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What is Computer Science?

"Computer science Is
Nno more about computers
than astronomy iIs about telescopes.”

—Edsger Dijkstra
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What is a Program?
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Abo &ptIptv Sodévtwy (] TEOTLY TEOS KAANAOUG
TO UEYLATOV ODTHV KOOV UETOOV EDPELV.
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Ef 10
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H
BL 1Al

“"Eotwoay of dodévteg 8do &ptdpol py mpditol mpog
darnioug ot AB, T'A. 8t 61 v AB, I'A 16 péylotov
KOOV UETPOY eDPELV.

Ei pév oty 6 TA tov AB petpsl, petpst 88 nod
sxwtdy, 6 TA &po v T'A, AB sowov pérpov éotiv.
nol povepdy, STt ol péytotov: obdeig yop petlwv Tob
I'A wov T'A petprost.

Ei &8¢ ob petpel 6 TA tov AB, v AB, TA
&vIvporpovpévon del Tob Ehdooovog &mo Tob pellovog
herpdnoetal Tig &ptIpdg, ¢ petprost TOV PO EXVLTOD.
MoveG ey yop ob Asupdnostor sl S8 WY, Ecovior of
AB, TA mp&itor mpog dhaniovg Smep oby LmoustTol.
hevproetat TI¢ &pa XELIUOG, 6 peTpiost TOV TEO EXLTOD.
nol O pev I'A tov BE petptv hetnétn éavtob shdooova
tov EA, & 88 EA t0v AZ petptdy Astméte S00TOD
ehdooove tov ZINL, 6 88 I'Z tov AE petpsitw. émel
obv 6 TZ tov AE petpsl, 6 88 AE tov AZ petpsl, nol

Proposition 2

To find the greatest common measure of two given
numbers (which are) not prime to one another.

A--

Et 1C
TF

G

B- D *

Let AB and CD be the two given numbers (which
are) not prime to one another. So it is required to find
the greatest common measure of AB and CD.

In fact, if C'D measures AB, CD is thus a common
measure of CD and AB, (since CD) also measures itself.
And (it is) manifest that (it is) also the greatest (com-
mon measure). For nothing greater than C'DD can mea-
sure C'D.

But if C'D does not measure AB then some number
will remain from AB and C'D, the lesser being contin-
ually subtracted, in turn, from the greater, which will
measure the (number) preceding it. For a unit will not be
left. But if not, AB and C'D will be prime to one another
[Prop. 7.1]. The very opposite thing was assumed. Thus,
some number will remain which will measure the (num-
ber) preceding it. And let C'D measuring BE leave FA
less than itself, and let £ A measuring DF leave F'C less
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- BIZ 2% (type safety) :
TOUSIVIEEODENKE
REBBRATER UL E =,
pB70O7 T LAPHRTIRRETIRITIIL.
ROIRENNST FET DD 7
~ e TRWS  CEEEDRERINE

- 7075 L&E(MiE(program equivalence):
—o0707 7 AP, QAN

EEDORICAAD AR I U,

AUHA (EE) =295Hh7
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Terminator Tackles an Impossible Task

By Rob Knies
August 16, 2006 11:01 PM PT

It is May 28, 1936. A paper entitled On Computable Numbers With an Application to Related Links
the Entscheidungsproblem is received by the London Mathematical Society for a Bvron Cook
publication in its journal.

