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Abstract

Reliability and extensibility is necessary in computer operating system. We are developing
Gears OS, which has Code Gear and Data Gear as units of computation, and it also has
meta level computations. Meta computations include GPU interface, parallel processing,
memory managements, and synchronizations.

A task of Gears OS is a pair of Code Gear and Input/Output Data Gears. The Inputs
and Outputs determine dependencies of the tasks. Gears kernel resolve the dependencies
and execute the task.

New Introduce module system using interface, which defines a group of Code Gears and
Data Gears. The interface the programming of Gears system clear. We also introduce
par goto syntax for task creations.

In this paper, we describe concept of Gears OS and implementation of parallelism
execution structure, module system, and par goto syntax. We evaluate Gears OS by

parallel computation examples.
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F1E A XGHRE Z A% o 7S AL

WEFE BRI EFR DO VT 27 CPU OMREE FER T DITIFEERE DIZR > T W5,
UL, MiFERD 70 75 I V7 A Ly RO ILEERO GG 7 E IR E N 5T %
FroTH D, TOEEMNZEIET 23RO T A MR TNy ZJTREATITHD, TA
FLENBRWNEDVE-TLE D,

72, ¥)IVF 37 CPU BAHIZE GPU » CPU & GPU 2#E&L7ATRY =T A7
Tay bl E S S ETHEATE RV, I T ay TR T 200
W7 —FT77F ¥ &b Ta S I VIR EIZRE, W TuroIv 77
V=L =0Ttk 7aky 3 2iifibL, CPU LEFITHRA S K 5129 5 ik
NRD NG,

AWMRETITEEDAEZ /=<)L X)L e U, W OE#EMEZ ) —< )L L X)LD
SR UCTREE L, $R3RMEZR ) — <L L AL L IZRIDBEE D A X L~V DEHETEBT 5
T &% HIEZ Gears OS[1] 255t BAFEHFTH 5, Gears OS TIEE % Code Gear, 7 —
X % Data Gear & WD HALZHWT 70 I L%k 3 5, Code Gear 1 AJID Input
Data Gear 23Mii - 7z 5547 X 11, Output Data Gear % )19 %, Z® Input/Output Data
Gear DBIfRD SMKIFEIRZLE U, Input Data Gear 73i - 72 Code Gear 2335112 F1T
IN3d,

Gears OS D 71125 LADEHEMDOMEIZE T VRE, MALZHEH LTS, ZDEHE
MWD/ DFEIFA XGREE LTl s, TORXXFEIIEBEOMIZ CPU, GPU
BREDT —FTI7F Y IR ETEROUID R, 7 — X OIRE DR % fe4t 3
%, ARETEOMEEX Meta Code Gear, Meta Data Gear THEId 5, Meta Code Gear
& #H D Code Gear HIZFEITEI N5,

FERDIIZETIE OS DFEEFFEL LT Python[2] ¥ Haskell[3][4] &/ —< )L L)L & L
THHALU, AXR VNV THEEZITOWIE®, A XGROEEZE S E T2 75 (Typed
Assembler)[5] ZHWAHE H D, Gears OS (& / =<V RV ERAR L)V ZEHEL T
FHIHIK D Continuation Based C(CbC)[6] THEEZITWV, FEHEER Agdal7] ZHWT
FEHHZ 475, CbC X Code Gear DHfiTT R T T Azl U, BEMKGEZHWTa—F
MZ2BET 5, BEMGIIEBIEOCH LU IR LD, BECHULIZRE S RWzdH, IEUH
U DEEEZ EATIT/ITERDAZIBET S, 2D CbC I3 C L HiEDH 5535 T, B
METXVTIITHRD L KERRBN 2T D, F72 Haskell 22 LI AR TR



FER KRR R () 1T A REE R 2 A

HUTEHRLSBREMRGEEEHALTWAEZH, AX v 7 EIZRINEZBREE2R-20V, £0
ARV RVTHHT 2ERZIMEICTE MR DH 5,

Code Gear DMEHLIZIRD Code Gear DFEF & Context £ \WHETD Code Gear &
Data Gear 2T & % Meta Data Gear Tird 85, Context 725/ —<IL L X)LD
Code Gear ~#%6t 3 B BRIL stub Code Gear &5 Meta Code Gear Z W%, Z®d stub
Code Gear 1ZA X VRO ETH 5720, KD Code Gear 25 HEINIZAEK I 1
HDNREFE LV, ERIZHERERIZ Code Gear & Data Gear DEF O 56155, Z
DEZF D % Interface[8] & UTEHZL T3,

Gears OS TO 7t A, AL v NiZ Context 23H 5, Wi T3 HEIEH L < Context
ZHERL, % CPU, GPU IZEIDIRAFIT L - THB I NS, LI N7z Context
IZIEFEITT 5 Code Gear &Xf)ta3 % Input/Output Data Gear 23&fk I v, ED ko
7256 T Context I1ZF%E X 17z Code Gear 25179 5, Z®d Context % FH\W 725 ALHLIX
FHICETEREZED, SIBZ2RETIREDEMLA XL )OI THD, /=)
LAV TlE Go S8 [9] D goroutine D & 5 i iFIMEX D B Z EDEF L\,

ARFFE Tl Gears OS DFEAZE. v ILF 37 CPU & CUDA IZX 5 GPU TOELT
PR, WiFRE 2 FEEE L, HlEZ F\WT Gears OS OISO M 2 47 5,



HF2E  Gears OS O &

Gears OS (ZfEHMZ / — <)V L ROV OFHEIT UTREE L, JREEMEZ A X L X)L DEHE
TEHTAZ L 2HEIIZHHELTVNS OSTH 5,

Gears OS IXMELDHA; Z Code Gear. T — X DHifii % Data Gear &I IX 5 AT
T 7T LA EREKT S, (EEECHREMEXA ZEFEE LT, BEOE & XX LU Tl
95,

ARFETIE Gears OS ZHEK T Ahk4 BRBEZRIZOWTHIHT 5,

2.1 Code Gear £ Data Gear

Gears OS 12 7RI LT —ZDHN & LT Gear Z2H\\ 5, Gear 1Zfi5FEITDH
M. T—XD5E], Gear MDEHGFIZH B,

Code Gear (27075 LOMIEZDHDT, ¥ 2.1 TRLUTWS XS IEEDOED Input
Data Gear ZZ U, WP T 5 L(EEDED Output Data Gear IZHFE AL, *
7z, Code Gear it & 17z Data Gear MMZIEF SR Z T\, Z® Input / Output
Data Gear OXIan S MFEARZ R U, Code Gear DWiF|FE T % AJRE & § 5,

Code Gear OB E) I W TITbN 5, MGHITEBIECH U L IXE8 0| FEOH
LUItIZIR 53, Code Gear WTIK®D Code Gear ~DikfiZ17 5, T D72 Code Gear,
Data Gear 2ffio7- 7027 7 I V7 IEREFRRZBHEI L2 ARXRA VIR B,

Gear DR L U THEEX 7 — X DREED Code Gear, Data Gear (IZFHUTWA Z &1
H5, THZED, FTRR, AT VHEHEREZ FPHEARERD DITT 5 HLTREICR 5,

% 7z Gears OS HiA®H Z D Code Gear, Data Gear % i\ 7z CbC(Continuation based
C) THEIND, TDH, Gears OS DFEHIE Code Gear. Data Gear 2\ 71
T3 IVIARAINVDIEEL 15,

2.2 Continuation based C

Gears OS OFEHIIAMHILE TR TN T WS CbC(Continuation based C) % AW T
179, CbC & Code Gear % EARMKLUHEAL L U TR TE L2707 IV I FETH
%, CbC DMHLZR L LT LLVM[10]/Clang & GCC 12 & 3 HENFAET 5 [11][12]
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BRERRZF R FBe AL X (B 1) $ 2% Gears OS DR

Input Data Gear

Data Gear Output Data Gear

\ Data Gear

Data Gear §_>

Data Gear

\

/

Data Gear

2.1: Code Gear & Data Gear D%

CbC DFdidffl Y —Aa— R 2112, EBIZZ DY — 22— FPFEITI NI DER =
2212139, CbC D Code Gear 1% __code & \WH B ZFDOREE L U Tidifdd 5, Code
Gear |$#k#i TIRD Code Gear (ZZEH T H2MHE L, BB E IFEVWEVEIZR 22V, £
D7-. _code 1Z Code Gear DE D ETIL7Z K, Code Gear THDH I LB RT 7T
7> T\W5, Code Gear 2*H{RD Code Gear ~“DER 1L goto XIT K ikt TULEL %
TV, IRD Code Gear D5 E UTAM NI EZE5ZA 5, V—AI—F 21 WD goto cgl
(a+b); BMERLIZH 72D, (a+b) DYegl NDATIT8 B,

Y — A 3— K 2.1: Code Gear D&k

__code cg0(int a, int b) {
goto cgl(a+b);

__code cgl(int c) {
goto cg2(c);

CbC @ goto T & Z#kftlk Scheme D call/cc &\ o 7zfikf & 8722 0 . FEH L ItD
BEEEpBEEET, TERERETNIER., 2Ok 2 REfk L iy, VY —ZA3—F
2.1 1F cs0 725 sl ANEFE L 72D & 121d cs0 NES TIZHE 2 i 1) 5,




BRERRZF R FBe AL X (B 1) $ 2% Gears OS DR

goto cgl(a+b) goto cg2(c)

2.2: goto XUZ & B Code Gear Dk

2.3 AREE

Tas I LADERTBEIE. <INV LRV OEHEDOMIIZ, AE VB, ALy NEH,
CPU »* GPU OBEJREHE 250k U T IR S5 R WILEAEET 5, 2o OFHEI
=< UNVDFIREXFI LT A REHEEFER,

A XGRS EETlX Monad[13] Z FHWTRB X115 [14], Monad (& Haskell T
IXETRFDERBE 2 ik T A e L Tfibh b,

kD OS Tl ARXHBIFIV AT LI PTA T IV —a—)VOHELTIThb,
FIFHFIZ A ZEEDOEFE 24T HEI2IE OS WD T A =R DEFEEMHHL, £ h
52—H =707 LARANDEEIIRENTHS, UL, A XFHEITMEREIZE D 5\
WX7u 7T ARGE. X SIS BEIRED F 2 —= > F R EHi WILEL SR B TR D &
AT LTA=)VEMNTIEARTDTH S, HlIZAIX, ETIVRETIET Y7 I7H50IE N1
FI—=R, A VRXTVRVURLVTDORARFAEPBEIZRS, UL, N1 FI—=RL X)L
T REPHD T ETHOWDARHIZ R > T WS, BARKNIZIZ A R EHE DO EITHEMA K &
{7x->TULE I,

