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ATCEH ?
Who am 17

<
o VWD Z2D7FH X 7E58 "R, O
=S (KFERIR) T
- ML (SML, 0Caml) EMAGTREMRKZRIL,

- LhR S TBEER, EM20%75 065 M
ENRALTLSFT
- PerlEMRubyENRFRL TLISFEA
o FHIFEA. .

m Academic researcher on programming
language “theory”

- Not developing Perl or Ruby (sorry..)




fRIca2ici 50 ?
Why am | here?
S

o HIECMinCamlz{E-TCTEH (30)
_ MinCaml > T{a] ?
=> 0Camitt2tw FORBAIA L IN17
~ 0Caml~ Cfa] ?
> REKBSEMLOBS - ik

m Maybe because | developed “MinCaml”,

an educational compiler for a minimal
subset of 0Caml
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On the agenda

e —
s REFROATRBIFESTF > TLIBERF
gMm?
hoE : hhi|FEA

sHBAL ST
m What would be a programming language
like 100 vears later?

My answer: | dont Know (I'll elaborate!)




A=} 3
Almost 100 vears ago
T

e Alonzo Church, “An Unsolvable Problem of Elementary Number Theory”,
American Journal of Mathematics, Vol. 58, No. 2 (Apr., 1936). pp. 345-363.

1—>xab-a(b)
AN UNSOLVABLE PROBLEM OF NUMBER THEORY. 347 .
We shall use heavy type letters to stand for variable or undetermined 2 -+ Aa’b . a a b
formulas. And we adopt the convention that, unless otherwise stated, each. : AT ’

heavy type letter shall represent a well-formed formula and each set of symhol's

standing apart which contains a heavy type letter shall represent a “well-
formed formula. . 3 % Aa}b . a’ a a b
When writing particular well-formed formulas, we adopt ﬁhe following Y ,
abbreviations. A formula {F}(X) may be abbreviated as F (X), in any case where i
F is or is represented by a single symbol. A formula {{F} (X)}(Y) may be
abbreviated as {F}(X,Y), or, if F is or is represente.d"t;y a single symbol, as .
F(X,Y). And {{{F}(X)}(Y)}(Z) may be abblqev'i'ated as {F}(X,Y,Z), or
as F(X,Y,Z), and so on. A formula Axl[u;t~ C e [M] - - ]] may be‘.-". L I - L. \
abbreviated as Ax;x,- ¢ - %, M or as )\xlxg - x M. . E ﬁ. (] l s p '
We also allow ourselves at any tlme to introduce abbrevlatlons of the ,.*"
form that a particular symbol « shhll stand for a particular’ Se uenge of r n > Q s
P ym P q rn——
symbols A, and indicate the 1ntroductlon of such an abbrev&a’clon by* the nota- / v _I ,T

tion & — A, to be read, “ a stands for 4.

We introduce at onceth following infintp it .of-'a'bbrevmtlons ( s c h em e, J ava s c ri p.,., R u bv, ".)

1—ab- q,(-b),
2 Mab"a(a(b)),
..3-’—; Aab - a(a(a(b))),

and so on, each positive integer in Arabic notation standing for a formula
of the form Aab-a(a(- - -a(b) - - -)).

The expression SzM | is used to stand for the result of substituting N }\_{ - calcu‘us +he origin O{ Lisp
for x throughout M. 9

We consider the three following operations on well-formed formulas:

| d so-called “cl ”
I. To replace any part \x[M] of a formula by )\y[S;M | 1, where y is an So ca e c Osures

a variable which does not occur in M.
II. To replace any part {(Ax[M]1}(N) of a formula by SzM |, provided

R




5s->ERFC
Wait a sec

S
€N 20757 BBUBGFLITL s ?
- ABREBFAEHNAEIRCENIF 19465 (ENIAC)
> 84 B8RO »B<TE20753X7
[FBIEE (D D%E)

- 178 S 201852 F T, “Computer” = "3EH
& (ABOKE) E-1Ic

Was it even a “programming” language?

