total of 16 bit eraseab le memor y
- 4,000 words of non eraseab le memor y (core r opes)
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- later uprated to 2K eraseab le, 36K nonerasab le
• 1962 - IBM computer f or GEMINI spacecraft

- 4,096 39-bit w ords of core memor y
- 13 bit instructions, 26 bit data
- Programmed in octal b y hand

• 1963 MIT LINC - predecessor of lo w cost minicomputer
• 1963 - English Electric KDF-9, Burr oughs B5000

- Accum ulator replaced b y har dware mana ged stac k“Accum ulator”
instruction set ar chitecture

• 1963 MIT LINC - predecessor of lo w cost minicomputer
• 1963 - DEC PDP-5 fir st minicomputer
• 1963 - English Electric KDF-9, Burr oughs B5000

- Accum ulator replaces b y har dware mana ged stac k
• 1963 MIT develops CTSS : Compatib le Time-Sharing System
• 1963 - SECD abstract mac hine defined f or Lisp
• 1964 - UNIVAC 1107 is ND's central computer
• 1964 - CDC 6600: lar ge scale scientific computer

- 60 bit 1's complement, m ultiple floating point function units
- ISA inc luding m ultiple inde x and accum ulator register s
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- ISA: simple load/store memor y access (predecessor of RISC)
- "Scoreboar ding" f or instruction sc heduling
- Multiple I/O Pr ocessor s for o verlapped I/O
- IOPs designed with precur sor of m ultithreading

• 1964 - Bell No. 1 ESS: fir st computer contr olled telephone e xchang e
with high fault tolerance

• 1964 - IBM System/360 - fir st famil y of ISA-compatib le computer s
- Largest priv ately financed resear ch pr ogram in the w orld

• 1966 - PDP-8: fir st high v olume minicomputer
• 1967 - BASIC developed at Dar tmouth Colleg e

- Beginner’ s All-purpose Symbolic Instruction Code
• 1967 - Tomasulo algorithm used in IBM 360 Model 91 for fir st instruction

level parallelism
• Late 1960s: A T&T Bell Labs in vents UNIX Operating System
• 1967 - ND student writes FOR TRAN interpreter
• 1968 - Edison de Castr o (designer of PDP-8) leaves DEC and star ts Data

General
- First mac hine: DG NO VA designed ar ound 74181 ALU slice

• 1968 - IBM 360/85: fir st computer with cac he
• 1968 - ND EE Dept. g ets PDP-8i f or student projects: parallel I/O por t
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• 1968 - Noyce star ts Intel Corp.
• Late 1960s - Saturn V fir st sta ge contr olled b y 10,000 operations per

second computer designed in earl y 1960s
• 1969 - Mariner Mar s spacecraft computer: 128 22-bit w ords
• 1970 - DEC PDP-11: fir st 16 bit minicomputer

- Unib us allo ws user -constructed peripherials
• 1970 - IBM invents flopp y disk & uses it f or micr opr ogram load
• 1970 - Alain Colmerauer in vents PR OLOG (Programming in LOGic)
• 1970 - Ed Cod d at IBM in vents relational alg ebra, leading to relational

database systems
• 1970 - Apollo astr onauts carr y por table pr ogrammab le calculator s as

backup to na vigation computer
• 1971 - Mariner Mar s spacecraft computer - upgraded to 512 w ords
• 1971 - Intel 4004 - fir st micr opr ocessor (4 bits; 2,300 transistor s)

- 60,000 operations/second matc hed ENIAC
- Computer used on boar d 1972 Pioneer 10 - still functioning!

• 1972 - Intel 8008 - 8 bit micr opr ocessor - needed 20 suppor t chips
• 1972 - ILLIAC IV by Dan Slotnic k = fir st SIMD parallel pr ocessor:

- 64 separate memories and floating point dataflo ws
- inter connected in a wrapped 2D mesh (torus)
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- all executing same instructions fr om single contr ol unit
• 1972 - Vir tual Memor y suppor t added to IBM S/360 OS/VS, VM/370

announced as matc hing operating systems
• 1972 - Texas Instruments Ad vanced Scientific Computer (ASC)

- Pipelined vector pr ocessor with reconfigurab le functional units
• 1972 - CDC-STAR 100 (STring ARra y computer):

- Vector instruction set
- Memor y to memor y vector s
- APL-like har dware

• 1972 - Burr oughs B1700 micr opr ogrammab le mac hine designed to
emulate other ISAs

• 1972 - First CS dept. at ND f olds
• 1974 - Intel 8080 - Enhanced 8 bit micr opr ocessor - needed onl y 6

suppor t chips
• Jan. 1974 - MITS ALTAIR computer kit off ered f or $397
• Late 1974 - Bill Gates & P aul Allen write B ASIC for ALTAIR
• 1974 - Sperr y Rand loses legal fight with Hone ywell o ver basic

computer patents fr om ENIAC
- Cour t’s decision: Atanasoff was there fir st, b ut ne ver patented idea
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• 1974 - Space Shuttle IOP designed b y former ND student as 24 wa y
6600-like parallel pr ocessor - fir st spacebore parallel pr ocessor

