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The evolution of computing is strewn with the contest of new ideas that have potential
until rigorously tested in realistic environments. Sometimes competitive commercial
pressures strangle their promise. Often they fail to be tractable with the technology of
the time. In time the unsuccessful candidates come to be viewed as unconventional,
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It begins with the endless fight against tractability: its prehistory up to 1939, its
seminal developments from 1940 to 1951, its expansion phase in the 1950s and early
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TC == Turing complete

Computing HiStOI’y Aristot?)rlies;?\ﬂfogic Abacus bi-quinary calculator NTC == NOT Turing complete
© f o China 200 BC j jti
The endless fight against tractability [oreece 38452280 N [ ] Unconditonalbranch & memary readiorte

Blaise Pascal
Pascaline Automatic Calculator  (+ only)

Completeness:
[mechanical Paris 1642] P

Can statements always be proved/disproved?
Incompleteness (Consistency):
Gottfried Leibniz Is 2*2=4 always true? Are all true axioms derivable?
(a) Calculus ratiocinator N Decideability: )
[1675-70] Can a finite method decide if statement is true/false
(b) Stepped Reckoner (+,-,*,
[mechanical, Nuremberg 1673]
(c) Binary arithmetic

Joseph-Marie Jacquard
Punch-card-controlled weaving loom
[Lyon 1801]

[1703]
Charles Babbage George Boole
(a) Led move to Leibniz's calculus Laws of propositional logic
[Cambridge UK 1815] © Brian Coghlan 2012 [Cork 1854]
(b) Difference Engine calculator NTC rev.1.4 William Jevons *
[mechanical, prototype London 1832] (mechanlcil) Loglcglsglano
. . Manchester 1
1 == -~ () Analytical Engine ¢ [ ]
1 Punch-card-controlled computer . L
' (mechanical, incl.conditional branch) g erman Hallerith NTC pawd Hilbert
' [conceived London 1834] Punch-card mechanical data tabulators (a) First 10 problems
: [part-built by 1871] Tabulating Machine Company [Mathematical Congress, Paris 1900]
[G)) Diﬁe?ence Engi}rl1e Mk2 (simpler) NTC [USA patent 1889] William Joseph Hammer [Full set of 23 problems , 1901]
' [mechanical, conceived London 1847] Computing Tabulating Recording Corporation (CTR)  Edison Effect (b) 3 retirement problems
. ! ’ : [USA 1911] [New Jersey 1881] (incl. Entscheidungsproblem )
Punch-card-controlled machines: | [completed London Science Museum 1991] International Business Machines (IBM) [Gottingen 1928]
Music boxes/organs (Victoriana): [USA 1024] 9
Voting maCh'nes (.Sm.l in use) : manufactured tabulators until 1984
Machine tools (still in use) , George & Edvard Scheutz 7 | Kurt Godel
' Scheutz Difference Engine  NTC 4 1 John Ambrose Fleming .
\ 4 [prototype Stockholm 1843] 4 1 Vacuum Tube (@) Completeness (Ans: NO)
. K [2 manufactured 1855] 7 Vannevar Bush 1 [London 1904] [Vienna 1930]
' v Differential Analyzer 1 (b) Incompleteness (Ans: NO)
' Percy Ludgate [MIT 1928] | [Vienna 1931]
v proposed Analytical Machine 7€ ’ “EL ECTRONICS”
Torresy Quevedo . Not based on Babbage » N
Essays on Automatics [paper design Dublin 1909] | aglie Comri Irven Travis \ - -
based on Babbage eslie Comrie i i Hartree, Lennard-Jones Alonzo Church Alan Mathison Turing
9 Scientific Computing Service | (@) 2 X Differential Analyzers 1 . ; it T
[paper design Dublin 1914] ) P 9 396 (b) Electronic D.A. proposal | Differential Analyzer Decideability Decideability (Ans: NO)
calculating machine Ludgate Prize ) [1936] (¢) Bibliography calculating 1 [Manc_hester 1935] [Princeton 1936] €% (Turing Machine TC)
[demonstrated, Paris 1920] _for best final year project machines 1 [Cambridge UK 1937] Lambda Calculus [Cambridge UK 1936]
BAMod (Computer Science ; ; 1 Wilkes [Princeton 1936] sabattical with Church
L y [Univ.Pennsylvania 1938] .
[Trinity College Dublin 1991] 1 Computing Laboratory
| "
G Stibit 1 J Howard Aiken N;C : [Cambridge UK 1945]
eorge Stibitz ! Konrad Zuse Automatic sequencer proposal "
b NTC : : " ) 1 —— John V.Atanasoff / Clifford Ber Claude Shannon
Model K 2bit binary ALU 71 2pbit floating-point computer  NT€ " (references Babbage & Hollerith)! | ' 16bit electronic bi ; dder NTC Switching Algebra
(not stored-program relay-based) (not stored-program mechanical) - x ! it efectronic binary adcer
prog (not stored-program relay- based)I 1 \ [lowa State Univ. 1939] [MIT 1938]
[Bell Labs NnI/-1937] ! [Berlin 1138] [Harvard 1937] by ! .
v vy vy l l

