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000000 ObjectDOOOO0ODOODOODOODOOOODOODODODODOOOODOODO
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OO000000O00DOoOoDbOog AlieeDODOOOODOODOODO ChristieO O OO
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2.1 Christie 00O 0O

Chrisite 0 0000000000 O0ODO0OOOOOODOOOOOOODOOOOOOOO
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O000000000000000 GearsOSOOOO0OOOOOOOOOOOOOOOOO
O0000GearsOSO 000000 Continuation based COO OO OO O OO OO O Christie
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e CodeGear
e DataGear
e CodeGearManager (0 O CGM)

e DataGearManager (O O DGM)
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Code Gear local Data Gear Manamger | | remote Data Gear Manamger
Data Gear Data Gear
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Data Gear Data Gear
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Data Gear Data Gear
key * Data key * Data
Code Gear Data Gear Data Gear
key - Data key - Data
Data Gear
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0 21: 0 Gear O OO

000000 keyOODODDODODOOOOODOODODOOOOCodeGearJO0O0OOOOOO
DataGear U0 0O D0DO0000D0O0OO0OO0O0O0O0DODO CodeGearJOODDOOOOOOODODO
oopooood

CGMOOODO0OO0DOOOodeGear[DataGear(DGM O O OO OO OO DGMO DataGear
O0000000pwt0 00000000000 DODODOODN DataGeard DGM OO O
O00O0ODGMO pwt 00000000 Local 0 Remote 0 OO D OOOODOOODO key
000000000000 DO0Local 000 Local0D CGMUOODODOOO DGMOOO
O DataGear UOOOOODOORemote JO0OOODOOODO Remote DO CGMOOO O
000 DGM O DataGearO OO 0O OO

O02200Christie0 00000000000 DOO0ODOOODODOOOOO DGMO CGM
000000000 000000 CGM O ThreadPoolOOO CGMO ListDOOOO0O
0000 ThreadPoolOO CPUDOODOODOODOO quene0 000 Thread OO DO OO O
00000000000 ThreadPoolJODOOOOCPUOODDOOOOODO Thread O
0000000000000 D0O0O0O000100 ThreadPoolOOOO CGMOOOOO
O0000CGMO ListOO0 000000000000 0O0 CodeGear/DataGear OO
O00000D0DO000D0CGOO0ODDOOO CodeGear.classO 0O 0O 00O CodeGear [
Runnable D 0000000000000 0rmO000000000D00O0DOOODOO0OO
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CGM1 CGM2
l I
ThreadPool
I I
CGM List [cam1| [camz|
DGM List DGM List
7 [\
LocalDGM RemoteDGMH1 RemoteDGM2 LocalDGM RemoteDGM
Key Key Key Key
|DG||DG| |DG||DG|

02200000000 ChristieDOO0D0OOOO0ODOOOODOO

0000000000 DO00CGUOOUODkeyODOOODODGOOOOODOOOrund
0000000000000 dwnOOOdOOO0OOOO CGMOOOOOOOOOO CGM
00000 Christie0 APIOODODOOODOO GearsOSO DO CGOO Context 0O 00O O
DddooocGo bGoOOoOoooooooooooODnChristied0O0OOOOOOO
ooooooooo

O00 Runnable 00000000000 ODODODODOOOOOOCodeGearExecutor O
0 0O Runnable 0 Meta Computation 0 DD OO0 O0 CGMOOOODOOOODOOOO
ooogoon

DGMUOOOO pwtODOODOOOO0O DGMOO quened DGOOOOOOODGOO
DdddooocCcGUUOUOOOOOOOOOO annotationd O OO0
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2.2 annotation 00O OO0 O0OO0OO

Christie0 0 DGO OOO annotation DO OO 00O annotation DO OO0 O0O0O0OOO0O
0000000000000 D0O0D0O000d Java O Meta ComputationD OO0 OO O @
0000000000000 000D00O annotationd OO OO O OO0 OO O Christie O
annotationJ 0000 4000000

Take D00 DGUOOOOOOODGOODOOOO

Peek D00 DGUOOOOOOODGUOOODOODOOODOODOOODOODOODOO
OO00OoDbGoOOoOOoOoogn

TakeFrom(Remote DGM name) TakeOD OO OO0 0O0 OO0 ORemote DGM name
0000000000000 (Remote)D DGMODO TakeOOOOOODODODOOO

