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The following slides contain an
entirely subjective view of

(computer) history!

Due to laziness, some notes contain Wikipedia as a “reference” – please consider this
as an anti-pattern and never use Wikipedia as a “reference” in any serious scientific
report!
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Computer science is no more about computers than astronomy is about
telescopes.
Edsger Dijkstra
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Computer science is no more about computers than astronomy is about
telescopes.
Edsger Dijkstra

Computer science also differs from physics in that it is not actually a science. It
does not study natural objects. Neither is it, as you might think, mathematics;
although it does use mathematical reasoning pretty extensively. Rather,
computer science is like engineering; it is all about getting something to do
something, rather than just dealing with abstractions, as in the pre-Smith
geology.
Richard Feynman, Feynman Lectures on Computation, 1970



Famous (Computer) Engineers Quotes

c©Jörg Schäfer http://user.fh-frankfurt.de/~jschaefer/lectures/ A Brief History of Computing – 6 / 96



Famous (Computer) Engineers Quotes

c©Jörg Schäfer http://user.fh-frankfurt.de/~jschaefer/lectures/ A Brief History of Computing – 6 / 96

I think there is a world market for maybe five computers.
Thomas Watson, Chairman of IBM, 1943
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There is no reason anyone in the right state of mind will want a computer in
their home.
Ken Olson, President of Digital Equipment Corp, 1977
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640k is enough for anyone, and by the way, what’s a network?
William Gates III, President of Microsoft Corporation, 1984
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I think there is a world market for maybe five computers.
Thomas Watson, Chairman of IBM, 1943

There is no reason anyone in the right state of mind will want a computer in
their home.
Ken Olson, President of Digital Equipment Corp, 1977

640k is enough for anyone, and by the way, what’s a network?
William Gates III, President of Microsoft Corporation, 1984

The most profound technologies are those that disappear: they weave
themselves into fabric of everyday life until are indistinguishable from it.
Mark Weiser, The Computer for the 21st Century, Scientific American, 1991



A Brief History of Computers
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Stonehenge
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Abacus
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Used in many cultures including Egypt, Persia, Greek, Roman, Chinese, India, Japan,
Native American, . . .
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Abacus



Al-Chwarizmi
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Leonardo da Vinci
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Pascaline
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In 1642 Blaise Pascal, at age 19, invented the Pascaline.
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Leibniz 01
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Charles Babbage’s Difference Engine
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Charles Babbage’s Analytical Engine
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The First Programmer
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Augusta Ada King Byron, Countess of Lovelace
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Inspiration for Cyberpunk
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Inspiration for Steampunk
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Power (Jacquard) Looms
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We may say most aptly, that the Analytical Engine weaves algebraical patterns just as the
Jacquard-loom weaves flowers and leaves. (Lady Ada Lovelace)



IBM, formerly known as Hollerith
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Konrad Zuse – Z1
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Alan Turing [Tur01]
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John von Neumann [Neu45]
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Von Neumann Architecture
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Grace Hopper
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Grace Murray Hopper was an American
computer scientist and United States Naval
officer. One of the first programmers of the
Harvard Mark I computer. She developed
the first compiler for a computer program-
ming language.
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The First Bug
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Analog Computers
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Other Analog Computers
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Moore’s Law
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Unix [RT74]
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Macs
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PCs
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Ubiquitous Computers
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Quantum Computing
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Quantum Computing:

Shor’s-Algorithm [Sho97]:

q−1
q−1∑

a=0

q−1∑

c=0

e2πiac/q|c〉|xa mod n〉
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A Brief History of Programming Languages

c©Jörg Schäfer http://user.fh-frankfurt.de/~jschaefer/lectures/ A Brief History of Computing – 35 / 96



Why are Languages Important?
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Human language appears to be a unique phenomenon, without significant
analogue in the animal world.
Noam Chomsky

Language is a process of free creation; its laws and principles are fixed,
but the manner in which the principles of generation are used is free and
infinitely varied. Even the interpretation and use of words involves a
process of free creation.
Noam Chomsky



Languages as Tools for Thinking
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Die Grenzen meiner Sprache bedeuten die Grenzen meiner Welt.
Ludwig Wittgenstein [Wit22]



Language Evolution
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RTRAN II
1957

FORTRAN III
end-1958

Flow-Matic
1958

ALGOL 58
1958

Lisp
1958

Lisp 1
1959

COBOL
1959

B-O
1957

1957

IAL
1958

JOVIAL
1959

Forth
1968

BASIC
may 1, 1964

COBOL 61
1961

COBOL
1965

FORTRAN IV
(Fortran 66 ANS)

