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Gears OS DEY 12— )L &% API
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B D OS TIIALIEME & EHEME2 M2 S 85 Z e BNERI W TWD, Flfitke /) —< L L LD
BT UTRAE L, JERMEE A R VNV OFETERT 2 2 & 2 HIZIZ Gears OS 2#athTh 5,
Gears OS 1% Continuation based C IZ&>T7 7V r—Yarv¥ OS 0L D2EbT 5, CbC
132D Code Gear & Data Gear DT/ RV I L %2R TE, VATLRT IV r—yavs
FLR T 27212 Code Gear & Data Gear % HHIZHAAT 2B ENH D, Z 0 & S ITHREZE B
95 APl L EEONMMNTEETH S Z L DEFE LW, Gears OS OEHEMEZ R T 572012, BR
(BEINZEY 2NV AT LEZRET E2HEND D, KX Tld, Interface ZHVAZEY 2 -
AT LDBPAL ZOIEHE LTOAF AP IZDWTELET 5, A5 APL I3k 2 HA L U2
BTOT IV TN 20ENRHD, T TiE, CbC D goto XZHEIE L 7z par goto X% EHA
9 %, par goto TIXWMFIETD7DDFEFT Context %4 LU, TaskScheduler (Z¥Fxd %, Gears
0S TORHMEIE Data Gear DRFLADLEE LTESET S, A XLV TIRINS ORI
CAS &% H\WT5E L 7z Synchronized Queue (2725, Z#1 5D Queue  Interface % AW
TEYVa—UbEInTws, EYVa—-ULEOFE. BRI OVWTEET S,

MiTsukl MIYAGI ;! Yu TOBARU ! and SHingt KONO 2

1. OS DLARME & EFRMEDMIL

Application
XFEXERAVE - ROEEEOEAIFAEY 2 I e < \eriication
Y OEPEEIEITS OS Th o, 0S OEHNEE T il by Model
THREGIEEL VA, IR Y & B IEHT B — ~al 1 e

Tx7, = AIZHIELT OS HIEMHEER S 15 4% 0s
BEAH 5, OS IFERENRFT2RD, ZTOEEME
EHALT DI, EROTF AN TNy I TRATS
ThHOH, TAMLENRVESDE-TLEDS, TH
LT B 720z, GEHE WS Ak TR ST L
DOFRERET2TRTHX LT3 EFVREZHVS
HERH 2, ETFVREIZBRORETIIRSTHE
KRR FARD Z iz 0, REEARIHIR L 72
DREEAMZAEL 72D T2 HEPH S NTWS, (K

D AL ETFAMRIEICL D OS DOMGE

AVVYa—RDFHREIEFI IO S5 IV IEETIRX
N3N, ZOZEDFITITRENEERROER L LT
HEIhs, TussIvr/gEcakEns s
) —< N L RVOEHE LR, I— RAREFINDH

1)

SR E FVMRE A2 W T OS 2MREES 2 Hikik &
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f} & goto X (parametarized goto) D> C & At
HoHsEiETHE, ZNEHNWT, Code Gear &
Data Gear, ¥ SHIZZFDAXEEEEAT S, b
EHWT, MIEX N7z Gears OS ZFEEL 72\,
2, MEFIZIXEMAHYXERTH S Agda ZHWN S,
Gears Dtk % €Y 22— b9 5 72OIZ Interface %
AUz, oI MHMEDFEIRHIZ par goto FX
BBAT S, ThoOEREX Agda ETHES % V7=
BEAEI 710 75 LR T 2 L5110k sTWn5,

2: Gears DX XFHH

Meta Gear Code Gear

ARFWX TlE Interface & par goto DEEEDFEH %
ik Ui 247> 72, <) F CPU & GPU LT®
par goto XDETEMRL 7=,

2. Gears ICBITBXYEE

Gears OS TlE A XEIH % FHIZFLR T 572000 71
75 IV IEFEDHNAE LT Code Gear, Data Gear
WS HANLE WS, Code Gear, Data Gear (2%
FNENAR LRV DEANTH S Meta Code Gear,
Meta Data Gear DMFEL. TN 62 HWT X XFHH
ZEBT 5, (K 3)