Figure 1. Computing History: The endless fight against tractability, its prehistory up to 1939.
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1
1ol
Konrad Zuse Howard Aiken / James Bryge (Iﬁ%\_/lg

1
1
1
George Stibitz ! John V.Atanasoff / Clifford Berry Turing visits Shannon
(b) Complex Number Calculator (CNd) NTC (b) Z2 computer NTC (a) Harvard Mk1 / 1IBM ASGC : ABC computer NTC [Bell Labs 2 months 1942]
Later known as Model 1 1 (relay-based version of Z1) (punched-card programmed) 1 (not stored-program electronic)
(excess-3 code decimal relay-based) [Berlin 1939] (no conditional branch) 1 : (16bit binary serial)
(crossbar memory, paper tape I/O; (c) Z3 computer NTC (not stored-program relay-baded) 1 [lowa State Univ. 1942] Max Neuman / Alan Turing
-3: 0000 1 (improved Z2) (23digit decimal seridl) ! ! Robinson / Heath Robinson
-2: 0001 {TC if speculative execution a la 1990s) [Harvard Jan-1943]" ! . [Bletchley 1943]
-1: 0010 1 [Berlin May-1941] (Grace Hopper invents subrou! ine's, 1944y Mauchly visits Atanasoff
0: 0011 ‘= % 73 patent rejected [1967] (b) Harvard Mk2 NTC . ! [lowa State Univ. 1940 & 1941] Thomas Flowers
+1: 0100 (citing Ludggte’s 1909 pa gr) (not stored—program relay—})asied) | * (a) Colossus Mk1 NTC
[Bell Labseiti(-:.]an-1940] (no(tegts:leg-zyfrlgt;rcaor1l'1|1 ?;gayr-based) (Grace HO[ESZI;\?I:; (?L\;ji]bl{g’ 1.947) : J.Presr-)ir Eckzr’t\l: :gh_PCW.Mauchly Eﬁf Egﬁg:ﬁoﬁgrﬁg’nﬁ;
! a e —— - a
(©) Relay Interpolator  (Model 2) NT¢ [Gottingen Mar-1945] 1 1 (not stored pr(og;ram, electronic serial D.A) | [MKL London Dec-1943
(7-bit de(I:I|m:lI)reIay-based) <Z1-3 program on 35mm film > ! (10,x 10digit decimal ring-counter accumulators)  (b) Colossus Mk2-10 N1C
(d) Relay Balligis cIBm;ultZ:‘sl(Model 3) nro" 4VORviapaperiape > ==~ 7> (BM punched-card I/0) (emins L)
(7-bit decimal relay-based, Bell Labs 1944) Halsey Dickinson / qames _B_wce ,(John von Neuman was consultant) l(paraIIeI fSl-way SIMD)
(e) Error Detector MKk22 ’ (Model 4) NTC (a) IBM 603 electronic multiplier 1 [Univ.Pennsylvania Jul-1946] (incl.conditional branch)
(same design as Model 3, Bell Labs 1945) [UsA1046] + —» ENIAC Patent annulled [1973] [Mk2 London Jun-1944]
g (b) IBM 604 electronic multiplier (citing Atanasoff-Berry 1939) :
~ () Model 5 Computer [USA 1946] [MK10 Bletchley 1945]
(7-bit decimal 2-way SMP relay-based) +
[Bell Labs 1946] John von Neuman
0: 01 00001 First draft of a Report on the EDVAC Aquarius
; 31 gg(l’(l)g _ v (ideas from Eckert & Mauchly) (first dynamic memory)
3 o1 01000 © Brian Coghlan 2012 Francis I—:gr’rvlllltsog EICRg‘t_)I_%n Seeber [Jun-1945] [Bletchley 1945]
‘5‘3 % égggg rev.1.4 (psuedo-stored-program decimal) l
6 10 00010 (50% relays 50% electronic) Moore School Summer School Claude Shannon
(punched-card 1/0) p 3 -
7: 10 00100 [USA Jan-1948] [Univ.Pennsylvania Aug-1946] Information Theory
8: 10 01000 l [Bell Labs 1948]
9: 10 10000
Maurice Wilkes Freddy Williams / Tom Kilburn / Alan Turing Trevor Pearcey /Maston Beard J.Presper Eckert / John W.Mauchly Loring Crossman
(graduated with Turing) (a) Manchester Baby (SSEM) TC (visited Howard Aiken 1945) (b) Modified ENIAC TC Rand 409 NTC
(read von Neuman report May-1946) (electronic binary serial stored-program) CSIRO Mk1 TC (with ROM for stored-program) (electronic, not stored-program)
(visited Howard Aiken Aug-1946)  (minimal ALU, subtract only, Williams tube memory) (stored-program) [Aberdeen Proving Ground Sep-1948] (10 x 10digit accumulators)
(at Moore Summer School Aug-1946) [ran world’s first stored program 21-Jun-1948] (electronic binary serial ) (c) EDVAC TC (bi-quinary, punched-card 1/0)
EDSAC TC (b) Manchester Mk1 TC (mercury delay-line memory) [Univ.Pennsylvania Aug-1949] [USA Remington Rand Jul-1950]
(electronic binary serial stored-program) (electronic binary serial stored-program) [Sydney Nov-1949] \ S~ o
(mercury delay-line memory) (Williams tube memory) J.Presper Sckert / John W.Mauchly ™~
[Cambridge UK 6-May-1949] [Manchester Apr-1949] (a) Samuel Alexander / Ralph Slutz () BINAC electronic binary computer LN
Seac TC (first company-built computer, 1 only) \|
TC ) TC (semiconductor diode logic) (mercury delay-line memory, magtape 1/0)
_..Lyons Leo ___Ferranti Mk1 (mercury delay-line memory) [Eckert-Mauchly Computer Corp. Aug-1949] /
(first business computer) (first commercial computer) [US NBS Apr-1950] (b) ERAJUNIVAC 1101 (Atlas) C &7
[UK Nov-1951] [UK Feb-1951] (b) Harry Huskey (drum memory, magtape I/O)
sSwAcC TC [USA Remington Rand Dec-1950]r
Ferranti Mk* TC (Williams tube memory) (c) UNIVAC e!ectronic computer c
[US NBS Jul-1950] (mercury delay-line memory, magtape 1/0)