1966
FORTRAN IV

1962

BCPL
july 1967

ALGOL 68
december

1968

PL/I
1964

B
1969

Simula 67
1967

COBOL 68 ANS
1968

APL
1960

ALGOL 60
1960

SNOBOL
1962

Simula I
1964

Lisp 1.5
1962

SNOBOL 2
april 1964

SNOBOL 3
1965

SNOBOL 4
1967

Logo
1968

COBOL 61 
Extended

1962

CPL
1963

1960 1965

MUMPS
1966

ISWIM
1966

JOVIAL I
1960

JOVIAL II
1961

JOVIAL 3
1965

CORAL 64
1964

CORAL 66
1966

TELCOMP
1965

JOSS
1964

GOGOL
1964

GOGOL III
1967

Sail
1968

sh
1969

ALGOL W
1966

Ada
1979

FORTRAN V
(Fortran 77 ANSI)

april 1978

CLU
1974

COBOL 74 ANSI
1974

Modula
1975

Modula 2
1979

C (K&R)
1978

C
1971

awk
1978

csh
october 1978

Scheme MIT
1978

Scheme
1975

Prolog
1970

Icon
1977

Smalltalk-72
1972

PL/1 ANS
1976

PL/M
1972

Smalltalk-76
1976

Smalltalk-74
1974

Smalltalk-78
1978

Rex 1.00
may 1979

MS Basic 2.0
july 1975

Pascal
1970

ML
1973

Mesa
1977

1970 1975

MUMPS (ANSI)
september 15, 1977

SASL
1976

sed
1973

FIG-Forth
1978

Mainsail
1975

SL5
1976

Smalltalk
1971

Classic C

Pascal AFNOR
1983

Object Pascal
1985

PostScript
1982

Smalltalk-80
1980

ANSI C
(C89)
1989

Objective-C
1983

C with Classes
april 1980 C++

july 1983

Concurrent C
1984

Eiffel
1986

nawk
1985

COBOL 85 ISO/ANSI
1985

Common Lisp
1984

Scheme 84
1984

Ada 83 ANSI
january 1983

Ada ISO
1987

Oberon
1987

Prolog II
october 1982

OO Forth
1987

Clos
1989

Object Logo
1986

Prolog III
1984

APL 2
august 1984

SML
1984

Modula 3
1988

Perl 3.000
october 18, 1989

Perl 2.000
january 5, 1988

Perl 1.000
december 18, 1987

Tcl
mid 1988

Tcl/Tk
end 1988

Rex 2.00
1980

Rex 3.00
1982

Rexx 3.20
1984

Caml
1987

Eiffel 2
1988

ABC
1987

B
1981

Haskell 1.0
1987

Self

Borland
Turbo Pascal

Cedar
1983

1980 1985

MUMPS (FIPS)
1986

Sharp APL

A
1988

Miranda
1982

KRC
1981

Forth-83
1983

ANS Forth
1986

ARM C++
1989

Fortran 90 ISO
1991

SML �‘90
1990

Oak
june 1991

Perl 4.000
march 21, 1991

PostScript level 2
1992

Scheme IEEE
1990

Python
1991

NetRexx
1991

ISO C
(C90)

december 15, 1990

Caml 2-6.1
1991

Visual Basic 1.0
may 20, 1991

Oberon-2
1991

Sather 0.1
june 1991

Haskell 1.1
april 1, 1990

Haskell 1.2
march 1992

Cmm
1992

1990

MUMPS ISO
1992

A+
1992

J
1990

Visual Basic 2.0
march 1992

Messy!



1940s: It is War. . .



1940s cont.
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! No languages or

! Machine Language (i.e. no language)



Machine Language
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1950s: Innovation Big Bang!



1950s cont.
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! Assembly languages were first developed in the 1950s, when they were referred
to as second generation programming languages. For example, SOAP
(Symbolic Optimal Assembly Program) was a 1957 assembly language for the
IBM 650 computer.

! Fortran, invented by John W. Backus optimized for speed (similar to assembly),
used for numerical calculations in e.g. physics until today.

! Algol, the mother of procedural languages (such as Pascal)

! Lisp, the mother of functional languages

Fortran and Algol are imperative and procedural. Lisp is primarily functional.



Assembly
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_pa r t i t i o n :
LFB3 :

pushq %rbp
LCFI0 :

movq %rsp , %rbp
LCFI1 :

pushq %rbx
LCFI2 :

movl %edx , %r10d
movslq %edx ,% rax
l e a q (%rd i ,%rax , 4 ) , %rbx
movl (%rbx ) , %r11d
l e a l −1(% r s i ) , %r9d
cmpl %e s i , %edx
j l e L2
movslq %e s i ,% rax
l e a q (%rd i ,%rax , 4 ) , %r c x
. a l i g n 4 ,0 x90

L4 :
movl (%r cx ) , %r8d
cmpl %r8d , %r11d
j l L5
i n c l %r9d
movslq %r9d ,% rax
l e a q (%rd i ,%rax , 4 ) , %rax
movl (%rax ) , %edx
movl %edx , (%r c x )

. . .



