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FVL 5 ~KZRA (1956~1983)
KEBFEFXT (1983~1993)
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* XX

o HhRER

NENZFHE (AL

o AR(FEIRT=T
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o IR EERHE
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FUViI5 :

¢ 1956FFHFEEIN
o I DAERIIYEFARRERE
o XADHER(IHHPE THBEREXE (HER)
o IEABDODERBRNSFIHENEE - J|IEZXRTED
¢ 1963FE
o BBEMNEFHIRAE
(IEEXEER)

= 100021004
o B CDEFEETITBDONIEITE

https://noble-joker.com/nj_home/@lokuno/kamonomiya/



AZFRN - AVEA - EDHEWV

¢ 19755

=¥ Y=z 12

o R ARKim [ ER&:A] (FORTRAN)

O

° ¢

REBUNERESLRE (BIFUHEKR)

o REMHABRAAEHK LTSI —(EVEDHD
s N\VFH—K, S92V TUUS

o X

X

AR EX ~DORGEHARE AR (31

FONHKEE L E OV 1 —5 —58EE |

=

Vaxaw

1

ARl — (X ZK), AHIBA(RX),

BERE(IHEX), "NR(ERIX),

EREEX), KEEXEERKX->EX)



FEPEHARIE
¢ 19764 LTI

o XX

2R (BFRCEHNND)

AEEREFEEE, < UTEBXIRDRE

n FRFE(IRFD

LN L

o BEX)L—)L : EZEB(IRIARE CRREMTT
n ZEDYSERENT — KEEESH O 77 IV

~ ( TRED

(Bl TO0>V) (C®ID

¢ 19784 KNUTH ___ KNUTH

THE ART OF ' | THE ART OF
COMPUTER COMPUTER
‘ PROGRAMMING PROGRAMMING
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[ FEHFIERE

¢ 1978%F T ZRAFERNERR
MIEHZ=—*h A

| |
|

| | |
[

https://www.s.u-tokyo.ac.jp/ja/info/11015/
B ARNER—)U, 20255118

Happy Hacking Keyboard
(%04, 1999&%
F—rwv TR, |/E)
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HIHBR CTOEFHIRE S

o SEXTHE

o BV hk—I[&
2181 (RAEAL) + TFEEIO/IVE ]

¢ 19794 K]

WCE®PDFIU&D] (1978FEFEIK)

TILE (B RBEZER) M, ..
PN (JoERSHT)
FEFZ (FLIRMIZLAXZER)

TENS

IR AGFRERR NLEBRER O (T HVLOD 7
SAERE (3%) DCTFEENTEBEESSEEHED
(BZEEE, ETTORBEESZ—HEICRFE)

10



MHEHATOEENIRET D 11
o JOOSZVIUEREIRFTLTOTS
¢ 1970F(Z Pascal EE (TR

o FERIFEIIZJETE Pascal (U Itzw ~LE
Lisp (8BRS —55A, = EREEER)

4
)
Ay

70 "5 LS & Pascal

¢ bit )\ CACM & i

EETR G
Pascalo &£

T FH e —

1, Pascal DERY O BRI R~<bhH

SAMGLIEBLL 72 75 ASEE Pascal [zo\Call 20 B 8
bit 1978F1H=




HIHRTOETE, e

o Prolog 2\ 40D
= a4, 1H R e o
e Lisp (in Pascal)
e Prolog (in Lisp) RS —

+append ((a.d), y, (a.d1))—append(d, y,d1). (2)

. \ vt cvwemime, Dit1978&1088
¢ SRBIH (—XRER) D5 - FHlliiRE]
® Pascal (<« Algol W) 5 PR -

e Algol 60, Algol 68, Algol N ' Ada% # 3 i%EE (x
e Ada (US DoD, July 1980) e

e ... %GD{EH/\J_C“:E s 5T lt
cf. BRI, XZ=iVim :

1
1981




HIHWHA CHENE, i

¢ SEEIR (—XER) D5 - &

e Pascal (< Algol W)

e Algol 60, Algol 68, Algol N

e Ada (US DoD, July 1980)
s KEEXRFTEN

fﬁlﬂ@é}_ “

Tokyo Study Group =2 mamerms

m bit RIMHCEESHINE
. TDOMIEATE

Cf. /fﬂg*R, jggﬁgﬁ
(C/Unix MHE[E]DI155 S )
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WDKK D
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i~ B FREEEE T (1983-1993)

