



































































































































SESSION TYPES

OUTLINE

OoCONCEPTION

10 BIRTH OF SESSION TYPES
HONDA 937
TAKEUCHI ET AL 94

HONDA ET AL 98

Z GROWINGUP MULTIPARTY SESSIONS
HONDA ET AL 08

3 MID LIFE CRISIS 8 CANONICITY
DARDHA ET AL 17

CAIRES b PFENNING 10 NADLER 12

META THEMES DISCUSSION TO WRAP UP
ADDITIONAL RESOURCES to WORK RELATED
TO DISCUSSION AT END






































































































































PREAMBLE RESEARCHCLIMATE
SESSION TYPES8 TALKS THE TALK
BUT DOESN'T WALK THE WALK

A

GENERIC SKEPTIC

Lots OF TALK

CITATIONS HYPE
X HARDTO FOLLOW THREAD INCONSISTENT TERMS IDEAS NOTATION

X SOME BIG MISTAKES

KINDA WALKS THE WALK

NATIVE SCRIBBLE RAST ATS SEA SILL ETCo

LIBRARIES 8 EXTENSIONS8 C GO HASKELLJAVA PYTHON RUST

DEPLOYED REDHAT COGNIZANT OOI

GOOD RESEARCH LESSONS
EVEN FOR NON BELIEVERS






































































































































PREAMBLE NOTATION

GOALS
10 SELF CONSISTENT

Zo CONSISTENT WITH MITCH

30 CONSISTENT WITH SOURCE

UPSHOT USUALLY DIFFERENT THAN SOURCE

ADVICE READ LANG BASICS very CAREFULLY
SYMBOL MIGHT NOT MEAN WHAT YOU THINK

SUBTLETIES WITH ESPo BINDERS 4 SCOPE

T Output SEND I INPUT RECEIVE

P Q R oooo

Nice process DO NOTHING

XLV OP OUTPUT VON X THEN DO P
l X g op INPUT

yFROM X THEN DO P
I P l Q Do Po Q IN PARALLEL
u x P Do P WITH NEWCHANNEL X
I f P SPAWN COPIES OF P






































































































































STEP 0 I CONTEXT

ooo COMPUTER SCIENCE HAS SERLOUSLY TAKEN UP THE
CHALLENGE TO UNDERSTAD THE BEHAVIOR OF COMMUNICATING

SYSTEMS IN THE SAME WAY AS IT UNDERSTANDS THE
11

BEHAVIOR OF COMPUTER PROGRAMS MILNER 99

ooo FOLLOW THE X CALCULUS EXAMPLE IN

SEEKING SOMETHING SMALL 6 POWERFUL MILNER93

CAN IT CALCULUS BE AS FUNDAMENTAL
4 UBIQUITOUS A TOOL AS X CALCULUS

IS IT
11 112Io EXPRESSIVE o ENCODE X CALCULUS OBJECTS

X 20 IMPLEMENTABLE PKT
o EXTENSIBILE TYPES EXCEPTIONS MODULES ETC

OARETHESETHEONLYMETRKS.tl

yyyyyy






































































































































STEP 0 BEHAVIORS IL LIKE

RECALL 2 E X x x Tx x

iii i i
i

i
ii

o

u c lolcatBoo 1 ok o01

WE WASNT THIS SERVERS BUT MAYBE CONTROLLED






































































































































BEHAVIORS INTERFERENCE

Ux Xss OP P
l x y Q X
l x z R
Pl QEyh5 I R Q R

of PI
Q I REH 5

RememEEarminterionmEEEFasnionut

THIS IS USUALLY BAD UNINTENTIONAL

IDEA8ATMOSTTWOPROCESSESPERCHANNELIEWYYMMYTAN






































































































































BEHAVIORS DEADLOCK

u x x y P
P x

NEVER STEPS NON
so LONELY

