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T — & % Data Gear WO B ZHAWT T O I L%k T 5, Code Gear IZI1FFETT
% & ZITHEZ Input Data Gear, HiJ19 5728 D Output Data Gear 23dH 5,

Gears OS ® 7112 7 L DSHENEDREMIZE T IOVRE, MEE2HH L TT 5, ZDEHH
VDO DEHFIFA XGHE LTI NG, IO X XEFHEIXMEEEDMIZ CPU, GPU
BREDT —FTI7F Y IR -ETEROUI DR, 7T — X OIRE DR % fe4t 3
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& #H D Code Gear HIZFEITEI N5,
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FTOBREEARATIAITERDOAZRIEET 5, 20 CbC & C L EMHMEDH B FiET, 1
METEVTIITHRD L KERRBN 2T D, F72 Haskell 22 I AR TR
HUTEBRSREMGEZFHHALTWE 2O, AXy I EIZRBINREZ 2020,
ARV ANV THHAT 5 EIREZHEICTE SN RDRD 5,
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Code Gear FDMEHLIZIRD Code Gear DFEF & Context £\ 52T D Code Gear &
Data Gear 2T & % Meta Data Gear Tird 5, Context 225/ —<IL L X)LD
Code Gear ~#%#6t 3 B BRIL stub Code Gear &5 Meta Code Gear Z W%, Z®d stub
Code Gear (ZA XV RVODEETH 5720, KD Code Gear 75 HEINIZAEK I 1
HDNREFE LV, ERIZHERERIZ Code Gear & Data Gear DEF O 561H5, Z
DEFE D % Interface L L TEEBL TV 5,

Gears OS TO 7t A, AL v NiZ Context 23MHS5, DF b, WHIETT HEILH
U< Context 24 L. %z CPU, GPU IZHIDIRAFIZL > TEHEHINS, EKX
N7z Context (ZIFFET I NS Code Gear & Mg % Input/Output Data Gear 73 H%k X
., B IS N7 T Context IZEEE S 417z Code Gear 25179 5, Z D Context %
WS AL B EATERR 2 /E D | 5l ZBRET 570 E DML A X L X)L OMET
HH, /=< LX)VTiE Go FRED goroutine D & 5 REGER LW HIEX D H B Z & HE
FLW,

AL TIE Gears OS DHEARZKLEN, ¥)LF a7 CPU & CUDA (&% GPU TOHELT
MR, WrREC 2 FERE L, HlEZ HWT Gears OS O SR D A 217 5
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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
175, CbC & Code Gear % EARMZLZMBHEAI L U TR TE 2707 I I VI EHETH
%, CbC QMR L LT llvm([7]/clang & gee 12 & % FEE2 EDFAET 5 [8][9].
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Input Data Gear

Data Gear Output Data Gear

Data Gear

Data Gear —»| Code Gear

Data Gear

i

Data Gear

0.0 6

2.1: Code Gear & Data Gear D%

CbC DFLbf%E Y — AT — K 2112, FRIZZDY — AT — RBRFETINIBEOER %
2212739, CbC D Code Gear 1% __code & WS B ZFDORE L UTididd 5, Code
Gear 136t TIRD Code Gear \[ZEM T 2MWE L, B L IEVRE D EIXFEZ2V, %
D7, __code I Code Gear DR D ETIZ7 <, Code Gear THD L ZRT T T
7> T\W5, Code Gear 22 H{RD Code Gear ~“DER 1L goto XIT & ikt TULEL %
TV, IRD Code Gear ~ND5[E UTAR N Z 5 A5, VY —A32—F 21N goto cgl
(a+b); DBLZ D7D (atb) AV egl ND AN D,

YV —Z 33— R 2.1: CodeSegment O & ki

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

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

CbC @ goto 3CIT & Bfkfsild Scheme @ call/cc &\ o 7zifkf & B D | IO LEd
BEA2BRELET, TEE2EETNERY, oMz BaEki ey, V—2a—F
2.1 1% cs0 225 csl NEFE L 72D 2121 es0 ~NE S TITUHE 2Kt 1) 5,
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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 EETIX Monad[10] 2 FHWTRB X115 [11], 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 g g Data
@ » Code Gear V@

Meta Data Gear Meta Data Gear

Data Meta Code Code Gear Meta Code Data
Gear Gear Gear Gear

2.3: Meta Code Gear DFEST

2.5 Context

Context FHHiAIBEZR Code/Data Gear DY A b+, Data Gear ZEfR 3 5 A € V) ZE4fH],
EL17E N B Task ~D Code Gear F%Ff> T35 Meta Data Gear TH 5, Gears OS T
& Code Gear & Data Gear ~D$E#i% Context 2@ L TIT D,

¥ 7z, Context IFWMHFEITD Task THHH, WRKDAL v KT AIZHIET 5,
Z D728 Gears OS TiiF]FEFT 21T 5 121F Context 24K L, Task DETZETS,

Y —Z 32— K 2212 Context DEHEERT,

Y — A 32— K 2.2: Context D%E T

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

// task parameter
int idgCount; //number of waiting dataGear
int idg;
int maxIdg;
int odg;
int maxOdg;
int gpu; // GPU task
struct Worker* worker;
struct TaskManager* taskManager;
struct Context* task;
struct Element* taskList;
#ifdef USE_CUDAWorker

Gears OS Dfi 51| WL 6
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BRERRZF R FBe AL X (B 1) $ 2% Gears OS DR

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—Ad—R22 A FTOHNEBEEHZLTWVWS,

e Code Gear DHHTE KR A > 2 & DXk

Code Gear D& R A v X DX tlE Context ND code(V —AI— K 2.2447H)
WM X5, code 132 TD Code Gear Z51% L7z enum & BERA > X DT
KEEEXND, Code Gear DAL enum TEFZE I, T VXA INVERITITEBIA L E
i nsg, FEBRIZ Code Gear I[ZHiki T HERIZE S (enum) Z5ET 5 Z & Thafi &
19, TNIZTE D, X RFEDOEITRIZERT D Code Gear ZEINIZYIVEZ 5 Z
EWH[REE T B,

e Data Gear @ Allocation FH D&

Data Gear @ A &V 2T HATICHIHZ MR U722, BEIZS U TZOHEEZH D
MTHIETHEET S, LRI Allocation 3 % FEIE Context WD heap(Y —A 3 —
K 2.2 817H) % Data Gear DY A X531 V7 VAV M5 L TEET S,

e Code Gear 7’289 % DataGear ~NDKRA VX
Allocation TH K L 7z Data Gear "D KA VX IZHF S5 2EH DI D, Context ND