[UK 1951] [USA Remington Rand Mar-1951]

Figure 2: Computing History: The endless fight against tractability, its seminal developments from 1940 to 1951.
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Jay Forrester
MIT Whirlwind TC

(electronic 16bit binary stored-program) (part-electronic stored-program) (€lectronic stored-program)

(bit-parallel)
mIT Tr-1951]

Harlen Anderson / Ken Olsen
Memory Test Computer 1€

(ferrite core memory) ~a

MIT 19fs]

(electronic 32bit binary stored-program)

Wes Clark / Ken Olsen

.

Howard Aiken / IBM
(c) Harvard Mk3

.

John von Neuman
1AS Computer 1€

(40bit binary)
(bit-parallel, Williams tube memory)
[Princeton 1952]

(drum 1/0)
[Harvard 1951]
(d) Harvard Mk4
(electronic stored-program)
(drum 1/0)
[Harvard 1952]

e

IBM 1400 series TC
(transistor stored-program)
(decimal, ferrite core memory)

TC
BIZMAC [1401: Oct-1959]

[RCA 1956]

MIT/IBM SAGE (Whirlwind 2) TC
110 T€ (1960)

301 TC (1960) Datatron E101 TC

(first distributed system)

(a) IBM 700 series TC

(electronic bit-parallel binary stored-program)

(701/702: 18bit, Williams tube memory, Dec-1952)

(704/705: 36bit, ferrite core memory, 1954)
(magtape & puIched-card 1/0)

IBM 7000 series T
(transistor binary stored-program)
(36bit bit-parallel, ferrite core memory)
[7090;, Nov-1959]

IBM 360 series TC

Grace Hopper invents compiler
[Remington Rand 1952]

Seymour Cray
ERA/UNIVAC 1103 (Atlas 2)
(electronic binary stored-program)
(bit-parallel, Williams tube memory)
[Remington Rand Oct-1953]

