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This research project aims to develop a categorical semantics of the
pi-calculus. Concurrent computing is a form of computation in which many computers are executed
concurrently and work together to perform a computation, and the pi-calculus is a formal calculus
modelling the essence of concurrent computing. Despite the importance of the pi-calculus, which has

been widely used in the research of concurrent computing, no categorical semantics has been given
for the pi-calculus.
The contributions of this research project can be summarised as follows: (1) we pointed out a
fundamental difficulty in developing a categorical model of the conventional pi-calculus, (2) we
proposed a variant of the pi-calculus, which avoids the difficulty, and gives a simple categorical
semantics for the valiant, and (3) we discuss the relationship between the conventional pi-calculus
and our variant.



¥ X C—19,. F—19—1, 2—19 (58

1. BRSO 5

WATRHE & 13, O T o ARMEER LN SLEICFEITINDFIETH S, B, %
v NI =D BN LIeh— e T4 T FOREe, BEoarer oty b E2ROHEKT
DE AT DFEITIRENFT OND, BIEIFER =T 2 oa L Ca— 2"y NU—27 %L
TENRDLODYT-VFHIORNTH Y | WATHHEZEUICHKH L, TOIEL I ZRAET 52 L IXE
PIETH D,

WATEHRIZIZT v Fa oy 7« BEEREBCM D EITIEF OIFREM 2 EOJuh 2 MER N H VD | &
WHLPRIZHE T, ELWEEFHZEITH 2 EIE L S OMGENFBIEE LV, #21X. Amazon #0
Amazon Web Services (AWS) &9 7 77 R —EZADBRBETIECOWTOHRE T, IELWVGE
FHROREAITO) Z LT ABR L E2—T A M2 TIEREECTH D & ST b (Newcombe
etal. 15), $5iC, MRBRNEL -7 L ZITRE DT OFRLNEHE L,

2O LI~ T Fu—F L LT, WTHRORNEN M2 b L 7 o R E %
Bz, TNERWTECRGEZIT 9 & W9 HFiERH H, Milner O nitH X7 vt A HEOH
THERINDBENEDODOEDT, FY AL EB LU TCT ¥ RVEEZETH I ENTE, BIRAR
Xy N —7 ORELZFTIRTE D, niltREIIE 577 b a/LORKGER & ClEE LiIF Tk
0. IR ELN TV DWTHREET VOO EDTH D,

n AR OBEME WG (SHEMK T1 AT v 7T OEITT AT 2 KRB L EWR) 1XIEFIC
BLMZEESNTE Y, BEREWRRO DIRE L2 EW (eg. ML —AEWKH) bV, §HE
BRI K2 BENSHEN TSR E DR W ERGRN RN E WD RERH D,

RIS L TMBREOSWET AV E 25 L0 ) OIXEERFETH Y | EEIC, niHHEIC
KT 2 BERR A E T B3 2 AR R IR BRI AT CE T2, < 1T n 5HE LB IREE (Girard
87) OBIRE [ 5 I OWFFRTEN, BB T D BB EN N SN TWAH T, nith &
IR L CWAUE, /R E LT relEICkHe T 2B MmEE 2 S oz 2 L idke b,
B OEER1HE (Abramsky 94) (Bellin and Scott 94) T, #JEia¥E (Girard 87) DL
D ftBEICEDIAD D Z EEER LT, Ly L bFmIEE 2 TV, Abramsky (335 O
SO BEENE A 50 L, (Abramsky et al. 95) TlXi Faokbisz G52 5720 oiEs LCTay
N NABOBEEEAERL TS (L a#BEOBRIZ G 2 TV, ©atE & BEm PR
ORI, MR ETHHESCTHEZD LT OLLRNL, MRS T, flziX
(Honda and Laurent 10) TiZfitEiHEE (polarized logic) . (Ehrhard and Laurent 10) 1%y
MIimEZ > T\ 5,

L LR D, WTFOMsE s« itREICHST 2 B E O ALIC E TIEE > Ty,
ndt8E) & [+ RBHRNEFO B OEMEAR] ICESHBZ THERTH D,

2. WHEOHB

AWFZED HE n #HEICEROBEWRwRE 52, 2zl U CritRIcH LR Z Rt 5
ZEThDH, BRI ERIIIRD 45 Th D,

(A) 7 R OB R O

(B) BEAF D PG AR OFEHE

(C) BEWGRMIIREZRICIES < H L WS R OEH

(D) = &5 L BYERFLOBIFR O ML

3. WDk

ARFFECBNTHEE 72D DX, natBEICxHET 2SS L T2 AW 0 Th D, AFsET
a7 7 T4 FERIZIEL, e nitRICHcT & & LTHWD, 2237 B
Bl 5 4 FEEIZ. Abramsky DNEEMAIEM L2237 NABOEEICMZ T, BERDH
LB SEOMETHIHE T T4 FEOHEZHESLO L L TERESND,