T TN
/" MetaDS / MetaDS
1 ! \

****************
' [ ' 1
|

e | ' ' 1
- MetaCS —p» CS |— MetaCS }—':» J
7 ! | ! ,

3: Gears TD A XFHH

CbC &k (goto X) IZL2EBEITS DT,
HEBERTD Code Gear 2R3 Z 2137 <, IREEBER R —
2ADTAT5I VT LTWS, CbC X LLVM?
¢ GCCY ETHEEINTWVWS, AXLVDHE
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& Perl A7) 7 MZ Lo THEBRI NS stub & goto
meta 12 & 5T Code Gear TIN5,

Code Gear & Data Gear |% Interface ¥ FFEN %
FrEHEUTHRBREINS, Interface IZfHiHINS
Data Gear DEH ., ZTIUIKT 2EE%21TS Code
Gear DHEATH 5, Interface FEIRFIZ Code Gear
DEERIBET DI LICLVEROFEEEZFFOZ &N
T& %, Interface DEEIZHIET % Code Gear D3I
X Interface IZEZEI N TS Data Gear %l L
THEINSE, —DDFEITAL Y FATHDLNS In-
terface @ Code Gear & Data Gear & Meta Data
Gear \(ZHME N5, Z D Meta Data Gear % Con-
text £\ S, J —<ILL~ULTIX Context % E#ER
B EIFTER,

Code Gear OfKLIZEBAEI Y075 I Voo A
5 LD Context %41 Closure & 75> TW5,
Iz Gl T 2 72 DIk I NERTI B E BT B4
XE ATV hOEHEEEEE UTHE Lz, Code 1
A RFHBEMTIEZ NS D Context ZHIZFREFHAHWT
W5 DT goto XTHIEEAWS Z &idinl, f7&5%k
X Code Gear DHEFDATHEI NS,

__code popSingleLinkedStack(struct SingleLinkedStackx*
stack, __code next(union Data* data, ...)) {
if (stack->top) {
data = stack->top->data;
stack->top = stack->top->next;
} else {
data = NULL;
}
goto next(data, ...);

Code 1: AREEBIHZR DMk

ZHUZ & D Interface MIDIEOH L% C+4+ D A
Vy RIFOH LD &S IZFdd 2 2 A TES, In-
terface MF%EIL, Context WIZIEIH I N TWB DT,
ATV DT FEERERDERME2FBETET
W3, OH X7z Code Gear 13456575 8(% Con-
text DO Y HTHRELH S, TNk A7V T hTH
% X 17z stub Meta Code Gear TfThH 5, Gears
OS TD A ZEHEIL stub & goto DA XFHED 2
FrCEB I N5,

Context Z#EH L THHD CPU ICEIh Y TEHZ L
XD MHIETEAREIC RS, ZHTE D ARERE
L TR Z R U722 2275, Gears DAL W
NI Agda OEBEEHE 707 F 3 v 7Tt U TFF
LBNBEDONEE L\, £ I T, par goto X% EA
L. Agda OfEGEEOHLICRHIEEEEZ 212U,
par goto Tld Context DEHE, ASDFEIH, X2
ATV a—7—~D Context DEEk L bbb,
par goto X DffEE LT, AL v KD join 1ZHY4 T
% _exit ZHEU7z, _exit IZX D par goto THIK
L7z Code Gear DIE 127D ALy NTRZITHNS Z
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EMTE S,

MR 7025 ATIIAEYEHIZ GC RE2EL
THEERIZIT b S, Gears OS Tl A€ VEHIX stub
MEDARFEIS, TCUEEINDG, HlZIX, Fo
HWALy RTlfiwigcofgigrar—a v 2H
w3,