Gears OS D 51| WL 7
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data(¥ —A3—F 22 617H) I I N5, Code Gear 1 data 205 &5 ZHEE
L T Data Gear N7 27 £ 2§ 5,

o WiZEITH D Task 1HEH

Context |& Ai%F4TD Task LIMLT 5728, > T\W5B Input Data Gear DAV
> &, Input/Output Data Gear D&M I NTVWBGHTZRTT VT v 7 A, GPU
TOFEITT7 77" FF>TWVW5 (VY —AI—F 2213-3017H),

e Data Gear D HYfFHHR

Data Gear IIHEEARZHWTERT S (Y — AT —F 2.2 3449 17H), Timer ¥
Timerlmpl 72 & DFEERDY Data Gear IZHY T 5, X XEHRE TIXMERE D Data Gear
Z— UKD 72, BTD Data Gear DILFKZE&KRT S (VY —A3— K 2.2 3351
f7H). Data Gear Z RS Z2BD Y 1 XL Z ORIEHD HIRET 5,

2.6 stub Code Gear

stub Code Gear ¥ Code Gear DD IZHEF 15 Meta Code Gear TH 5D, / —<
WL )LD Code Gear 225 Meta Data Gear TH S Context ZEESRLUTLE D &,
A—FNRAREHEE ) - VLRV THBHIZHERTETUE ., A XEE % ML -k
MW >TUE S, stub Code Gear 13 Z DJEZ [ <728, Context 725 HE 7 Data
Gear DA% / —< NV LX)V D Code Gear (ZIET M ZIT>TWB,

YV —Z3d— K 2.3 1Z stub Code Gear OHil%Z 9, stub Code Gear IXfHH I N 54T
D Code Gear BIZFR T B2HEDRH B, LU, £2TD Code Gear 1Zxf L T stub Code
Gear 23R T2 DI KRB EIZZR>TUE S 72, #1835 Interface 2 EHEL 72
Code Gear 7R EDRINRE > TH D | 5D N T W B GFH D025 stub Code Gear
FAZ Y7 N THBIERT S,

YV —A3d— K 2.3: stub Code Gear

__code clearSingleLinkedQueue(struct Context *context,struct
SingleLinkedQueue* queue, enum Code next) {
queue->top = NULL;
goto meta(context, next);

}

__code clearSingleLinkedQueue_stub(struct Context* context) {
SingleLinkedQueue* queue = (SinglelLinkedQueue*)GearImpl (context,
Queue, queue);
enum Code next = Gearef(context, Queue)->next;
goto clearSingleLinkedQueue(context, queue, next);

}

Gears OS Dfi 51| WL 8
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stub Code Gear 1 —H —2HEI TRk T A Z L L AHETH D, DF b, 2—H =N
ARGFHRAEZGLRT B D TE S, stub Code Gear Z Wz A XFHEDHI & LT, KK
stub Code Gear 1ZX)i U7z Code Gear (Z#k#t 3 %A%, HHEIT stub Code Gear % Ftik
5 LT, Mk REIZAEETE D,

Gears OS Dfi 51| WL 9



¥ 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 DEY 2 — IALDEAATDH % Interface[12] IZDWTELIHT 5,

3.1 Context Z#H U T DOk D M #E i

Gears OS 1% Code Gear T#4 %7 Input Data Gear % Context 2 5% 5 % f8E L THY
D9 Z & T A2ETT S, Context X707 7 LAEIKTAS E[FHHTSHE2TD Code
Gear & Data Gear DS % KBIT 5 Meta Data Gear 127> TW5, LA L, Gears OS
%5249 % BT Context 725 Code Gear & Data Gear DHFSDOMEE 22 TIEMT S
& Code Gear 23 @ Data Gear DFEFIZXIGT 602 % stub Code Gear 123 < BED D
D, FClRAVEMEIZ R > T U E o7z, 72, stub Code Gear DELk DIEME X ZkElS 5728
W2, WRE S 7FFITHRE o728 D Data Gear ZEK L. £ D Data Gear Z#Z D Code
Gear TffiWwEFH T 2\, Data Gear 227 0 — N)LED & SIS MENLFHK L /-,

Z DRIRE T Context 232 T D Code Gear & Data Gear DESEZ KT 572D 1L
Zo[f TH B, I T, Gears OS 2 E Y a2 — )WL T BHA L U T Interface & A
U7z, Interface 1 % Data Gear DEFH &, TAUIN T S#fE (API) 2475 Code Gear
DEE % KBTI 5 Meta Data Gear TH 5, Context TIEETD Code Gear & Data Gear
DEEGEREL TS Z &I, Interface 1T —¥#D Data Gear & —#®D Code Gear M
HEERBT S, ZOD Interface 1% Java D 1 VX —7 = — A, Haskell DT 5 2 1Zx%}
ISR

3.2 Interface DXEFH

Interface I3fFH X 15 Data Gear DEFE L., TIUIKN T 2#/E21TS Code Gear D
&% KI5 Meta Data Gear TH 5, Interface IZIFEBOERKE Z2FHFHOZ 2N TE,
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BERKFERFBE A G X (B ) H 3% Gears OS DEY 22— )Lk

IZE > TEFTTS Code Gear 22U EZ B2 Z D A[GEIZZA2 5, 2D Code Gear 1 CH++
D virtual BEL. Java @ abstract XY v NIZXInd 5,
YV —A 32— 1R 312 Queue D Interface 7R3, Interface [ZIXLARONEZEET 5.

o 3D Data Gear £t

YV —Z3—NK 3.13-447H1X 518D Data Gear B2 EHEL TS, ZITEBEIN
7z Data Gear %1%, ®&EI N7z Code Gear DB EIZXIRT 5,

Z @ Interface TlX 1017 H T Queue (ZEFEZH AT S Code Gear ZEFHEL TH D,
FIEE UTHAT S Quene DFEEEFHFATIHEZLZZITES, ZO5IZETNnEN
M3-4fT7HTEE L7 queue & data IZXI5T 5,

e Interface 23F/E 9 % Code Gear DFEFTHITHHEE X NS Code Gear

Interface @ Code Gear (FIEARWIZIZFEI TR OMIILIFAE L > TH O, Mkfoon
SPIND, M oEINEME X YV —AT—N315-6fTHIZEHZL TVWHE
BT Z NS, “_code next(...)” DEETH S “.” FEED Input Data Gear
ERDOLWVWISEKRTHD, 20 “.0 BFMior7nr s I v 7 SETIRTELRESBD
RPN TH B, £72, EI79 5 Code Gear 12 & > TZ Dkt IEEERE I NS
BEDRD 5,