• 1975 - Good year STARAN: fir st parallel SIMD pr ocessor using 1 bit
dataflo w nodes

• 1975 - Seymour Cra y announces CRA Y-I - world’ s fir st super computer
- Vector register s
- Multiple functional units
- High band width memor y paths
- Hierar chy of pr ogrammer visib le register sets
- Architecture designed ar ound fast pac kaging

• 1976 - Bill Mensc h at MOSTEK designs 6502 micr opr ocessor
- 1990’s Mensc h’s daughter s attend ND
- 1990s Mensc h on ND Colleg e of Engineering Ad visor y Boar d

• 1976 - Steve Jobs and Steve Wozniak build Apple I in garage using 6502
• 1976 - IBM 3838 (designed b y former ND student) is fastest IBM single

precision floating point accelerator computer f or IBM mainframes and
seismic application

• 1977 - Apple Corp. star ts with Apple II
• 1977 - Radio Shac k intr oduces TRS-80 inc luding Gates’ B ASIC and OS
• 1977 - Warren Abstract Mac hine (WAM) developed f or Pr olog
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• 1978 - MIT CADR mac hine implements SECD v ariant as ISA
• 1978 - SCHEME developed as c lean Lisp
• 1978 - Intel announces 8086 - 16bit micr opr ocessor
• 1978 - IBM 801 Project - John Coc ke invents RISC
• 1978 - IBM 3033 suppor ts cac he invalidation f or shared memor y

multipr ocessor s
• 1978 - Carnegie Mellon Cm* one of fir st hierar chical shared memor y

parallel pr ocessor s
• 1979 - MIT graduate c lass de velops SCHEME-79 c hip and all c hip CAD

tools
• 1979 - VISICALC is w orld’ s fir st spreadsheet - legitimiz es Apples f or

business use
• 1979 - Motor ola 68000 one of fir st 32 bit micr opr ocessor s
• 1980 - Digital Resear ch President on v acation when IBM calls - Bill

Gates b uys rights to DOS f or $10K and ans wer phone fr om IBM
• 1980 - Good year/NASA MPP: 16,384 1 bit pr ocessor s
• 1980 - Data General designs ECLIPSE - 32 bit supermini
• 1980 - DEC VAX: ultimate regulariz ed CISC ISA
• 1981 - Tracy Kid der wins Pulitz er Priz e for "Soul of a Ne w Machine"

book on ECLIPSE
• 1981 - ALICE dataflo w computer b uilt in England
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• 1981 - “The Ar chitecture of Pipelined Computer s” b y former ND student
• 1981 - John Hennesse y & David Patter son populariz e RISC
• 1981 - Space Shuttle uses closel y coupled computer s for digital flight, &

multithreaded parallel computer (designed by former ND student) for I/O
• August 1981 - IBM announces PC

- Used 8088 instead of 68000 because of c heap par t
• 1982 - Combining netw ork used in NYU Ultracomputer
• 1982 - CRAY X-MP multipr ocessor ver sion of CRA Y-1
• 1982 - Tandem/16 loosel y-coupled fault tolerant m ultipr ocessor
• 1982 - Intel 286 ad ds memor y mana gement to x86 ISA
• 1983 - CalTech COSMIC CUBE: 64 node binar y hyper cube distrib uted
• memor y parallel pr ocessor
• 1983 - IBM extends S/370 ISA to 31 bit ad dressing1984 - IBM R OMP is

fir st RISC micr opr ocessor b ut held fr om market until 1986
• 1984 - Teradata b uilds massivel y parallel database mac hine
• 1985 - Japanese b uild mac hines with Pr olog W AM-like ISAs
• 1985 - IEEE 754 Standar d for floating point issued
• 1985 - Symbolics 3600 becomes most popular Lisp mac hine
• 1985 - Intel announces 80386 - fir st x86 to inc lude memor y management
• 1986 - IBM adds vector register s & instructions to S/370 ISA
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• 1987 - WAM implemented in micr ocode f or DEC 8600
• 1987 - MIPS Computer Systems intr oduces R2000 RISC micr opr ocessor

Based on Hennesse y's Stanf ord MIPS chip
• 1987 - Connection Mac hine & CM-2

- 64,000 i bit pr ocessor s
- Both 2D mesh and pac ket s witc hed r outer netw ork
- Serious data parallel algorithm & langua ge work

• 1988 - SUN announced SP ARC RISC micr opr ocessor
- Based on P atter son's Berkele y RISC-II chip
- Includes register windo w stac k for pr ocedure ar guments

• 1989 - Intel 486 inc ludes on c hip cac he
• 1989 - Intel i860 2 wa y super scalar micr opr ocessor Inc ludes graphics

generation suppor t
• 1989 - Galileo spacecraft launc hed to J upiter:

- Utiliz ed ver y lo w po wer RCA 1802 8 bit micr opr ocessor
• 1990 - IBM RISC System/6000 RISC micr opr ocessor
• 1990 - “The Ar chitecture of Symbolic Computer s” b y former ND student
• 1991 - IBM/Motor ola/Apple team to develop POWERPC RISC chip famil y
• 1992 - CSE Dept. splits off of ND EE Dept.
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• 1993 - EXECUBE chip ar chitected b y former ND student: 3D binar y
hyper cube parallel pr ocessor on a c hip
- Wins Slotnic k award in 1994
- First high density Processor-In-Memory (PIM) chip