Seymour Cray

n TC ElectroData 1957 TC
MIT TX-1 TC (23 3{5:§m§;a§g4';1]— pair) 231 T &gg% L 1 ! (SLT modules, 32bit binary stored-program) CDC160
(valves, never built) prop e (bit-parallel, ferrite core memory) (12bit minicomputer)
MIT TX-0 TC — [comple_ted 1963] Spectra 70 (1966) Datatron B205 1€ [7090: Apr-1964] [1964]
(18?& l.trrigssi;;ors) [decomissioned 1983] [RCA] [Burroughs 1959] “MAINFRAMES”
Ken Olsen et al Tc Seymour Cray
Wes Clark Ly DECPDP-1TC 304 (1957) B700 TC (minicomputer) 100 series (ERMA) TC (1959) CDC6600 TC
MIT Tx2 TC [Dec-1959] 315 ¢ (1962) 81700 C (zero ISP) 200 series TC (1959) (first supercomputer)
Ei0sE) —» DECPDP-8 ¢ Century series '™ (1968) B2700 T¢ (COoBOL) 400 series TC (1964) [1964]
[Mlgl' 1958] (12bit minicomputer)  [National Cash Register (NCR)] B5000 TC (Algol) 600 series TC (1965) “SUPERCOMPUTERS”
f [Mar-1965] Next Wave in UK [Burroughs 196x] [General Electric (GE)]
[ — NextWaveinUK _. 0 = 2 . L L oo
Wes Clark / Charleg Molnhr | l l
o ompr .
i LIC I LyonsLeo-l TC  Ferranti Pegasus T Elliot NICHOLAS TC Uttle Alan Turing
(first minicomputer) i " ! / TC
B [ [1955] (first general register set) [1952] TREAC TC Automatic Computing Engine (ACE)
[MIT 1962] | [Oct-1955] RE Malvern 1953 (electronic 32bit binary stored-program)
q @ lu ] e
MINICOMPUTERS' L Lean TC ) . ) (first bit-parallel computer)
. Lyons Leo- Elliot 401 1 [Pilot ACE, UK NPL 1951]
! [1961] Ferranti ATLAS_TC [1953] ' \
Max Palevsky [ (first virtual memory) v l
. ; ; TC
SDS 919/920 TC ! [Manchester Dec-1962] Elliotgo1 TC  Alan Coombs / William Chandler English Electric DEUCE Harry Huskey
(24bit minicomputers) | . [1957] MOSAIC . [Apr-1955] (Workeg :vr:al'ileézggToCn ACE)
[Aug-1962] / [ © Brian Coghlan 2012 (Cold War secret radar tracking)
! rev.1.4 [Dollis Hill then TRE Malvern 1953] Engjish Electric KDP10 TC [USA Los Angeles 1954]
Gardner Hendrie TC! Elliot 803 TC (copy of RCA 501)
Honeywell DDP-116 TC| [1959] [1961]

(16bit minicomputer) -—-—-——-—-

[M61-1965]

Severo Ornstein
(idea from Wes Clark)
BBN IMP TC
(based on DDP-516)
(Internet gateway)
[Aug-1969]

Next Wave in USSR

|

Sergi Lebedev
(a) MESM TC
(electronic binary stored-program)
[Kiev, Ukraine 6-Nov-1950]

|

Yuri Bazilevsky / Bashir Ramayev
STRELA TC
(electronic stored-program)
(43bit binary, Williams tube memory)

Isaak Bruk
(@) M-1TC

.

Antonin Svoboda
sapoO TC

Nikolay Brusentsov
SETUN

(electronic 24bit binary stored-program) (ternary: -1, 0, +1) (relay-based stored-program)
[Moscow Dec-1951]

(ferrite core logic) (32bit binary)

~ (b)BESM TC (magtape & punched-card I/0) _ (b) M-2 s [Moscow 1958] | (first fault-tolerant computer)
(electronic 39bit binary stored-program) [Moscow 1953] (diode logic stored-program) (three ALUs with voting)
[Moscow 1952] [Moscow 1953] [Czechoslovakia 1957]

Figure 3: CompUti ng History: The endless fight against tractability, its expansion phase in the 1950s and early 1960s.

