gxD<3

FH AR (PREEAS)

JSSST 2018, August 30, 2018



HEEEEDIBIDH

¢ (VIKIITPTEN—RIIFTE)
DL BCEIF @ymasnt) LU

¢ DLBEHDOEDNZEDLBCElFE>EELL
o 77—k, BZE, TZHEVNICZI O DOER TS
WCED
o U1, PILIUXL, B, BYE (M4EE
ZE) OIXRTCEMHFICTES
® Knuth: “The Art of Computer Programming” (1968)
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“A language that doesn’t affect the way you think
about programming is not worth knowing.”
— Alan Perlis (1922-1990)
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o L IE > CENERI S ~1051THE
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® “We don’t understand substitutions.”
— expert reviewer of RTA2008

® “Counting and Generating Lambda Terms”
by Grygiel and Lescanne, 2013

o BIEORMEME, IBARRLEEER SRV, EXE
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o BRI RECERCTES
o JOUS=ZVIEZEFEFUVWTTH RN
e HREFED DL ODE

® “things” + “acts of making” + “Kaizen”
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o (IE) FrICIFEVT, HIEaHEEZRRE
m “computational interpretation”
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¢ Guarded Horn Clauses (1984~)

o HIMICED K WfT

3t

(constraint-based concurrency; a.k.a. CCP)
e B8iET 5555: CHR, X10, LMNtal

¢ LMNtal (2002~)

o JSTEMRXEF/BELZD (8

¢ HydLa (2008~)
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¢ Logic/Constraint Programming and Concurrency: The
Hard-Won Lessons of the Fifth Generation Computer

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

® https://authors.elsevier.com/a/1XYZoc7X4nQNp
(OAKRCAFCHERAS D YO—RKAEE

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

e KH—f&, Robert Kowalski, &)IIER EEAfE,

Ken Kahn,

T LLBE, Evan Tick 73\1@)\@41@—75\5%
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¢ AITEC - ICOT77—hN1TX : DHE®DT
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(2005) http://www.ueda.info.waseda.ac.jp/AITEC_ICOT_ARCHIVES/
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REN1SBHR, bithlf, HIZHikR, 1993.

(’fﬁ%%c‘:E:E_LHjH&GDTﬁcFEﬁ‘CLIF(c_%%E)
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(2007) http //www ueda. mfo waseda ac. Jp/fuchl-colloquium/
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A FOT T b~ (1982-1993) (cf. JSSST 1983-)

F£E40~100%, 540{FF

o Fr LV IBER: FMEIGTHUEC WHSEDORITIE
EHBTERMEY AT LOFA  yeassmsont

Knowledge)information Processing

|~ \ """ |

Large-scale Parallel Processing

cf. Computer architecture as the
hardware/software interface
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)T b~ (1982-1993)

o FyY L VIHE: NEEINIE &N
CIEBdAERE T XT LOREH

1451|5013

Knowledge Information Processing

Vast design space

....... L

Big gap, YT R

1 [ 1
1 1
_______ ‘_______

Large-scale Parallel Processing
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cf. Computer architecture as the
hardware/software interface
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EREATOI T D b (1982-1993)

¢ ICOT

1

F£E40~100%, 540{FF

o FvLVIBE: NEBIHRUEEEWAHNIBOE(TE
CIEBdAERE T XT LOREH

Knowledge Information Processing

Big gap,

o \ """ I

Much freedom,

Vast design space 5 ??? High responsibility

_______ ‘_______

Large-scale Parallel Processing

cf. Computer architecture as the
hardware/software interface
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o FY L VIBR: MEIEHmNEEC WHINIED
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ZR(IHE

> (BAMEMN) XEF/BOKRETEEENFILT—V

lC

Knowledge Information Processing

N

??? (= “Kernel Language”)

\ 4

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

o LUBIKRTO IFRETOTS=ZVT | hEENT

o IEH(T D
\ Research question here ]

Knowledge Information Processing

A\

Logic Programming

!

Large-scale Parallel Processing




& A TS 58 (kernel language)

¢ SEOKVRTOIIIRDODETH O

® KLO: Sequential kernel language for startup
® KL1:
® (KL2: Knowledge representation language)

19

Parallel kernel language for systems and apps

Knowledge Information Processing

I\

Logic-based Kernel Language

!