2.4 Meta Gear

Gears OS @ Code Gear ZEABUZ RTINS BEI SN T WS 72D, A XEHEZ XD
FERIZFLIRTE B, Code Gear & Data Gear IZIEZNZEFNA RFHEDKX /3L LT Meta
Code Gear, Meta Data Gear MFEL. TS5 2 HWT A XGHEZEH T 5, Meta Gear
I HIR X7z Monad (ZAHM L, B E 7RV 7T X DI KREREHN 24T 5,
Haskell 72 X OB 7075 I V7 SEETIRETREVNEMTH O, EITROE IR
ZHHEIZ T2 Z e TERWA, Gears OS ZidiBLTWA CbC IFA Xy 7 EIZRRI N
R\ VWD T, AXEBETHAT 2 ERZHMIZ TEZ 585805 5, Meta Code
Gear XX 2.3 1ZR T LS 1ZEE D Code Gear DEZIZEB I N, A XFEE2EITT 5,
F7-. Meta Code Gear I&. ZTOWENS I SIZARFHAZTLRT A ENUETH S,
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BRERRZF R FBe AL X (B 1) $ 2% Gears OS DR

Data Gear =@ »| Data Gear

Meta Data Gear Meta Data Gear

Meta Meta
Data Gear —— Code Gear Code Gear ——»| Data Gear

2.3: Meta Code Gear DFEST

2.5 Context

Context & 1&—HDFETFTTHHAINS Code Gear & Data Gear DESTH 5, /KD
ALy R 7Ot ACHET %, Context 1d##i %% Code/Data Gear DY) A b Data
Gear Z MR T 5 X €Y ZB[H, FEIi7X N5 Task ~D Code Gear % K> T\ 5 Meta Data
Gear ThH 5, Gears OS Tlid Code Gear & Data Gear ~DHfi % Context Zi# L TI7,

YV —A 33— 2212 Context DEFHEERT .

YV —Z 33— K 2.2: Context D%

/* Context definition */
struct Context {
enum Code next;
int codeNum;
__code (**xcode) (struct Contextx*);
union Data **data;
void* heapStart;
void* heap;
long heapLimit;
int dataNum;

// task parameter

int idgCount; //number of waiting dataGear
int idg;

int maxIdg;

int odg;

int max0dg;

int gpu; // GPU task

struct Worker* worker;

struct TaskManager* taskManager;
struct Context* task;

struct Element* taskList;

11
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BRERRZF R FBe AL X (B 1) $ 2% Gears OS DR

#ifdef USE_CUDAWorker
int num_exec;
CUmodule module;
CUfunction function;
#endif
/* multi dimension parameter */
int iterate;
struct Iterator* iterator;

};

union Data {
struct Meta {
enum DataType type;
long size;
long len;
struct Queuex wait; // tasks waiting this dataGear
} Meta;
struct Context Context;
struct Timer {
union Data* timer;
enum Code start;
enum Code end;
enum Code next;
} Timer;
struct TimerImpl {
double time;
} TimerImpl;

}; // union Data end this is necessary for context generator

V—=Z2—=R22 I FTONEEZEHZEL T3,

o Code Gear D&HT L EHEFE A X & DX Inik

Code Gear DA & R A ¥ X DX iE Context ND code(V —Aa— K 2.2547H)
KA 15, code 1FETD Code Gear Z51ZE L 72 enum & BEEHR A X DM T
KHXIN5, Code Gear DHLHTIE enum TEFRSI 1. I VNS INVRITIFEHAN L E
x5, EBRIZ Code Gear IZHfw T BRI E S (enum) Z45ET 5 Z & Tz
75, ZHUTED. ARFHRDOFETRICERET 5 Code Gear ZEMIZYIDEZ 5 Z
EDHREE TR B,

e Data Gear ® Allocation FHDIEHR

Data Gear D A € U 2RI FATICHEI 2 MER U 712, BEITISU T OHEEZE D
WTHIETEHT S, EBRIT Allocation 3 5 FElE Context WD heap(Y —A 32—
R 2.2847H) % Data Gear DY A A3 A V7 ) AV h§5 I TEHT D,

e Code Gear 2’289 % DataGear ~ND KA V&

12




BRERRZF R FBe AL X (B 1) $ 2% Gears OS DR

Allocation TH % L 7z Data Gear "D AR A VX IZFSZ2E VIR D . Context ND
data(¥ —A3—F 22 617H) &IN5, Code Gear 1 data 26 &K= & 45E
LT Data Gear N7 7t A9 5,

o iFSEITH D Task [EH

Context 1% AiFFE 7D Task LT 5720, fF> T\W5 Input Data Gear DAY
> &, Input/Output Data Gear DI N T W B G ZRTA T v 7 A, GPU
TOFEITT7 77 %2FK>TWVWa (VY —AI—F 2213-3017H).

e Data Gear D EYIFHEHR

Data Gear (ZFEARZHWTEHKT S (VY — A3 —F 2.2 34-4947H), Timer X
TimerImpl 7% & OREEAR D Data Gear (ZFHMS T2, X XEHE TIIMEE D Data Gear
RS 728, £ TD Data Gear DILFKREEHRT S (VY —A3T— K 2.233-51
f1H). Data Gear ZHEfR T 2BRD Y o XiZ Z ORERD SIRET 5,

2.6 stub Code Gear

stub Code Gear 1% Code Gear D#Ht DRENIZFEEE 115 Meta Code Gear TH D, / —<
WL R)LD Code Gear 2*5 Meta Data Gear TH 5 Context Z EESULTLE S &,
A—YPRRAREFEE ) =<V LNV THHICEER TETU WV, A XEFHEZ 08 U 72 2k
M >TULE D, stub Code Gear 13 Z DIREZ [ <728, Context 75 HEZ: Data
Gear DA% /=<)L )LD Code Gear IZIETUILZIT > TWB,

stub Code Gear I&fHfH X152 TD Code Gear HIZELR T A2 HELRH S, LrL, &
T®D Code Gear IZX L T stub Code Gear Z itk 35 DIXF KRG ARIZR->TUED
728, #%ikd 5 Interface % %% U7z Code Gear @ stub Code Gear 1A 2 ) 7 N THHE)
T 5,

stub Code Gear (X —HF =D HEI TR TEZ L EAHETH S, DF D, 2—H =N
ARGFEZGELRT B DN TE S, stub Code Gear % W72 A XFHHEDHIE LT, AK¥E
stub Code Gear 1ZX)& U7z Code Gear (Z#k#t 3 2 A%, HHETT stub Code Gear % Friks
52 LT, Moz ZITEHTEZ 5,

13
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¥ 3% Gears OS DEY 22—k

Gears OS 1 stub Code Gear &5 Meta Code Gear T Context & W52 T®D Code
Gear & Data Gear Z§f-> 7z Meta Data Gear 22 S5fHZHD 7ZL, / —< )L L ~X)LD Code
Gear IZfEZJET, LU, Gears OS ZEHPRITFEETHIZONT, AR5 /) —<
WL ROV DIGEDFLIR HEHEZ 72 5 Z & DD D Code Gear & Data Gear DEY 22—
WAL BB 70 5 7=,

ARETIE Gears OS DE Y 2 — )ULDMAATH % Interface IZDWTHHHAT 5,

3.1 Context %Z#H U T Dkt D [ eE m

Gears OS 1% Code Gear T#4 %7 Input Data Gear % Context 7 5 &5 %2 & L TH
D9 Z e T EEITT S, ZOMEEIX stub Code Gear Tiihbvs, V—AI—FR
3.1 12 stub Code Gear DECR % =T,

YV —ZA 32— K 3.1: Context %% U 7= kit

// normal level Code Gear

__code cgO(struct Context* context, struct Integer integer, struct Queue
queue) {

}

// meta level stub Code Gear
__code cg0O_stub(struct Context* context) {
// get data index number
Integer integer = &context->datal[context->dataNum]->Integer
// get enum data
Queue* queue = &context->data[Queue] ->Queue;
// continuation Code Gear
goto cgO(context, integer, queue);

Context 137027 5 ALK TAD AT 5242 TD Code Gear & Data Gear DES %
XKIL3 5 Meta Data Gear 127> T\W5, UL, Gears OS 25E# 3 5 T Context 7
5 Code Gear & Data Gear ODHF S DM ERF 2 R TEMT % & Code Gear ¥ D Data

14




BERKFERFBE A G X (B ) H 3% Gears OS DEY 22— )Lk

Gear DEFEFZIZXIET B0 % stub Code Gear IZEL BERH D, V—A2—F 3.1917H
D KD IR fMERE R NI Z T U X o 72,

¥ 7z, stub Code Gear DFLIRDIEME X 2k} 57212, V—AI—F 3.1 1117HD &
D7 FE o 72 enum (TR F o 728D Data Gear 24K L. Z D Data Gear 22D Code
Gear TEWFHIT LW, Data Gear 227 10— N)VED & 51285 MENLFHK L /-,

o ORTEAIE Context 22T D Code Gear & Data Gear DHESZRILT 5728
WZEZ - ZMETH S, £IZ T, Gears OS 2 EY a—)ULT BHA L U T Interface %
HBAU,

3.2 Interface DEH

Interface 13 % Data Gear DEFK &, THIIXT S H#AE (API) 2475 Code Gear D
H£E5% KRBT 5 Data Gear TH D, Context TIEETD Code Gear & Data Gear D
EERELTVWS Z LIZX U, Interface 1&—D Code Gear & —#dD Data Gear DEE
RET S, ZD Interface I& Java D1 > X —7 = — A, Haskell DFLZ 5 ZIZxfn U,
BATHILTT— ARG ZR MR FEEIZD T TR T2 Z L3k 5,

YV —A 32— K 3.2 12 Queue ® Interface 23, Interface IZIZFATOHNEZEET 5,

o 11E (API) DEIE D Data Gear #f

V— 23— K 323417 HIXBIED Data Gear BEZ2EZL TWVWE, ZITEHZRIN
7z Data Gear %1%, ©&ZI N7z Code Gear DB EIZX BT 5,

Z @ Interface TIZ 1017H T Queue ([ZEHK%ZHFH AT S Code Gear ZEHZL TH D,
Gl UTH AT S Queue DFEIELFHATLEREZZITINS, ZO58ENEN
M3-4fT7HTEE L7 queue & data IZXIRT 5,

o H{E (API) OFETRIZHMFL S VD Code Gear

BAE (APD) IZEARIZE TR OMEBIITIAE L B> T WD, Z Oifkfeldfkiinh o

Eand, MELhr oI 1L V-2 =R 325-6fTHICEHRL TVEE

BT NG, ZofklE—FDru—T vy & UTHD 25, EBRIZ Code Gear D

FF5EPELTWD, “ _codenext(...)” DFETH 2 “.7 1FMHLED Code Gear H*

BED Input Data Gear 2D WO EIKRTH B, ZD “.” FMioTor 73 v
"SRETCIRHMERRIBD &S Bk THh 5,