• 1993 - POWERPC 601 suppor ts out-of-or der execution
• 1993 - Pentium intr oduced
• 1993 - IBM SP-1: c losel y coupled netw ork of w orkstation

micr opr ocessor s to f orm parallel compute engine
• 1994 - Initial w orkshop on appr oaches to 1 P etaflop computer s
• 1994 - Pentium inc ludes d ynamic branc h prediction logic
• 1995 - DEC Alpha 21164 inc lude 4 instruction super scalar issue
• 1995 - Installation of SP-2 at ND
• 1996 - ND begins using PIM concepts f or Petaflop mac hines & deep

space autonomous pr obes
• 1996 - Intel ASCI Red mac hine ac hieves sustained 1 T eraflop
• 1996 - DEC Alpha 21164 running at 500 MHz
• October , 1996 - Seymour Cra y dies after car accident
• Dec. 1996 - MARS Pathfinder spacecraft launc hed

- Lander section inc ludes radiation har dened RS/6000 micr opr ocessor
- Rover has lo w po wer 80C51 micr ocontr oller
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• 1997 - Intel Pentium MMX - MultiMedia Extension to x86 ISA
• Jan. 1997 - Supposed bir thda y of HAL-9000 fr om 2001: A Space Od yssy
• 1997 - 0.25 micr on CMOS tec hnology allo ws 8 MB memor y chips
• 1997 - Joint CalT ech/ND/Princeton/SUNY Stone ybr ook star ts petaflops

machine design (W orld’ s fasted computer b y a factor of 1,000)
- RSFQ super conduction x00 GHz CPU par ts
- PIM “smar t memor y” (ND P or tion)
- All optical inter connection netw ork at petab yte/sec cr oss section

band width
- 3D Holographic stora ge in cr ystals

• 1997 - ND EE Dept. demonstrates fir st quantum dot de vices called
Quantum Cellular Arrays (QCA)

• 1997 - ND senior s design real SIMPLE12 in 2 micr on CMOS
• 1998 - ND CSE Dept. star ts w ork on 64 Mbit PIM c hip
• 1998 - ND EE Dept. demonstrates quantum dot XOR gate
• 1999 - 0.18 micr on CMOS tec hnology allo ws 32 MB memor y chips
• 1999 - AMD announces Athelon: x86 c hip; Intel & AMD leapfr og eac h

other in c loc k rate to reac h 750-800 MHz cloc k rates
• 1999 - ND CSE senior s build real SIMPLE12’ s using 4 micr on SORIN

chip on 2nd floor of Fitz as par t of Bits to Chips Program
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• 1999 - IBM announces plans to b uild petaflops computer to do pr otein
folding calculations using PIM tec hnology

• 1999 - IBM announces POWER4 chip - four 1+ GHz micr opr ocessor s on
a single c hip

• 2000 - ND grad student receives MS f or design of w orld’ s fir st QCA
micr opr ocessor - a SIMPLE12

• May 2000 - CSE322 class ac hieves 100% successful J AM8 designs
• Fall 2000 - ND CSE’01 students b uild real silicon J AM8 on ND line
• 2001 - 0.15 micr on CMOS tec hnology allo ws 128 MB memor y chips
• 2001 - ND CSE class of ‘01 enter hi tec h firms
• 2001 - Gigaflop gamebo ys become popular
• 2002 - Complete PC integrated to single c hip - PIM becomes

commonplace
• 2003 - 0.13 micr on CMOS tec hnology allo ws 512 MB memor y chips
• 2003 - ND demonstrates fir st quantum dot computer - a m ultithreaded

SIMPLE12 running MaxFinder
• 2004 - ND-designed PIM c hip po wers Mars rover
• 2005 - 1997 ND work results in w orld’ s fir st g eneral purpose petaflops

machine
• 2006 - 0.10 micr on CMOS tec hnology allo ws 2 GB memor y chips
• 2009 - 0.07 micr on CMOS tec hnology allo ws 8 GB memor y chips
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• 2010 - ND CSE’01 grads enter mid dle management of hi tech companies
• 2010 - High temperature quantum dot tec hnology de veloped
• 2012 - Silicon based logic runs out of steam around 0.05 micr on feature

size (32 GB memor y par t) & QCA tec hnology takes o ver with fir st
commer cial holographic petaflop gamebo ys

• 2013 - ND CSE “old guar d” begins retirement
• 2014 - 3 dimensional arrays of “Bionicall y Implanted Organicall y Grown

(BORG)” QCA PIM c hips enab le ND football team to be dec lared
National Champs after 3 games (“resistance is futile”)

• 2015 - fir st autonomous, semi-intellig ent, inter stellar pr obe launc hed
with e xaflop QCA-based PIM computer with 10 billion internal
processing nodes

• 2028 - Former ND ‘01 student returns to be Dean of Engineering
• 2046 - CSE class of ‘01 enter s retirement