NEC CRCZ X7 Lih

e

(&R 7B ERFEARD Y E 1 — 9 BB RS-
IO REHIC

— BHHERT

L]

=)



SR TOI T~ (1982-1993)

¢ |1COTH

FE40~100% +BZ5E, 540K

16

o Fr L VIHE: NEIBHUNIEE WHNNIEDLRR(TE
LD AERE Y XT LD
YN0 = RIREDEH

Knowledge)Information Processing
______ .

Large-scale Parallel Processing

cf. Computer architecture as the
hardware/software interface



SAMMKTOI T I~ (1982-1993)

¢ |1COTH

o Fr LVIBR: MailEE & AR DEE

FE40~100% +BZ5E, 540K

LD RAERE Y XT LD

Vast design space

Knowledge Information Processing

Big gap, EYr N

___________

Large-scale Parallel Processing

K=

cf. Computer architecture as the
hardware/software interface



SRMATOI T D+ (1982-1993) 18

¢ ICOTHZEE40~100%% + BZ&:E, 540

o Fv L VIBE: FENEIRNIE & MFIEDZE (TG
CILBDAERE S X T LDOBEHRA

Knowledge Information Processing

Big gap, J
Vast design space L

Much freedom,
High responsibility

___________

Large-scale Parallel Processing

cf. Computer architecture as the
hardware/software interface



SR TOI T+ (1982-1993)

o?VDJJEE ﬂzﬁﬁkht~ﬂﬂﬂ@%ﬁ%

> (%Eﬂ'ﬁ) BEEBDERETEEENATILT—VIC
AlIZOI D RTRIEMIZD ?

Knowledge Information Processing

T a

?‘?? - llK IL » -2 E
2?? (= “Kernel Language”) S ©
o C

(guy

Large-scale Parallel Processing
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{EZ{RER (Working Hypothesis)

—l

¢

INV
O

WEKRTO IFRIE7O0>=20 ] hNEINM

EHRE =D

Research questions here

Knowledge Information Processing

[

Logic Programming

!

Large-scale Parallel Processing

21



£ A %
o EEFEOIKHEITOVIIROETCH DI

® KLO: Sequential kernel language for startup

=8 (kernel language)

® KL1: Parallel kernel language for systems and apps

® (KL2: Knowledge representation language)

Knowledge Information Processing

[

Logic-based Kernel Language

!

Large-scale Parallel Processing

yoeo.dde
1N0-3|PPIA

22



JOJ 1O METEOR (1993)

* LK DHDER
® Kernel Language (GHC/KL1)

® Paral

lel OS (PIMOS) totally written in KL1

® Parallel Inference Machine (PIM with 512 & 256PEs)
® Model Generation Theorem Prover (MGTP)

Knowledge Information Processing

S

Logic Programming

A

Concurrent Logic Programming

Large-scale Parallel Processing

yoeo.adde
1N0-3|PPINA

23



iRV > Y ORFECFIA #

- D.H.D. Warren
(WAM designer)

AITEC-ICOT
Archives
DVD, 2005

#| —12 (1936-2006)
PSI-I (Dec. 25, 1983)
35KLIPS for KLO
80MB, 100 copies

SIMPOS in ESP 330 (400) KLIPS for KLO
+ many apps with 6.67MHz, WAM, 300 copies



Y5 79“/0)5‘5%45*']]55 >

- D.H.D. Warren
(WAM designer)

AITEC-ICOT
Archives
DVD, 2005

#| —12 (1936-2006)
PSI-I (Dec. 25, 1983)
35KLIPS for KLO — -
80MB, 100 copies PSI-1l (Dec. 1986)
SIMPOS in ESP 330 (400) KLIPS for KLO
+ many apps with 6.67MHz, WAM, 300 copies



PIM/m (1992)
256 PEs in 2D mesh (256 PEs)

Multi-PSI (Mar. 1988)
64 PSI-II’s in 2D mesh
S5MLIPS for KL1, 6copies
PIMOS (standalone,
multi-user OS in KL1,
44KLOC in 0.5years)