FITT 280 (APD) 12X > T2 OMRITEBEREI NS LERH 5, HIZIX, V—
A32— R 321X 1247H T Queue BZENE S5 0%~ 5 Code Gear ZEHEL TH
0. HEDBHEYGELEOGETHOMEEZETBEND S,
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o #/E (API) Td % Code Gear & Code Gear (%3 5| HUE

BAE (API) 1209 % Code Gear 1 V—AI—FK 3.29-1217H O X SIT _code
ELUTRERHET S, ZD __code DEKIE Code Gear NDHFEF VMM I NELEHTH
D, LU 7z Code Gear IZHInT B2HEFZRAT 5, Code Gear DEIEITIE Data
Gear & Code Gear FEIT&IZHIE X5 Code Gear F %GR T 5, 58D Data
Gear 1XZ ® Code Gear @ Input Data Gear IZ72 D, BI#D Code Gear DHDHF|
A Output Data Gear 12725, Code Gear D& —5[EIZ 1L Interface ZFEE L 7=
Data Gear ZJ¢9, Z#id, Code Gear DEIEDIHR & 725 Data Gear % iXi€ L
THED, BT 5 TIIE e Uik Z2i7b7n,

Z @ Interface TlX 11417H T Queue 2 5 HEHFZDHID I LU #1795 Code Gear % & %
LTED, 5I8E LT T Queue DFEE L Code Gear EIT& I I NS
Code Gear 3 TH 5, 5E D Code Gear TH % “__code next(union Data*, ...)*
@ “(union Data*, ...)” 1% Queue DZEZRIY H L 2175 Code Gear ® Output Data
Gear TH V., ETRIZHE XI5 Code Gear @ Input Data Gear 12725,

YV —A3d—F 3.2: Queue @ Interface

typedef struct Queue<Impl>{
// Data Gear parameter
union Data* queue;
union Data* data;

__code next(...);
__code whenEmpty(...);

// Code Gear

__code clear(Impl* queue, __code next(...));
__code put(Impl* queue, union Data* data
__code take(Impl* queue, __
__code isEmpty(Impl* queue

(...));

} Queue;

, __code next(...));
code next(union Datax, ...));
code next(...) code whenEmpty

b —_—— b —_—

3.3 Interface DEIE

Interface I& Data Gear (2] U TD#A/E (API) 24795 Code Gear £ % ® Code Gear T
b T WD Data Gear DES ZHIRMIZEKIL L 72 Data Gear TH D, EEIIANEHT
%, Interface MFEEIL, 2T % Data Gear DAL & 522 U 72 Code Gear % Interface
TEFH L7z Code Gear IZARATBHZ L TITS, ZDRAT S Code Gear # ANFEZ 5 Z
& THAE (API) I3[F U CABLZ R DI 2 EHHRIT 5 Z e PHkS, 72, FEEI N
Code Gear 1Z5[#(®D Data Gear & F2E L 7 Data Gear AMMZ T 78 295 Z &3\,
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Interface THE X7z Code Gear ASND Code Gear £ 52T 5 Z LA HKk5, ZD
& 572 Code Gear 1ZIEARMIZ Interface THRE X 17z Code Gear > & D Afikfi X 15
728, Java @D private X Vv FO XS5 1ZFbNnb, ZD Code Gear & Interface THEE
I N7z Code Gear £ [ U KA oI N7z Data Gear 127 7 2 AHIK S,

YV —A3—F 3.3 & Queue Interface(¥ —A 23— K 3.2) %MWz SingleLinkedQueue
DEREETH 5, Interface DA >V ARV ADEFIFEABERH LTI b, createSin-
gleLinkedQueue B (VY —A 32— K 3.3 3-1417H) 13524 L 7z Data Gear DA %217 >
TWb, ZOBEITERKT 5 Data Gear DL (VY —A3— K 33 7-817H) &, F&K
U7z Code Gear % Interface TEFE L 7z Code Gear DIRA (VY —A 32— K 3.3 9-1217H)
217D, FEBRIZFEIET 5 Data Gear 13 Interface DRUZ G EFNTHEKI NS (VY —A3—
F33617H), ZDEIITAEKT S Z & THEL K Data Gear 1R DGR 5 1%
Interface DL L U TS FATE 5,

Y — A 3— R 3.3: SingleLinkedQueue D54

#interface "Queue.h"
Queue* createSingleLinkedQueue(struct Context* context) {
struct Queue* queue = new Queue(); // Allocate Queue interface
struct SingleLinkedQueuex* singleLinkedQueue = new SingleLinkedQueue ()
; // Allocate Queue implement
queue->queue = (union Datax)singlelLinkedQueue;
singleLinkedQueue->top = new Element();
singlelLinkedQueue->last = singleLinkedQueue->top;
queue->clear = C_clearSingleLinkedQueue;
queue->put = C_putSingleLinkedQueue;
queue->take = C_takeSingleLinkedQueue;
queue->isEmpty = C_isEmptySingleLinkedQueue;
return queue,
}
__code clearSingleLinkedQueue(struct SingleLinkedQueue* queue, __code
next(...)) {
queue->top = NULL;
goto next(...);
b
__code putSingleLinkedQueue(struct SingleLinkedQueue* queue, union Datax
data, __code next(...)) {
Element* element = new Element();
element->data = data;
element->next = NULL;
queue->last->next = element;
queue->last = element;
goto next(...);
}

17
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3.4 Interface #F|H L 7~ Code Gear Dikii

Gears OS Tl Interface Z K] U 7z Code Gear D FHIZ “goto interface->method”
EWVWISHEX 2R L T3, Interface ZFEHE L 7z Data Gear 134402 5 1% Interface DRI
ELTHEDLNDE, ZD=OHEXD “interface” 132 L 72 Data Gear % Interface DL T
WATZRA &, method 1352 U7z Code Gear IZX)HT 5,

Y —A3—F 3.4 12 Queue Interface ZffH L 7z Code Gear DIFOH LI ZRT, Z
DU U Tl SingleLinkedQueue @ put SE3IZHkF i S5,

YV —Z 33— R 3.4: Queue Interface TD Code Gear DIFOH L

_code code1() {
Queue* queue = createSingleLinkedQueue(context);
Node* node = new Node();
node->color = Red;
goto queue->put(node, queueTest2);

“goto interface->method” & WD HESCXFEBITIZA 2 ) T TEBI N, 2231
INd, BHBEOI—FEIARXRLX)VOIa—RNe7b728, Context 2~ 27 0 %REHL.
EESEEITS, V—A3A—=F 35 V—AA—=F 34 BRIV T M Lo TITEHX
Nz —A3—RFR%ZRLTED, 3.1 1% V—A32—F 3.5 DEFTINZEED Queue
Interface & Code Gear, Data Gear DEfRZ/RL TV 5,

V—A32—F 35 ND Gearef ¥ 271 (Y —A32—FK 35 5717H) i Context 25
Interface DFIBHEHNH D Data Gear ZHUD 19, Z D5 [EHEANAHD Data Gear 1% Context
DXL DBIZE N Ak T v, BUIEH X5 Interface DI E R U TH B, £7z, 5l
BAEHWFH D Data Gear 1/ =< IV L RLTRBBINT, AXVURLVDGEDASIRE
Nd, 5IBMMNAD Data Gear ZHUD H U 7RIS EHETOIEOH L D5 %% Interface T
EF L7z Code Gear DFIEUIHHRIZELE T L., $5E L7z Code Gear 12/ T 5,

YV —Z3—F 3.5 Tl& Queue Interface(V —A 32— K 3.2) @ put Zfkki L TW5720,
6 17 H T Input Data Gear & L T node Data Gear % 5[ZU&ANH D Data Gear @ data (2
RAU, TITH TEITRIZHE T S Code Gear & L T queueTest2 % FIEHEHNHD Data
Gear @ next IZFRALTW3B,

RAU 7251 BT HEE K S 1172 stub Code Gear(V — A3 — R 3.6) CREAI H, EHX
7z Code Gear IZ Data Gear ZJ9, stub Code Gear THH I N TW3S Gearlmpl <
78 (Y —A3—F 3.6 1247H) I¥518 & U THE I Nz Interface DT W 7z Data
Gear 759228 ®D Data Gear ZHLD 9,

V—A3— K 35 A7 Y STk BEHE

_code codel(struct Context *context) {

Node* node = &ALLOCATE(context, Node)->Node;

"
2 | Queue* queue = createSingleLinkedQueue(context);
3|

18
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node->color = Red;
Gearef (context, Queue)->queue = (union Data*) queue;
Gearef (context, Queue)->data = (union Data*) node;
Gearef (context, Queue)->next = C_queueTest2;
goto meta(context, queue->put);
}
V—=Z3—=NK 36: A2V T MI&oTHERKI N put stub Code Gear
__code putSingleLinkedQueue(struct Context *context,struct
SingleLinkedQueue* queue, union Data* data, enum Code next) {
Element* element = &ALLOCATE(context, Element)->Element;
element->data = data;
element->next = NULL;
queue->last->next = element;
queue->last = element;
goto meta(context, next);
}

// generated by script

__code putSingleLinkedQueue_stub(struct Context* context) {
SingleLinkedQueue* queue = (SinglelLinkedQueuex*)GearImpl (context,
Queue, queue);
Data* data = Gearef (context, Queue)->data;
enum Code next = Gearef(context, Queue)->next;
goto putSingleLinkedQueue(context, queue, data, next);

19
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Queue Interface

(specific memory space)

—> Queue Interface

Data* queue

SingleLinkedQueue implement Queue Interface

— SingleLinkedQueue

Data* queue

Element* top —I_)

elementi

Element* last

A

element2

clear
. Code Gear

A

element3

isEmpty
Code Gear

Data* data Data* data
__code next(...) __code next(...)
__code __code
whenEmpty(...) whenEmpty(...)
__code put __code clear

__code take __code isEmpty
__code clear __code take
__code isEmpty __code put

\ take
Code Gear

put
Code Gear

Argument DataGear

node
Data Gear

Argument CodeGear

queueTest2
Code Gear

Input Data Gear

3.1: Queue Interface THZEL 7z put Code Gear DFEUH L
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Gears OS TIZHEFTD Task % Code Gear & Input/Output Data Gear DFTRILT 5,
Input/Output Data Gear 12 & o THAFBIRDRE L, I Z > THiFIFET 21T D,
ARETIE, Gears OS DMFILEEDRER, FEREIZ D W THEIHT %,