PeekFrom(Remote DGM name) Peek 0000000000000 Remote DGM
name 0000000000000 (Remote) D DGMOO PeekOOOOOOO
goodd

DGUOUODOUOODOOUODOOUODOOODOOUODOUObOOOkeyODOODODO DOODOOODO
0000 annotation d Take D OO Peek OO OO0 (DD 0000 2.1)0

Q@Take
public String data;

OODO0oO 2.1: TakeO O

annotation D 0 OO0 DGO CGUOOOOOOO CodeGear.classO O OOO0OOOMO
00000000000 JavaO reflectionAPIO OO OO OO Dannotation 00 00 O
0000000000000 O000 keyDOODOOODOOODOOODO

Christie 0 annotation OO0 0O 00000000 DOODDOO0O0O0OOkey0O00O0O
Take/Peck 00 0000000000000 O00OOO0O0O0O0O0OOOOOOOAliced O
O00CGOOkeyOOODODOODDOOODOODOOODOODODO keyOODOODOOODO
000000 keyOODOOkeyOOODOOOODODODODOOODOODOODOODOODOODOO
oooo

00000000000 Take/Peek 0 0O 0O 0O O O OTakeFrom/PeekFrom annotation O
000 (000000 2.2)0

@TakeFrom("remote_name")
public String data;

OOoOoooo 2.2: TakeFrom O O
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Alice D0 ODDOODODOODOD Receive O DOOOOOOOOODOOODOOOOOOO
OO00OOobject 0 0D00OD0OO0OO0OO0OOOO0OOOOOOOOOOOODOOOODOO
00 Christied O annotation I DGO OOOOOOOOOOOOOOOOOOODOOOO
O0000O0DbO0bOOobO0ooboOoboo230bGUUOOOOODODODO

public class GetData extends CodeGear {
Q@Take
public String name;

@0verride

protected void run(CodeGearManager cgm) {
System.out.println("This name is:" + name);

+

OOooOoDoO 23 bGUOOOOOOOO

DGOOOOO0D0O00D0ODOOOJaval reflectionAPIO OO0 CGM OO O OO OLocal
ORemote 0O ODODOOOOO0OO0O0000000O0OOODOOODODODOOOOOOOOO
0000000000000 o0o0oO00D0o0bO0o0ooDoDooboDo0ooobOOooooOon
ooooooag

2.4 CodeGeardd 40000

OO00obo0obOonog 240250260 LocalDGMUO putd0 DGOODOOOOOOOO
gobbbogdogoiloooobobobooogn

public class StartCGExample extends StartCodeGear {
public StartCGExample(CodeGearManager cgm) { super(cgm); }

public static void main(String args[]) {
StartCGExample start = StartCGExample(createCGM(10001));
}

@0verride

protected void run(CodeGearManager cgm) {
cgm.setup(new CodeGearExample());
CountObject count = new CountObject(l);
put ("count", count);

000000 2.4: StartCodeGear 0 O O O
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public class CodeGearExample extends CodeGear {
QTake
public CountObject count;

@0verride
protected void run(CodeGearManager cgm) {
System.out.println(count);

if (count < 10) {
cgm.setup(new CodeGearExample());
count.number += 1;
put ("count", count);
} else {
cgm.getLocalDGM() .finish();

000000 2.5: CodeGearO QO O O

@Message
public class CountObject {
public int number;

public CountObject(int number) {
this.number = number;
}

OO00000 26: DGOOOOOODOODODOOOODOOO

Chrisite 0 O O StartCodeGear(0 O StartCG) 00000000 OO StartCG O Start-
CodeGearjavaO 0O OO OODDOODOOOOOOO

StartCGUOODOOOODOOOcreateCGMOOOODOOD CGMOOOODOODODOO
(000000 24500)0createCGM IO 000 remote 0000000000000
0000000000 0o0obOooDboocGMODODODOOO LocalDGM O remote O O O
000000 Daemon OO OQOOO

CGOODOO annotation0 000 00000000000 setupd000OD0OOODODO0O
O000Db000240 6000000000250 100000000CGOOODOODO
OO0 CGMOsetup0 0000000000 DOODOO0ODOODOOOCGOOOODOOOO
OO0b0o0ooO0obooocGMbOOOO0OOOO0ODOOoODOObDOoOoDOObObOODbOODbOOD
0o00obo0dob0ob0ob0ob0obOobOobobOoboobOooDoooo ccoooooooog
DO00O0CGOODOODO0ODO0OODOD setup0O00OO0OODOODO
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2.5 DataGearManager 10 0O OO0