200 MLIPS, PIMOS (200KLOC) in KL1

AITEC-ICOT Archives DVD, 2005

26



SR AP B [CACM March 1993 issue]
[Sci. Comput. Program. 2018]



KL18%Et9 X O T )b—F (1983-04~)

o OER— (U—5—)
& EXETEH (cf. Prolog)

}_IJ —=h
/. (===
ow@ﬁw:UXAmﬁﬁ
e OSMEduh ot :
o X5TJOTS=VY Keith Clark | Ehud Shapiro
o WITHIB OIS = VI DMEEZBE L CHRER
(1983-10)
® Keith Clark, Steve Gregory (PARLOG)
® Ehud Shapiro (Concurrent Prolog)

AITEC-ICOT Archives DVD, 2005



S RERE

BIEOTZh (FAX j EX 511, 1984)

561'7002.?—7;‘0\ E?“:—%

Fa g ey IV .
Eﬂ?i’?’ I RITD F? (A

“EUEH B ewe BT HE
- -9 mIBigud k Biomil

i?'! P-%F7hg I3 024z
(;55_147/‘ s¢%-9 )

T H v YIRGT BT IR
"B K

BT

5-?

meog

— Lisp o :
"+ smal] Reltimal DB

A FbUQCi!OM/ IJ'fdﬁwr ":E’ﬁf

ﬁ : cho»:,/p/e?‘e Data
Structure

[p > ]

29



TREB IO 5= (1980~)
* B R EEZB- XY (cf. Guarded Commands)

» =K (cf Prolog) :

o —~7T (CEDKEE (=5t80#IER)
+ IEFRTEHLEIR (don’t-care nondetermmlsm)

p(ok) :- true |

: - p<}>, ?§X>°

q(Z) :- true | Z=ok.

Fex)L FOe

N&'IL=ILlCLTzRo T

(g, ask)
(X(E, tell)

£, HB, &b, 2
xR, i, ERELL

BEMICITTOREAE

30



HiTHRE - §INT05 35 =25 OWHADESE

1980 - Single Idea:
Relational L
elational Language 1 =
Concurrent Prolog l PARLOG Synchronization
‘ GHC * ‘
1985 | i |
FCP — Flat GHC — PARLOG P-Prolog
| l l ALPS !
And
‘ KL1 [ Strand  +  Profoq
1990 T [ CCP v
Moded Flat GHC CHR PCN Janus \ 'ZK'-
V |
* REMARK: Not to be confused with CC++ l il

Glasgow Haskell Compiler (1992) timed/hybrid CC Oz/Mozart

31



HBOEEEFILEERSDES L ..

1980 CCS (Process Algebra)
SOS
ACP (Process Algebra)

1985 (Theoretical) CSP MultiLisp

ABCL Id Nouveau
Linear Logic Natural Semantics onstraint LP

(m-Calculus)
1990 L

32



WEEDERSR - MESHH\S (1983) >

o TARRIAA (4BRRAZ)
“Building the entire system without resort to side effects
is the FGCS project’s right way to go.”

o NEA{&E— (1coT):
“The computational model of KL1 should not assume
any particular granularity of underlying parallel
hardware.”
(= Kernel Language should embrace as fine-grained
concurrency as possible.)




L RF DR - HESNDVS (1983)

¢ Ehud Shapiro (Weizmann Institute)

34

(KL1EREREERT) “Too many good features.”

> S XD T)L—TD research question ME

LD

“What’s the minimum set of language constructs that
turn Logic Programming into an expressive concurrent

language?” (Occam’s Razor, cf. CSP/Occam)



L RF DR - HESNDVS (1983)

¢ Ehud Shapiro (Weizmann Institute)
(KL1EREREERT) “Too many good features.”