4.1 Task

Gears OS Tl& Wi552179 % Task % Context THRILT 5 [15], Context (Z1& Task H
DIEf#RE LT, FEfrEd Code Gear, Input/Output Data Gear DMANEHT, > TV
% Input Data Gear DA77V v XEZFF>TW\W5, Task D Input Data Gear H3fi> T\ 5
% TaskManager THIWr U, FEfTAHEZR Task %2 Worker (Z3X(59 5, Worker 1Z%/3
I N7z Task DHEE L7z Code Gear #5417 L, Output Data Gear % & ZHi 7,

FE17I N5 Code Gear DfilZ VYV —A3—F 41129, V—AI— K 4.1 & Integer
B4 @ Input Data Gear % 2 D3 IFHUD . MBI %17\, Integer B4 @D Output Data
Gear IZFE T, MHUEE%Z1T S Code Gear I% Interface @ Code Gear &[A U<, 5K
(Z Input Data Gear, MLEEAMHE T U 72#21ZHkid 5 Code Gear, 5#(D Code Gear D
\Z Output Data Gear ZFlikd 2 (VY —A32—F 4.1 147H), Z® Code Gear Ef7#I
HE Output Data Gear % & & Hi3 Code Gear 12kt 3 5, FEFRIZ Output Data Gear
ZEEZ M THEG. goto XIT Output Data Gear Z 5[ 8UZJEd (VY —A 32— K 4.1 317H),

V—A3—FK 4.1: WiFEF7X N5 Code Gear DY

__code add(struct Integer* inputl, struct Integer* input2 code next(

f I

struct Integer* output, ...)) {
output->value = inputl->value + input2->value;
goto next(output, ...);

3
}

Task @ Input/Output Data Gear DMEANZGATIE Context @ Task THWAFEF> TV 5,
Z DA, Task 12X d b Code Gear D stub Code Gear & context 23FF-> T\ 3 In-
put/Output Data Gear HD A > T v 27 ZAH 5 Data Gear ZHD T, V—AI—F 4.2
IV —A3—FK 4.1 @D stub Code Gear #m19, Z® stub Code Gear % Interface @
stub Code Gear & [HIFIZAZ ) Mk oTHEEK I NS,
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YV — A 32— K 4.2: WHEFTFINS Code Gear D stub Code Gear

__code add_stub(struct Context* context) {
// Input Data Gear
Integer* inputl
Integer* input2

&context->datal[context->idg + 0]->Integer;
&context->datal[context->idg + 1]->Integer;

// set Continuation
enum Code next = context->next;

// Output Data Gear
Integer** O_output = (Integer **)&context->datal[context->odg + 0];
goto add(context, inputl, input2, next, O_output);

4.2 TaskManager

Gears OS @ TaskManager I& Task % 5473 % Worker DAL, EH, Task DEfE%
75, Y —A3—NK 4.3 12 TaskManager ® Interface Z/mR79,

YV — A 33— F 4.3: TaskManager @ Interface

typedef struct TaskManager<Impl>{
union Data* taskManager;
struct Context* task;
struct Element* taskList;
__code spawn(Impl* taskManager, struct Context* task
(...));
__code spawnTasks(Impl* taskManagerImpl, struct Element* taskList,
__code nexti(...));
__code setWaitTask(Impl* taskManagerImpl, struct Context* task,
__code next(...));
__code shutdown(Impl* taskManagerImpl, __code next(...));
__code incrementTaskCount (Impl* taskManagerImpl code next(...));
__code decrementTaskCount (Impl* taskManagerImpl code next(...));
__code next(...);
__code next1(...);

} TaskManager;

code next

3 —_——

b —_—

b —_—

TaskManager & A ND API ZFf-> T\ 5,
o Task D17 (spawn. spawnTasks)
o Task DIKIFBIRDEE (set Wait Task)

e TaskManager DWEH LT3 Task DA v 7 VA e T2 Y A2 b (incremen-
t/decrementTaskCount)

e TaskManager(shutdown) DO#% 7 JLE

22
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TaskManager |FFJHLDERIZ, F8E U 728D Worekr #£Kd 5, £ DEE CPU, GPU
DEEET DI ENTE, HE LD CPUWorker & GPUWorker 234K E 115,

TaskManager (& X 4.1 1289 & 512 spawn ZFFOH U 72, 5973 5 Task @ Input
Data Gear "HEINTWA 222 W 5, Input Data Gear 2 THEINTWVWSH
&, D Task % Worker @ Queue IZIXET 5, #5795 Worker (& Task 79 55
B (CPU, GPU) iZ &> THET 5,

0: goto 1: check wait 2: send executable task
taskManager->spawn(task) InputDataGear count  Task(Context)
—)@ > IDGCount
Spawn
IDG
ODG
Code Gear

Workers TaskQueue(CPU or GPU)

4.1: Worker ~® Task iX{g

4.3 Worker

Worker (ZHEH D Queue 7* 5 Task ZHUfF L., Task @ Code Gear 517 L, Output
Data Gear DEZH L 2o TW5,

Y —A 32— 44T Task & CPU TH473 %5 CPUWorker DFIH{LER/> 2 /"3, CPU-
Worker (Z#JEILDERIZ ALy R4k d 5 (VY —A3— K 44 1017H). ERI A
L NiZ 9 startWorker B (VY — A3 — K 4.4 14-2117H) 2 OH L, ZOAL Y R
F®D Context Z 49 %, Context Z AL w NEIZEKTHI & T, AEVYZEMEZAL Y
NZ L IZFFT 5728 Gearef ¥ 27 1 T Interface DF[ ARG T HBOHE. ATV A
DI TDOMD AL Y RDIFEIZGSHNTE 2,

Y — A 32— K 4.4: CPUWorker O#JH4t

23
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Worker* createCPUWorker (struct Context* context, int id, Queue* queue) {
struct Worker* worker = new Worker();
struct CPUWorker* cpuWorker = new CPUWorker();
worker->worker = (union Datax)cpuWorker;
worker->tasks = queue;
cpuWorker->id = 1id;
cpuWorker->loopCounter = 0;
worker->taskReceive = C_taskReceiveCPUWorker;
worker->shutdown = C_shutdownCPUWorker;
pthread_create (&worker->thread, NULL, (voidx)&startWorker, worker);
return worker;

}

static void startWorker(struct Worker* worker) {
struct CPUWorker* cpuWorker = &worker->worker->CPUWorker;
cpuWorker->context = NEW(struct Context);
initContext (cpuWorker->context) ;
Gearef (cpuWorker->context, Worker)->worker = (union Datax)worker;
Gearef (cpuWorker->context, Worker)->tasks = worker->tasks;
goto meta(cpuWorker->context, worker->taskReceive);

Context DEREIZ Queue 225 Task ZHfF T 5 Code Gear ~fkfid 5, Task I
Context 72D T, Worker i Context Z A& X T Task DFEIT%21TI,

CPUWorker T®D Task DEfTE2Y — AT — R 4.5, 421TRF, Y—AaA—F 45
& Context D ANZZ 21T 728, getTaskCPUWorker(Y — A3 — K 4.5 1-917H) D 5|
HBIZANG ZE D Task(Context) Z 7l U TW5, Worker (/& A NULL @ task % HX
199 % & Worker D T ZLTS (V—A 32— N 4.5 2-4 17H), Task DHF T E 7245
A Task DFETRIZHFET D Code Gear ZHEML (VY — A3 —F 45 7T17H). Task %
Context & UT Code Gear (Z#fcd % (VY —A 32— K 4.5 847H), Task DEFTERIT ML
9% Code Gear I& Data Gear DESH U L MKAFBERDMEIR%Z1T S5, Data Gear H & H
L #1% Task @ Context % Worker @ Context (Z AN X, B Task Z2HfEG9 % Code
Gear (ZHkfE 3 5,

Y —ZA3— K 4.5: CPUWorker T® Task D47

__code getTaskCPUWorker (struct CPUWorker* cpuWorker, struct Context* task
, struct Worker* worker) {

if ('task) {
goto worker->shutdown(); // end thread
task->worker = worker;
enum Code taskCg = task—>next;
task->next = C_odgCommitCPUWorker; // commit outputDG after task exec
goto meta(task, taskCg); // switch task context
b
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2: Context switch

Worker TaskQueue ] (Worker Context -> Task Context)
1: get Task 3: goto Task Code Gear
A > Task(Context)
IDGCount > @
IDG

4: goto Odg Commit

oDG
A

Code Gear Odg
Commit

5: Context switch
(Task Context -> Worker Context)
6: goto getTask();

4.2: Worker T®D Task FEf7

4.4 SynchronizedQueue

SynchronizedQueue & Worker @ Queue & U TCfEHI N5, Worker @ Queue &
TaskManager % #%H U T Task ZiX{53 25 AL v K& Task ZHUfF 3 5 Worker HE
DALy RTHbih b, D7~ SynchronizedQueue I E~¥IVF ALY RTET—XD—
BMZ2MRIET 5 Queue 2EETHHEND 5,

T—RXD—EMEEIET AR E LTD 1D LTay 7 2o R GENH 5,
UL, By 2 %470 TCT—XE2HH U7=HE. FL Queue 12X U TEEZIT S BICH
LEDLEWREL, 2EROAFIEN TR -oTULEDS, £Z T, Gears OS TlET—XD—
M % REET 5 72812 CAS(Check and Set, Compare and Swap) % F]H U7z Queue[16]
ZELELTWD, CAS IMEDHER, BHHZT MIv 7758 TH 5D, CAS ZfH 5
BRI OME & EFHBZOMEZE L., EINZEHHRATOMZ ERICR/FEINTVEAEYF
OB LU, FURST—XBENR WD, T—XOEHFIZKNT 5, Bixd5E
WIMIZEZIAAD D o7z ARI N, EOEHIZEKT 2,

Gears OS TIXZ D CAS %475 720D Interface ZEZL TW5D (VY —A32— K 4.6),
Z @ Interface Tl&, Data Gear £ CZWNEW L TW5 Data KD R A > X DAl % HHr
+% CAS #EHELTVWA (V—2T—F 4.6 647H).