3. Gears OS D#ERK

Gears OS A ROEZTHK I NS,
Context

TaskQueue

TaskManager

Worker

412 Gears OS DR %R T,

Workers

TaskManager

CreateTask

Read Data

create

Workers TaskQueue

. Task(Context) Read ID

put Task take Tasl idg count

Input Data Gear

Output Data Gear

Code Gear \

Wait List
7\ YR 7\
(task f—>{ task —>( task

R
N N N

Resolved Task Send — — ]’

esolve wait list

4: Gears OS ORERLX

Data Gear 1% union & struct iIZ& > THREIHh
5%, Context (Zi% Data Gear @ Data Type DT
PEMEINT VWD, ZOEHRY SHERT 5 Data Gear
DY A X7 ERPET 5,

Context & Task THH D, Task IF#EHD OS D
ALy RIZREd %, Task (25479 % Code Gear
¢ Data Gear 2 T RN TH> T3, TaskManager %
Task %3179 % Worker DAf%, L, Task DiE[F
%179, Gears OS (281} % Task Queue I& Synchro-
nized Queue THEELIN S, Worker I¥ TaskQueue
75 Task TH 2 Context ZHIfHF L, Task @ Code
Gear %47 L. Output Data Gear DEEH L 2175
T3, Input/Output Data Gear DRIFEHRAMFER
INHDNSMIIEITI NG,

4. Interface

Interface IZFEOH L DFI#IZ72 5 Data Gear O
FETHY, TITHUHEINS Code Gear DTV
N)THB, BFOHEENS Code Gear DFIE L 725
Data Gear 32 Z TETCTEHEIND,

Code?2 % stack @ Interface TdH 5, Code Gear,
Data Gear 1227 572812 Context %@ T HED
HBM, Interface 23T 5 Z & TF — X iED API
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¢ Data Gear 255025 Z & Bk S,

typedef struct Stack<Impl>{
union Data* stack;
union Data* data;
union Data* datal;
__code whenEmpty(...);

__code clear(Impl* stack,__code next(...));

__code push(Impl* stack,union Data* data, __code
next(...));
__code pop(Impl* stack, __code next(union Datax,
o))
__code pop2(Impl* stack, union Data** data, union
Data** datal, __code next(union Datax*,
union Data¥*, ...));

__code isEmpty(Impl* stack, __code next(...),

__code whenEmpty(...));

__code get(Impl* stack, union Datax** data, __code
next(...));
__code get2(Impl* stack,..., __code next(...));
__code next(...);
} Stack;

Code 2: Stack @D Interface

Code3 X stack DFEZEDOHITH 5, createlmpl
BB LTI S, #0{b e Code Gear @
28y MZXIET % Code Gear DHEHFE ANS,

Stack* createSingleLinkedStack(struct Context*

context) {

struct Stack* stack = new Stack();

struct SingleLinkedStack* singleLinkedStack = new

SingleLinkedStack();

stack->stack = (union Data*)singleLinkedStack;

singleLinkedStack->top = NULL;

stack->push = C_pushSingleLinkedStack;

stack->pop = C_popSingleLinkedStack;

stack->pop2 = C_pop2SingleLinkedStack;

stack->get = C_getSingleLinkedStack;

stack->get2 = C_get2SingleLinkedStack;

stack->isEmpty = C_isEmptySingleLinkedStack;

stack->clear = C_clearSingleLinkedStack;

return stack;

}

__code clearSingleLinkedStack(struct
SingleLinkedStack* stack code next(...)) {
stack->top = NULL;
goto next(...);

FR—

}

__code pushSingleLinkedStack(struct SingleLinkedStack
* stack,union Data* data, __code next(...)) {
Element* element = new Element();
element->next = stack->top;
element->data = data;
stack->top = element;
goto next(...);

Code 3: SingleLinkedStack D33

5. stub Code Gear DX

stub Code Gear |& Code Gear DMz H £
% Code Gear D' % 7 Data Gear % Context 7*5
WO HTWEE2T5HDTH B, Code Gear HIZEL
BT BRBEDRH Y, ZD Code Gear D 7[#% W THL
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D i3 Data Gear %#{RT 5, stub Code Gear %
HE)ER T % generate stub % Perl A2V 7k TfE
35 Z &k o> T Code Gear DFtilk & %K1
FTHIELNTED,

stub %K d 5 7212 generate_stub IXFEE X N
7z cbc 774D __code BITH B Code Gear % HL
32U, BI85 0% 7% Data Gear %3E&K T 5, gener-
ate_stub 158 & interface ZIR 5 L&, Gearef
*721% Gearlmpl ZIET 5, £7z. ZORHEIZ stub
Code Gear itk TN TW3 Code Gear 1FEMH X
na,

cbe 77 AN 6, EREL 7z stub Code Gear % M
AT stub ZMA 23— NIZEH%EZTTS, (Coded)