Bl ZIX, Z D Interface TIX 1247H T Queue 23ZEN ¥ 5 9% FH 5 Code Gear %
EHELTED, mMPDHBEGELEDOGETHOMGZIETHEND 5,

o #{E (API) Td 5 Code Gear & Code Gear IZJE 3 5 EUIHH

BAE (APT) 12663 % Code Gear £ VY —AI— N 3.1 9-1247H D & 52 __code
ELTEET S, 2D _code DEMRIE Code Gear NDHFZ MM I N B L TDH
n. FEH L7z Code Gear IZHINT 2 FFZRAT S, Code Gear DFIEITIX Data
Gear & Code Gear EfFRIZMHHE I NS Code Gear F2FIRT 5, 5IED Data
Gear 1% @ Code Gear @ Input Data Gear {2720, Bl D Code Gear DH DF|
A Output Data Gear 12725, Code Gear D —5EIZ 1% Interface %2 5% L 7=
Data Gear 27473, Ziix, Code Gear DIEIED KR & 725 Data Gear % i%E L
THhH, BRI MG TIEEIEE LT 2177\,

Z @D Interface T 1117H T Queue 7 HEFEDHD H L %175 Code Gear % EF
LTHD, 5L UTHDY HY Queue DEEL, Code Gear ETRIZHEFLSI NS
Code Gear 32 TH 5, HIE D Code Gear TdH % “_code next(union Data*, ...)*
@ “(union Data*, ...)” 1% Queue ODEZEH D 1L 2175 Code Gear ® Output Data
Gear TH O, FEITRIZHMIE XS Code Gear D Input Data Gear 127825,

Gears OS D 51| WLFH 11
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Y — A 32— 3.1: 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 next(...));
code next(union Datax, ...));
code next(...) code whenEmpty

__code isEmpty(Impl* quéu(_e_
(...

} Queue;

b —_— b —_—

3.3 Interface DFEHE

Interface (& Data Gear 12X} U CTO#AE (API) 2175 Code Gear & Z® Code Gear T
o TW 3 Data Gear DES %2 HIRIIZEKELL 72 Meta Data Gear TH D, FEZ(1T )]
IZEFET D, Interface DL, 29 % Data Gear DAL & F2E U 72 Code Gear %
Interface TEFE L7z Code Gear IZRATHZ & TIFS, ZDIRAT S Code Gear % A
NEA DT & THIE (AP ZF U CREIIH OFEEEZEHRIT 5 Z L1 Hks, £,
LI N7 Code Gear 152D Data Gear & % U7z Data Gear AMAMZ T 72 X9 5
Nl = AN AN

Interface THE X 1172 Code Gear BAAD Code Gear HFHEIET 5 Z L K5, Z0D
& 9572 Code Gear IXFEAMIZ Interface THRE T N7z Code Gear WD 5 D Afkfi X 115
728, Java @ private AV v RO XS IZFbN b, ZD Code Gear H Interface THIE
I N7z Code Gear R U< A0 6 X N7z Data Gear 127 72 AHK B,

YV —A3—F 3.2 & Queue Interface(¥ — A3 — K 3.1) ZH\\7z SingleLinkedQueue
DFEEETH 5, Interface THEEEL 72 Data Gear DAERKIIBEEIFOH L Tiib b, cre-
ateSingleLinkedQueue % (V — A 3 — K 3.2 3-1417H) 1FFE% L 7= Data Gear DAk %
ToTW5, ZORBITERKT 5 Data Gear DY L (VY —A 23—k 3.27-847H) &, %
L7z Code Gear % Interface T U7z Code Gear DA (VY —A 3 — K 3.2 9-1217
H) 2175, FEBRIZHELT 5 Data Gear I& Interface DRIZEWENTEKI NS (V—A
I—N3261TH), TDOEDITHEMT S I & THEELZ Data Gear IZEZEUANDLATH
513 Interface DFLE UTHES FNTE 5,

Y — A 32— K 3.2: SingleLinkedQueue 3%

1 |[#interface "Queue.h"

2

Gears OS D 51| WLFH 12




ot

w0 3 o

11
12
13
14
15
16

17
18
19
20
21

22
23
24
25
26
27
28
29
30

1
2
3
4
5
6

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

Queuex 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,

3

__code clearSingleLinkedQueue(struct SingleLinkedQueue* queue

next(...)) {
queue->top = NULL;
goto next(...);

code

3 —_—

}

__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(...);

3.4 Interface ##F|fH L 7~ Code Gear Dikir

Gears OS Tl Interface % FJH U7z Code Gear O#kHLHIZ “goto interface->method”
EWVWIREX ZRMAEL T3, Interface & FE2E L 72 Data Gear 1Z4492 5 13 Interface D&Y
LTINS, ZTD-OMHXD “interface” 13F2E L 72 Data Gear % Interface DL T
WATZHRA > &, method 1352 L 7z Code Gear IZX T 5,

Y —A3—F 3.3 12 Queue Interface ZffH L 7z Code Gear DFOH ULl 2 Rd, T
DOIEOH U Tl SingleLinkedQueue @ put FEEEIZHEFE X 15,

YV — A 32— R 3.3: Queue Interface TD Code Gear DIEUH L
#interface "Queue.h"

Node* node = new Node();

_code codel() { |
|
node->color = Red; ‘

| -
\ Queue* queue = createSinglelLinkedQueue(context);

Gears OS D 51| WLFH 13
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goto queue->put(node, queueTest2);

“goto interface->method” &\ S MESUIFEBITIZA 2 ) TN TEBI ., a1
INd, BEHEOI—RFAZL )OI — Kb, Context Z2~¥ 270 %2%H L.
BEHEZEEZTS, V—ATI—F 3413 V—A3—=K33WA2V T MIXoTIZEHX
NV —A3—=FRZRLTED, K311 V—A3—F 3.4 BEFINZED Queue
Interface & Code Gear, Data Gear DBfRZ/RL TV 5,

V—A3d—1FK 34 ND Gearef ¥ 2 1% Context 75 Interface D 5[EIEHNHD Data
Gear ZH(Y 3, Z DFIEHMMMAHD Data Gear X Context DO#IHHL D BRI Az 4 Rk
X, B X5 Interface DI EE U TH B, £72. BIBMEMHAD Data Gear 1
) =N L RLTRBRENT., AR LRAVDOEEDASIREI NS, 5IEKEMAD Data
Gear ZHU D H U722 1Z 2 AT DML H U DF[$0% Interface TEF L 7z Code Gear DF|
BEHRIZEDETHRM L. f8E L7z Code Gear IZHkHES 5,