YV — A 3d— K 4.6: AtomicInterface

typedef struct Atomic<Impl>{
union Datax atomic;
union Datax* ptr;
union Datax oldData;
union Data* newData;

25
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__code checkAndSet(Impl* atomic, union Data** ptr, union Datax \
oldData, union Data* newData, __code next(...) code fail(...)); \
__code next(...); \
__code fail(...); \
} Atomic; ‘

3 —_—

AtomicInterface TD CAS DEEDFEHE YV — A3 — R 4.7 ITRT, EROFEETIE
_sync_bool_compare_and swap B Z M OHI$ Z & T CAS 2175 (VY —AI— K 4.7 247
H)o ZOBEBUIE —BIBUZIEI N7 N L AT U THE 5O S =5 8o~
CAS #1795, CAS IZEII U6, true ZIB U, KU 728541 false 2383, V—A
O— R 4.7 Tl CAS IZEIN L7256 & R L 28568 2 Z i) U7z Code Gear
o d 5,

V— 23— R 4.7: CAS OFE%

ST W N

__code checkAndSetAtomicReference(struct AtomicReference* atomic, union
Data** ptr, union Data* oldData, union Data* newData, __code next(...)
, __code fail(...)) {
if (__sync_bool_compare_and_swap(ptr, oldData, newData)) {
goto next(...);
}

goto fail(...);
}

SynchronizedQueue @ Data Gear DE#%Z ¥V — AT — R 4.8 IZ/”7, SynchronizedQueue
ZTF—Z DY A NDRIHE . BIEORA VR E2FH>TW5D, Queue ZHMET ZEIZZ D
RAVRIZHUTCAS 2952 TT—XDOHALHOHELEITS,

Y — A 33— R 4.8: SynchronizedQueue D E %

= O © 00 g O Ut kW N =

_

struct SynchronizedQueue {
struct Element* top;
struct Element* last;
struct Atomic* atomic;

};

// Singly Linked List element
struct Element {

union Data* top;

struct Element* next;

};

4.3 IFEHEDOHY Hi U (dequeue) 217 72Nz mLTW5, T —XZ2HD Hd BRI
DA NDREEZRDEEZN CAS THZETTT—X2HETS, 20D Queue TlIHEH
WHLUTWABERIIZI—FWEeT 5, TDA EBEICELY HEINbMHEIE CAS 2L
O REDE L 725,

44 FEFRDHF A (inqueue) 217> 72N ERLTWD, T—XE2HATHERL2E
D CAS %175, £9. RBOHEZEDIROERZH L WERIZ CAS 2175, DK, K
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top last

1: cas(&top, data1, data2)

———————————

| |
data1l > data2 > data3 —— NULL '

4.3: SynchronizedQueue (Z & 5 EHE DD H L

RDEEDNEL TS ERZ AT U72#H L WEERIZ CAS 2175,

top last
; 2: cas(&last, data3, data4)
Y y ™
| |
datal > data2 > data3 = > data4 > NULL !
~ [ 1

4.4: SynchronizedQueue IZ X 5 EZR DA
LL, T—ZDHATEEIZ2ED CAS OIZMD AL v KOEIEN AL, Queue

DIEEVEHEST 25603 HD 5, HIZIXK 45 ITRT LI, HE2ALVY FBRKREZEHL
7ZBRz, oAV Yy RAEFWHE % 1T 5 & Queue DFET 5,

27



BRERRZF R FBe AL X (B 1) H4a4E Gears OS D5 ALHE

top last 3: threadA cas(&last, data3, data4)

4: threadB cas(&last, data3, data5) fail cas

A

datal > data2 > data3 < > data5
\2‘ threadB cas(&data3->next, data4, datab)
* Al datad

1: threadA cas(&data3->next, NULL, data4)

4.5: SynchronizedQueue 12 & % 7 — X D ARF D AEH
B 4512 DDAy FHELUFOIEE TR Z1T> TW\W5,

1. threadA: REDE R (datad) DIRDERZH L \WESR (datad) (2 CAS 2FETT 5

2. threadB: threadA TORREHEH % 3 51K EDEHR (datad) DIRDEHRRZH L
P (datab) IZ CAS 25179 5, ZOROKENTETERIL, threadA PERFA
EITOBIOREBEEURI-D, ZOHEEEITD &) A NPHHET 5,

3. threadA: RKEDER (data3) Z i AT U 72 235 (datad) 12 CAS 2175,

4. threadB: KEEDEZ (data3) 2 AT L 72 E34 (datab) (2 CAS 2475, threadB
DR DI Z 1T o 7 & E DRE IR threadA VPREEH T 2 HIDOKEEHRZ LD T,
Z D CAS 3R Y 5,

COWFEIIRBEOEELIBTKEZRLTWBEIRELTWASEZHTHS, L,
F—RXFEADEIL2ED CAS DEIZHD AL v RAPE 0 ALIEGERH B, T I T, KB
DEZIINBT UHRKEEZRIBLVENE L TEZORH L L FADWLMZFRT 2, V—
Ad—=R 49 ZEZDFADWNED —HTH 5, REDEEIPKEEZRIBLVWGEEDL
XY —23—K 49 D 13-16 f7HIZEHR LT W5, Z8 nextElement 1% RKEZEZEDIX
DEZEZRLTED, NULL TIEARWEGSIEREZA L TVWARWREE WS Z 2125,
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FDGEIX. KREDEZEZ nextElement (Z CAS 2475, ZOMBIZEZOE Y H L 247
SBIZE b S,

Y — X 32— R 4.9: SynchronizedQueue (Z & % ER D A

__code putSynchronizedQueue(struct SynchronizedQueue* queue, union Datax
data, __code next(...)) {
Element* element = new Element();
element->data = data;
element->next = NULL;
Element* last = queue->last;
Element* nextElement = last->next;
if (last != queue->last) {
goto putSynchronizedQueue() ;

if (nextElement == NULL) {

struct Atomic* atomic = queue->atomic;

goto atomic->checkAndSet (&last->next, nextElement, element, next
(...), putSynchronizedQueue);
} else { // wrong last element

struct Atomic* atomic = queue->atomic;

goto atomic->checkAndSet (&queue->last, last, nextElement,
putSynchronizedQueue, putSynchronizedQueue) ;

4.5 ARIFBILRD MR

Gears OS XM DHAZBIFR % Input & Output @ Data Gear & Code Gear D4
fRCHEIRT %, Code Gear IZ Input IZf8E U7z Data Gear B2 THEZIAEFNS L HTX
., FEITU7EE%Z Output IZFEE L7z Data Gear IZESH L2175,

Data Gear (& A X L )V TIRFEERIEI D 72 D Queue ZHi>TWbd, ZD Queue (2
&% @D Data Gear % Input Data Gear & U CT{#iffl 3% Task(Context) 2 A>T\ 5,

WAFEAR DR DFRNZ X 4.6 12”79, Worker (& Task @ Code Gear & F1744. Output
Data Gear @ & & i UALHL (Commit) 2475, & & LALHLIZ Data Gear @ Queue 7*5,
HAFEGRIZ D % Task 22T 5, S L 72 Task (ZIEFEITIZHEL Input Data Gear D F
TV REHESTWVWEDT, TDOATVRDT I IVAY MEITD, AT VR 0ITR>725
Task H3F > T3 Input Data Gear DMl > 72 Z £ 12725 DT, Z®d Task % TaskManager
BT 735 Worker IZ3E(ET 5,
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3: Resolve Wait list(IDGCount decrement)

Task(context) Task(context)
IDGCount IDGCount
IDG 2: Odg Commit IDG
ODG ODG
CS CS
Wait List

Y \ Y

Code Code

4.6: AKAFBE LR D A AL

sancs | (o))
A

4.6 WiFHEXX

Gears OS TIIiFEITT 5 Task DREEZ A XL )LT V—A2—F 410 DL DI
fToTWbd, VY—A3—F 410 TiZFEI73 5 Code Gear, 5 HHEHD Input Data
Gear O#, Input/Output Data Gear NDSREFEDHREZ LA L TWVWD, TN o DELR
1 Context 72 &% GO MEMLER TH 50, WMHETIND Z & Z2RITITEFED CbC D
goto X LA TH B, £ I T, Context ZEBEH VRN —< )LL)V DINFIHESLTH
% par goto X %& HEL 7=,

V— 23— K 4.10: A XL ~)UIZ &5 Task DHERK

_code codel(struct Context *context, Integer *integerl, Integer *
integer2, Integer *output) {
// create context
context->task = NEW(struct Context);
initContext (context->task) ;

// set task parameter

context->task->next = C_add;
context->task->idgCount = 2;

context->task->idg = context->task->dataNum;
context->task->maxIdg = context->task->idg + 2;
context->task->odg = context->task->maxIdg;
context->task->max0dg = context->task->odg + 1;

// create Data Gear Queue
GET_META(integerl)->wait
GET_META(integer2)->wait
GET_META(integer3)->wait

createSynchronizedQueue (context) ;
createSynchronizedQueue (context) ;
createSynchronizedQueue (context) ;
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// set Input Data Gear
context->task->datal[context->task->idg+0]
context->task->datal[context->task->idg+1]

(union Datax*)integeri;
(union Datax*)integer?2;

// set Output Data Gear
context->task->data[context->task->odg+0]

(union Datax*)integer3;

// add taskList Element

struct Element* element;

element = &ALLOCATE(context, Element)->Element;
element->data = (union Datax*)context->task;
element->next = context->taskList;
context->taskList = element;

// set TaskManager->spawns parameter

Gearef (context, TaskManager)->taskList = context->taskList;
Gearef (context, TaskManager)->nextl = C_code2;
goto meta(context, C_code2);

}

// code gear
__code add(Integer *integerl, Integer *integer2, next(Integer *output,

o) A

Y —A 32— R 4.11 (T par goto XUZ & DLkl 2 /Rd, ZDERIFAZ Y T MTLD,
Task THEITS N5 Code Gear @ Input/Output D ZEfEHT L. YV — A3 —F 4.10 1248
HEhns,

YV —A3— R 4.11: par goto (T & % WiF|FE1T

__code codel(Integer *integerl, Integer * integer2, Integer *output) {
par goto add(integerl, integer2, output, __exit);
goto code2();

par goto D H[UZ1E Input/Output Data Gear & EITERIZHGFE T 5 Code Gear Z &
9, par goto THEKI N7z Task (& __exit (ZHkHE T 5 Z & THK T35, Gears OS O Task
I% Output Data Gear % U7z T T 35D T, par goto TIXIERE _exit 12k
T 5D T, Output Data Gear ~DFEE H UMM T N5, ZHIZLKD Code
Gear & Data Gear DIKFRERE /) —< IV LRV TRHABTEBL L5125, ZOD par goto
XX EEOTO T I IV TOBBITFTH LD XS IZHKZ S,
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4.7 Task(Context) [Hd [FH]ULIH

Gears OS TIIEED Task(Context) 7*5[A U Output Data Gear Z{EET 25650 H
%, ZDOBITEY 2R 2 THDT 2D F £E473 5 & Output Data Gear DFEL M
DPHENBLWGED D 5,

% Z T #ED Task B DO FEBHLIEE % 17 5 7212 Semaphore D% %17 -7z, Semaphore
@ Interface % ¥V —A3d— K 4.12 IZ/;RT,