Fortran – I
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MODULE Qsort_Module

IMPLICIT NONE

CONTAINS

RECURSIVE SUBROUTINE Qso r t ( a )

INTEGER , INTENT ( IN OUT) : : a ( : )
INTEGER : : s p l i t

I F ( s i z e ( a ) > 1) THEN
CALL P a r t i t i o n ( a , s p l i t )
CALL Qso r t ( a ( : s p l i t −1))
CALL Qso r t ( a ( s p l i t : ) )

END IF

END SUBROUTINE Qso r t



Fortran – II
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SUBROUTINE P a r t i t i o n ( a , marker )

INTEGER , INTENT ( IN OUT) : : a ( : )
INTEGER , INTENT (OUT) : : marker
INTEGER : : l e f t , r i g h t , p i vo t , temp

p i v o t = ( a (1 ) + a ( s i z e ( a ) ) ) / 2 ! Average o f f i r s t and l a s t e l ements to p r e v en t q u a d r a t i c
l e f t = 0 ! b e ha v i o r w i th s o r t e d or r e v e r s e s o r t e d data
r i g h t = s i z e ( a ) + 1

DO WHILE ( l e f t < r i g h t )
r i g h t = r i g h t − 1
DO WHILE ( a ( r i g h t ) > p i v o t )

r i g h t = r i g h t −1
END DO
l e f t = l e f t + 1
DO WHILE ( a ( l e f t ) < p i v o t )

l e f t = l e f t + 1
END DO
IF ( l e f t < r i g h t ) THEN

temp = a ( l e f t )
a ( l e f t ) = a ( r i g h t )
a ( r i g h t ) = temp

END IF
END DO

IF ( l e f t == r i g h t ) THEN
marker = l e f t + 1

ELSE
marker = l e f t

END IF

END SUBROUTINE P a r t i t i o n
END MODULE Qsort_Module



Algol68 – I
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PROC p a r t i t i o n =(REF [ ] DATA ar ray , PROC (REF DATA, REF DATA) BOOL cmp) INT : (
INT beg in :=LWB a r r a y ;
INT end :=UPB a r r a y ;
WHILE beg in < end DO

WHILE beg in < end DO
IF cmp( a r r a y [ beg in ] , a r r a y [ end ] ) THEN

DATA tmp=a r r a y [ beg in ] ;
a r r a y [ beg in ] := a r r a y [ end ] ;
a r r a y [ end ] :=tmp ;
GO TO break wh i l e dec r end

FI ;
end −:= 1

OD;
break wh i l e dec r end : SKIP ;
WHILE beg in < end DO

IF cmp( a r r a y [ beg in ] , a r r a y [ end ] ) THEN
DATA tmp=a r r a y [ beg in ] ;

a r r a y [ beg in ] := a r r a y [ end ] ;
a r r a y [ end ] :=tmp ;
GO TO break wh i l e i n c r beg in

FI ;
beg in +:= 1

OD;
break wh i l e i n c r beg in : SKIP

OD;
beg in

) ;



Algol68 – II
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PROC q s o r t=(REF [ ] DATA ar ray , PROC (REF DATA, REF DATA) BOOL cmp)VOID : (
IF LWB a r r a y < UPB a r r a y THEN

INT i := p a r t i t i o n ( ar ray , cmp ) ;
PAR ( # remove PAR f o r s i n g l e th r eaded s o r t #

q s o r t ( a r r a y [ : i −1] , cmp ) ,
q s o r t ( a r r a y [ i +1 : ] , cmp)

)
F I

) ;

MODE DATA = INT ;
PROC cmp=(REF DATA a , b )BOOL: a>b ;

main : (
[ ]DATA cons t l =(5 , 4 , 3 , 2 , 1 ) ;
[UPB cons t l ]DATA l := cons t l ;
q s o r t ( l , cmp ) ;
p r i n t f ( ( $g (3 ) $ , l ) )

)



Lisp
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( defun qs ( l i s t )
( i f (<= ( l e n g th l i s t ) 1)

l i s t
( l e t ( ( p i v o t ( f i r s t l i s t ) ) )

( append ( qs ( remove− i f−not #’( lambda ( x ) (< x p i v o t ) ) l i s t ) )
( remove− i f−not #’( lambda ( x ) (= x p i v o t ) ) l i s t )

( qs ( remove− i f−not #’( lambda ( x ) (> x p i v o t ) ) l i s t ) ) ) ) ) )



1960s: Swinging London (but not in IT)!