YV —A3—F 3.4 Tl Queue Interface ® put ZikiE L TW5728, 6 17H T Input
Data Gear & U T node Data Gear % BIEUH&#IHD Data Gear @ data IZfRA L., 7T1TH
THEITEIZMSET D Code Gear & U T queueTest2 % FIEHMEANH D Data Gear D next
WZRALTWS, fRALZZ5180UX stub Code Gear TR X1, X7z Code Gear
IZ Data Gear Z{%79,

V—23— K 34: A2 Mk BEHE

© 00 O Uk W NN =

__code codel(struct Context *context) {
Queue* queue = createSingleLinkedQueue(context);
Node* node = &ALLOCATE(context, Node)->Node;
node->color = Red;
Gearef (context, Queue)->queue = (union Datax) queue;
Gearef (context, Queue)->data (union Data*) node;
Gearef (context, Queue)->next C_queueTest2;
goto meta(context, queue->put);

Gears OS Dfi 51| WL 14
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SingleLinkedQueue implement Queue Interface

Queue Interface

(specific memory space) — Queue Interface —* SingleLinkedQueue
Data* queue Data* queue Element* top _|—> element1
Data” data Data* data Element* last \
__code next(...) __code next(...) element?2

__code __code
whenEmpty(...) whenEmpty(...) clear
/ Code Gear \
__code put __code clear

- element3
__code take __code isEmpty - 5 isEmpty
Code Gear

__code clear __code take

) \ take
__code isEmpty __code put

put
Code Gear

Argument DataGear Input Data Gear

node
Data Gear

Argument CodeGear

queueTest2
Code Gear

3.1: Queue Interface THZEL 7z put Code Gear DFEUH L

Gears OS D 51| WLFH 15
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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& WiF52179 % Task % Context THRILT 5 [13], 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 ZFtidd % (VY — A3 — K 4.1 147H). 5D Code Gear D H1IZ
FEZH TIN5 Output Data Gear ZFEibd 5, AL T L7z Code Gear 1% Output
Data Gear & Z Hi9 Code Gear (Zfkfid 5, FEFEIZ Output Data Gear & E Hi T
A+ goto XUZ Output Data Gear Z5IHUZIES (VY — A3 — K 4.1 347H),

V—A3d—F 4.1: iHET7Z N5 Code Gear DH

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

b —_—

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

3
4|}

Task @ Input/Output Data Gear DI&#HZATIE Context D Task HWMAFF > T\ 5,
Z D4y, Task 123 5 Code Gear @ stub Code Gear & context 23Kf-> T3 In-
put/Output Data Gear HD A > T v 7 AH 5 Data Gear ZHD thd, V—AI— R 4.2

Gears OS Dfi 51| WL 16
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IV —ZX32—FK 4.1 @ stub Code Gear 213, Z® stub Code Gear & Interface @
stub Code Gear £ [AIZFIZAZ Y T MZ k> THEEKI NS,

YV —Z 32— K 4.2: ¥iFEFEINS Code Gear D stub Code Gear

__code add_stub(struct Context* context) {
// Input Data Gear
Integer* inputl = &context->datalcontext->idg + 0]->Integer;
Integer* input2 = &context->datalcontext->idg + 1]->Integer;

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

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

4.2 TaskManager

Gears OS @ TaskManager 1% Task %5479 % Worker DA, B, Task DEfE%
79, Y —A32— N 4.3 1T TaskManager ® Interface Z/R79,

YV —A3d— R 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 next
C...));
__code spawnTasks(Impl* taskManagerImpl, struct Element* taskList,
__code next1(...));
__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;

3 —_——

[ J——

TaskManager (& BAR®D API #Ff->T\W5,

e Task DFEAT (spawn, spawnTasks)

o Task DIKIFRAFRDERE (set Wait Task)

Gears OS Dfi 51| WL 17
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o TaskManager 2VEFLL T2 Task DA 7 YAV h&F 2 Y A | (incremen-
t/decrement TaskCount)

e TaskManager(shutdown) DO #%& 7 ALHL

TaskManager |FFJHILDERIZ, F8E LU 728D Worekr 24K d 5, £ DEE CPU, GPU
DEERRET DI ENTE, HELZSD CPUWorker & GPUWorker 234K E 115,

TaskManager 1& X 4.1 12739 & 512 spawn ZFEOH U 72BR, 5479 % Task @ Input
Data Gear "HEINT WA 2% W4 5, Input Data Gear 2 THEINTWVWSH
&, D Task % Worker @ Queue IZIXET 5, %59 5 Worker (& Task ZFEfT79 55
B (CPU, GPU) iZ &> THET 5,

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

Workers TaskQueue(CPU or GPU)

4.1: Worker ~® Task 3%4E

4.3 Worker

Worker (ZHEH D Queue 7* 5 Task ZHUfF L. Task @ Code Gear %317 L, Output
Data Gear DFEEZH L ZfT> T\ 5,

YV —A3— K 4.4 2 Task &% CPU THf73 % CPUWorker D#IH{LE S %29, CPU-
Worker (ZHJEALDERIZ ALy REERKT 5 (VY —A3— K 44 1017H), ERI A
Ly FIXE T startWorker BI# (VY —A 32— K 44 1421 17H) 2L, ZOAL Y R

Gears OS Dfi 51| WL 18
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FH®D Context Z4K T 5, Context Z AL w NBIZAEKTAHZ T, AEVZE[ZAL Y
RZLIZHTA 728 Gearef ¥ 2710 T Interface DB ZEET ABOEE. ATV HEHE
DUMETOMMD AL Y ROIEIEZFSENTE 5,

YV — A 33— K 4.4: CPUWorker ®#JHA{L

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 = O;
worker->taskReceive = C_taskReceiveCPUWorker;
worker->shutdown = C_shutdownCPUWorker;
pthread_create(&worker->thread, NULL, (voidx)&startWorker, worker);
return worker;

3

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 DR IE Queue 225 Task ZHfE T %5 Code Gear Nffid 5, Task I
Context 72 DT, Worker & Context % AN X T Task DFETZIT I,

CPUWorker T® Task OHEfr%Y —AI— R 4.5, 42 1ZR%, Y—AI—NK 45
& Context DANZZ 21T 728, getTaskCPUWorker(Y — A3 — K 4.5 1-917H) O 5|
BUZ ANEE Z D Task(Context) ZFik U TW5, Worker 1&H &5 NULL @ task % HY
199 % & Worker D& T AEFTFS (V—A 32— N 4.5 2-4 7H), Task 2EFTE 7245
& Task DFETRIZHFET S Code Gear ZHEMML (VY — A3 —F 45 T17H). Task %
Context & U T Code Gear {ZHfid 5 (VY —A 22— K 4.5 847H), Task OEFTHITHEL
3% Code Gear | Data Gear DF E I} U & AZBHR DI Z 1T 5, Data Gear & i
L1 Task @ Context % Worker @ Context IZ AN X, U Task ZHf33 % Code
Gear ([ZHEfEd 2,