> S XD T)L—TD research question MEE D

“What’s the minimum set of language constructs that
turn Logic Programming into an expressive concurrent
language?” (Occam’s Razor, cf. CSP/Occam)

¢ 1984 2RHI(C(&, Concurrent Prolog /8 KL1 %5tz
D (GEbEINnz) FEIRGRETSD
o n STEHOEIRTOEFNTOLX (FrXJL) BEM
S5FELPERIICEIRINTLE

35



Research question AMDEE %

o ZESEDES | FIIROEA
o )\LJ]JE— ~#E& (PARLOG)
Z2# D capability #:= (Concurrent Prolog)

¢ Guarded Horn Clauses (GHC) (Dec. 1984) [LNCS 221]:

o IFHIR (B—tickd7—570—) DOHIE

o FiC/IIBNERL UICHEETF v RIVDOEMHIRES X A
BIEEFEDODETAVEZ—IEER

o \N—ROITT7TIL—TEEM, KL1DOFHTTIIEEK
=HlCEER (19854 458)

® Lesson: simplicity was the key to the consensus.




Guarded Horn Clauses [LNCS 221] 57

o JOKAS v THIEZR (DEC-10 Prolog) (& 1 HETIER

® Prolog £ Concurrent Prolog IV /31 S&EFIR
[SLP 1985] (Z/2ghE& 9 ! \BE)

www.uedalab.jp/~ueda/software/ghcsystem-swi.tgz
® Gerard Huet (INRIA) (& CAML T H T2k (1988)
o DYV IR (7 XSTIL) HER, 2BEZER
® Flat GHC Utz v ~IC#1T (1985FE)

o RIBRIEZEDIFEZEMEEE (proof search) DEREZIRR
[ICLP 1986]




WEFDOHP XS T K (1986t8)

GUARDED HORN CLAUSES

KAZUNORI

UEDA

(1CQT)

Semantics of GHC

H, :- s ey e | © By
Hyim oo G- - Bzj

. : | :

\ Vy A" —

|

Can be tried in //,
but cannot instan-
tiate™ the caller.

‘Can instantiate the
coller, but On|\j one
selected clause is

l ollowed to do so.

Selects one of the clauses whose
guard has succeeded (commitment)

(The other clauses cannot contribute
to successful Compu.‘to.‘tion.)

* Instantiate: making more specl{ic

P(X,Y) — P(l, Y)
p(X,Y) — p(A,B)

instantiated
not instantiated

p(X,Y) — p(A,A) instantiated

38



WEFDOHP XS T K (1986t8)

DESIGN PRINCIPLES OF GHC

1. Parallelism

1

» It must be a parallel language by noture’,
not a Seciuenta‘al languaﬂe auﬂmen‘teal
with constructs for parallelism,
— to have a clearer semantics, and
— to disallow inessential Se%uen-tialf’ty

g (o) creep .

* Introduction of sequentiality is
considered as an optimization to meet
the current computer architectures.

*» We have to allow even Possib[y useless
co»mpu'ta'tion.

< GreneraLitﬂ_

e It must be a SeneraL—PurPose languaﬁe
which can express important concepts in
Parallel programming.

* Tt must be general also in that no SPeci{ic

implementa't«“on scheme (s assumed a Pru‘orr‘.

3. Sfmp[.icitg_

» It must be a simple language because of

the shortage of our experience both in
the theoretical and the practical aspects
of parallel pregramming (languages).

: E-H:[ciency_

It must be an efficient language which
allows fost execution of simple programs
at least under the current computer
architectures .

— of. generality (2.)

Sequential implementation is more than
o proto‘tyPe.

Efficiency may interfere with general-
(ty and S[mp[ici'tﬂ, but a 3eneral
language could be subsetted for more
efficient execution of a specific class
Of Pr‘osrams_

39



VDOIXKEME (URDORIAFE) 0

Philippe Codognet
(> /NUK > TSVIKEE > >R - EX)

L ORS, 3
Ruilippe codosweT / o VA H ihA P %
THOMSON-CSF b ﬂ@) 30430
Laboratoire Central de Recherches et 2 POSTES %
Domaine de Corbeville \':E;l\l\—\r’/ R AR ARE.
91 - ORSAY
FRANCE
M
Dear Sir : v e 0(A§\.
V\ . (/ 6,0[&
Avuriez-vous |'obligeance de me faire parvenir un tiré @ part de votre article :
“\0“ T CoT Rerear . Ceaple, Please send a preprint of the article entitled :
i V’LWA_ Ko*&MqA: @fg[,% 21 F/ Cz,\_o\,\a((,p( HM CéWHAU,\ (nc&Re‘pmk TR - 7(93)
.\/:\\l _ \ . publfe dans :
D42 M, ks Vs,
N ; . Wwhich | (] pp}'re/uf :

ToKkKYy o 108

" Yy
. “-"""Z &'&U‘ Cf\’\(/"‘/\’\(/\-\.Y .B'w‘éf-( ne - &KW’M{C[ (TR-Te:
S P ’ d

Avec mes remerciements sinceres,
Your courtesy in sending this publication to me will be greatly appreciated.