Y — A 32— K 4.12: Semaphore Interface

typedef struct Semaphore<Impl>{
union Data* semaphore;
__code next(...);

// method

__code p(Impl* semaphore

__code v(Impl* semaphore
} Semaphore;

code next(..
code next(..

y o D)5
D)

b —_—

Semaphore [EH D EFIZKN UL TT 7 ATEL ALYy KOFZFHIRTLZ2HDTHD, P
Wma & Vaahdsd, PamldEROBEEICHY L, VaahEIROBBIZAHY 3 %4
BTH5, PiamzirH>B, BEIPZIINIE Vs THRENEETZDOAL Y NiZl
MEzEIET 5,

Gears OS @ Context ALY FIZHYT 5728, Gears OS ET Semaphore % 5E3&
95 Z LiE Context DIFIEZEET Z2HEHNH 5, Gears OS @ Semaphore 1% Context
DIFIEZZEIEHADRES Queue 2> TIT D,

4.7 \ZEJHEAY 1 DD Semaphore 12220 Context 23 PigazEITLTWEY—r v
A %R,

4.7 DI DN %= LT ITRT,

1. Contextl %% Semaphore (ZX U T P @& %79 5, Semaphore (ZIEE A -
TWSDTEFEZHET S

2. Context2 A* Semaphore (ZXf U T P %3795, Z DK, Semaphore (ZEJHH
o> TWR WD T Context % Seamphore 23Kf > TWARFH Queue BT 5, %
D 1% Context2 Z HifF L T\ 7z Worker ([ZALE 2 38T 5,

3. Contextl A% Semaphore (ZXF U T V 5% %179 %, Semaphore D& % ML
DD, fF5 Queue (2 Context 3D 2D DR %Z1T S, Context D3d > 72556 1D
Context % 5 Queue 7 HHfF L. TaskManager ~~ Context DEFT %2175 5%
FET 5,

TaskManager (Z3% 517z Context & Worker THUE X115, HUE X 117z Context (345
IEU7-REDIRAEZ GLdk L T\ B 7280, (81E L7z Code Gear TH 5 P i 2 HUETT 5,
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4.8 T —XiAfiF]

WHl 7w Iy %758, WHHED HRNE ULTRAZAF| & 57— XAFID 2 D035
%, Gears OS DIiFALIE I Task(Context) Z{HH U7z X A7 WHNZ L DEHINTWS,

RADWMHNFIIIEE R AT IZHE L, {XA7ITERERRORWBDEED, Zh%
Wi5{bd %, Gears OS TIIMAFEFRZ Input/Output Data Gear 7 & fi#hr 247\, A7
BRI X 17z Code Gear D26 FEITI N5, —HTT — XMFNFMHERD 7 — X%
FRBEOY T T — RADET B ZEAAEET, FY T T — XITT O WIEAE UG A A
Sz F M FIETH B, DT —XAFE GPGPU &MMENR <. GPU B THFET
T& 5 Gears OS THYHR— b 2fro7=,

Gears OS TT — X WMiHFET2THEHE. V—AIT—F 4.13 D X 512 par goto X DH|
Bz T — ZAHIHDOHESL L U T iterate 2 ANTHEITT 5, iterate [ JEEDOEMEZ 55 L
U, BHEDMEN T — X2 DR EE. BUEOMEEB Ao EIT 72 5,

YV —Ad— R 4.13: par goto (Z & 5T — X i 4

_code codel() {
par goto printlIterator(input, output, iterate(2)
goto code2();

exit);

3 —_—

3

Gears OS 1 7 — X WiFIHD par goto ZEITL7=8HE. 7 — XAMFIHIZ Task 23K
INb, ZD Task I21F V—AT— R 4.14 @ Iterator Interface % 52 L 7~ Data Gear
ERi-E %, 20T —XFIHO Task 1% Input Data Gear 7315 F TldilH @ Task [l
L UTKD, IFBERMIHI I, FEATAHEZR Task 1272 o 72BRIZ,  Tterator Interface
D exec ZIELZ, exec TlE par goto T I N/2IRTG, Bl Task % 2a¥—L, 1 VT v
I A%E ) B THMHEZITS, T index & I ¥ —I N7z Task @ Input Data Gear &
L CTHbi, Code Gear NTIXiEH D Data Gear & UTHHI NS, X 4.8 1F1KLT
Bl 4 2L 7SBED Task E72RLTWS, I¥—E N7z Task 12#EH D Task & [A
U & 512 TaskManager %8 L T Worker (235 X 15,

Y — A3 — K 4.14: Tterator Interface D€ F

typedef struct Iterator<Impl>{
union Datax iterator;
struct Context* task;
int numGPU;
__code next(...);
__code whenWait(...);

// method

__code exec(Implx iterator, struct Context* task, int numGPU,
_code next(...));

__code barrier(Impl* iterator, struct Context* task
(...), __code whenWait(...));

code next

b —_—
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11 ‘} Iterator;

Task(index: 0)
copy task
spawn Task
Executable
Iterate Task(length=4)
Task(index: 1)
Task TaskManager
Task(index: 2)
Task(index: 3)

4.8: 1IR5C. B 4 O 7 — X Wi H|H Task DELT

HH D Task THNIEX, FEITHIZ Output Data Gear 2 FH S HTWUHEIZ A B2, T—
ZWHIFHD Task 1§ 3 ¥ — X724 TD Task FEI7#£1Z Output Data Gear DEZH L %
75, DM & I % 1T S DA Tterator Interface D barrier Td 5, barrier & I ¥ —
I N7z Task EFFEZIZFEIE, Output Data Gear 2’E S HE S RER S ESH LA %
175 Code Gear IZfkfi L. &FZ i HRETHR WA S Worker IZ#/E%Z #5389 5 Code
Gear (ZfkfE 3 5,
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Gears OS Tl& GPU TOETHLEYR— 1T 5 [15, £72. CPU., GPU OFEFTEREDY)]
D & Z1E Meta Code Gear, 2% D stub Code Gear THJD & X 2175,
AKETIX, Gears OS TD CUDA Ef7DOHKR— MIDWTEHIAT 5,

5.1 CUDA

CUDA[17] &% NVIDA #2243 % GPU a v ¥ a—7 1 ¥ 7\ OMRABHRESE
Thb,

CUDA [$i#HBEH v+ v ¥ (GPU) % Device, #lHIH T /N1 Al (CPU) % Host & L
TEHT D, £72. Device LTEITTETHT T LD L% kernel EIEL,

¥ 7-. CUDA (21X CUDA Runtime API & CUDA Driver API @ 2 f¥i{74£3 5, Driver
API i Runtime API IZHERTEH IR EY YV —AD L \WHY, Runtime API X 0 k7
WA 175 Z DK B, Gears OS Tld Driver API 2 FA\WT GPU Ei7DFEEZITS,

CUDA TIFHE D H/ND HAL % thread LEZRLTH D, TNzE L H2H D% block
EIER, block & thread I TN ZFN3RICE TREMT 5 Z & H3HEK S, 5.1 {Z thread.
block % 2 Rt TR U 7=#l% =9,

kernel Z#CHE) 9 % &, % thread (ZX L T block ID & thread ID 2525, Zd ID
1 blockldx, threadldx &\ > 7zflAAAZHTIETE 5, TNoDEBUL3IRITLDON
IR —=HIZ5>THED, blockldx.x £ 5 & x MBEED block ID 2YHGF T &, threadldx.x
&9 5 & x JEFED thread Id ZHUETE 5, X7z, block A® thread % blockDim & \»
SHHARALETHFTE, ZHhE3WMILDORI X—RlIZ/>TWb, CUDA Tl Zh
5 DFLAAAELD & thread BRIGT BT —X2EHOH L, T—XMEHOUEEFTS,

5.2 CUDAWorker

CUDAWorker (& TaskManager #* 5345 T 15 CUDA D Task ZHfF L. Eir%
?_‘ 5 o
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blockldx(0, 0)

blockldx(1, 0)

blockldx(2, 0)

0,0 | 1,0 | 20
0,1 1,1 ] 21
02 |12 ] 22

>|00]10]| 20 00| 10| 20
£
a
o1 ]| 11]21 01 | 1,1 | 2,1
O
§e)
0|02 |12] 22 02|12 | 22
blockDim.x

blockldx(0, 1)

blockldx(1, 1)

blockldx(2,1)

0,0 | 10| 20 0,0 | 10| 20
01| 11| 21 01| 11 ] 21
02|12 ] 22 02|12 ] 22

0,0 | 10| 20
01| 11| 21
02|12 ] 22

blockldx(0, 2)

blockldx(1, 2)

blockldx(2,2)

0,0 | 1,0 [ 20 0,0 | 1,0 [ 2,0
01 | 11| 21 01 | 11| 21
02|12 ] 22 02|12 ] 22

0,0 | 1,0 [ 20
01 | 11| 21
02|12 ] 22

5.1: block ¥ X (3,3), thread ¥ X (3,3) (Z /&R
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CUDAWorker & CPUWorker & F U K FIHMEDERIZA Ly RBEKI NS, RSN
72AL v NiX CUDA 74 77V #1#A{b#%ik 9% CUDAExectuor DA %175,

7 — XA FHD Task 1 CUDAWorker 123553 2881 Task ® I ¥ — %47 EET
%, ZITHL> 727 — ZAiFIHD Task & Code Gear D A X L R)LT kernel DEITEITD,

5.3 CUDAExectuor

CUDAExectuor (& ¥ —Z 32— K 5.1 (Z/R3 ExecutorInterface 232 L TH D, Host
D5 Device NDT — X DiEfF (read). kernel DFEAT (exec), Device 75 Host ~D T —
ZOFZHL 21T (write),

Y — A 3d— K 5.1: executor Inteface

typedef struct Executor<Impl>{

union Datax Executor;

struct Context* task;

__code next(...);

// method
_code read(Impl* executor, struct Context* task
_code exec(Impl* executor, struct Context* task, __
_code write(Impl* executor, struct Context* task

code next(...))
code next(...))
code next(...)