— Yes! “Computers” need not be electronic,

- They were a human profession in the 17th-201h
century




S RIER]
A few hundred yvears ago
O

o 3K :
17~1812%C (14 2="/. A15—)

o ik :

afi¥li>~, 16itsc (71T 42)

m Functions:
17-18th century (Leibniz, Euler)

m Variables:
Ancient Greece, 161h century (Vieta)




TRl
A few thousand vears ago

.
o 2—#71] 4w ROBIRE : 5THIZ00F (TS2K)

- IRTECERSAIES ORERF CHA
> grep openssi-0.9.8h/crypto/bn/bn_gcd.c
static BIGNUM * (BIGNUM *a, BIGNUM *b);
t= (a,b);
static BIGNUM * (BIGNUM *a, BIGNUM *b)

o ZRAENO—mMEIARL : Al 18005F (REOD=T)
- BARET (757141 7REMNH1S)

m Important algorithms recorded before Christ
_ Euclid's algorithm (300 BC)
_ Solution of quadratic equations (1800 BC)
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Ado GptIpsv SoFévtw () TEHOHTWY TEOG JAANAOLG
TO UEYLOTOV GLTHV MOVOY HEToov shEEv.

A--

Bt 1L
1Z

H
B Al

"Ectwoay of Sodévteg 800 &ptIpol py mpatol mpog
aranioug of AB, TA. 81 87 v AB, TA 16 péytotov
HOWOV UETPOV DEEDM.

Ei pgv odbv 6 TA 1ov AB petpst, petpsl 82 aod
sxutov, 0 T'A &pa v T'A, AB nowov perpov gativ.
nol povepdy, Tt nod péytotov obdeig yop petlwv Tob
A ov T'A petprost

Ei 88 ob petpst 6 T'A tov AB, v AB, TA
&vIvparpovpuévon &et 1ol ehdooovog &no tob petlovog
hewpdnoetat T1¢ &ptduog, O¢ peTpNost TOV TEO EXVTOD.
LOVIC U8V Yoo oL Astpdvostal el 88wy, Eooviow Of
AB, T'A mp&tor mpog &diiniovg Omep ovy DTOUSLTUL.
herproetal TIC Gpa &ptIpog, 6 petopost Tov TG sxuTob.
nol O pev I'A tov BE petptdy Asimétn autolb shdooova
tov BA, 6 88 EA tov AZ petply Astméte &outob
shdooovae tov ZIN, & 82 T'Z wov AE petpsitw.  émsl
obv & TZ tov AE petpsel, 6 88 AR 1tov 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
IF

G

B- ID !

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

But if CD does not measure AB then some number
will remain from AB and CD, 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 EA
less than itself, and let £ A measuring DF leave F'C less



€-Emif
More Recently
o«
o B BIZEE HA—SOALMNS 33
195054 (Lisp)
o A2 7 : 1960548 (Simula 67)

o IFMNER, S xRI] v 7R, BIHES :
197054V (ML)

m Important concepts developed in the
50-70s
- FP, GC, objects, exception handling,
generics, type inference, ..




5o ?
So what?
O

o 10052075 X07558) 3T D
<&, ERALCRAI S EETTEGI)

e LML, "MBA) ER->ETI1T1TEES
AEEICTEELTHIHIF. 1005FE1R10005F1%

ICATfEd 2 EL NG

m We cannot predict nor invent the (far)
future by intention

m However, our idea may bloom 100-1000
vears later if we record it well




ENTEFRLTHDE...
That said_
oo

e Dl\FEF T,
20757 B7AS:A
-

o 33RIF, BfstRIEE 'BARERE+a) T

20739LTESFHCGS. . ME? 7?77

m Until recently, “computers” were human
beings and “programs” were written in

(almost) human languages

m Why not let electronic computers
understand those languages?