B (A) 12 )7 "7 74 FBEIAIGT 2 X5 M E 2 o2 & 2R T 500N E
HThbd, BO) 1T (A OEAT, BEEREE a7 N7 T4 REEZFAWTEHFT A H 0
ELav oy NETZ A REEZFALTH LW REZAEAET 2 BETb0oTHS, (D) 1
a Xy WETTA FEE BRI N SN TV D) BEREE2BEES T2 D ThH S, =
VR T T A FEITBIEREOETT L THDL E W) FELERD I L TIFEEIT O,

4. WFFERR R

ARFFED i b EERRRIE, 2037 AT 74 FEOREBL R ritE L ar 7 A7
T4 FEORSBROMSLTH D,

X UDICEHEERBIZLE LT, it BEOEEN2BRIENEWRRIIERNERGR EHAR RV E
WO Z L AR L, BERmIEROEEMEDRE LSO 9 FHEAR OIHE Z HER 7% L S TE|
HEVIBTRENDD, nitBOEAEEN L BENERRICL2E LI TH->THEZ



B S 220, T OFEMER 2R B ERIE KGR & EERIE R OMMEOE I 2 E T r R OB
BHGROMRAA CEEBEETHDL EEZXTWND,

LMo T, netEoBRMEWGR LY G 2 51213 EEMREENEWRRIC L 2% L &) LSt
DELIOBMENMEL 2D, AMFETIE st EOEOS L S 2NN E 272, 1ZEAEDA
AR 2 BB ERG CTHEL WSO TH DA, O DT ERER 72 BB B WG Tl IE
LLBWHT LWERTH D, BxidonaeF v o g HAIEAM T2, 29 LTIREINZH
LWEL SHEEO T TIE, nat BEOBRIERRNSREIZER TE 5, BERMWE WD © 3HHEIC
OWNWTRENOEETH D Z LA, RN SR CIEH SN 5,

ZOXISEREME S & nRRICET 2R A BRRIICIT O ZENARETH D, TR L
TratBEBETY I T4 7 2R OBBMNEE L OMALRE 2=, T TITRLELIIT,

(ngtHE) = (=27 N7 741 KE)
EWVWIORNNERE S 2, ZOHANTHDL a7 N7 T A FEIX, 287 NHEE 7 T A
REAE O E %2 F > 2B CThH D, =7 FNABITEES Y 27 ¢« 72, 7 74 REAEIZES
BOUSFEICHIET D DT,

(27 774 FE) =  GBETY IT7 4 72RO EEE)
EWVO RN BRICE DD, LIRS T,

(z3tH) = @@BE7YIT4 72BN EE
V) RSBAR A L SRS BRI AR BRI b E LN, T OXGEMR 2 BRI EE T S
LT, nEEOHEEBET Y I T 4 T EFEOBBMETEO T 0 VT AOBOMAELEENRE S
b, BN - 212, 2 Sangiorgl 12K » THf SN TV AEHIC —ET 5,
Sangiorgi (378 A 72ikim & A SUI 7R RER] CH A ZE#L 215 TV D 0, B x I EMEmIZ I
DB (LHEREFE) ICLDBORE 272 L1127 D,

P EofERIZGwmICE LN, s 70 7ICET53—n1n v )& (28th
European Symposium on Programming, ESOP2019) THZFE Ii7-,

F o 2D BAIZRBO UL 7 SHROEHAREGRERRBEOND Z L2 RN, Frx
Ny FANIAEER 2B EERR CIXE LS RWBAITH 2, F ¥ 200 o HAIOFROFHE
B BROF R ER AP O T 2 2 L1E, N 2 3HHO LS Voo iE s Hf V256
SORKNTH > e g 582700, BELFETH D,

FxlTF v 2O BAIPEBI L TNWDZ &0, Fr x0T v M7y MRBRFFIZITOND
EWVWHZETHDLEHLNI L, OO 70 M7y BBRERITON D] &) EEE
KB L2 n iR OBIENERR 2 5 2. ZOBRENERRICESHELIRTF v 20 FHI
R T RTOEROANHZMET D2 LA Lo, £/, TOIFFEENZRT U 7y MEIE
CHEWEM 2T T Ny FEMEOEWEZH S MNIT B2, Fx X RRBIEEE O H 5
TRtEEB L, BN EOT Y NSy NBREBIEHT U Ny MERE IR TE S Z
xRl

DEofERTwmXIcEELDLN, FFREEHOBAMWBEICHT 2 EESE (6th
International Conference on Formal Structures for Computation and Deduction, FSCD2021)

THEEINT,



Sakayori Ken Tsukada Takeshi 11423

A Categorical Model of an i/o-typed pi-calculus 2019

Programming Languages and Systems. ESOP 2019. Lecture Notes in Computer Science 640 667
DOI

10.1007/978-3-030-17184-1_23

Ken Sakayori, Takeshi Tsukada 195

Output Without Delay: A pi-Calculus Compatible with Categorical Semantics 2021

International Conference on Formal Structures for Computation and Deduction. FSCD 2021. LIPIcs 32:1--32:22
DOI

10.4230/L1PIcs.FSCD.2021.32