- ) ==

—_— b —_——

Gears OS Tl¥ ¥ — & Data Gear TEEIN D, DF Y, Host. Device {lTT— &
DXDED 2175 &5 Z &I Data Gear 2 GPU O F — XHEHIRIZIh - 7= IZ AT %
WD BB, Host 725 Device NT — X %2 ikfET B8, CUDA Tl cuMemAlloc BA%K
EZHEALTY A X&2IEE L. Device il 57— X MEIE %2 HEMRT 5, £ TD Data Gear 1213
Meta Data Gear & LT Data Gear DH¥ 1 X2 K-> TH O, HEARMIZIZZ DY A XTF—
ZHE A B AUE LW, UA U, Data Gear 12X o TIEHNEIZEIZAR A > % T Data Gear
EROTWBEERH D, ZTD L& S7% Data Gear 13 Data Gear DFEEEDY 1 X Tldie
. RAVEZDOY A ZATHBESNTLUE S 20, TD X F TIE Device D F — X 4His %
HRT2Z N TE R,

ZOMEE R T 57212, CUDABuffer 5 CUDA 7 — X %{EH®D Data Gear
MR U7z, CUDABuffer (213 Data Gear DNERIZ KR A > X ZFF72 70\ Data Gear
TR U 7z Input/Output Data Gear Z &I 115, Data Gear Z CUDABuffer (Z#&iA
T 5 0EE CUDAExectuor T34 3, FEIFE N B Task @ stub Code Gear TirH i
%, CUDABuffer iZ#&#1 X 1T\ % Data Gear D% 1 X% 2 L. cuMemAlloc BIET
Device D7 — X 40 % WEfR 9 5,

Host. Device, CUDABuffer D BfR%Z X 5.2 1IZ7R7,

Host 725 Device IZT7 —&X % 2 ¥ —9 5121 cuMemcpyHtoD & Z{FHL TI75, Z
DERIZ Host THHET 57 — X 1 CUDABuffer IZ#&#8 X 11T\ % Data Gear & 725,
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kernel
block block
Shared Memory | Shared Memory
/ A 4 A
y Y A \4
Thread Thread Thread Thread
A A A 4 A A A A
A
Local Local Local Local
Memory Memory Memory Memory
\ A Yy v
Global Memory
A
Device(GPU)
cuMemcpyDtoH cuMemaAlloc &
cuMemcpyHtoD
\ 4
CUDABUuffer
A
mapping Data Gears
Input/Output Data Gear
Host(CPU)

5.2: Host. Device DT — X D%
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kernel DEfT#., FEH % Device 7*5 Host 123 ¥ —9 5B IX cuMemcpyDtoH BH#(T
fFoisd, Host DA —X 727 —&XIE Output Data Gear HEATWA72H, I —
#1% Output Data Gear ~DFE & H ¢ UHIZ Mk 3 5,

kernel D471 cuLaunchKernel B Ti7H 3%, cuLaunchKernel BIEUZ X518 & L
THEIRITTD block ¥ 1 A, thread ¥ 1 A, kernel ~NDF[HE%2E T, Gears OS TlET —
Z i H] Task DERIX Iterator Interface ZFf>THH, ZTIZTHREULEZES, Railo
U T cuLaunchKernel OF[# %1 ET 5,

5.4 stub Code Gear IZ X % kernel OZEfT

Gears OS Tl stub Code Gear T CUDA IZ X572 EZ 5,

stub Code Gear TOY] D #FH X DR IL CUDABuffer ~® Data D&, 17 X415 kernel
Dt HAAAREITD, EBRIZ GPU TEIFINEGTHT I LIE YV —AI—=—F 52D &5
ALk g B,

V—A3— R 52: A DEZ% 523 5 H41#

extern "C" {
__global__ void twice(int* array) {
array[i+(blockIdx.x*blockDim.x+threadIdx.x)*prefix] = array[i+(
blockIdx.x*blockDim.x+threadIdx.x)*prefix]*2;
}

BEE . stub Code Gear X)) U7z Code Gear (Z#kHc 3 555, CUDA TEITIT HRIX
CUDAExectuor ® Code Gear (Zf¥fid 5,
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6.1 SEERIREE

4 [a] Twice, BitonicSort % Z N Z 4 CPU, GPU EIE T Gears OS DHIEZ1T S,
i 9 2 BB 2 K 6.1, GPU BREiZ2 X 6.2 129, 7. FMHIZ LLVM/Clang T
LU CbC a1 F%HWT Gears OS #3 X1 )VT 5,

Model Dell PowerEdgeR630

0OS CentOS 7.4.1708

Memory | 768GB

CPU 2 x 18-Core Intel Xeon 2.30GHz

% 6.1 78R

GPU GeForce GTX 1070
Cores 1920

Clock Speed 1683MHz

Memory Size 8GB GDDR5
Memory Bandwidth || 256GB/s

# 6.2: GPU %

6.2 Twice

Twice 1352 5 N2 BHAESI O TR TOEER 25123 20ETH 5,

Twice @ Task X Gears OS D7 — X WH|THEITI NS, CPU DEGEILELH]H 5 IEE
DOHIPIZFEIL T Task ZHEKT 5, TIITEREIT Task ZAEKT 5 & D45 D Context
ZHERTH7-DICHFEZIN->TLESI PHTH B,
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Twice 1$MFETOMEAABRE 2L, T XA TOEFICHEL ZHETH B, TD7-
o, WERZFZELRITNE CPU X0 a7H»%\w» GPU 3G & 75,

TR 2T OFT — 21T 5 Twice DFEITHER % K 6.3. K 6.1125R7F, CPU EfTD
BEiZ 227 OF — & % 64 ff D Task I20E L CTWFFETE2IT>TW5B, GPU TIX1RITD
block (% 2'5. block N® thread % 2'0 T kernel DET%2 {7 >72, T I TD “GPU“
& CPU, GPU 07 — X ofEf € & o7z, “GPU(kernel only)“ % kernel @
ADEITIRHETH 5,

Processor Time(ms)
1 CPU 1181.215
2 CPUs 627.914

4 CPUs 324.059

8 CPUs 159.932
16 CPUs 85.518

32 CPUs 43.496
GPU 127.018
GPU(kernel only) || 6.018

# 6.3: 227 OF —RIZH T B Twice
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twice benchmark

1200 I T T T T T T T

1000

800 — —

600 — —

time(ms)

400 |- -

200 — —

0 1 |

1 cpu 2 cpus 4 cpus 8 cpus 16 cpus 32 cpus gpu gpu(kernel only)

6.1: 227 DF — RIZKT B Twice

1 CPU & 32 CPU TIX 271 FEo#EE W LR oNnTz, HEHREOBEIELH 5
EEZLND,

GPU TODFEITIX kernel D ADEFFIFRIIIE 32 CPU IZHART # 7.2 0@ E R EAR
5Nz, UL, BEREZ2ED5 L 16 CPU XD BWERE>TLE 72, CPU,
GPU DEERE A —/N—=~y RIZHR o TWAEHEIRDN B,

6.3 BitonicSort

BitonicSort (ZWHMLBEIF DY — s 7L 3Y XA TH 5, REWZY—FT7LTY X
LTH B Quick Sort HAFFIWEE 2175 Z LD A[BETH 53, QuickSort TlE ¥V — b Dji#
BECUHHEPEFHT 5720, EBEIRAHE D 5\, —J5T Bitonic Sort XD & & F
TMFIENZE D & TITWFILIZ1T75, B 6.2 [FFEHREE8 DT — X IZH$ % BitonicSort
DY —h2xy FT—=0Thb5,

BitonicSort [& AT — VTR K 572 2 RO ERD ANEZ 2 WiFIZFEITT 5T LI
ko TY—=b%1TS, Gears OS TIEZ D AT —IHIZ Output Data Gear ZEEHI L,
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stage 1 2 3 4 5 6

6.2: EEI ] @ BitonicNetwork

IRDAT—D Code Gear @ Input Data Gear & U Titidd 5 Z & T BitonicSort % 5
WY 5,

BRI 2% DT — RIZKT B BitonicSort DEITHER % £ 6.4, M 6.31TRF, TH56H
Twice £[A U< CPU FEATDORRIZ 22 DT — X% 64 fH D Task 22 L CAFIFEIT %247 -
TWb, DFEDERINS Task 1 64 * AT =V 2725, GPU TlX 1{XTd block
& 24 block D thread % 20 T kernel DFEITEIT > 77,
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time(s)

45

40

35

30

25

20

Processor Time(s)
1 CPU 41.416
2 CPUs 23.340
4 CPUs 11.952
8 CPUs 6.320
16 CPUs 3.336
32 CPUs 1.872
GPU 5.420
GPU(kernel only) || 0.163

* 6.4: 224 OF — RXIZX9 B BitonicSort

bitonicSort benchmark

1

1 cpu 2 cpus 4 cpus

8 cpus 16 cpus 32 cpus

gpu gpu(kernel only)

6.3: 224 O F — X IZx9 % BitonicSort
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BRERRZF R FBe AL X (B 1) 6% Gears OS DA

1 CPU & 32 CPU T #22.12 £ O#ER LR R S5z, GPU TIH@EERM%2E&H 5
¥ 8§ CPU D 1.16 5 7. kernel DADEITTIX 32 CPU O 11.48 fF & 72 5 7=,
BFED Gears OS @ CUDA FEZE T, Output Data Gear % &FH & H BRI —E GPU »
5 CPU “~ kernel DFETFHERDOEZH L 27> TED ., TONHOK R TENH Tz &F
Z6N5, GPU THEITEI NS Task [F L DUKAFRERDAERDER X CuDevicePtr 72 & D
GPU DAEYVADERA VX %E2FEL, CPU TTF—RDBREIZ 2572 & X IZHDHT GPU »
5 CPUNT—ZXDEERITO A RHADEENKREL 5,

6.4 OpenMP & DLL#R

OpenMP[18] & C. CH++ DTHRT T LT /) F—Ya v s 2 e TlfisifbzT
5, T/ T7—YaviE V—A2—F 6.1 DESIT for XOFNIDIIEI LT, Vh—7D
WFME 2175,

YV —A3—FK 6.1: OpenMP T® Twice

#pragma omp parallel for
for(int i = 0; i < length; i++) {
alil] = ali] * 2;

OpenMP ZEfFD I —RIZ7 /) T —r a v &3 7210 CXisifb 2172 5728, BH
DAL THEG, LU, V—=T0ADNFULTIE T 0T T ARKDOWFIELN ER ST
T LR —)VOERNT & v PEREA EASEEFT B 12> T L £ 5, OpenMP 13V — 7 D54k
T 7ay ZBRATOWHFEITH Y R—- ML TWEA 7/ 77— a VOl B A
TLES, £72, OpenMP 33— RN & T =X BREEIZDHEL TR WD, T —XDfF
LEDEWIEEZN) TEDT ) T —Y 3 v TRibkd 5,

Gears OS TlZ Input Data Gear %3 > 7z Code Gear ZWMiFIZFEITEI N5 72, TH
75 LhERONFIEZFED B Z LK D, F72 WHNHED I — N & T — X DKIZFER
% par goto X CRIERIZELR T 5 Z LAk 5,