1960s
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! Basic was developed by John George Kemeny and Thomas Eugene Kurtz at the
Dartmouth College

! COBOL

Both are imperative and procedural.



Basic
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Procedure qSo r t ( A r r a y a ( 1 ) , f i r s t I n d e x , l a s t I n d e x )
Pro t e c t ed low , high , p i v o tVa l u e

low = f i r s t I n d e x
h i gh = l a s t I n d e x
p i v o tVa l u e = a ( ( f i r s t I n d e x + l a s t I n d e x ) / 2)

Repeat

Whi l e a ( low ) < p i vo tVa l u e
low + 1

Wend

Wh i l e a ( h i gh ) > p i vo tVa l u e
h i gh − 1

Wend

I f low <= h igh
Swap a ( low ) , a ( h i gh )
low + 1
h i gh − 1

EndI f

U n t i l low > h igh

I f f i r s t I n d e x < h igh
qSo r t ( a ( ) , f i r s t I n d e x , h i gh )

EndI f

I f low < l a s t I n d e x
qSo r t ( a ( ) , low , l a s t I n d e x )

EndI f
EndProcedure



Cobol
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Implementation is not shown, because

1. Cobol is too ugly

2. Originally, you could not implement recursion in Cobol at all (it is a language
for business people, after all)



1970s: Revolution – New Frontiers!



1970s
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! C, developed in 1972 by Dennis Ritchie at the Bell Telephone Laboratories for
use with the Unix operating system. The one and only systems language.
Imperative and procedural, a better high level assembly.

! Prolog , invented by Alain Colmeraue, is a general purpose declarative logic
programming language mainly used for artificial intelligence and computational
linguistics.

! Alan Kay, Dan Ingalls, Adele Goldberg, Ted Kaehler, Scott Wallace, and other
created Smalltalk-80 at Xerox PARC, the mother of all (good) object-oriented
languages, based on Simula (from the 60s!)1

1So OO is indeed a very old technology.



Hackers
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C
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vo id qu i ck ( i n t ∗ l e f t , i n t ∗ r i g h t )
{

i f ( r i g h t > l e f t ) {
i n t p i v o t = l e f t [ ( r i g h t − l e f t ) / 2 ] ;
i n t ∗ r = r i g h t , ∗ l = l e f t ;
do {

wh i l e (∗ l < p i v o t ) l ++;
wh i l e (∗ r > p i v o t ) r−−;
i f ( l <= r ) {

i n t t = ∗ l ;
∗ l++ = ∗ r ;
∗ r−− = t ;

}
} wh i l e ( l <= r ) ;
qu i ck ( l e f t , r ) ;
qu i ck ( l , r i g h t ) ;

}
}

vo id s o r t ( i n t ∗ a r ray , i n t l e n g t h )
{

qu i ck ( a r ray , a r r a y+length −1);
}



Prolog
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s o r t ( [ ] , [ ] ) .
q s o r t ( [X ] , [X ] ) .
q s o r t ( [H|U] , S ) :− s p l i t B y (H, U, L , R) , q s o r t (L , SL ) , q s o r t (R , SR) ,

combine (H, SL , SR , S ) .

% s p l i t B y ( H, U, LS , RS )
% True i f LS = { L i n U | L <= H } ; RS = { R i n U | R > H }
s p l i t B y ( H, [ ] , LS , RS ) .
s p l i t B y ( H, [U|T] , [U| LS ] , RS ) :− U =< H, s p l i t B y (H, T, LS , RS ) .
s p l i t B y ( H, [U|T] , LS , [U| RS ] ) :− U > H, s p l i t B y (H, T, LS , RS ) .

% combine ( H, L , R , S )
% True i f S i s L ++ [H] ++ R ( i n Ha s k e l l n o t a t i o n )
combine ( H, L , R , S ) :− append (L , [H|R ] , S ) .



Smalltalk
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" Thi s must be i n s e r t e d i n t o the c l a s s Ar ray as an i n s t a n c e method "

q u i c k s o r t : l to : r
" s o r t s the a r r a y between l and r a f t e r the q u i c k s o r t method

by Michae l Neumann 1998
"
| m i l i r temp |

( r > l ) i f T r u e : [
m ← s e l f at : ( ( l + r ) // 2 ) .
i l ← l .
i r ← r .
[

[ ( s e l f at : i l ) < m] wh i l eT rue : [ i l ← i l + 1 . ] .
[ ( s e l f at : i r ) > m] wh i l eT rue : [ i r ← i r − 1 . ] .
( i l < i r ) i f T r u e : [

" swap "
temp ← s e l f at : i l .
s e l f at : i l put : ( s e l f at : i r ) .
s e l f at : i r put : temp .