Bien a Vous,
Yours very truly,




GHC '\ KL1 A

41

¢ (Flat) GHC (Zi{TEEE

o KL1 (& (OSHEI(FS) FIFEE (PIMOS, 200KLOC)
o OUXRNST
o JOTZXMNMRE

1 EAVAS AN KAV 25k

¢ Lesson: separation of concerns

®

TR vs. 3

151|301

®

o 5 vs. WIE

I{TROIE vs. BERR (cf. multiparadigm languages)

( MBIEDOATDERIE] 58, cf. n-calculus)



AEREHTHAS

S ER— =
(~2017) TRE

Ken Kahn

Ehud Shapiro:
“We were 40 years ahead of time.”

2015-07-16
BeED &Y

42



HlHICED < WTEHE

— 1980%

= ay=

IEORRZIRDIRSD &




HHIE (= EX - 7)) (B DI SUITEHE .

¢ IE:H  Concurrent Constraint Programming (late 1980’s)
o HIMERIETOISZ VIICHFEINIC
TR O > = VIO DOETML (Vijay Saraswat)
 BECREMNRKODE, EXERENELL
® Xerox PARC (C3BH\N Ken Kahn, V. Saraswat 5 &
2 B0 S 8% ETEmE (1989)
o EiE I TDOOBERERNERADRE

o H—{{ AF v =RJL (write-once channel)
e JdVASDH (7—9EBEFENFE)

(cf. CCS, CSP, &, etc.)




BH—{AF+ X)L

o SRIBZIDIGHA (logical / single assignment / immutable)
o ETAHMI[EE(F
o FrRILDEICDVTHEDIBIR () %=
tell (publish) 93 - rest of communication
m e.g., tell S=[read(X)|S’ ]
¢ S USFERIER

o & DENIBIMNIGEE (entail) TEH\%&E ask T3
(matching)

m e.g., ask A IS’ (S=[A|S’ 1)
o 1 EtE&ED input Ematch (CIX(FHHY




w2 (CE D < BERIS

¢ B—{AF v XIVICKBBEESLA T DOREEEZ =

(cf. m-calculus)

o FyRINEEOTFrXILEZED

o RIEFEDODETAVE—I%EIZXSD
o FrXIVEMHERSA
* T —IEED non-strictness & KFEFIFE

d B (fusion)

o Il X— X = computing with partial information

HEZHIESH,

ZN=1F¢

=E

E%Feﬁﬂ)é'fb\%ﬂé

’73‘ 7%= D I peer-to-peer MIE(S

10N

Sﬂ_{



1980 DEIHEETILIAFEE ~B&Y 7+ 1 PRIZS S8

o ZRRIENTEIE T IILE EEDRTE
® Actors Carl Hewitt (1944-2022)
e WifT74 7> 1 I (Concurrent Smalltalk, ABCL, ...)

o /{TsmIERY -

i { T ehll#Y Robin Milner (1934-2010)

-

o Otz X{# (CCS, CSP, nE1&, ...)

¢ AT 1D BRI outbreak ™ Tony Hoare (1934-2026)
o BRIV 1—ST70O0II DK

o [%IXNz

SIEHEE | DETILE RIEERR

ZEDONEAN

)

FEDFH (Hewitt@Keio, ’89-90, etc.)