Solid-State Computing History

Medium-Scale Integration (MSI)

John Bardeen, William Shockley, Walter Brittain
Bipolar Transistor
[Bell Labs 1947, Nobel Prize 1956]

“SOLID-STATE ELECTRONICS”

}

v

Jean Hoerni, Jay Last
Resistor-Transistor Logic (RTL)
[Fairchild Semiconductors 1961]

Orville Baker
Diode-Transistor Logic (DTL)
[Signetics 1962]

Buie (TRW), Beeson (Fairchild), Longo (Sylvania) 1961
Transistor-Transistor Logic (TTL)
[Sylvania Electric 1963]

Hannon Yourke (IBM) 1956
Emitter-Coupled Logic (ECL)
[Motorola 1962]

Frank Wanlass
Complimentary MOS (CMOS)
[Fairchild Semiconductor 1962]

Carl Frosch, Lincoln Derrick
pMOS & nMOS FET
[Bell Labs 1957]

Jack Kirby
Hybrid Ge Integrated Circuit
[Texas Instruments 1958]

Jean Hoerni
Planar Process
[Fairchild Semiconductor 1958]

Mohamed Atalla, Dawon Kahng
MOSFET Transistor
[Bell Labs 1959]

}

Robert Noyce
Planar Si Integrated Circuit
[Fairchild Semiconductor 1960]

© Brian Coghlan 2012
rev.1.4

Large-Scale Integration (LSI)

v

Lee Boysel
AL1 pMOS Microprocessor

(first microprocessor)
[Four Phase Systems 1969]

[Garrett AiResearch 1970]

: v v

[Texas Instruments Jul-1971]

v '

Holt & Geller designers unknown Gary Boone, Michael Cochran Shima, Hoff, Faggin, Mazor designers unknown
F-14 Air Data Computer PPS25 pMOS Microprocessor ~ TMS1795 Microprocessor  MCS4004 pMOS Microprocessor  PICO1/GI250 pMOS Microprocessor
MP944 multi-chip processor [Fairchild Semiconductor Q2/1971]  (US patent 6,650,317) [Intel Nov-1971] [Pico / General Instruments 1971]

“SOLID-STATE COMPUTING”

l

Figure 4: Computing History: The endless fight against tractability, its prehistory of solid-state computing up to 1971.



Subsequent Computing History

Mike Flynn
Structural Taxonomy
[Stanford 1966]

Data Streams

Philip Treleavan
Behavioural Taxonomy
[Univ.Newcastle 1982]

Data Mechanisms

Sequential Parallel by value by reference
. Sequential SISD SIMD /Sequential Reverse Polish Control Flow
Instruction Control
Streams Parallel MISD MIMD Mechanisms Parallel Data Flow Parallel Control Flow
\Recursive String Reduction Graph Reduction
John von Newman IBM Jack Dennis l l l l ]
SIMD MIMD Reduction Unconventional
Control Flow Parallel Control Flow Data Flow Machines Machines Machines Machines
valves [1946) [195x onwards] Machines )
l l [MIT 1974] l l String / \Graph l
T . Stewart Reddaway Symmetric (UMA)  Klaus Berkling Darlington Wayne Wilner
195x Univac | DAP [Sequent 1984]  [GMD 1975]  ALICE B1700 (zero-ISP)
Burroughs [ICL 1979] [Encore 1985] [London 1981] [Burroughs 1972]
IBM vs 7 Dwarfs:  Honeywell John Gird, lan Watson l
A A 196x CDC, NCR Manchester Dataflow l
RCA, GE [Manchester 1985]  panny Hillis NUMA Peyton-Jones DBC/1012
“MODERN COMPUTING” CM1 (1986) [Encore RMS 1990] GRIP (tree-structured)
CDC-6600 Scoreboard v [Thinking Machines] [DEC MC 1996] [London 1987]  [Teradata 1983]
transistors [CDC 1964] Arvind Mithal
X 3 Monsoon Dataflow
Tomasulo's Algorithm  4———— | MIT + Motorola 1990] ccNUMA Thomas Johnsson MAXQ
[1BM 1966] [SCI 1990] G-Machine (transport-triggered)
Internet Gateway (IMP) [DDM 1993] [Chalmers 1987] [Maxim 2004]
197x [BEN 1969] [Convex Exemplar 1994] |
B Sequent NUMA-Q 1996
microprocessors X86 architecture [Seq Q 1 Perceptron
“SOLID-STATE COMPUTING” (intel 1976] Neural Net Computing
198x Message-passing [Rosenblatt 1960]
VLIW RISC architectures [Cosmic Cube 1981] :
[Fisher 1981] [Caltech 1979/80] . [Transputers 1984] Convolutional Neural Nets
© Brian Coghlan 2012 [Intel iSPC 1985] GPU Computing
199x rev.1.4 nCube 1985 [Chellapilla et al 2006]
Speculative Execution ~¢——— [nCube ] .
[IBM 1993, Intel 1995] [Beowulf 1994] Quantum Computing
) ] [Cray T-3E 1995] [Jones, Mosca 1998]
Grid computing 200x i l
[Foster ¢.1993] .
Cloud computing Multicore CPU GPGPU
[Hoffman c.1994] [IBM/Intel]  [Sony/IBM/nVidia]
v 201x