THINKIWHTISTHISDIFFERENTTHANRIEYWYYYUWTANTAL

THIS IS DEFINITELY BAD

IDEAIATLEASTTWOPROCESSESPERCHANNELICYUMMYYTAN






































































































































BEHAVIORS MORE DEADLOCK
a

Uab alx box OP P.IQ
bCy oacsoQ

7

Y b
NEVER STEPS NON

THESE ARE JUST AS BAD BUT SNEAKIER

lDEAIEumINhtECYCLEsymT






































































































































STEP 08 OTHERTYPESYSTEMS

I

Lo ooo DOES NOT DESCRIBE SEQUENCING OF VALUES

COMMUNICATED ALONG A CHANNEL ooo

Zo For EXAMPLE IT CANNOT DESCRIBE ooo

AN ALTERNATING SEQUENCE ooo

30 DYNAMIC CONSTRAINTS ooo DIFFICULT TO

EXPRESS WHILE MAINTAINING THE

CHARACTERISTICS OF TRADITIONALTYPE SYSTEMS

PIERCE 6 SAN GIORGI 94 110 TYPES

WE THINK OF PROTOCOLS LIKE THIS

PING y

p ion QP N G

PONG

o

BUT WE HAVE CHANNELS LIKE THIS

make Khan Pina






































































































































STEP 1a TYPES FOR DYADK INTERACTION HONDA937

BIG IDEAS

1 A CHANNEL IS USED FOR A SEQUENCE OF ACTIONS

2

ENT t NOTNECESSARILY UNIFORM
Z

g

Zo THE SEQUENCE IS CONVERSATIONALY

Z

tEN g
Z

FLOWS BOTH WAYS4

30 ACTIONS ON EACH END OF A CHANNEL

ARE COMPATIBLE

Z

WENT t r Cau
Z

y

a 4






































































































































STEP 1a THE ACTIONTYPES

TAoB Output A THEN DO B

L AoB INPUT A THEN DO B
I DO NOTHING

Ex CALC tNomo top ofNomoTNomo 1

MORE

A B CHOOSE TO DO A OR B output

A B OFFER TO DO A ORB input

0

Ex SMARTCALC o
RE
NEG I Num TNum 11
plus tNumodNomoThNomo 11

DIVIDE bNum dNum

KEEFER
FER

QE
RESULT TNum 11

toff
D

DivBYO I

TINIEWHATSUNREALISTICABOUTTHISBERVERI'ELLUYUMYYJMAT






































































































































STEP 1a COMPATIBILITY

HOW DO WE ENSURE PROCESSES AGREE ON PROTOCOL

Ex CALC LNomotopodNUM TNomo I
CLIENT TNum TopoTNomobNomo I

CAN'T BE ANYTHING ELSE

IDEA PROTOCOLFROM ONE POV COMPLETELY

DETERMINES THE OTHER

DUALITY

TAOB E t A B
REVERSE THE SIGN

tAoB E TA B
t RECUR

A BE A QB
A RB E A to B

I E I

cittfuapiaionto.fm






































































































































STEP 1a RECAP

I'M ON THE HOOK FOR ooo

PROGRAMS
SESSIONS
LINEARITY
TYPE SAFETY

UNREALISTICFLAWo PROGRAMMING MODEL

THE NEW
TYPE OF CHANNEL 2 PROTOCOL IN MIND

DUALITY COMPATABILITY

CHOICE AS A PRIMITIVE






































































































































STEP Ib AN INTERACTION BASED LANGUAGE AND
ITS TYPING SYSTEM TAKEUCHI ET AL 94

EMPHASIS ON PROGRAM'S t CODE ORGANIZATION

YET ANOTHER IT CALC VARIANT YAPCV

HOW DO WE USE CHANNELS

Peace Io Cau
left

Console log left
op

consoleolog op

i

w

do