__code clearSingleLinkedStack(struct Context *context
,struct SingleLinkedStack* stack,enum Code next
) {
stack->top = NULL;
goto meta(context, next);

}

__code clearSingleLinkedStack_stub(struct Contextx*
context) {
SingleLinkedStack* stack = (SingleLinkedStack*)
GearImpl(context, Stack, stack);
enum Code next = Gearef (context, Stack)->next;
goto clearSingleLinkedStack(context, stack, next

)s

Code 4: stub Code Gear %#flX7z3—FK

6. Context DERK

generate_context ¥ Context.h, Interface.cbc.
generate_stub T X 7172 Impl.cbc % R T Con-
text 24K TS Perl A2V S TH5B,

Context.ﬁ generated fiﬁ

N/

generate_context

enumCode.h enumData.h target- extern.h dataGearlnit.h
context.c

B 5: generate_context |2 &% Context DL

Context ¥ Meta Data Gear (ZfH24 L, Code Gear
X Data Gear ZEH LT3,

generate_context |& context.h ZHAES TN TV
% Data Gear ZHif$9 %, Code Gear DHUHIFEE
I N7z generate_stub THEKI NI — K95 __code
BERTH S, BfFL 7z Code Gear, Data Gear ®
enum DEFHIE enumCode.h. enumData.h 124X
na,

Code/Data Gear D#H& KA ¥ X DI gener-

(© 2018 Information Processing Society of Japan

Vol.2018-0S-143 No.11

ate_context 1Z & > THEMK I NS enum Code, enum
Data 248295 Z & THift 2175, F7z. generate
context 13HUfF L 7z Code/Data Gear #*5 initCon-
text DEKHITD,

Context 1Z1% Allocation % THAK L 7z Data Gear
ANDRA ¥ RADEANEI T WS, Code Gear 1& Con-
text %@L T Data Gear 7 7 A9 5%, Data Gear
@ Allocation %4179 32— Ri& dataGearlnit.c (242K
INd,

7. Gears OS D7

Gears OS TIXEFTFD Task % Code Gear & In-
put/Output Data Gear DM THKILT %, Input/Out-
put Data Gear 12 & o TIRIZEBBRBRE L, FhiZ
%o TiFEFT %2175, Gears OS Tl WiHETT 5
Task % Context TZBIT %, Context (2% Task A
DfFHe LT, EfT7EH 5 Code Gear, Input/Out-
put Data Gear D&M, £f> T\ 5 Input Data
Gear DA77 v RE%R K> T3 Task @ Input Data
Gear Hii> T\ % » % TaskManager THIWTL., ZE
17 BE7 Task % Worker 1234123 %, Worker 1%
EAG X N7z Task HHEE U7z Code Gear ZFEFT L,
Output Data Gear Z&EH & H 7,

8. SynchronizedQueue

SynchronizedQueue (X Worker @ Queue & U T
fiHZ N5, Worker @ Queue l& TaskManager %
PHEUT Task 238535 ALy F& Task & HfE
9% Worker HED ALy RTHbND, TD/D
SynchronizedQueue I~V F ALy RTHEF—X D
— B EFIT S Queue #FEETIHENDH S,

T—RXO—HMEGFIT ARFIE LTD 1 D& L
THY J Z2fio R AEND D, UL, By ik
ToTTF—X2HEHULZEHE, FL Queue (23 LT
BUERITOBUCRE L S OEDRRE L, RUEDAFIEHN
THoTULES, £Z T, Gears OS TIET—XD—
V% RFES 2 72812 CAS(Check and Set. Com-
pare and Swap) ZFIH U7z Queue ZEEL T35,
CAS IMMEDILE, EHz2T MIv 2 IfT5@MATH
%, CAS Z{f5 BUIEFATOM & HHELOMEEEL .
WS N HHAETDOMEZ EERIZREINTVWEAEY
FBHOMELIRL, MLRST —XBEAEPRNTZD,
T— R DEFHINT B, BIRDGEIIMIITF ESAA
BhotzbhmIN, HOEHIZKEKT 5,