Large-scale Parallel Processing

yoeo.adde 1no-a|ppIn
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JOY 10 MMETEOE (1993)

o W< DHODORE
® Kernel Language (GHC/KL1)
® Parallel OS (PIMOS) totally written in KL1
® Parallel Inference Machine (PIM with 512 & 256PEs)
® Model Generation Theorem Prover (MGTP)

Knowledge Information Processing

Q Logic Programming

S

Concurrent Logic Programming

yoeo.adde 1no-a|ppIn

Large-scale Parallel Processing
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IN—ED T T DORERERNFE

D.H.D. Warren

AITEC-ICOT
Archives
DVD, 2005

#| —12 (1936-2006)

PSI-1 (Dec. 25, 1983)
35KLIPS for KLO
80MB, 100 copies PSI-Il (Dec. 1986)
SIMPOS in ESP 330 (400) KLIPS for KLO
+ many apps with 6.67MHz, WAM, 300 copies
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IN—ED T T DORERERNFE

D.H.D. Warren

AITEC-ICOT
Archives
DVD, 2005

H —1{& (1936-2006)

PSI-1 (Dec. 25, 1983)
35KLIPS for KLO _
80MB, 100 copies PSI-Il (Dec. 1986)
SIMPOS in ESP 330 (400) KLIPS for KLO
+ many apps with 6.67MHz, WAM, 300 copies
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PIM/m (1992)
256 PEs in 2D mesh (256 PEs)
200 MLIPS, PIMOS (200KLOC) in KL1

Multi-PSI (Mar. 1988)
64 PSI-1I's in 2D mesh
S5MLIPS for KL1, 6copies
PIMOS (standalone,
multi-user OS in KL1,
44KLOC in 0.5years)

S00¢ ‘AAd $9AIY2JIY LODI-D3LIV




S SEDOERERRE [cACM March 1993 issue]
[Sci. Comput. Program. 2018]
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KL1EZEtS X DO T JL— 7 (1983-04~)

o HIER— (V—5-)
nin-l-g{q: (Cf PrOIOg)

S00¢ ‘AAd $9AIY2JY LODI-D3 LIV

o NAASEE
o i%77)LT) X LDESR
e OSEduh

o XATOYD

=
¢ ’1_.I'nHH 25700
=5Ham (1983-10)
® Keith Clark, Steve Gregory (PARLOG)

® Ehud Shapiro (Concurrent Prolog)

[1]
\J
)

Keith Clark  Ehud Shapiro

=VIUDOMREZHEL CHKR
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WiTERIE OO0 > = > (1980~)

o B H—F{IZHi (cf. Guarded Commands)

¢ =K (cf Prolog) :

o T—ATJO—ICEDKHEE (=8N #IER)
+ IERERTEEIR (don’t-care nondeterminism)
p(ok) :- true | ... . | (g, ask)
q(Z2) :- true | Z=ok. | GX{§, tell)

- OO, a00- Soes

JOtvX FvXRIL

I_

5552, SHB, 216, 7

7&)

, AR, FRELE
)—ILIC UMD T

ST O EAF
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TR - SN T OO0 S =V O D#IRAOESE

1980 : Single Idea:
Relational Langquage
el Juad —l Dataflow
Concurrent Prolog l PARLOG  Synchronization
*
1985 GHf
FCP — FlatGHC — PARLOG |  P-Prolog
i i ALPS !
i Andorra
KL1 [ Strand Prolog
1990 ! [— [eep AQL
Moded Flat GHC CHR PCN Janus ‘
! l J
* REMARK: Not to be confused with CC++ <

Glasgow Haskell Compiler (1992) timed/hybrid CC Oz/Mozart
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Early History of Constraint-Based Concurrency

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

1985 (Theoretical) CSP MultiLisp

ABCL Id Nouveau

Linear Logic  Natural Semantics Constraint LP

@alculus
1990 L
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WIFDEER - MERH\S (1983)

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

o RE&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.)




WIFDEER - MERH\S (1983)

¢ Ehud Shapiro (Weizmann Institute)
(KL1ERMIREEZR T) “Too many good features.”