Y —ZA3— K 4.5: CPUWorker T® Task DEFT

__code getTaskCPUWorker (struct CPUWorker* cpuWorker, struct Context* task
, struct Worker* worker) {
if (ltask) {
goto worker->shutdown(); // end thread
X

task->worker = worker;
enum Code taskCg = task->next;
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task->next = C_odgCommitCPUWorker; // commit outputDG after task exec |
goto meta(task, taskCg); // switch task context \
’ |

2: Context switch

Worker TaskQueue (Worker Context -> Task Context)
1: get Task 3: goto Task Code Gear
y > Task(Context)
idg count —)
IDG
4: goto Odg Commit
ODG
Code Gear

Odg
Commit
5: Context switch

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

4.2: Worker T®D Task FE{T

4.4 SynchronizedQueue

SynchronizedQueue & Worker @ Queue & U TIN5, Worker @ Queue &
TaskManager % #£H U C Task Z%f53 5 AL v N& Task 259 % Worker HE
DALY RTHbND, ZD72® SynchronizeQueue (¥ IV F ALY RTHET—XD—H
M2 LRFET 5 Queue ZFEEET HZMBENH 5,

T—RD—EMEELTLHRHE L TD 1D LTa Y 27 &2 {fio R TEDD 5,
LU, By 2275 CT—XZ2EHUEE. FHLU Queue 12X U TEAEZIT S BUZHT
LEDLEDRKEL, 2HROAFIELR TR >TLEDS, £Z T, Gears OS TET—XD—
HM % REET 5 72812 CAS(Check and Set, Compare and Swap) %Z K| U 7z Queue[14]
ZFEIELTWD, CAS IHMEDLEL, BHHEZ T FIv 775 mTH S, CAS Z2fH 5B
IXHEFRTOME L EHBROMEZEL, EINZHHITOMEZ ERIRFINTVWEAEYEH
HOMEL LI L, FURS T —XEED RN, T—XROEFIZKNT 5, BiR2546
WM EZIAADR D o2 ARSI N, EOEHIZEKT 5,

Gears OS TIXZ D CAS %179 728D Interface ZEFEL TWS (VY —AI— K 4.6),
Z @ Interface Tl&, Data Gear £ TZ N L TW5 Data HLHKRD R A > X OfE % FHHr
T2 CAS ZEHLTWVWD (VY—A3— N 4.6 617H),
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Y — A 3d— K 4.6: Atomiclnterface

S U W N

-3

typedef struct Atomic<Impl>{

union Datax atomic;

union Datax* ptr;

union Datax oldData;

union Data* newData;
_code checkAndSet (Impl* atomic, union Data** ptr, union Datax
code next(...) code fail(...));

oldData, union Data* newData
__code next(...);
__code fail(...);

} Atomic;

b —_— b —_—

AtomicInterface TD CAS DEFEDFEEE V — A3 — N 4.7 1ZRT, REEDOEETIE
_sync_bool_compare_and_swap BEZIFOHI$ Z & T CAS 2175 (VY —AI— KN 4.7 247
H)o ZOMEBUIE —FIBUZIEINZT R U ACKH U TEHE G OMED 5 =5 8D fEAN
CAS %175, CAS IZHIIU7=54E, true ZiB L., KRB LU GG false 2183, V—A
J— R 4.7 T CAS T L7256 L RRL 2882 ZT 2 xe U7z Code Gear
i d 5,

V—ZA3— R 4.7: CAS OFEH#

S U o W N

__code checkAndSetAtomicReference(struct AtomicReference* atomic, union
Data** ptr, union Data* oldData, union Data* newData code next(...)
, __code fail(...)) {

b —_—

if (__sync_bool_compare_and_swap(ptr, oldData, newData)) {
goto next(...);
goto fail(...);
}

SynchronizedQueue @ Data Gear DE#H%Z ¥V —A I — K 4.8 IZ/”9, SynchronizedQueue
X7 —&XDY) XA NDRIEE , BIFDHRA VX E2FE->TWVW5D, Queue ZIET HEIEZ D
KA VRIZHUTCAS 232 TTF—XDFEALEOHLEITS,

Y — A 3d— R 4.8: SynchronizedQueue D&%

Ju—
= O © 0 N O Utk WwWN -

[y

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 IFERDOED H U (dequeue) Z1To 722 m L TW5, T —XZHD HdEIZ
DA NDREEZRDELZN CAS THZETTTF—X2HETS, 20D Queue TlIHEHH
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WZHILTWAEEIIXI —HWET5, T4,

7=t DIEEDME L 725,

top

datal

1: cas(&top, data1, data2)

last

> data2

\4

data3

EEIZEL D XN B HIL CAS 1IZaTh L

———————————

4.3: SynchronizedQueue (Z X 2 EZDHLD H L

44 IFEFEOH A (inqueue) 21T 72HMNERLT WS, T—XEfHATLIHIE2E
D CAS 2115, £9. KEROHERDIRDERZH L VWEZRIZ CAS 2175, 0K, XK
DU TWBEREZF AR U728 UWEFEIZ CAS 2179,

ED

EES

top

datat

last

data2

data3

2: cas(&last, data3, data4)

»
'

data4

———————————

———————————

4.4: SynchronizedQueue IZ X 2 EZE DA

UL, T—ZDFHATEEIZ2ED CAS OFIZMD AL v ROEIEN AL, Queue
DIEEDWAES 25 ERH B, BIZIEK 45 1ZRTLDI1Z. HEAL Y RBKEEZEHRL
1795 & Queue DM#HET 5,

BRIz, DAV Y AL %
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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(idg count decrement)

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

A

Code Code

1: Run CG ’—>—>‘—>

4.6: AKAFBE PR D i AL ER

4.6 WiFHEXX

Gears OS TIiFE TT 5 Task DREEZ A XL )LVT VY —A2—RF 410 DL S
fToTW5b, V—A3—F 410 TIEHEITT 5 Code Gear, f#HEDHEFD Input Data
Gear O, Input/Output Data Gear NDZMEDHREZFLEL TW5D, T DFER
i Context 72 &% GO MEMLER TH 50, WHETIND Z & Z2RITITEFED CbC D
goto X HETH S, £I T, Context ZHELHNLRN /) —< I L X)L DWHIFESLTH
% par goto X%& R L 7=,