Gears OS TIEZ D CAS %4175 720D Interface
ZEFHL TS (Codeb), ZD Interface Ti&, Data
Gear £ T%2NAL TW5 Data HLHADKA v XD
EZEHT S CAS 2EHEL TS (Codes 6 17H).
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typedef struct Atomic<Impl>{
union Data* atomic;
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union Datax* ptr; par goto DFIHUZ L Input/Output Data Gear &
Eiizz g:t:: zzsg:t: TS 5 _exit 2T, par goto THEEI N
__code checkAndSet(Impl* atomic, union Data** ptr 7= Task 1% __exit K-%%"/jzj—z‘) Z kfﬁ@?j—éo
i e ol mi i s || S0 par goto XISBHO T35 3 S O
__code mext(...); ’ CHLOESIZH> 2L HBTE 3B,
__code fail(...); Code9 1% par goto TH 2 Code8 % perl 27 1) 7
} Avomic; M ko TEHAfFbNET— R TH D,

Code 5: AtomicInterface

__code codel(struct Context *context,struct Integerx*

Atomiclnterface TD CAS @%%@%%% Code6 integerl, struct Integer* integer2, struct

. e : Integer* output) {

IR Y, FEERDFEEETIE _sync_bool_compare_and_swap struct Element* element;
E@ﬁ%uxﬁotﬂ?: & T CAS %2179 (COdGG 2 ??E)o context->task = NEW(struct Context
- KA - -~ - KA ) H

ZOBEUEE -5 BT E N T R L AT U TR initContext (context->task) ;
BB O SE=FBDfE~N CAS 217 5, CAS Iz context->task->next = C_add;
BRI U 72358, true 2R L. KLU 7Z5EIE false & context->task->idgCount = 2;
. N o o context->task->idg = context->task
K9, Code6 Tld CAS IZFHII U =& & Ll 7255 ~>datallum;
é%m%m&: ;@-m L 72 Code Gear /\;ﬁ%wﬂ;j— 3, context->task->maxIdg = context->

task->idg + 2;
context->task->odg = context->task
->maxIdg;
context->task->max0dg = context->
task->odg + 1;
GET_META (integerl)->wait =
createSynchronizedQueue (context) ;
GET_META(integer2)->wait =
createSynchronizedQueue (context) ;
GET_META (output)->wait = createSynchronizedQueue(

__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(...);

} context) ;
context->task->datal[context->task->idg+0] = (
. g2AE union Data*)integeril;
Code 6: CAS DI )integ
context->task->datal[context->task->idg+1] = (
. 2 union Data*)integer2;
ﬁ}]nChronlzedQueue O Data G(iar o)ﬁﬁ% Code7 context->task->datal[context->task->odg+0] = (
-7/ N9 o nchronize ueue T — union Data*)output;
iz7% %, Synch d EF—2DY A DK )
GHE . MIRDKRA ¥ R EFR>TWVWD, Queue Z#IET ele”‘enEtl - &AtL)L[l%iTE(“’t“teXt’
. ement)->Element;
BEIIZDRA VRIZNUT CAS 2552 TT— element->data = (union Datax)
gg)}fﬁj\tﬂx 0) Hj L %:ﬁi‘io context->task;

element->next = context->taskList;
context->taskList = element;
Gearef (context, TaskManager)->taskList = context

struct SynchronizedQueue {
struct Element* top;

->taskList;
struct Element* last; ’
. . Gearef (context, TaskManager)->nextl = C_code2;
struct Atomic* atomic;
1 goto meta(context, C_code2);
H

// Singly Linked List element
struct Element {

union Data* top;

struct Element* next;