Alice 0 O LocalDGM O 0O 0O O 0O O LocalDataSegmentManagaer(0 O LocalDSM) O
static 000 000D0O00DO0O0O0O LocalDSMODOOODOODOODDOODDODOO
OO0 ChristieD 0 CGMUODODOOOO LocalDGMOOOODOOODOOODOOOODOO
000000 LocalDGMOOODOUOOOOORemoteI0OOO0OOODOODOO Remot-
eDGMO OO proxy 00000000 DOO00OOO00OOODOOO (O 23)0

Node
(CGM1}¢r #{CGMZ’
Local Remote Local Remote
DGM DGM DGM DGM

N

O 2.3: RemoteDGM OO OO CGMOOOO

000000270 LocalDGMO 20000000000 remote0 00000000
00000600000 0000RemoteDGMIODODOOOODODO CGMOOO createRe-
moteDGM O OOOOOO0OOOOOOO RemoteDGM OO OO OO remote d O O host
0o0DoO0o0o00oooooooo

public class StartRemoteTake {
public StartRemoteTake(CodeGearManager cgm) { super(cgm); }

public static void main(String args[]) {
CodeGearManager cgml = createCGM(10001);
cgml.createRemoteDGM("cgm2", "localhost", 10002);
cgml.setup(new RemoteTakeTest());

CodeGearManager cgm2 = createCGM(10002);
cgm?2.createRemoteDGM("cgml", "localhost", 10001);
cgm2.setpu(new RemoteTakeTest());

Oo0oo0oog 2.7: LocalDGMO 20000
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remote 1 U U DO UOOOOOOOOOOOOOOOOOOOOOO0OOOOOO00OOO0
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goocGMUOODOOODOOoOoOooOOoOocGMOOOO staticDOOOOOODOOO
goocGMUOOO0O0OO0OO0OO0O0OObDObOO0ODOObDODbDODO RemoteDGMUODOODOODO
LocalDGMUODOUODOOOOOOODOODO
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Manager
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Main CodeGearManager StartCodeGear CodeGear
T T
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new StartCG :
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Y

setup
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create command
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counter addWaitList
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X X
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__><_______________________________________

O 2.4: LocalDGM O TakeO OO OOOO
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0000 annotationO 0 Take OO OO OOOOO0O0OOO0OCGOOOOOOOOOO
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O0o0o0odoooodoooooboboooooooooooo0otdmnbO0OoOon
ThreadPool O OO OO O

0 2500LocalDGM O Take OO OO OLocalDGM OO DGOOOOOOOO PutO
Oo000ooooodooooodooddmain0 000000000 2400000
goooon

CodeGear LocalbGM Other Other
Manager RemoteDGM StartCodeGear
T T T T
1 — : create ]
| RemoteDGM

<
<

create command
; | by annotatoin

| set counter a
take o | run Take

=3

[DG is exist]

--F1-—------- put
[DG is not exist] <+
Command
addWaitList :| create
remote Command
remote put

opt ) [waitCommand is
exist]

resolve
DG :lwaitCommand

decrement
; | counter

opt ) [counter = 0]

excute
run()

O 2.5: RemoteDGM OO Pt OO0 OO QOOOO
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Local D00 Remote U O OO Put0D O OO0O0O0OOOOODO waitList 0 OO 0O OPut
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\/
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take Command
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create Remote
Command

\ 4

remote take

alt ) [DG is exist]
reply create
¢ - ————=--- = Reply Command
DG ] resolve [DG is not exist]
- - - - — - - — waitCommand Command
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|

|

|

|
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|

|

|

|

|

|

|
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|

|

|
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000000 StartCGOOOO RemoteDGM O OO OO OO OO OO OTakeFrom an-
notation 0 0 RemoteDGM O OO0 Take OO DO OOOOOOOOOOO TakeFrom O
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List 00 O00O0O0OORemoteDGM O O OO Take 0 00O 00O MessagePack 0 00 OO0