1980 DEIREFTILIAZE
o WITA T YTV MEMHHEGRE/NN—LTFT—EoC

Computer Systems
Series

Object-Oriented
Concurrent
Programming

edited by
Akinori Yonezawa
and Mario Tokoro

Object-Oriented Concurrent Programming
edited by Akinori Yonezawa and Mario Tokoro

This book deals with a major theme of the Japanese Fifth Generation Project,
which emphasizes logic programming, parallelism, and distributed systems. It

and design methodology in which the system to be constructed is modeled as a
collection of abstract entities called “objects” and concurrent messages passing
among objects. This methodology is particularly powerful in exploiting as well as
harnessing the parallelism that is naturally found in problem domains.




WiTRETOVSZVINSEINRLED 50

¢ Concurrent Constraint Programming (late 1980’s)
o HIMERIEE OIS = inspire enfz—f&k1b
o FEMBDRIERVEERR (Ask / Tell)
o T —SMEIED (BEARKUANAND) —&IL
¢ CHR (Constraint Handling Rules) (early 1990’s)
o T—ILDZEEGNEBRXRNLER
o L DFITILIGA (FIY ILINE)
¢ Timed / Hybrid CCP (early-mid 1990’s)
o 5, 774, EHREBIBINDEA
o B/ /N\1TVwYRIXFLDEKESEN




WiTRETOVSZVINSEINRLED o1

o SMHREWHISTE & Grid DIZOHDEEE (early 1990's -)
® PCN, CC++, HPC++, swift-lang

from lan Foster @ ANL
Dear Ueda-san:

The wonders of Google Scholar citation alerts led me to your
recent paper on FGCS, which | enjoyed reading.

ix/hile PCN and CC++ are long gone, we continue to work with
Swift (swift-lang.org), which is really CLP in another guise.
My best wishes from Chicago.

¢ X10 (mid 2000’s)
® |IBM’s solution to HPC languages




52

SAATOI O O (EE)

¢ Logic/Constraint Programming and Concurrency: The Hard-
Won Lessons of the Fifth Generation Computer Project.

Science of Computer Programming, 164 (2018), pp.3-17

¢ The Fifth Generation Project: Personal Perspectives.
CACM, 36(3) (1993) (D.H.D. Warren & E. Shapiro, eds.)

e AI—f&, Robert Kowalski, &HJIIER—, LHA,
Ken Kahn, #LLFE, Evan Tick MEADIIZH S EE

¢ New Generation ComputingDE El/EA
ATLXIBE, Vol.37, No.3 (2022), pp.347-350




SAATOI O OXER (—H%) »

¢ AITEC ' ICOT7—H1 T X : DAREDFCIHIBEERMFEF (2005)
http://www.uedalab.jp/AITEC ICOT_ARCHIVES/

o MBEAMARIVE 21— DWFIE ]
MEMISEMR, bitplfft, HEIZIHRR, 1993,
http://www.uedalab.jp/~ueda/documents/ ({REE - LI HRTFE)

o HN—EBEE2O0OFD L IEmiE & HEmElT | R DER ]
(2007)
http://www.uedalab.jp/fuchi-colloquium/

o TH—E: ZOAEI V19TV Z]
ARIERE, 2010.
o ME : IBIREMDEBER F—8 (1)
o B TERERI V1 —FEATHBEDFE]
ATHIRE, Vol.29, No.2, 2014.
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BEWRFEIDEILEER (1980FARK)

25 1 =]
BFREAASFENEERAISE o - AR 2 D 2

O RREHARE T FRERER B EHS
ERERFHREMERREBTF L 5

B 8RR RER
HE7 4 e — ez 2RARH
HABARASH
EL@kAat
(REAR])

AN PEB6H30H (&) 13:00~17:00

BRAEIGET | BRIEHAZNFRIMRE |
FREXARME1 -6—~1 Fif+ v 275K 1 BELR
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BEWFEIDOEILEER (1980FAR)

Of~S=vd 13:00~18":
ol W (EREAE HIEHE)

OHFLWAZY =7 PEAIFHERS2VWT 13:165~14:
+ # B (AE74 o €—o x AN HHAEWHRR)
QI u sy v e TurlsI vy 14:00~14:

+ H # ﬂ(ﬁﬂﬁn/tn-ﬁﬁﬁ%%ﬁﬁ)
.(W &)
QUFMIED /N5 ¥4 2% RDT 15:00~15:
* 2 B ¥ (EFEIER®)
OIﬂMﬂmﬁﬂﬂmUt 15:456~16:
B M — (BRREAKE)
ORHBEOI NN D 16:16~17:

% fH H—H (BEAR)

15

00

45

45

15

00
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BWRRFEBFEINDERILT — L
¢ 1980FALFKR~1990FH #5E

=Kl

700~ (FRA)

O THNEDE, BB LTzDI(E

MRBELDEIZIAE

o VIRITLDOH (1989),

=51 /%E

A (EBROZET) (C

FNNT 2 EBEONE
o 1979FEM/NMNLUEERIRAES
NS5 & SE10FE%T

t ZM22&1% (2011-02), KBREXELENS
RIS T BRESICITOTIEL?

EEEORVEI &9
(BHE XEBEEFE)



SREEAA] (1990-12-21), 1 HAESZ(FAMN (1991) 58

BRIFH

RRIFH

QU S

1001

FREEH

HaFE HRIEH
BREHXE BT

. m
AT 2HE

REFENMF

WASEDA UNIVERSITY

F| |2 |2 -]
= [= 3] [ G [
‘*ﬁ ]
i 13

i 4
#|E | o] I e

) MMARIEEY |
ERIEZT OB
[EfEHEKXFIETFEFESS ] AU | e




IRERFEHCETR (1993)

* H%ZF

BlOAETLL

L.

7

o T IHETLVLL)
o J—OXRF7—23avIFE<L<TEREL (U—-X)

o H%a(a* RITE

0|_\

IO DEREEE
ZEEFE LV GERIARE(ICHAOND)

i)

SL-C:’IO%tﬂ NS5 LT

s [AIELVHS EHFICKZ) 2F B L
n IRIE, BEA, AT —V, $E, etc.
1B RIS HRALIERA 5

o FEHETCE

- A Bt (1993-06)

59



60

SIS DIRTE




2001 FEC B3 F COHATRIH: ol

o %I
o PCD?Z’S’E%, PITIERELI VI VE
® KLIC (KL1-to-C translator) (CRXE) DIHLER E G

o TITSEDOEBEDETLEICHE
o HIENE (¢ T—S5MEBY) (cf. session types)

> 8RS > raEEsEFZEIRS8 [TACS2021]
o JOUSLEEIFT/\W I [ISSSTARNE] (IRE)

%U"f"]ﬁ% L..\((_. } D(E \J_“J
o \TTJUwRIRFTLIAFEIC DIEMSB (HydLa)
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o KLICTE B{FESEME [FLOPS 2016]

o SMHIUVIILOTPEITIZE, 30FERIDI0TT7EITK
N E£10ELEEE

¢ Lesson: Old software is lightweight and fast.
Why not keep it alive?



20024 & 3 LI DR FCRE R °

o LT OTSZVOEEENENE - %51 - 2R
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o 5 EFILIEESRS (SLIM etc.)
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o IT= N ESTUHEE. =i (fine arts) K DAL
® “State of the Art”
¢ Knuth: “The Art of Computer Programming” (1968)

® Knuth P (Fa—VVJERDBIHER)

Computer Programming as an Art

by Donald E. Knuth

When Communications of the ACM began publi- that is classified as an ‘““‘art”; it has to be a Science
cation in 1959, the members of AcM’s Editorial Board  before it has any real stature. On the other hand, I
made the following remark as they described the have been working for more than 12 years on a series
purposes of ACM’s periodicals [2]: “If computer pro- of books called “The Art of Computer Programming.”
gramming is to become an important part of computer  People frequently ask me why I picked such a title; and

Commun. ACM,1974
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o BEOSEL(FHEICEES
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programming is not worth knowing.”

— Alan Perlis (1922-1990), 251
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® “We don’t understand substitutions.”
— expert reviewer of RTA2008
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4 Guarded Horn Clauses (1984~)

(constraint-based concurrency; a.k.a. CCP)
e BEE I BEEE: CHR, X10, LMNtal, ...