__code codel_stub(struct Context* context) {
Integer* integerl = Gearef (context, Integer);
Integer* integer2 = Gearef (context, Integer);
Integer* output = Gearef (context, Integer);
goto codel(context, integerl, integer2, output);

};

Code 7: SynchronizedQueue DE#H }

Code 9: perl A7V 7 MIk? par goto DZEH

9. i 5 # X

Gears OS DWMiFIHEC1 par goto XL THEINT
W3 (Codes)s,

par goto X TH HEH D goto XL FIERIZA ZAD
goto XNEEHZ 5D, par goto X TILEE D
goto X &I FA DB A XANLHMEET B, Gears OS D

__code codel(struct Integer* integerl, struct Integer Task (¥ Output Data Gear EERUZRETRTS
* integer2, struct Integer* output) { < S 7 3= < ~
par goto add(integerl, integer2, output, __exit); SDT, par goto VCCiIE%% —exit Lﬂ%ﬁ%ﬁé@f&ia
goto code2(); <. Output Data Gear ~DEEH UL (Commit)

} A TSR N
Code 8: par goto IZ& BfiFIEST Code Gear & Input IZ#§E U 7z Data Gear 2342 T

(© 2018 Information Processing Society of Japan 5
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HERAEND LETFIN, ETLEHEREZ Output 12
B L7z Data Gear \ZEEH L %175, Code Gear
DFIETH % _next BRFOFHD Data Gear »% Out-
put Data Gear &£72 5%,

FHE UL Data Gear @ Queue 76, K17
BEfRIZH B Task 25T 5, S L7z Task AikD
FITIZHE Input Data Gear HT VY Z DT 27 1) A
YhEITD, ATVADB0ITRSB L Task B> T
% Input Data Gear 23fii>7-Z 127 b, ZD Task
% TaskManager #H T Ef7 15 Worker 1Z3£(5
95,

10. Gears OS D

10.1 EREE

4[] Twice, % CPU., GPU EREET Gears OS D
HWEETT S,

HHT 2 EBREEZX 1. GPU BEE2£ 2 (TR
¥, 7. 4L LLVM/Clang THE# L7 CbC 2
VRA ZEHWT Gears OS 2 3 V3 )VT 5,

Model Dell PowerEdgeR630

Os CentOS 7.4.1708

Memory | 768GB

CPU 2 x 18-Core Intel Xeon 2.30GHz

x 1 RITRE

GPU GeForce GTX 1070
Cores 1920

Clock Speed 1683MHz

Memory Size 8GB GDDRS5
Memory Bandwidth | 256GB/s

% 2: GPU B3

10.2 Twice

Twice (&5 2 6 N7 BEHES DT RTOEFEE 2 £%
23 B HETH B,

Twice @ Task X Gears OS O F — X Wi 5] TELT
I, CPU OBEILEHH 5 R OHPHIZ /2 E L
T Task 2mT %, ZIUXEHEEIZ Task 2AEKT
5 EZFDD Context & EKT 572 IZ IR % >
TLE>NLOTH S,

Twice XM FFTOMWFRRE 2L, T—RAUFIT
DEFTIHELUZFETH D, TDRD, BERMZ
FZRELURITNE CPU &b a7HH»%\» GPU 23EH]
L5,

BEK 27T OF —RIZHT B Twice DEFHEH
£ 3. M6I12RT, CPU EFOEIX 227 oF —
K% 64 8D Task IZHE L TUFIETZIT>TW
%, GPU TiE 1 RED block % 25, block HID
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thread (% 2'° T kernel DFf7%47 57, ZITD
“GPU“ 1% CPU, GPU DT — X DEERHE &

7-H§fEl,  “GPU(kernel only)“ I kernel @ #& DT
KHTH 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

% 3: 227" OF— X IZHT B Twice

twice benchmark

1200 T

1000 ~

800 —

600 —

time(ms)

400 |- -

200

0 Hﬂﬂﬁl_l+

1cpu  2cpus  4cpus  Bcpus  16cpus  32cpus  gpu gpu(kerel only)