V— 23— K 4.10: A XL ~)UIZ & B 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) ;

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

(union Data*)integerl;
(union Datax*)integer?2;

// set Output Data Gear
context->task->datal[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->tasklList;
context->tasklList = element;

// set TaskManager->spawns parameter

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

goto meta(context, C_code2);

3

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

o) A

YV — A 32— R 4.11(Z par goto T &K Btk Z2/R_d, ZDRRIFAZY T MTLD,
Task THEITI N5 Code Gear @ Input/Output D Z ML, YV — A3 —F 4,10 IZ2
Ins,

YV —A3d— R 4.11: par goto Z & % WiF|FE17T

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

}

par goto DBIEUZIX Input/Output Data Gear & FEITHEIZMGT 5 Code Gear %%
3, par goto THEKI N7z Task (& __exit (ZHkHE T 5 Z & THK T35, Gears OS @ Task
& Output Data Gear ZER U 72l THK T 95 DT, par goto TIXIERE __exit (ZHkiE
T 5D TR, Output Data Gear ~DFEEZH UMM T N5, ZHIZLD Code
Gear & Data Gear DIkIFRRE /) — <V LN THRTES L 512725, ZD par goto
XIZBEDO TN T I TOEBIFOH LD &S IZHA S,

4.7 Task(Context) [u] O [F]HHNLE]

Gears OS TIIXEED Task(Context) 7* 5 [[ U Output Data Gear Z{EIET 255035
%, TOBIZHEY)REUE 2T T Z D FE £FEI7T 5 & Output Data Gear DFELME
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DN LNGED D 5,
% Z T EED Task FDFRMAMLEE Semaphore ZFHE L 7z, Semaphore @ Interface %
V—A3—FK 412 12”7,

Y — A 33— 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(...));

b —_—

b —_—

Semaphore [EH B EPFIIH U TT 7R ATEBL ALYy NOEETIRTH2EDTHD, P
ey & Vaahrdsd, PaSEEROMBEEICHY L, VaadlEROMBIZHEY T 24
BTH5, Piamzir Hd>B, BEARITINIE VS THREINEETZDOAL Y NiZl
Bzl d 5,

Gears OS @ Context ALY FIZMHYT 5728, Gears OS LT Semaphore % 5E23&
35 Z X Context DIFIEZFEET Z0HEHNH 5, Gears OS @ Semaphore 1% Context
DIEIEZEIEFHDORFS Queue 2> TIT9,

4.7 IZEJEH 1 DD Semaphore 122 DD Context 2 Pz FEITLTWAY =TV
AR %R,

4.7 DI DN % LN ITR T,

1. Contextl A% Semaphore (ZX U T P 4 %2 E479 5, Semaphore IZIXE A -
TWHDTHEFEZHET D

2. Context2 A¥ Semaphore (ZXf U T P 23FEIT9 5, Z DK, Semaphore (ZEJHH
o> TWRWDT Context % Seamphore 23Ki> TWA RS Queue [TEMT 5, %
D&% Context2 %z HUG L T\ 7z Worker IZMEE 25559 5,

3. Contextl A Semaphore (ZXF U T V 5% %179 %, Semaphore D& % FHM L
DD, 5 Queue (2 Context 23 B0 DR %475, Context 23 > 7285 1D
Context % 55 Queue 72 HHUfS L. TaskManager ~\ Context DEAT%21T S i %
FERT 5,

TaskManager (Z3% 5317z Context i Worker THUE X115, HUE X 117z Context 1345
IEU 2B DREEZ Elfk L T\ A 720, {£1E U7z Code Gear TH 5 P w2 HUHEITT 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 TOETHEYR— 19513, £72. CPU, GPU OETEREDY)]
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[15] &% NVIDA #2323 % GPU a v ¥a—7 1 ¥ 7\ OMRABHRESE
Thb,

CUDA [$i#HBEH v+ v ¥ (GPU) % Device, #lHIH T /N1 Al (CPU) % Host & L
TREFT D, 7z, Device LTETTETHT T LDI L% kernel &IEL,

¥ 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
E IR, block & thread & ZNEN 3IRITLE TRIAT 2 Z LA K5, 5.1 1T thread,
block % 2 R G TR U 7=4l% =9,

kernel Z#CE)d 5 &, % thread (2% L T block ID & thread ID M 5-X 5, ZdD ID
1 blockldx, threadldx &\ > 7zflAAAZHTIETE 5, TNoDEBUL3IRITLDON
7 2 —=RNZI 5> THED, blockldx.x & T % & x LD block ID 23HUE 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,
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5.1: block ¥ 1 X (3,3). thread %1 X (3,3) (Z &

blockDim.y

blockldx(0, 0)

blockldx(1, 0)

blockldx(2, 0)

0,0

1,0

2,0

0,0

1,0

2,0

0,0

1,0

2,0

0,1

11

2,1

0,1

11

2,1

0,1

11

2,1

0,2

1,2

2,2

0,2

1,2

2,2

0,2

1,2

2,2

blockDim.x

blockldx(0, 1)

blockldx(1, 1)

blockldx(2,1)

0,0

1,0

2,0

0,0

1,0

2,0

0,0

1,0

2,0

0,1

1,1

2,1

0,1

1,1

2,1

0,1

1,1

2,1

0,2

1,2

22

0,2

1,2

22

0,2

1,2

22

blockldx(0, 2)

blockldx(1, 2)

blockldx(2,2)

0,0

1,0

2,0

0,0

1,0

2,0

0,0

1,0

2,0

0,1

1,1

21

0,1

1,1

21

0,1

1,1

21

0,2

1,2

2,2

0,2

1,2

2,2

0,2

1,2

2,2

5.2 CUDAWorker
CUDAWorker (& TaskManager 7* 535 X5 CUDA D Task ZHfG L., Efr7%

-

79,

CUDAWorker (& CPUWorker & [A U K #IHHALDOBRIZ AL ROBERKI NS, EEI N

72A LY RIZCUDA 74 75 V{1 %8 9% CUDAExectuor ® 4% %

S =

1T D5

T — XMiFIFHD Task & CUDAWorker (Z34(5 3 D% E Task DA — %470 T EET
%, ZITH - 727 —ZMiFHD Task & Code Gear D A X L X)L T kernel DEFTEITD,

5.3 CUDAExectuor

CUDAExectuor & ¥ —AZ 23— K 5.1 IZ/89 ExecutorInterface 2 EHEHE L THE D,
(read). kernel MEEAT (exec). Device 7*5 Host ~ND T —