lo I






































































































































STEPH IS THIS SAFE

REMIEBERPRBIESIESRSEONCHANNELISINTERFERENCEFYWYYYYUWFTIMITYAVO

X P T INTodBool I
P

x Q I Into TBoolo It
x R Iv Into TBoolo It Q R

X TINT

X P I BooLo Tt
12 WAS LEFT BEHIND

x Q TBooLo Il
x R I Into TBool It

XT BOOL

RUNTIME ERROR EXPECTED INT GOT BOOL

IDEA ENSURE EACH ENDPOINT IS AT 1 PROCESS






































































































































STEP Ib LINEAR CHANNELS SIMPLIFIED EXCERPT

D 1 P ALLCHANNELS IN 0 MUST BE USED Follow PROTOCOL

1 CHANNEL ENDPOINTCAN'T GO TO TWO PROCESSES

011 P Dz T Q par
Det Oz 1 PI Q

Z o CHANNEL TAKES A STEP

O k B I P t v A

D KE TA o B t Rs v op
Output

3 ALL CHANNELS ARE USED UP BY THE END

I
DONE

4 CHANNELS MUST BE USED IN ANY CASE

D k AI P Dik B t Q OFFER
O K A B t k CASE BQ






































































































































STEP Ib BOOTSTRAPPING

WHERE DO LINEAR CHANNELS COME FROM

UNREALISTIC TO ASSUME ONE FOR ALLPAIRS OF PROCESSES
FROM BEGINNING OF TIME

REMEMBER MITCH'S WALKIE TALKIES

cusscoooicsyg.sn PmoT

DESIGN PATTERN PRIMITIVE

REQUEST s k A P CLIENT

FRESH PRIVATE LINEAR
PUBLIC SESSION
ADDRESS

L

ACCEPT los h A o Q SERVER

Pio 1 P
T

UNRESTRICTED LINEAR






































































































































STEP Ib RECAP

THE NEW
SESSIONS PRIVATE LINEAR Vso SHARED NAMES

PROGRAMMING FACULTIES TO HELP ORGANIZE

THE OLD

ACTION TYPES SESSION TYPES

DUALITY
LINEARITY BUT NEW FOR YOU

FLAWS
NO SESSION MOBILITY
STILL NO RECURSION






































































































































STEP 1C LANGUAGEPRIMITIVES 0 TYPE DISCIPLINE
FOR STRUCTURED COMMUNICATION BASED PROGRAMMING
HONDA ET A Lo 98

THE CHOSEN ONE

DELEGATION LIKE SCOPE EXTRUSION EXCEPT

CHANNEL IS MOULD NOT SHARED
a a

P Q atb P Q
rs

b b

R R

g
b
UNUSABLE

P Is a b a b P

Q Is a A b o b LHanoi Q
R SC b b x R

T
HOWDY FROMQ

RECOVER MOBILITY W O HURTING LINEARITY

RECURSION PROTOCOLS CAN LOOP

PINGPONG M LOOP TANGI PONG Loop






































































































































STEP 18 ATM EXAMPLE

ATM
10 VALIDATE PIN
OFER DEPOSIT WITHDRAW HELP OR QUIT

3 MULTIPLE TRANSACTIONS PER VISIT

40 HELP IS DELEGATED TO CUSTOMER SERVICE

Tatm
t Pino E
OK MMENU o
BE
DEPOSIT LNATOMENU
WITHDRAW INATOTNATO MENU

pub HELP MCHATO
TSTROKEz f

EFEE

Typing lustroutAT
SESSION

TO

Quit 11CUSTOMER

seat 3
Quit I

3
F RR I






































































































































STEP 18 EVERYTHING SO FAR

THE NEW
SESSION TYPES 2 PROTOCOL

DUALITY ENSURES COMPATIBILITY

SYNCHRONIZE ON SHARED NAMES TO ESTABLISH SESSIONS