ENVNNO T2 XT38
Other random predictions

o 2AMIEHHIBAREDOETEEE ?
e REOBMFHESEE(DSL) ?
o IIRMBEMR757 1+ NILEEE?

e EfE587

m Language with fully automatic correctness
prover?

m Millions of domain specific languages?

m Graphical languages for your mom and
children?

m Quantum languages?




OGEIFSFCTHELCTEFLEM?

What have | done so far?
S
7ERBIEER ) OBRBHE

o 2075 X>
(=CXdJavaQ)ElL\h)

- AGtE (BARBEZBOETIL) &
nxtE (¥TSIBOETIL) &

Ct,

e NALEA—RZHAII,R->T, Word¥?Excel0)
BIAZEHZELTHDATIT N, (EBEOFA)

m Foundational research on programming
language theory ().-calculus, =—calculus, ..)




820757
Why PL theory?
c

o '3tH) OFRHICIBS (E&8S) IS

> B! THRIE) HhFEN
(ffl : 7727211558 v.s. Ruby)
- BFEIRECEARI > E2—2TERU

m It is about the essence of computing!

- Doesn't matter whether the computer is
electronic or human




C. AplFNeflEZL TS0 ?
My current research topic
O

o NSNS GHRIEBENEIESIHRICIT
HALTNSFT
- il : &,

o A2 7 ELTHZERILIET NIFHEMICTF S
- RAIC, #RL2GHRRICHEENRIGIERZETILST
(E¥a—IlL, O—NILEE. 70— ~, etc)
- €0 &FHGUREIIRT DFEZHMAL TSI

m A proof method for various properties
induced by abstraction mechanisms

- Objects, modules, local variables, closures, ..




A Bisimulation for Type Abstraction and Recursion 26:11

Definttion 3.1 (Bistmulation). A bisimulation 1s a set X of pairs (A, R) such
that:
(1) AR
(2) For each
(fix f(x:my:p =M, fix fx:aip' =M, t—>0)e R
and for any (V, V') 7) € (A, R)°, we have
(fix f(x:m):p=M)V |
— (fix fx:7):p ' =MHYY' .
Furthermore, if (fix f(x:m@):p = M)V | W and (fix f(x:7"):p’
MHYV | W', then

(A, RU{W, W', o)) e X.
(3) Let A = {(«y, 01, 07), .. ., (&, O, 0,,)}. For each
(Ao. M, Aa. M Ya.t) e R
and for any p with FTV(p) C dom(A), we have
(Aa. M)[[o/a]p] | <= (Aa. Mo /ale] .
Furthermore, if (Aa. M)[[o/ad]e] § W and (Aa. M)][o /a]e] I W/, then



&Cﬁjnﬁﬁbvbh
I+ doesnt looK like a program!
<«
e FEANZ2D7HX /BB CIF L.
MM EETILE LTERIE
- —hEAE =S 51

m It is a general, mathematical model

- Rather than a particular, concrete
programming language




RICIF ?
What else?

e
o XFHOEHOIERFIRE
_ EROHNNES N SKFTICE B,
20475 LETRICRING 3

o XEI|RLLGCEREE
ZRICFEHUE2EES... (ECF%EE)

m Regular expression types for strings
= Memory -safe implementation of C
etc, with students




MinCamlig ?
What about MinCaml?

o HIFEIARE (VS & LIEBMTT:-)
- RAXREEIGEUTESELGI), &S
=3 =[:0

o FIREBOWKN 11T
e A IN131320001T
e FOFHABATHI\2D7 73 0LHEN<
- FRAEFOLANL—S 2 716E
o GCCEFFRUHIL\OEEE (2BF)
m A compiler in 2000 lines, producing as
efficient native code as GCC




hiElFonNDS5azeLIFIMm?
What am | going 1o do?
O

e FHFEBA. DNILUFEA
(IFOCAHICE - Eilt])

e A% - THIROAT 'Rl EBZ

D& HIFMAE" "R ERICTXT |
- eENTENGFRI\GH.. . EEIVFT
m Sorry, | don't Know (as stated before)

m However, Id like 10 invent and record
ideas that are still interesting in the
far future