Alan Turing

In the paper, the latest salvo in a mathematical debate that extends back to the A.M. Turing Award
cdawn of the 20th century, Cambridge academic Alan Turing proves that a general = Terminator

— L& LA
algorithm to determine whether all possible combinations of programs and initial

“Turing proved that, in general, proving program termination is
‘undecidable,” ” Cook says. “However, this result does not preclude
the existence of future program-termination proof tools that work
99.9 percent of the time on programs written by humans. This is the
sort of tool that we’re aiming to make.”

prestigious technical honor the A.M. Turing Award. Is it possible that one of his

| B

“ols

 reucialeld Lougie voineirenve

enduring proofs is about to be upended? m SLAM

m Static Driver Verifier

Not quite. But someday, the impact of Turing’s result may be considered strictly :
m Damseonaus Flhoaarama
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« ML, HaskellZ: & Bg%(HEY

J

58 LNERAV RS [
(Strong Static Typing)
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— "Well-typed programs never go wrong"

[Milner '78]
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ML DB HEEm

- 7O 53HhBZ (FEEMICIE)
F o< BHW < THHIBNICHE
[Hindley '69][Milner "7 8]
- fun compose f g x =g (f X) ;
val compose =
th:(a->"b)>(b->'c)>a->'c
o —RRICIHERDKICDWTDTIME(2" )Iiliﬁ
k=1D%1 : let x;=(Xa,Xg) in let xo=(Xq,X;) in
let X3=(X5,X5) In let x,=(x3,X3) In .

 I2H TREWTAT S L, T“LEIZWJ‘—.TSE’\J
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—"Order"&"arity"ZbounddtuldO(na(n))
[McAllester '96, '03]

« ZDbound(FFYIC REM, H7?
(cf. type-level programming)
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~-—HEOHIBRESNCEARBESFHELRDIIEETES
# : S—Ac, Ax—a(x,A(bx))
= alc,a(bc,a(bbc,a(bbbc,a(bbbbc,...)))))
e HBHORSDERT 2AH
b SEDFEN (FRHEHUETE/MSO) =
mlic I hE S hISRE T EE
B - t@ﬂiwﬁﬁﬂ/fxti%\fcﬁ%ﬁéb%b\ ? (Yes)
b FlcapiEnsd Z &1dHsH 7 (No)
—- —iRICIZk-EXPTIMER£[Ong '06]
— TEAL, IWTEENLZILIIXLIMERO09]
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e N\N—RDUTFPERZFTEPCEEZFO/O07 LN
assertion Pl EFIERXZFZmlc I H & S D ERRIRREE

o« BUIILEEREEZ., HHMEX T/ INESIMNT
2E U THEREB

« CEGAR [Clarke et al.]: 9 QZIE T Ic
SELIET U TH T, assertionhhEkBULiZ5S
ZDET/INADFEHEDFTEIEENFHIZE.
AERBETHNIEZDEREGTHE. INZiEDIKRT

= SMT (SAT modulo theory) %z SZEICfZ < IHE,
'SEA EERIENZ, ZILTY XL EE
o DPLL(T) [Nieuwenhuisfti'06] Z
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CounterExample-Guided
Abstraction Refinement

%l - if (x>0){y:=1}else{y:=0}; ...;
If(x>0){assert(y=1)}
£Ix, y e lnt& U TERLEST
= assert(y=1)DEiLT 2D E D H
DS WND THRIEEK
= FDEZTDETINADELEGOAY=1AY<>]

IEFTERAEELR D T, IntZEx>0 & x<=0,
y=1&y<>TICHEIU TRUETT

= x>0D &EZ(EnTy=1Cix 5 D THREERLTN
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WiE K (bisimulation) :
—207087 7 LPEQH IR
&

e PWAHR N aZzEITUTPICRBR5 I,
Q:E)Al_ 7]0(7873 LCQ'l 73’9\
P'&Q'H AR A

s QAN aZzEITLTQITIRBE5IE,
PEAL N az=ETUTPICED,
P'&Q'H AR A
— [FFEICIERIBHNE (coinduction) TEE




MIRBFERBDETRE

» 1IEAl(regular)@70t AR : ZIEIR

S

. I ZHIREH(context-free)y B7AOtEX
(BPA, BPP) MR TR LY, (normed)

7Ot ADGEIFZIERER. —#RIC

PSPACEX %’E DEXPTIMELLT
etc.
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