CHOICE IS HELPFUL

THE OLD PRE SESSIONTYPES
LINEARITY

MOBILITY
RECURSION

BEHAVIORS

BASIC TYPE CHECK
IL IS POSSIBLE SERVERS

NO INTERFERENCE ON SESSIONS
7 T

o DEADLOCK o






































































































































STEP 2 MULTIPARTY ASYNCHRONOUS SESSIONTYPES HONDAETAL 08

WHAT ABOUT DEADLOCKS

PING 7 Q

P X od x OD p Pino

Q a y b Ly o r Pina v

R b z C LZ 00 R

PROBLEM SESSIONS ARE COMPLETELY INDEPENDENT
IDEA TAKE GLOBAL VIEW THAT RELATES THEM

rememiserifistaffstEEunFEEonmionEntermut
A A

IDEA DERIVE ENDPOINTS FROM GLOBAL VIEW
Tp

G 7 To

Tn






































































































































STEP 28 A TOUR OFMPST

GLOBAL TYPES SPECIFY PROTOCOLWITH ALIPARTIES

G P Q a L Str
Q R b STR 9
R P c L Str i
1

PROJECTION TO LOCAL TYPES DERIVE PROTOCOL FROM

POI OF EACH PARTY

GAP a TSTR Ct STR9 I
G PQ at STR b T Str 911
Gl R b t STR CT STR I

CAL TYPE vs BST
AT STR9 C teSTR9 I CAPTURES INTERLEAVING

So

i
nuT






































































































































STEP 2 ATM REVISITED

G Atm

CLIENT ATM usa
DEPOSIT WITHDRAW

Quit
ATM CServ backend Quit 113

0

HELP o

ATM CS Eru backend

HELP ATM CS Eru backend
Loser1STRouserTSTR

DELEGATION

GatmPCS Eru
backend BE
QUITE 11
HELP
backendKuserlustrousertstR






































































































































STEP28 RECAP

THE NEW
GLOBAL TYPES
PROJECTION COMPATABILITY

JujuLOCALTYPES WITHSESSION INTERLEAVING c fo BST
DEADLOCK GUARANTEES

THE OLD
LINEARITY

INTERACTION OPERATORS T d R Ot
DUAL PROJECTION






































































































































STEP 38 IS IT RIGHT

0 IMPLEMENTATIONS to

o EXTENSIONS to

o EXPRESSIVE

BppE MENTATION

CAN WE
a SIMPLIFY IT

b MAKE IT MORE FUNDAMENTAL

GOAL CANONICITY

QsTHbAGooDGOAiTyymwT






































































































































STEP 3A SIMPLIFY
F x SESSION TYPES REVISITED DARDHA ET AL 17

BINARY

IDEA EMBED SESSION TYPES IN KPMG LINEAR 110

RECALL LINEAR110

a

inonc.mh

REPLACE 1 WITH U FOR UNRESTRICTED
CAN SEND CHANNELS OVER CHANNELS

BST SESSION USED MULTIPLETIMES BUT

EXACTLY ONCE AT EACH STEP

So

NEAR 110 CHANNEL USED EXACTLY ONCE
FOR SENDING RECEIVING






































































































































STEP 3A CPS ENCODING

Ex IITPWG.luPorvoo II

T1 PING T PONG
W

CONTINUATION
CHANNEL FOR
PARTNERTO RESPOND WITH

MOREGENERALLY

IT A BI F IAI TIBI output

IIIA BI d IAI RBI input






































































































































STEP 3b MORE FUNDAMENTAL