> ST TIJL—TD research question MEF B

31

“What’s the minimum set of language constructs that
turn Logic Programming into an expressive concurrent
language?” (Occam’s Razor, cf. CSP/Occam)
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WIFDEER - MERH\S (1983)

¢ Ehud Shapiro (Weizmann Institute)
(KL1ERMIREEZR T) “Too many good features.”

> ST TIJL—TD research question MEF B

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

¢ 1984F2HI(Z(&, Concurrent Prolog M\ KL1 £%E

DEHD (FEMbENE) FRRFEES

o 7 SIEDEIRTOEHT

X (FvXIL) B

EMNSELLFRIICEIRINTLE
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Research question NDRE

*» FKES

=210

.ll-

pARS

ﬁjj /\'v'\': :

2D capability ﬁ%uo)’%—l (Concurrent Prolog)
¢ Guarded Horn Clauses (GHC) (Dec. 1984) [LNCS 221]:

o E—1t (ICLKDFT—FTJ70—) DilR

o Filt BN BRI UICEHNF v RILPOREFED
SAVT—I%EH

o \—RIOITF7IIL=TE&M, KL1DOFhTZ/LE
HERER(ICERA (19854F#]58)

® Lesson: simplicity was the key to the consensus.
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Guarded Horn Clauses [LNCS 221]

o7

B [SLP 1985] (ZFrzehaExd. )

I~ 1 ZFRUIEZR (DEC-10 Prolog) (& 1 H¥THER,
e Prolog EMConcurrent Prolog /1 5%&

www.ueda.info.waseda.ac.jp/~ueda/software/ghcsystem-swi.tgz

e Gerard Huet (INRIA) (& CAML T#H Cagih
(1988)

¢ I(IC FlatGHC Y Jtzw ~IC#1T (1985HCS)
¢ SRIEBRIS SENIERILEE

122

ICLP 1986] (552

(proof search) MEIREZ
S



WEFODOHP X S 1 K (1986t@) >

Semantics of GHC

Hyi= = Gyjoor | oo Byjooe .
GUARDED HORN CLAUSES i .o yeee | oo By---
: 2 A
— = r 1
@ Can be tried in 7/, Can instantiate the’
-3 but cannot instan-

caller, but onle one
tiate™ the caller. selected clause is J

ollowed to do so.

KAZUNORI UEDA

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

(ICOT)

(The other clauses cannot contribute
to successtul Compu'tation.)

* Instantiate: mak{na move speci{ic

P(X,Y) — p(l, Y) instantiated
p(X,Y) —= p(A,B) not instantiated
p(X,Y) — p(A,A) instantiated



WEFODOHP X S 1 K (1986t@)

DESIGN PRINCIPLES OF GHC

1. Parallelism

[4
» It must be a parallel language by nature’,
not a sequential language augmented
with constructs for parallelism,
— to have a clearer semantics, and

— to disallow inessential se%uen‘tio.[fty
to creep in.

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

e« We have to allow even PoSSibly useless
cornPutation.

y A Generaliti

e It must be a 9eneraL-PurPose languaﬁe

which can express important concepts in
parallel programming.

* Tt must be general also in that no specific
implementaﬁon scheme is assumed a priori.

36

3. Sl’mp[icitg_

» It must be a simple language because of
the shortage of our experience both in
the theoretical and the practical aspects
of parallel programming (languaﬁes).

4. E'Hiciency_

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

— cf. generality (2.)

. Sec‘uential implementation is more than
a prototype.

« Efficiency may interfere with general-
ity and simplicity, but a general
language could be subsetted for more
efficient execution of a specific class
of programs.