Manycore EXAMPLE:

Multicore CPU/GPU EXAMPLE:

'?E:@:?ée Manycore CPU  Multicore CPU/GPU Knights Ferry/Corner: Tegra-3: 5-core ARM CPU/GPU
A MO [Intel] [nVidia] <:| 4_8-core Atom CPU CPU: speculative execution
virtualisation MPI ring network (dataflow) GPU: 12-cell dataflow
Figure 5: Computing History: The endless fight against tractability, its subsequent evolution.
Howard Aiken / IBM
(a) Harvard Mk1 NTC
(not stored-program relay-based)
(23digit decimal serial)
[Harvard Jan-1943] .
(Grace Hopper invents subroutines, 1944) © Brian Coghlan 2012
(b) Harvard Mk2 NTC rev.1.4
(not stored-program relay-based)
(Grace Hopper discovers bug, 1947)
[Harvard 1947] l ¢
94 Fault-Resistant Fault-Tolerant Correctness
6w Oakow shantol y §rame 10309 s Machines Machines Methods
Voo s = 7 295 o)
/ il v v l l
633y PrO > 2. 130yar0yis -
Lr Conik 213067095 High-Level Capaplllty Antonin Svoboda Robin Milner
fm sl gl Bilal /,.'J.] TXJJJ ook Machines Machines sAPO TC ML
: Doy b l l (relay-based stored-program) [Univ.Edinburgh 1973]
e Shrted | Gosins Topl” (Sine chet) (32bit binary)
i LT Bob Barton Jack Dennis (first fault-tolerant computer) l
N Relay® 90 @uae| F B5000 (Algol) Capabilities (three ALUS with voting) )
y @it ety - [Burroughs 1961] [MIT 1965] [Czechoslovakia 1957] Heinz Zemanek
Jla R Tom Kilburn VDM
gl s acthalicase o fibug beiny found. Atlas (Algol) [IBM Vienna 1972/3]
ol ¢:;"Ww: ; [Manchester 1962] ~ RS.Fabry Margaret Hamilton
Magic Number Machine  apollo Guidance Computer J-R Abriall, Bertrand Meyer
McCarthy, Knight [Univ.Chicago 1967] (using RTL) Z notation
Knight Machine (Lisp) [NASA 1966] [EDF 1977]
. [Mnl'l ﬁ’?]k D.M. England
ussell Noftsker
Symbolics 3600 (Lisp) ur:'gﬁlsﬁé’hi)_’j:ﬁ]m rii%hine) V. V. Chesnokov Tony Hoare |
Symbolics 1982] p g Argon-11S CsP i
. [Plessey 1970] [NEIM 1969] [Oxford 1978] Luca Cardell
Sticks & Stones
Jeremy Jones [Univ.Edinburgh 1981]
POMP (Pascal)  Wilkes, Needham, Wheeler J.A. Katzman May, Milner, Barron
[TCD 1979] Cambridge CAP Tandem NonStop Transputers

Kenneth Bowles + W.D.  [Cambridge UK 1976]
Pascal Microengine
[Western Digital 1979]
Viktors Berstis
System/38
Niklaus Wirth [IBM 1980]
Lilith (Modula2)
[ETH Zurich 1980]
Lattin, Rattner, Pollack
iAPX-432

McGhan, O'Connor [intel 1981]

picoJava (Java)
[Sun 1998]

[Tandem 1976]

Bill Foster
Stratus/32
[Stratus 1983]

Coghlan, Jones

Orla Transparent Stable Memory
Stable Disk (TSM+RAID+35 disks)

[TCD 1990]

[INMOS 1984]

y

David Turner
Miranda
[Research Software 1985] v

Coghlan, Jones, Butterfield
Sticks & Stones I
(silicon compiler)
[TCD 1990]

IFIPWG 2.8
Haskell Report
[Yale, Univ.Glasgow 1990]

Figure 6: Computing History: The endless fight against errors after Grace Hopper discovered the first bug.