75 Device ND T — X DEAE

ZADEZMUZITD (write),

Y — A 3d— R 5.1: executor Inteface

Host

1 ‘typedef struct Executor<Impl>{

2
3

union Data* Executor;
struct Context* task;

Gears OS Dfi 51| WL
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__code next(...); \
// method |
__code read(Impl* executor, struct Context* task, __code next(...)); \
__code exec(Implx* executor, struct Context* task, __code next(...)); \
__code write(Impl* executor, struct Context* task, __code next(...)); \

|

Gears OS Tl¥ ¥ — & Data Gear TEREIN 5, D% Y, Host. Device MITT—Z&
DR YELD 2175 2S5 Z &% Data Gear % GPU O F — XHHBKIZIR > 7= #EH T %
WBIERH B, Host 25 Device NT — R Z2iXET BB, CUDA Tl& cuMemAlloc B
AL TY A X2EE L, Device il 7 — XMEIE %2 MR T 5, 2 TD Data Gear 121
Meta Data Gear ¥ U C Data Gear DY 1 X%&F->TH D, HAKIZIZZ DY A1 XTT —
Rl 2 B KW, LA L. Data Gear 12 & - TIEHAEBIZEIZAR A >~ X T Data Gear
ERioTWBEELRH S, ZD LD Data Gear 13 Data Gear DERRD Y41 X Tl
. BA VROV A ZTHESNTLE S 720, TD X E TIE Device DT — XIS %
WRT 2 eNTE RN,

ZDREZE R T 57212, CUDABuffer £\v5 CUDA 7 — X EEH D Data Gear
MR U7-. CUDABuffer (213 Data Gear DNERIZ AR A > X Z ;7270\ Data Gear
TJER U 7z Input/Output Data Gear Z &S 115, Data Gear Z CUDABuffer (ZH#&if
T A0 CUDAExectuor Tl d ., FEIFS N D Task @ stub Code Gear TirH
%, CUDABuffer IZ##1 X T35 Data Gear DY 1 X &S L. cuMemAlloc BT
Device D5 — X t8I% % WL 9 5,

Host, Device, CUDABuffer DR %Z X 5.2 (Z/:R7,

Host %* % Device (27 —& % I ¥ —73 %121 cuMemcpyHtoD BAEZFH L TI175, Z
DFRIZ Host THHET 6T — X 1 CUDABuffer (Z##1 X 11T\ % Data Gear & 725,

kernel DT, 5% Device 7* 5 Host 123 ¥ —9 5 FRIE cuMemcpyDtoH BH% T
T sd, Host DA —IN7zT — XL Output Data Gear HEATWA72H, I —
1% Output Data Gear ~DFEH & H UMz T 5,

kernel D347 cuLaunchKernel B Ti7H 45, cuLaunchKernel BEEIZ 13518 E L
THIRTTD block ¥ X, thread ¥ 1 A, kernel NDF[EEZIE T, Gears OS Tl T —
Z ] Task DFRIX Tterator Interface ZFi>THH, T I THRELEZES., auln
U T cuLaunchKernel D5 £ % HET 5,
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kernel

block

block

| Shared Memory |

Shared Memory |

i

:

: '

Thread Thread Thread Thread
t J t t A A t
Local Local Local Local
Memory Memory Memory Memory
Y Yy v
| Global Memory |
A
Device(GPU)
cuMemcpyDtoH cuMemaAlloc &
cuMemcpyHtoD
CUDABuffer
A
Input/Output Data Gear
Host(CPU)

5.2: Host.

Gears OS D 51| WL
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5.4 stub Code Gear IZ X% kernel OZEfT

Gears OS Tl stub Code Gear T CUDA IZ X3 EHFDOUYDEZ 5,

stub Code Gear TOY] D & X DR IL CUDABuffer ~® Data O, 17X 415 kernel
Dt AAARZEITD, EBRIZ GPU TEIFINE TR T I LIE YV —AI—F 52D L5
ALk g B,

V—A3d— R 52: BFDEZ% 5129 5 HE

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;
}

stub Code Gear IXEH IXF D stub IZXf I U7z Code Gear (Z#fEd 55, CUDA T
E179 5%1% CUDAExectuor @ Code Gear (Zffc 3 5,
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6.1 SZEREREE

4 [a] Twice, BitonicSort % Z N F1 CPU., GPU BlE T Gears OS OHIEZ1T S,
fEfd 2 EHEREE2E 6.1, GPU BEEA2K 6.2 2R,

Model Dell PowerEdgeR630

OS CentOS 7.4.1708

Memory | 768GB

CPU 2 x 18-Core Intel Xeon 2.30GHz

# 6.1 FEiTEREE

GPU GeForce GTX 1070
Cores 1920

Clock Speed 1683MHz

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

% 6.2: GPU EilE

6.2 Twice

Twice 1&5-2 65 N7-FBETH DT R TOELZZ 2512 THHETH 5,

Twice @ Task 1% Gears OS DT — X WiH| TEIFTE N5, CPU OFE XIS H BIEE
DOHFPHIZ 3 EIU T Task ZHEKT 5, T NIEEFREIT Task Z4EKT 5 & ZD 73D Context
ZHERTEH-ODICREZIN->TLULESI NS TH 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 ——— T T T T T T T

1000 |~ —

800 - —

600 —

time(ms)

400 - -

200 —

0 HHDDI_I+

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

6.1: 227 DF — RIZH T B Twice

1 CPU & 32 CPU T 9 27.1 fFOHEEM AR 6Nz, HEIBEOBBEIELH S
EEZLND,

GPU TDZEFT1E kernel D ADFEIFHFMIZ 32CPU IZHART # 7.2 (5O ETAEDRE S
N7, LU, @fERHZ2EH5 L 16CPU LD EBEWERE > TLE -7z, CPU, GPU
DBERBN»A —/R—~y RIZi>TWAEHPDbMN S,

6.3 BitonicSort

BitonicSort (ZMFMHE AT DY — s 7L TV XA TH B, (REMZY — 7L TY X
L TH B Quick Sort HAGFIMI %2475 Z L WAIBETH 5 A%, QuickSort Tlk ¥V — b D
BRCHHEIPIZET 5720, BEELH D S5\, —J5 T Bitonic Sort 1ZFH#D & HxiE F
TUHENZ D S TITWHMIRZIT S, K 6.2 IFEFEES DT — XIZXF % BitonicSort
DY =+ 2y bT=TTH5D,