GHC 55 KL1T

¢ GHC [Ji1TEEETIL

o KL1 (& (OSEE(FTD) WAISEE

o JOLXNMT7OLYVHYADVYYVEVD
o JOTZXXMRE

¢ Lesson: separation of concerns
o \/{TAIE vs. AAIALIE

o WI{TRLIE vs. EEZR (cf. multiparadigm langs)
o B vs. H(E
( MEEDOARBITHELE] F@3R, cf. n-calculus)

37
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— what we developed in mid 1980s, in retrospect
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¢ Concurrent Constraint Programming (CCP, late 1980’s)

o HINEIETOI S = VI (CMFEINIC]

-
o 7

o S —

39

L

I{TEmE

D=0 D0OEE

T X REEEDERIERIEERR (Ask / Tell)

SR OHRIL - —HRAL

o “DDEMER
o BB—{ A (write-once) F+ RJU

o (5—4~) ARARSD~H
(cf. CCS, CSP, T, etc.)
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1 — (XA F v XU

o RIE (RESED) BHDIGE
0%%@&@1DEH

o FrXILDEICDVWTOEDBIR (FlfN) &
(unification™C) tell (publish) 9 &

m Eg, tell S=[read(X)|S‘]
¢ Sidr i U (S FEMIERY

o &HBEENIBEMNEES (entail) TETH\E ask 9B
(matching)

m e.g., ask JA IS’ (S=[A|S’ ])
o 1 :t&E D input & match (CIF(FTHHY
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B{SHE

¢ B—AF v RIVICKBBEILAT DOikgEZ= X118

L CTUL\V/E (cf. m-calcu

lus)

41

o FyrRIVEFEO>TFvXRILEZED
o REFDODTAVIEZ—I%&EZXD

o FvXRI)VEMHARA
¢ T —IEIED) non-strictness & B KFEF &

d B (fusion)

o FlIX— X = computing with partial information

o HBEZHIIHESH,

ZIN =]

=15 (OF YAV S

, A5
[ERRE#%Z 5 D /< peer-to-peer MDIA(S
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KLIC (KL1-to-C translator)

o BRMMAEBRTOI 1D ~ TR
(1993-1994, 28{E=H)
o SHfEYIEEE C LR TRST, €DERIENE
o NEAXAZ—07VIUVDRFRELE X
e 10,000FH/377 (e.q., Ryzen PC)
o KLICEA{EEEME (2016)
o SMIVIIVAPETIE, 208FHINI10T773E
TEDEI0ESE
¢ Lesson: Old software is lightweight and fast. Why
not keep it alive?
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WTEmIE O S = 0N sEETFNIED

¢ Concurrent Constraint Programming (late 1980’s)

o HI¥ERIBETOT S =V TIC inspire aNfe—
o HEKEBORENMER (Ask / Tell)
o 7 —HmEED (BEREAUANND) —fi%1t

¢ CHR (Constraint Handling Rules) (early 1990’s)
o T—JLDZEESDERX ALK
o X MFACILIGA (FIHIYVILINFE)

¢ Timed / Hybrid CCP (early-mid 1990’s)
® H%Fg T j 7_|- “J I\ E Ubwﬂjw/u\mgl
o iR/ /\TTVwRIXFTLDEKESEN

2l

45
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WTEmIE O S = 0N sEETFNIED

o SMMEENFIEIE & Grid DIROHDSEE (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.

While 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)
® |[BM'’s solution to HPC languages
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ENDOER (2002)

alill

S JEMWMXE

o KL1OEE R CEZE<L<DICTBEODREND D
e JOLXR (BE) &5 —5 (B:E)
cf. BB REI VNS O5, REEEHEES
® Research question: —ANETETEUVH?
> T —I9BEELK ULTENTTOT S LITETS
o JOTRMZEESNSBEZXESEN
o HE—AZH (GREZH) (FEAA)ZRNE(D
> 0S5 TDEMZEEE U TR
e Links, (first-class) Multisets, Nodes

http://www.ueda.info.waseda.ac.jp/Imntal/
https://github.com/Imntal
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LMNtal TOU X MERE (B19EASSEEmE)
@: append

9 9 9 9 @:cons

9 @ @: nil

{1,

append

(&3

o> .