] .
] doUn t i l : [ i l >= i r . ] .
s e l f q u i c k s o r t : l to : ( i l − 1 ) .
s e l f q u i c k s o r t : ( i l + 1) to : r .

] .
↑ s e l f .



1980s: OO is in the Air!



1980s
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! C++ was invented as a better (really?!) C by Bjarne Stroustrup. It is a
multi-paradigm language supporting procedural programming and OO
concepts.

! Guido van Rossum created Python, a modern script language with functional
and OO elements.



C++ – I
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#i n c l u d e <i t e r a t o r >
#i n c l u d e <a lgo r i t hm > // f o r s td : : p a r t i t i o n
#i n c l u d e <fu n c t i o n a l > // f o r s td : : l e s s

// h e l p e r f u n c t i o n f o r median o f t h r e e
t emp l a t e <typename T>
T median (T t1 , T t2 , T t3 )

{
i f ( t1 < t2 )
{

i f ( t2 < t3 )
r e t u r n t2 ;

e l s e i f ( t1 < t3 )
r e t u r n t3 ;

e l s e
r e t u r n t1 ;

}
e l s e
{

i f ( t1 < t3 )
r e t u r n t1 ;

e l s e i f ( t2 < t3 )
r e t u r n t3 ;

e l s e
r e t u r n t2 ;

}
}



C++ – II
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// h e l p e r o b j e c t to get <= from <
t emp l a t e <typename Order> s t r u c t non_str i ct_op :

p u b l i c s td : : b i n a r y_func t i o n <typename Order : : second_argument_type ,
typename Order : : f i r s t_argument_type ,
boo l>

{
non_str i ct_op ( Order o ) : o r d e r ( o ) {}
b o o l o p e r a t o r ( ) ( typename Order : : second_argument_type arg1 ,

typename Order : : f i r s t_argument_type arg2 ) c o n s t
{

r e t u r n ! o r d e r ( arg2 , a rg1 ) ;
}

p r i v a t e :
Order o r d e r ;

} ;

t emp l a t e <typename Order> non_str ict_op<Order> non_s t r i c t ( Order o )
{

r e t u r n non_str ict_op<Order >(o ) ;
}

. . .

t emp l a t e <typename RandomAccess I te ra to r >
v o i d q u i c k s o r t ( RandomAccess I te ra to r f i r s t , RandomAcces s I te ra to r l a s t )

{
q u i c k s o r t ( f i r s t , l a s t ,

s t d : : l e s s <typename s td : : i t e r a t o r _ t r a i t s <RandomAccess I te rato r >: : va lue_type >() ) ;
}



Python
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de f q s o r t ( l i s t ) :
i f not l i s t :

r e t u r n [ ]
e l s e :

p i v o t = l i s t [ 0 ]
l e s s = [ x f o r x i n l i s t i f x < p i v o t ]
more = [ x f o r x i n l i s t [ 1 : ] i f x >= p i v o t ]
r e t u r n q s o r t ( l e s s ) + [ p i v o t ] + q s o r t ( more )



1990s: Evolutionary Improvements!



1990s cont.
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http://info.cern.ch/



1990s cont.
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! Haskell, named after logician Haskell Curry is a standardized, general-purpose
purely functional programming language, with non-strict semantics and strong
static typing. “A proof is a program; the formula it proves is a type for the
program”. Designed by Simon Peyton Jones, Paul Hudak, Philip Wadler, et al.
Used in the research community.

! Java invented by SUN (James Gosling, Mike Sheridan, and Patrick Naughton),
is a general purpose OO language with C++ syntax.



Haskell
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q s o r t : : Ord a => [ a ] −> [ a ]
q s o r t [ ] = [ ]
q s o r t ( p : xs ) = q s o r t l e s s e r ++ [ p ] ++ q s o r t g r e a t e r

where
l e s s e r = f i l t e r (< p ) xs
g r e a t e r = f i l t e r (>= p) xs



Java
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p u b l i c s t a t i c <E extends Comparable <? supe r E>> L i s t <E> qu i c kSo r t ( L i s t <E> a r r ) {
i f ( a r r . s i z e ( ) <= 1)

r e t u r n a r r ;
E p i v o t = a r r . g e t F i r s t ( ) ; // Thi s p i v o t can change to get f a s t e r r e s u l t s

L i s t <E> l e s s = new L i n k e dL i s t <E>() ;
L i s t <E> p i v o t L i s t = new L i n k e dL i s t <E>() ;
L i s t <E> more = new L i n k e dL i s t <E>() ;

// P a r t i t i o n
f o r (E i : a r r ) {

i f ( i . compareTo ( p i v o t ) < 0)
l e s s . add ( i ) ;

e l s e i f ( i . compareTo ( p i v o t ) > 0)
more . add ( i ) ;

e l s e
p i v o t L i s t . add ( i ) ;

}

// R e c u r s i v e l y s o r t s u b l i s t s
l e s s = qu i c kSo r t ( l e s s ) ;
more = qu i c kSo r t ( more ) ;

// Concatenate r e s u l t s
l e s s . addA l l ( p i v o t L i s t ) ;
l e s s . addA l l ( more ) ;
r e t u r n l e s s ;

}



2000s: Clouds. . .