HISTORY OF APPEALING TO LOGIC FOR CS IDEAS

OR TO VALIDATE EXISTING CS IDEAS

DOUBLE DISCOVERY IS A GOOD SIGN

OlS1T
HowMUCHSHOULDWEVALUElT

jyyyyT
EXAMPLES

STLC A NATURAL DEDUCTION

POLYMORPHICX K SYSTEM F
w

REmEmBEREEtEehT
CALL KC 2 PIERCE'S LA

IS THERE A LOGICAL FOUNDATION
FOR IT CALCULUS

mummmrmmm






































































































































mummmurmmm
BACKGROUNDECURRYHOWARDCORRESPONDENCEEWMUMMI

LOOK FAMILIAR

MTA B PTA Eun

PTB

LOGIC STLC

PROPOSITION TYPE

PROOF PROGRAM
PROOF SIMPLIFICATION COMPUTATION

CUT ELIMINATION TERMINATION
IMPLICATION FUNCTION TYPE
CONJUNCTION PRODUCT

DISJUNCTION SUM

INTRO RULE CONSTRUCTOR

ELIM RULE APP PATTERNMATCH






































































































































STEP 3b LINEAR LOGIC I STPC
INTUITIONISTIC LINEAR PROPOSITIONS AS SESSIONTYPES
CAIRES PFENNING 10

NEAR LOGIC SESSIONTYPEDITCALCULUS STR

PROPOSITION SESSION TYPE
PROOF PROCESS

PROOF SIMPLIFICATION COMMUNICATION

CUT ELIMINATION DEADLOCK FREEDOM

MULT CONNECTIVES SELECT OFFER

ADD CONNECTIVES OUTPUT INPUT

EXPONENTIALS REQUEST ACCEPT

IDENTITY AXIOM FORWARDING

CUT ENTAILMENT PARALLEL COMPOSITION

GOAL USE LOGIC TO GUIDE DEVELOPMENT OF RULES






































































































































REFLECTIONS

THEMES

HOW DO WE EVALUATE A THEORY HOW SHOULDWE

IN HOW DOES THE EVOLUTION OF THE 1T CALCULUS

MIRROR THAT OF THE X CALCULUS

Id in
FOUNDED 205 305 1992
ROOTS LOGIC MATH PROGRAMS PROTOCOLS

LOGICLINK 20s 50g 605 2010

Prop TYPE SESSION

PROOF PROGRAM PROCESS
PROOFRED EVALUATION COMMUNICATION

GUARANTEE TERMINATION DEADLOCK FREEDOM

GENERALITY M
IMPLS LISP 531 MLL731ETC PKT 92 98 RIP






































































































































REFLECTION EVOLUTION
FUNCTIONAL PLS WERE BUILT WITH 7 AS INSPIRATION

y
Lisp

ML

IT WAS BASED ON REAL PROGRAMS

7 THE REALITY
PROGRAMS IT C

THE HOPE

WA MORE INERTIA 430 40 YRS

Fool's ERRAND

SESSION TYPES

PROGRAM Essions

SPIRIT OF IT HONDA'S JOYFULHACKING
DON'T REQUIRE TOTALLY NEW LANGUAGES

THOUGHT ABOUT HUMAN IN THE LOOP




































































RESOURCES

FOR MAIN PAPERS SEE ABSTRACT ON WEBSITE

SESSION TYPED CONCURRENT PROGRAMMING ON YOUTUBE

OPLSS 19 WI FRANK PFENNING
OPLSS 18 w STEPHANIE BALZER

NOBUKOYOSHIDA'S TALK PAPERSWELOVE
MARCOCARBONE'S TALK FRIDA 2020
AN INTRODUCTION TOSESSIONTYPES ONWEN KOKKE'S BLOG
FUNDAMENTALS OFSESSIONTYPES VASCOTo VASCONCELOS 12
FOUNDATIONS OFSESSION TYPES t BEHAVIORALCONTRACTS

HOTTEL ET AL 2016
HONDA'S IDIOMS FOR INTERACTION LECTURE NOTES

FROM Discussion
RELEVANT TO MATTHIAS 100 DRONEEXAMPLE
DYNAMIC MULTIROLE SESSIONS TYPES
DENIELOU 6 YOSHIDA 11

ON CLASSICAL Uso CONSTRUCTIVE LOGIC

CAIRES 6 PFENNING 10 USE CONSTRUCTIVE
WHILE WADLER 12 USES CLASSICAL