D

O-O-0O-C
OO
® @ ® ©

A A
Z0 ?XO‘ X -> Z0 ‘ / , X ZO/\XOO -> 4@
Y Y

a(X0,Y,20), “/(A,X,X0) :- ‘/(A,Z,Z0), a(X,Y,Z) a(X0,Y,20), /(X0) :- Y=20
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LMNtal COY X MEE (B19RXaEiEEmE)

00006 @ =
0-0-0-0-0-0-©

OO 0O-0O-0
® @ ® @

A A
70 X0\ X 4 Z0 2N Z X | | Z0 X0 20
’—‘ (& -’H ’—‘ 0= —QY)

a(Xx0,Y,Z0), *.(A,X,X0) :- ‘/(A,Z,20), a(X,Y,Z) a(X0,Y,Z0), *.(X0) :- Y=Z0
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poles(p([1,2,3,4,5,6,99]),p([99]).p([99])) -

Al |
i

P1=p([$h1|$t1]), P2=p([$h2]$t2]) :- $hi<$t2 |
P1=p(T1), P2=p([$h1,$h2|$t2]).
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ngE}QZmnD @:F}E

o ZREHEEHRZOI Y 11— REEER (MT0EEN)
o A StEH/CIT T IEEIER (MIRIERRX2 « ¥BRIEHRR)
o WALTLET ILIREZSDE CIRREZTRIFEEZ 1R (X447
DEEN)
o TS JRIBIMHIEZHS
o 20BIAREEX TR — U
¢ ZWZMEWMZ = EMZFAOMIE ANB X TEE
YHICIELWZTOTS A (COFME)
o [LAEM : BB HERES & B ARNTES
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I\ TV RIS EANDRER (2008)

SDEEMTHLL (CHEDEER+a)

o Bl : NATTVUYRA—-KV KV

o MNP HIEIN + BHERRLFRM > KEBIZDENI
S MVCIEVDY, ISR (S E

Research Question 1: # 3= m/\[B(C L TzL).
(BIWMBLADAICEEU D) HEFEERMEBOILDEICERE
BRRAIzMxco®T®T UV IOEEEICLDIN?

Research Question 2: §l#NNIBEOEARNES (FEFFHEH]
E. cnrelrcesy Jﬁﬁﬁﬁ?’]\ﬁ?@f%%b\ ?

o A | FAHIE(SHEF BMEYIE CIREFRIEE




53

NTITVYREIZFTLDETI VT EERE

¢ Key issue
= modeling of, and interfacing with, the physical world
Physical systems Computer systems
dt? Vi+l1 = 2Vt |l

* Continuous
(+ discrete) domain

* Math with differential
(+ algebraic) equations

* Time

* Discrete domain

* Programming languages
e Algorithms

e Abstraction

How to reconcile them with computing
abstraction of physical systems?



HydLalZ &k Bbouncing ball Wk h

INIT S9< ht<11Aht’ =0. h

PARAMS < (g = 9.8 Ac = 0.5).

> rules

FALL < O(ht" = —g).
BOUNCE < Ll(ht—=0= ht' = —c X (ht'-))._

\
INIT, PARAMS, (FALL(KBOUNCE). guard

—
o BEAET, HNOBEEETDDD,
A T IS & 7 ER

¢ JARE(J computational interpretation M H CHil

LL
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€ DA 3Rk

¢ Concurrent Logic/Constraint Programming: The Next 10
Years
In The Logic Programming Paradigm: A 25-Year
Perspective, Springer, 1999, pp. 53-71.

¢ Logic Programming and Concurrency: a Personal
Perspective
The ALP Newsletter, 19(2), 2006 (6 pages).

¢ High-level Programming Languages and Systems
for Cyber-Physical Systems
Halmstad Summer School on Cyber-Physical Systems
(HSSCPS, Youtube)



o BRI SEm

FEDICHRT—FFEEZTUVDRCE

MUICK VRRISHAT T —VDEE

o OTXM, =T, A, ..

o —DOOHTOY
LD EMNZ%

SZ VU EHENEREEHNDSEA
L\

o ETMED R + BUDER i + RS HRD ER ik
o (IS5 ES5TLKLDH?

¢ BRBWELBERITEMR T —VDEE

o E1T&T

T LEOME(CRITT

o NEEANEDEROEEL

(Ll

NS
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Should computing paradigms change?,

Concurrency

~O

20th century

21st’century

von Neumann architecture
+ sequential computation

multi-core / clusters / Grid /
distributed / embedded /
molecular / ...

¢ Turing Machines
(computability)

¢ RAM model (complexity)

¢ A-calculus (programming
languages)

¢ Floating point arithmetic
(numerical analysis)

What to tg#Ch a
Univer@ties?




Thanks for the attention!