4

¢ LMNtal (2002~)

o JSOEMMREELZN (MF) EFILIEERS
¢ HydLa (2008~)

o N7V RFHWSHELNIER




55 O&8MmzxEEADRER (2002) .

SKLNDOREE - AL CETELDICTEODDEER®D S
o JOUXRBEET—IEE (cf. BHEEER)
® Research question: —ANECET/ELUHN?
> FT—I9BEEL L TENITT 7‘51,\(32(7“5
® jo ‘EZ@%J DEE%@Z-C@< |:||:||:|
o E—( AL AZHIIEMAA(?) BEINEIL
> JSTERIEZBERHLEDICEICRDL
® Links, (first-class) Multisets, Nodes

http://www.uedalab.jp/Imntal/, https://github.com/Imntal
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General Graph Structures
skilist' g @-@ B 8- @-8-®

Difference list —{"— 55— P ,.
(d-list) OO0 ® 06 6 (¢

Balanced red-black tree

Algebraic Data Types

A m e e s O COCGGe Tree

W W W I I W Linear list

Lambda term

\_ Grid AMx. f(fx) //

T W. Pugh: Skip lists: A probabilistic alternative to balanced trees, Comm. ACM, 33(6), 1990.
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LMNtal CO/\J 1D

poles(p([1,2,3,4,5,6,991),p([991),p([991)).

sl ]
i

P1=p([$h1|$t11), P2=p([$h2|$t2]) :- $h1<$t2 |
P1=p(T1), P2=p(L[$h1,$h2|$t2]).
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FILTLE T IViEREZR O CIRREZ AR ER & Xi1R

o USTURBIMHIEEMND (EFETHCETES)
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957 (&az) NDOREDDHLK ?

Home  Tutorial Publications  The ZX Seminar  Accessibility Map  PyZX Demo String Diagram Rewrite Theory I: Rewriting With
Frobenius Structure

FILIPPO BONCHI and FABIO GADDUCCI, University of Pisa
The ZX'C&'CU'US ALEKS KISSINGER, University of Oxford
PAWEL SOBOCINSKI, Tallinn University of Techs
FABIO ZANASI, University College London

The ZX-calculus is a graphical language that goes beyond circuit diagrams. It 'splits . . 5 .
the atom’ of well-known quantum logic gates to reveal the compositional structure Transformation Theory and Applications  Home Seminars How o participate  Team  GReTA-EXACT
inside. The calculus works by generalising the ideas of Z and X operations, allowing
us to break out of the circuit model while maintaining soundness of reasoning. In
doing so we can show properties of circuits, entanglement states, and protocols, in

ng 50 we canshow propetis of i Graph Rewriting as a Foundation
a visually succinct but logically complete manner. .
The ZX-calculus is forging the next generation of quantum software. Using the for SCIen Ce a nd TeCh n Ology (a n d
calculus gives optimisation strategies that performs state-of-the-art T-count .
the Universe)

reduction (an important metric for fault-tolerant computing) and gate compilation.

The generators of the calculus correspond closely to the basic operations of lattice

surgery in the surface code, giving a visual design and verification language for Ster
these codes; and ZX has also been used to discover novel error correction
procedures. It comes with a scalable notation capable of representing repeated
structures at arbitrary qubit scales. The calculus also acts in the crucial role of an
intermediate representation in a new commercial quantum compiler.

https://zxcalculus.com/

e i SARS

Image credit: Wolfram Re:
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o N\NTTVwYRIIFLIIEEE> X7 LPEHRY X T L
IDEEHTEHLL) (CADEE+a)
o Hl : N\TTVYRA—-KV LY

o W/a

2T+ LR = BB + RIS 2

Research Question 1: # 3 Z2&/\[R(C L TzL).
(BHRLANDAICEE L D) B2 ERBEBOEEICRE
BRAIZMXIcoTTFT Y VIEEICEDH?

Research Question 2: FlI¥INIBEOERNER (TP FHE
YIE., CNEFTCEFVUIYTESZEHIERTESZN?
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¢ Key issue
= modeling of, and interfacing with, the physical world
Physical systems Computer systems
e B d*x X =1—x
< R e |
dt? Ver1 = 2 V¢ —

* Continuous
(+ discrete) domain

* Math with differential
(+ algebraic) equations

*Time

* Discrete domain
* Programming languages
* Algorithms
* Abstraction

How to reconcile them with computing
abstraction of physical systems?
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