MapReduce
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Summary: Programming Languages’ Paradigms
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! Imperative: Computation in terms of program state and statements that
change the program state. Specifies steps the program must take to reach the
desired state. Examples: Assembly, C, C++, Java

! Declarative: Describes what rather than how. Examples: HTML, SQL, Prolog

! Procedural: A subset of imperative languages consisting of procedures (aka
routines, subroutines, methods, or functions), each containing a series of
computational steps to be carried out. Examples: C, C++, Java

! Functional: Computation is the evaluation of mathematical functions. Avoids
state and mutable data. Examples: Lisp, ML, Haskell

! Constraint: Relations between variables are stated in the form of constraints.
Constraints do not specify a sequence of steps to execute, but rather the
properties of a solution to be found. Searches for a state of the world in which
a number of constraints are satisfied at the same time. Examples: Prolog

! Logic: Pattern-directed invocation of procedures from assertions and goals.
When a set of predicates is satisfied, an action is taken. Examples: Prolog



Interpretation of Paradigms
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nondeterminism?
Observable

Yes No

More declarative Less declarative
Named stateUnnamed state (seq. or conc.)

(equality)
+ name

+ by−need synchronization

+ by−need
synchronization

+ thread

+ continuation

Lazy concurrent

object−oriented
Concurrent

programming

Shared−state
concurrent

programming

Software
transactional

memory (STM)

Sequential
object−oriented
programming

Stateful
functional

programming

programming
Imperative

Lazy
declarative
concurrent

programming

programming

Lazy
dataflow

Concurrent
constraint

programming

constraint
programming

Constraint (logic)
programming

Relational & logic
programming

Deterministic
logic programming

synchron.
+ by−need + thread

+ single assign.

Haskell

Lazy
functional

programming

Monotonic
dataflow

programming

Declarative
concurrent

programming

ADT
functional

programming

ADT
imperative

programming

Functional
programming

First−order
functional

programming

Descriptive
declarative

programming

Imperative
search

programming

Event−loop
programming

Multi−agent
programming

Message−passing
concurrent

programming

Data structures only

Turing equivalent

+ cell (state)

+ unification

Dataflow and

Oz, Alice, Curry Oz, Alice, Curry

CLU, OCaml, Oz

E in one vat

Continuation
programming

Logic and
constraints message passing Message passing Shared state

v1.08 © 2008 by Peter Van Roy

+ nondeterministic
(channel)

Oz, Alice, Curry, Excel,
AKL, FGHC, FCP

+ synch. on partial termination

FrTime, SL

+ instantaneous computation

Strong synchronous
programming

Esterel, Lustre, Signal

Functional reactive
programming (FRP)

Weak synchronous
programming

Pipes, MapReduce

Nondet. state

Erlang, AKL

CSP, Occam,
E, Oz, Alice,

publish/subscribe,
tuple space (Linda)

choice

Nonmonotonic
dataflow

programming

Concurrent logic
programming

Oz, Alice, AKL

+ port

Multi−agent
dataflow

programming

+ local cell

Active object
programming

Object−capability
programming

Java, OCaml

+ closure

embeddings

+ solver

LIFE, AKL

CLP, ILOG Solver

+ thread
+ single assignment

+ thread

Smalltalk, Oz,

+ thread

Java, Alice

+ log

+ cell
(state)

Functional

SQL embeddings

Prolog, SQL

+ search

record

XML,
S−expression

The principal programming paradigms
"More is not better (or worse) than less, just different."

Haskell, ML, E

(unforgeable constant)

+ cell

Scheme, ML

+ procedure

+ closure
Pascal, C

SNOBOL, Icon, Prolog

+ search

(channel)
+ port

Scheme, ML



Shooting Yourself
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How to Shoot Yourself In the Foot Using Any Programming Language:

! C: You shoot yourself in the foot and then nobody else can figure out what you did.

! C++: You accidentally create a dozen clones of yourself and shoot them all in the
foot. Emergency medical assistance is impossible since you can’t tell which are bitwise
copies and which are just pointing at others and saying, “That’s me, over there.”