17



00000000000 (o0) O 20 Christie

O0RemoteDGMIOODOOOODOOOOOO LocalDGMODOODOOODO
O0000 TakeODOOOOODOOODO LocalDGMUOOODOOODO DGO ODOO Reply
O000000000000oo0o0oo0DbGUOUOOUODRemote 0 000OOOMOO Local
0000000 LocalDGM O waitList 0O OO0 OOO
ReplyUODODOOOODODOO RemoteDGMh O waitList U D OO OOO0OOOO0OO0OO0O
goboboooogbon

18



(130 Christiel] Unity U 0 [

3.1 Unity

Unity O Unity TechnologiesU O DO OO OOOO0DOO0ODOOO0ODOOOO0OOO0O 3D
gboobooooboboboviboboboooooooooooooooooooonog
gbogbuodgboooboodgbbooboobboobbodgbooobuoobobod
O0O000PCOIOSOAndroidd0 0000000 DOOOODOOOODOOODODOOO
gobooooboooboobooboboobooboobobo pCcOboobDobObOOobOOn
goo

O00oooobbooooc#0bbobobO0o0ooobobooooooDDoOD 2021.2.8
O0C#900000000000.NET FrameworkOODODOODO 4600000000
C#000000 APIDDODOO0OODODOUnityD00ODOOOO APIDOODOOOODO
gboboboooboooobobobob UnityDODODOOOOOODODOODO
gooo

gbbodgboobobooboboobobuoobobuooboboobbodobboobobda
booobobobob UnityDOooono

3.2 Christie SharpUO 00000000
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Christie 0 0 DGO OOODO OO Oannotationd OO0 Taked Peek OO O OO OOO
000000 0d Christie Sharp 0 annotation 0 00000000 attribute D 0000 O
O0oobooboobon

Q@Take
public String data;

OOO00O00 3.1: JavaOO OO Take annotation I O O

[AttributeUnsage (AttributeTargets.Field)]
public class Take : Attribute {}

OO00000 3.2: C#0000 Take attribute 0 O O

000000 3.10 Javal OO O Take annotation 0 O O O O O O Java [0 annotation
O00000D00O0Onterface0 00000010000 annotationD OO O0O0O0O0OO0O
0000000000000 DO000O00000000000200 0 annotation 0 OO
0000000000 DoOoOoOoOooO0Oo0oo00Taked OO JVMOOOOOOOOOOOO
O0o0o0Oo000oboooooooo

000000 3.20 CAOOOO Take attribute 0 0O 0O 0 0O 0O O C#0 attribute O O O
O000000OSystem. Attribute DO D0 O0O0O0O0O0O0ODOattribute 000000000000
00100000000 00000oo0o000oad

3.4 TaskOOOCGOOO
3.5 MessagePack [ [ [
3.6 JO0OOooooo

20




40 CO40

4.1 OO
4.2 0O0O0O0OO

4.2.1 hogehoge

21



] [

gobboooggboboboooobo

22



HRERERE

1]

2]

Kaito TOKKMORI and Shinji KONO. Implementing continuation based language in
llvim and clang. LOLA 2015, July 2015.

Eugenio Moggi. Notions of computation and monads. Inf. Comput., Vol. 93, No. 1,
pp- 55-92, July 1991.

Jean Yang and Chris Hawblitzel. Safe to the last instruction: Automated verification
of a type-safe operating system. In Proceedings of the 31st ACM SIGPLAN Conference
on Programming Language Design and Implementation, PLDI "10, pp. 99-110, New
York, NY, USA, 2010. ACM.

Gerwin Klein, Kevin Elphinstone, Gernot Heiser, June Andronick, David Cock,
Philip Derrin, Dhammika Elkaduwe, Kai Engelhardt, Rafal Kolanski, Michael Nor-
rish, Thomas Sewell, Harvey Tuch, and Simon Winwood. sel4: Formal verification
of an os kernel. In Proceedings of the ACM SIGOPS 22Nd Symposium on Operating
Systems Principles, SOSP 09, pp. 207220, New York, NY, USA, 2009. ACM.

Helgi Sigurbjarnarson, James Bornholt, Emina Torlak, and Xi Wang. Push-button
verification of file systems via crash refinement. In Proceedings of the 12th USENIX
Conference on Operating Systems Design and Implementation, OSDI’16, pp. 1-16,
Berkeley, CA, USA, 2016. USENIX Association.

23