Gears OS & OpenMP TH%: U 7z Twice DFETFERDILEZ X 6.4 1Z5RT, EITER
Bild # 6.1. 2% OF —XITH LTIV, Gears OS flIIALS] % 64 D Task (Z43E L,
OpenMP (X for X% static A7 ¥ 2 — )V THliF|FEIT U7z, static A7 Y 2 —)Lig— 7D
Bz 7nty—0mTHEIL, WHEITZ21TS openMP D AT Y a— )V HETH 5,

FITRER & U T OpenMP 1 1CPU & 32CPU T#J10.8 D E m] EAA Sz, —F
Gears OS T3 271 FEOEE MR LDz, ABIRPELSR>TWS, LML, Gears
OS 1% 1CPU TOEFTHMAH OpenMP IZHEARTRIFIZEL o> TW5,
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6.5 Go Sif& DL

Go Sif 1X Google LB L TWBTH T I IV I SFETH S, Go SiEIZ &5 Twice
DFELEH %Y — A3 —F 6.21TmRT,

V—Ad—NK 6.2: Go EEETD Twice

func main() {
¢ := make(chan []int)
for i :=0; i < *split; i++ {
// call goroutine
go twice(list, prefix, i, c);

for i :=0; i < *split; i++ {
// join twice routins

<- cC
+
}
func twice(list [lint, prefix int, index int, c chan [Jint) {
for i := 0; i < prefix; i++ {
list[prefix*index+i] = list[prefix*index+i] * 2;
c <- list
+

Go FRElXiliF%E4T % “go function(argy)” O X 5 REXTITH, T DIiFIFEIT%E gor-
outine & L3,

Go Sifl% goroutin IO T —XEZEZF ¥y 2NV L WVWD T —XRETITS, Fv¥ 3
W& T—2D%EZEIX <7 2fioTiTbN b, IZIEF Yy IVDT—XEETH D
channel (ZXf U T “channel <- data” &9 % &, data % channel IZZEEZITI, “<-
channel” 9 % &, channel 225X EIN/ZT—X % 1 DED 9, channel 127 — XA
EEINTVARWVWEA X channel IZT —XDNEFEI N EFTEITE 70y 735, Go Sif
EF v RVIZE D, T—ROEZEPERIZE TS, ULrL, F ¥ 1IVIEEED goroutine
TS| TE5720T —XRDEETIHEHRIL D50,

Gears OS Tl goroutine & par goto XL AIZIXFEFIZH/S Z KB, 72, Code
Gear 1 par goto X CT&H & H9 Output Data Gear % f5%E U THEIT S 5728, Data Gear
OEZH UL T W,

Go S8 T®D OpenMP & [FIBRIZ Twice 2L Gears OS &K ZITH, THHHHE
TERIRIL K 6.1, 2% OF —ZIZ LT\, Gears OS. Go Safifi /& HELSI% 64 ff
@ Task, goroutine (273 E| U TIiF|FEIT7 %217 > 7=,

FITRER L LT Go S38ld 1CPU & 32CPU TR 433 ffoEEM AR Sz, 25
5% OpenMP L EU L, BESIERBEMAKRIL Gears OS 23E WA, 1CPU TOHEFTRHEIX Go
SEPKIEICELS IR T W5,
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AIZETIE Gears OS DMiFIFETHEMDELELE Z 1T 572, Gears OS 1% Code Gear,
7 — X % Data Gear & W T %5479 5, Code Gear & Input/Output Data Gear
Dl % Task & U, WHFETZITD,

Gears OS D707 Z 3 v 7% Interface £\5 —#D Code Gear ¥ Data Gear D
&% KT 5 Meta Data Gear # AW TiTHN 5D, ZD Interface I& stub Code Gear &
WO 2 TD Code Gear IZX ) d % Meta Code Gear T Data Gear 2[R9 5,

Gears OS @ Task 1% Context &5 2 T®D Code/Data Gear 2T & % Meta Data
Gear D)9 5, MFMLEEZ 1T 5 BRIE Context Z 4K L. Code Gear & Input/Output
Data Gear % Context (Z7%& L C TaskManager #2H T# Worker @ SynchronizedQueue
IR E N B, Context DEREIFA XL )N DERIZIHR B 728, /=< L)L TR par
goto X & W5 CbC D goto XIZIE WGk TSI Z /TR B, T D par goto (FilH D 7
077 IV ORBIFOCHLD XS IZIRA 5,

Gears OS @ GPU Mt &7 —F 72 F ¥ D Worker & Executor, Buffer % &
TEIETTY—FT7I7FYBIZEDERLFET2ITA S, AWISETIE CUDA 523 & LT
CUDAWorker, CUDAExecutor, CUDABuffer D52 %17\, TR 217072, 7=,
CPU. GPU OEITOY) Y 2 1ZMHFEITZT 5 Code Gear D stub Code Gear Tkt
SRV BEZDLIETARLALTRHRRT S Z EAAREE 2o T2,

Twice & BitonicSort OHIBEDRIEFER TIZ 1CPU & 32CPU T Twice T 27.1
f%. BitonicSort Tl #22.12 50 E R EAXR SNz, /2. GPU ETOHIED T,
kernel DA DFELFIEHITIL 32 CPU & 0 Twice TIFA 7.2 %, BitonicSort Tl 11.48
fEDORER ERA SN, GPU OMREETENT I LN TE

7.1 SRBROFE
SHOMFEE LT, Gears OS DiFUE DEHEMDOMHIE,. Fa—=VT %175,
Gears OS TIFEFHHE ETIVREBEZ XA X LV RV TEFTT L Z & CEHEM 2T 5,
AEEHIZ CbC D70 7T LGSR D Agda (2RSS W TREIAZTT 5., BIfEIX Gears
OS @ Interface 7 DEMEDGEIAZ 1T > TH D . Stack X Tree DEMEDGHEIAZ 1T > T W
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ETVRAETIE CbC TRl I N ETIVMARR TH S akasha [19] Z{HHL T/T S, €
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Go. OpenMP & DLt 5, Gears OS 23 1CPU TOEMEIEWE WD Z &R bh o
7zo Gears OS & par goto XZfHHT 5 Z & T Context ZAmK U, MHWHEZIT5, L
U. Context (& A E YV ZEH DML T 22 TD Code/Data Gear % iXET 5 MENH
0. EERIZH HEEORMMN2P-oTULES, £IZ T, par goto DA VNS ILEA IV
7 CHA179 % Code Gear D 71— % & T IVRE TN L. AWHEABEN G & IX Context %
EEETIT, BT L2775 F0REILETS L \WokFa—= v I WRRBETH B,

4D CUDA 52 TlE Output Data Gear Z&FH & HiTEIZ—E GPU 725 CPU (2
T—RDKETIBEDNH 572, UL, CPU, GPU MODOT—XDM@EEIFXIT A FDE
WZ EWFIEDFER N S DD 572, GPU IZH BT — X% CPU I TR VX TRDZ
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DEEEITO Z & T, BAKRD T — X @E T A2FEITTE 5,

51



il

AIFFEDELT. AL DIERIZ D720 HEICITH B S TR 72 2 (455 & %0z
200 UL MBHERIEBRRISODE D RGEHBL XY, TUT, T e T wEs i
SIBWEIE L Z® > TR TS NMSNEEIFEEDRTD A VN —IZEHEL £,
BRI, AREFZLREZ IO DU 2B T2 RS R CLEER ORI
T AT N FKIRIZHR  REEHEL £ 97,

2018 4 3 H
e ST A

52



245 3k

[1]

2]

INKARFHE. Code segment & data segment % £FD gears os D @%al. Master’s thesis,
BRERR Y KRB TRl i L5 2016.

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.

Haogang Chen, Daniel Ziegler, Tej Chajed, Adam Chlipala, M. Frans Kaashoek, and
Nickolai Zeldovich. Using crash hoare logic for certifying the fscq file system. In

Proceedings of the 25th Symposium on Operating Systems Principles, SOSP 15, pp.
18-37, New York, NY, USA, 2015. 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.

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 Confer-
ence on Programming Language Design and Implementation, PLDI "10, pp. 99-110,
New York, NY, USA, 2010. ACM.

i# ¥ . Llvim clang E® continuation based ¢ I > /31 7 DR, Master’s thesis,
BiBRK T R B To2arsiRl R L2 s, 2016.

Ulf Norell. Dependently typed programming in agda. In Proceedings of the 4th
International Workshop on Types in Language Design and Implementation, TLDI
09, pp- 1-2, New York, NY, USA, 2009. ACM.

EIOEA, M EIR. Code gear & data gear ZKFD gears os Dikat. 5559 8] 71 2
ZIVY -V URYY LAFREE, #2018 4, pp. 197-206, jan 2018.

53



BER KR TR B AL > (B ) 2% 3R

[9] J. Meyerson. The go programming language. IEEE Software, Vol. 31, No. 5, pp.
104-104, Sept 2014.

[10] Chris Lattner and Vikram Adve. LLVM: A Compilation Framework for Lifelong
Program Analysis & Transformation. In Proceedings of the 2004 International Sym-
posium on Code Generation and Optimization (CGO’04), Palo Alto, California, Mar
2004.

[11] Tokumori Kaito and Kono Shinji. Implementing continuation based language in llvm
and clang. LOLA 2015, Kyoto, July 2015.

[12] KIfSRE, ¥ E R, Continuation based ¢ @ geed.6 EDFEIRIZDOWT. 53 |71
T IVT - v URY Y AFRE, 82012 %, pp. 69-78, jan 2012.

[13] Eugenio Moggi. Notions of computation and monads. Inf. Comput., Vol. 93, No. 1,
pp. 5592, July 1991.

[14] /INACRFRSE, (ST, EPE R, Monad 123D < XA XEMRZFAR L T 5 gears os D
BEE B33 EEHRUHE PRV AT LAY T NIV 2T ARV =T 4 VT - VAT L
7243 (08S), May 2015.

[15] BUEGAABRME, GHEIME Y B, Gears os (238 1F 2 WAL, 25 140 [AIEHRULHL 2
VATLY T NI T ARV =T 4 VT - VAT LFZES (0S), May 2017,

[16] Maged M. Michael and Michael L. Scott. Simple, fast, and practical non-blocking
and blocking concurrent queue algorithms. In Proceedings of the Fifteenth Annual
ACM Symposium on Principles of Distributed Computing, PODC 96, pp. 267-275,
New York, NY, USA, 1996. ACM.

[17] Cuda zone — nvidia developer. https://developer.nvidia.com/cuda-zone. Ac-
cessed: 2018/02/05(Mon).

[18] Openmp: Simple, portable, scalable smp programming. http://www.openmp.org,.
Accessed: 2018/02/05(Mon).

[19] HesEfdR, ¥ EIR. Verification method of programs using continuation based c. &
WP 25 EE 7125 2> 2 (PRO) |, Vol. 10, No. 2, pp. 5-5, feb 2017.

54