! Java: After importing java.awt.right.foot.* and java.awt.gun.right.hand.*, and writing
the classes and methods of those classes needed, you’ve forgotten what the hell you’re
doing.

! Haskell: You shoot yourself in the foot very elegantly, and wonder why the whole
world isn’t shooting itself this way.

! Lisp: You shoot yourself in the appendage which holds the gun with which you shoot
yourself in the appendage which holds the gun with which you shoot yourself in the
appendage which holds the gun with which you shoot. . .

! Smalltalk: You shoot yourself in the foot and your foot sends doesNotUnderstand:
Pain to your brain.

! XML: You can’t actually shoot yourself in the foot; all you can do is describe the gun
in painful detail.

(Sources: http://www.toodarkpark.org/computers/humor/shoot-self-in-foot.html and
http://thealmightyguru.com/Humor/Docs/ShootYourselfInTheFoot.html)





Languages as Tools for Programming
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A language that doesn’t affect the way you think about programming, is
not worth knowing.
Alan Perlis



A Brief History of Networks
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The World is Connected
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The network is the computer
Scott McNealy, co-founder of Sun Microsystems



The World is Connected
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The network is the computer
Scott McNealy, co-founder of Sun Microsystems

Unfortunately, this is the topic for another lecture, please ask Prof. Hoffmann for next
year’s Xmas lecture!



The Power of the Network
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213.251.145.96



A Brief History of Applications
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Important Applications
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Warning: The following choice is ridiculously subjective!

1960 1970 1980 1990 2000

Micro
DBMS

vi

MS BASIC

VisiCalc

WordStar

TEX
Emacs

Sendmail

gcc
Mathematica

Photoshop
Visual C++

Mosaic
Apache RSS MapReduce



A Brief History of Computer Scientists and
Engineers
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Famous Computer Scientists and Engineers

c©Jörg Schäfer http://user.fh-frankfurt.de/~jschaefer/lectures/ A Brief History of Computing – 83 / 96

Gottfried Wilhelm Leibniz Charles Babbage Ada
Lovelace John von Neumann Alan Turing Kurt
Gödel John Atanasoff Alonzo Church Claude
Shannon Konrad Zuse Vannevar Bush C. A. R. Hoare
Stephen Cole Kleene Edgar F. Codd John Backus
Marvin Minsky Barbara Liskov Ron Rivest Adi
Shamir Leonard Adleman Dennis M. Ritchie Alan
Kay Bill Joy Peter Naur Ken Thompson Gordon E.
Moore Fred Brooks Niklaus Wirth Donald Knuth
Linus Torvalds Andrew S. Tanenbaum Eric S. Raymond
Steve Jobs Richard M. Stallman William Gates III
Joseph Weizenbaum Tim Berners-Lee. . .



A Brief History of Challenges
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Different Disciplines
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Engineering Science



Speaking Different Languages – Example I
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software engineer: Shall I use C++ or Lisp?
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software engineer: Shall I use C++ or Lisp?
computer scientist: Does not matter!
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software engineer: Shall I use C++ or Lisp?
computer scientist: Does not matter!
software engineer: ?
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software engineer: Shall I use C++ or Lisp?
computer scientist: Does not matter!
software engineer: ?
computer scientist: Aren’t both Turing complete?
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computer scientist: Aren’t both Turing complete?
software engineer: ?
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software engineer: Shall I use C++ or Lisp?
computer scientist: Does not matter!
software engineer: ?
computer scientist: Aren’t both Turing complete?
software engineer: ?
computer scientist: Sigh, I guess they both support loops or recursion,

conditional statements and the like?
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software engineer: Shall I use C++ or Lisp?
computer scientist: Does not matter!
software engineer: ?
computer scientist: Aren’t both Turing complete?
software engineer: ?
computer scientist: Sigh, I guess they both support loops or recursion,

conditional statements and the like?
software engineer: Well, yes, of course!
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software engineer: Shall I use C++ or Lisp?
computer scientist: Does not matter!
software engineer: ?
computer scientist: Aren’t both Turing complete?
software engineer: ?
computer scientist: Sigh, I guess they both support loops or recursion,

conditional statements and the like?
software engineer: Well, yes, of course!
computer scientist: Then it does not matter!



Speaking Different Languages – Example I
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software engineer: Shall I use C++ or Lisp?
computer scientist: Does not matter!
software engineer: ?
computer scientist: Aren’t both Turing complete?
software engineer: ?
computer scientist: Sigh, I guess they both support loops or recursion,

conditional statements and the like?
software engineer: Well, yes, of course!
computer scientist: Then it does not matter!
software engineer: WTF?!