BitonicSort (& AT —VHIZIRE 072 2 REOBERD ANF Z 2 WHNIZHEITTH I &I
FoTY—=bM%1TD, Gears OS TIXZ D AT —VHIZ Output Data Gear ZE S H L.
RDAT—D Code Gear D Input Data Gear & U Calik 3 5 Z & T BitonicSort % 5%
g5,
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stage 1 2 3 4 5 6

6.2: EEI ] @ BitonicNetwork

FER 22 DT — RIZKT % BitonicSort DEITHERE £ 6.4, M6.3I1IIRT, TH5
Twice & [d U < CPU E47DERIX 22 DT — X % 64 A D Task (24E L CTHiHFEfF %2175
TWb, DFDAEKIND Task 1£ 64 * A7 —V8 725, GPU TIE 1¥RTD block
& 24, block ND thread £ % 20 T kernel DFEFT21T- 7=z,

1 CPU & 32 CPU T #22.12 f O#E R EX R SNz, GPU TlH@EERMZE&ED S
¥ 8 CPU D 1.16 5 70, kernel DADEITTIX 32 CPU D 11.48 f5 & 72 > 7=,
BIFED Gears OS @ CUDA FEZ&ETlEX, Output Data Gear %2 & H$TEIZ—E GPU »
5 CPU N kernel DETRERDESHLZ27-oTHD, ZTOUHOKETENHZLH
Zoid, GPU TEIFEI NS Task AT OMEIFELRD R DER X CuDevicePtr 72 & D
GPU DAEYVADKRA VY EZ%ZEL, CPU TT— 2R EIZk 722 Ei1Zf]HT GPU »»
5 CPUANT—XDEEZEITIARFBEORENKREL 5,
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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 — X IZX9 5 BitonicSort

bitonicSort benchmark

45

40 —

30 - —

25 |- —

time(s)

20 - —
15 |- —

10 —

i Hﬂmml_l+

1cpu 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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6.4 OpenMP & O LLER

OpenMP[16] & C. CH++ DT T I LIZT /) F—Ya v a5 2 e TlfisifbzT
S5, 7 /T7—YaviEz V—A2—FK 6.1 DLDIZ for XDRIZDITAHIET, L—TD
WHHL %2175,

YV —A3—F 6.1: OpenMP T® Twice

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

OpenMP ZBFD I —RNIZ7 /) 7= a vy 2327213 Tk 2172 5728, BH
WL THEL, UL, V—T0HRDIFUETIE T S5 LA EROIWFIER LS
T LR —)VOIERNT & 0 PERE EAEEFT 5124 > T LU E 5, OpenMP 13V — 7Dk
Tl 7ay ZRATOWHFEITH Y R—-MLTWER, 7/ 77— a VOl A
TLES, £72, OpenMP I — R T —REZBBEIZDHL TWRWEZH, T—X DR
LEDLEWHZN) TEDT ) T—YarTididd 5,

Gears OS TlZ Input Data Gear %3 > 7z Code Gear 1ZWiFIZFEITEI N5 72, TH
75 LERONFEEFGD D Z ENHKS, £72 WHLHEO 2 — R &7 — X DMK
% par goto X CRIERIZEIR T 5 Z LA k5,

6.5 Go & DL

Go S35 [17] 1% Google fEABHFK L TWE BT I IV I E3ETH S, Go SiEC &b
Twice DFELEH|% ) — A2 — K 6.21Z/1R7,

YV —2Z232— K 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 []int) {
for i := 0; i < prefix; i++ {
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16 | list[prefix*index+i] = list[prefix*index+i] * 2; \

17 ‘ }
18 c <- list
19 ‘} |
Go 135547 % “go function(argv)” D & S 22FEX TS, Z DIiFIZEFT% goroutine
bl RN
Go X goroutin DT —XEZEEF ¥y RNV VWD T—XEETITS, FrRxNVizLs
T—=RDEZIE ‘< 2o TiibN b, HIZIXF ¥ 2NVDT —XiEETH 5 channel
IZXF LT “channel <- data” &9 % &, data % channel IZ3E{E%1T5, “<- channel” &
35, channel SEEIN/ZT—X% 1 DED HF, channel 127 —XWEEINT
W WA I channel 12T — X BEEINBEETEITZ2 70y I $ 5, Go SitldF v+
WIZED, TR DREZEVERIZEIT S, LrU, Fv 2IUIHEBD goroutine TSR
TE57OT —XDREETMPHIL D5,
Gears OS Tl goroutine (& par goto X L IFIXFAFIZH D Z & HBHKSE, F£7-. Code
Gear 1 par goto X C&H & H3 Output Data Gear % 5E U THEIT S 5728, Data Gear
DFZH UILHHERIL P9\,
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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 TIZEFHE ETNLMREZ AR LV RNV TEGTT LI L CEEEZMHEET S,
BHIZ CbC D7 a7 T Lzt ERD Agda (TSI ECIEAZTT S, BIfEIE Gears
OS @ Interface 7 DEMEDGEIAZ 1T > TH D . Stack X Tree DEMEDFHEIAZ 1T > T W

Gears OS D 51| WL 43



%, Gears OS OMFLHEDFFEM: % GEIA S 5 (21& Synchronized Queue DFERH %17 5 &%
BRbH 5,

ETVRAETIE CbC TRUR I N ETIVMARR TH S akasha [18] Z{HHL T/T 5, €
TIRED Ji$t & UTiE, Code Gear DFETZHFLMFTHEITL, £ TOMEE ZF%
T 5 HETIT,

Gears OS X par goto X &9 5 Z & T Context Z4ERK L, WHUEZITS5, LD
U. Context I A E Y ZEFDMERPEHT 22 TD Code/Data Gear % iiE T 5 HEH
DY, ERIZHDHFEE DR D> TUE S, par goto XIT@EHFED IO 77 I 7D
BEHBIECH LD &S iIckbivd, 2T, pargoto DIAVNAINEA IV T TEITTS
Code Gear D 7 1 —% E 7 )UMRE TN L. WEABRWGE IR EZTE I, B
IEOH U %247 5 FOFRE L Z1T D,

4D CUDA 52 TlE Output Data Gear #&FH & HiTIZ—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
EHHE S, £ Z T Meta Data Gear (Z Data Gear ¥ CPU, GPU O ¥ Z THrffI v T
Wb 0% F-E5, GPU IZH 5 Data Gear ¥ CPU TREIZR 5722 SIZHOHTT — X
DEEEITO Z & T, BAKRD T — X @E T A2FEITTE 5,

Gears OS D 51| WLFH 44



il

AIFFEDELT. AL DIERIZ D720 HEICITH B S TR 72 2 (455 & %0z
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