Speaking Different Languages – Example II
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software engineer: Haskell does not have side effects?
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software engineer: Haskell does not have side effects?
computer scientist: Haskell is a pure functional language!
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software engineer: Haskell does not have side effects?
computer scientist: Haskell is a pure functional language!
software engineer: ?
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software engineer: Haskell does not have side effects?
computer scientist: Haskell is a pure functional language!
software engineer: ?
computer scientist: Sigh, a pure functional language does not have any

side effects, so it was designed!



Speaking Different Languages – Example II

c©Jörg Schäfer http://user.fh-frankfurt.de/~jschaefer/lectures/ A Brief History of Computing – 87 / 96

software engineer: Haskell does not have side effects?
computer scientist: Haskell is a pure functional language!
software engineer: ?
computer scientist: Sigh, a pure functional language does not have any

side effects, so it was designed!
software engineer: So I cannot change state?
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software engineer: Haskell does not have side effects?
computer scientist: Haskell is a pure functional language!
software engineer: ?
computer scientist: Sigh, a pure functional language does not have any

side effects, so it was designed!
software engineer: So I cannot change state?
computer scientist: You do not understand - there is no state!
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software engineer: Haskell does not have side effects?
computer scientist: Haskell is a pure functional language!
software engineer: ?
computer scientist: Sigh, a pure functional language does not have any

side effects, so it was designed!
software engineer: So I cannot change state?
computer scientist: You do not understand - there is no state!
software engineer: So, please – how do I implement input/output?
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software engineer: Haskell does not have side effects?
computer scientist: Haskell is a pure functional language!
software engineer: ?
computer scientist: Sigh, a pure functional language does not have any

side effects, so it was designed!
software engineer: So I cannot change state?
computer scientist: You do not understand - there is no state!
software engineer: So, please – how do I implement input/output?
computer scientist: You have to use monads!
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software engineer: Haskell does not have side effects?
computer scientist: Haskell is a pure functional language!
software engineer: ?
computer scientist: Sigh, a pure functional language does not have any

side effects, so it was designed!
software engineer: So I cannot change state?
computer scientist: You do not understand - there is no state!
software engineer: So, please – how do I implement input/output?
computer scientist: You have to use monads!
software engineer: For goodness’ sake, what is a monad?
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software engineer: Haskell does not have side effects?
computer scientist: Haskell is a pure functional language!
software engineer: ?
computer scientist: Sigh, a pure functional language does not have any

side effects, so it was designed!
software engineer: So I cannot change state?
computer scientist: You do not understand - there is no state!
software engineer: So, please – how do I implement input/output?
computer scientist: You have to use monads!
software engineer: For goodness’ sake, what is a monad?
computer scientist: A monad is a monoid in the category of endofunctors,

what’s the problem?
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software engineer: Haskell does not have side effects?
computer scientist: Haskell is a pure functional language!
software engineer: ?
computer scientist: Sigh, a pure functional language does not have any

side effects, so it was designed!
software engineer: So I cannot change state?
computer scientist: You do not understand - there is no state!
software engineer: So, please – how do I implement input/output?
computer scientist: You have to use monads!
software engineer: For goodness’ sake, what is a monad?
computer scientist: A monad is a monoid in the category of endofunctors,

what’s the problem?
software engineer: WTF?!
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software engineer: Haskell does not have side effects?
computer scientist: Haskell is a pure functional language!
software engineer: ?
computer scientist: Sigh, a pure functional language does not have any

side effects, so it was designed!
software engineer: So I cannot change state?
computer scientist: You do not understand - there is no state!
software engineer: So, please – how do I implement input/output?
computer scientist: You have to use monads!
software engineer: For goodness’ sake, what is a monad?
computer scientist: A monad is a monoid in the category of endofunctors,

what’s the problem?
software engineer: WTF?!

We teach computer science, but the industry desperately needs (software) engineers
[Par97]. The effect is roughly the same as it would be if you assigned a physics Ph.D.
to design electrical equipment!



What can we Compute?
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Two important questions:

1. “What does it mean for a function from the natural numbers to themselves to
be computable?”

2. “Can noncomputable functions be classified into a hierarchy based on their level
of noncomputability?”

Related to the Church–Turing thesis, which states that any function that is
computable by an algorithm is a computable function.

Big open question:
P = NP?

Further aspects:

“Can (quantum) physics be (efficiently) simulated by (classical)
computers?” Richard Feynman (1981)

This led to theory of quantum computers.
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Politically correct answer:
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Politically correct answer:

Software Engineering!
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Politically correct answer:

Software Engineering!

The truth is:
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Politically correct answer:

Software Engineering!

The truth is:

We still have no clue!
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The best way to predict the
future is to invent it!

Alan Kay
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