6: 227 DF—RIZXNT B Twice

HEIREDEBMRV DD LEZOND,

GPU TD%EATIE kernel DADFELIFHFHE L 32 CPU
WZHART # 7.2 20 E M EBXR SNz, L, @
EREED S L 16 CPU KD BWHEREL>TL
¥ o7, CPU, GPU D@FERMAMAA—N—~y NIiZ
BRoTWVWAENDLNL,

10.3 Go SFE& DR

Go i 1% Google LB L TWB TR T T 3
VIEFETH D, Go BEEIZ LD Twice DEEI%
code 10 IZ/R”9,

func main() {
c := 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
<-c
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}

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

c <- list

Code 10: Go S TOD Twice
Go SFEIZMFIEIT% “go function(argv)” D& S
WM TITD, ZOWiFFEIT% goroutine & IFE.X,
Go Ei#ElX goroutin DT —XEZfEE2F v 3L &
WS TF—REETIT D, FYANMLdT—RDOER
Bl “<2 2ffioTiibNd, FIZIEF v 2LDT—X
& TdH 5 channel 12X LT “channel <- data” &3
% &, data % channel IZ#(E%21T5, “<- channel”
35L&, channel 2SREINAZT—X%E 1 DH
D H9, channel 27 — X DFEINTVRWGEIX
channel (27— X WEEFEINDLETEITE2TOv I T
%, Go BFERF v RINIZLD., FT—ROREZEHH
BIZEITS, LU, F v 2IVEHEEBOD goroutine T
BBTEL72DT —ZDEETHHEIIL D5\,
Gears OS TlZ goroutine 1 par goto X & IFIZ[A
B D Z kB, F7-. Code Gear & par goto
X C#EZHT Output Data Gear Z5&E U THETT
57-8, Data Gear DEZH UIcHHEHI L P\,
Go EFET® OpenMP ¥ [AIERIZ Twice & E3EL
Gears OS LIl %2175, TH 6 HFETEREEIL £ 1.
22T DF = RIZH U T, Gears OS. Go Z 3k S5
L BLH % 64 fHD Task, goroutine (Z43E L TiF

P 4
EiT%IT-o 72,
twice
1200 T
"gears_poweredge" —X—
"go_poweredge" —¥—
1000 ~ —
800 — —
2
5 600 B
£
400 |- B
2004 B
—
\)é ¥ R 2 —
0 Il Il Il Il
1 2 4 8 16 32
CPUs
7: vs Go

FEIER L LT Go EiElX 1CPU & 32CPU T
4.33 fEOEEM BV R SN0z,
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11. # B

AFLTIE Gears OS D70 b X1 TD#KGF & F4,
A REHETH S Context & stub DEMEFTS Perl A
207 s OFt, WFIETHEEDO T %7572, Code
Gear . Data Gear 2Ll ¥ F— X DHfL L LTHW
T Gears OS ##%&t U7z, Code Gear, Data Gear (Z
A REEE TR T 572D Meta Code Gear, Meta
Data Gear DMFET 5, A XitH % Meta Code Gear,
WWEoTIFD 2 TAREEZBELLTIFS 22
T& %, Code Gear IZBI# L i DEIZINT A7
O A RGHEEFWIZFLR TE S, Gears OS 1k Code
Gear & Input/Output Data Gear Dffl% Task &
U, MiFIETEIT D,

Code Gear & Data Gear | Interface XI5
FrEHEUTHBEINS, Interface IZHHINS
Data Gear DEFH L, ZTIUIKNT BEEZETTS Code
Gear DEATH 5, Interface FEBHDFTEEE2E 5,
Meta Data Gear ¥ U CEHRIND, HERDBEEIFN
HUTIRBIEE ARy 7 FICRER L., BBOFEET R
L 2% Call $575, Gears OS TlX5[#% Context
FIZHE XN Interface @ Data Gear I[ZH&HH X 1.,
BAEIZRIET 5 Code Gear IZ goto T 5,

Context 1389 5 Code Gear, Data Gear %3
NRTHM L TWB Meta Data Gear TH 5, BH DE
B S Context ZEHKS Z ikt FaV) 71 it
LW, ZD7H Context H o MERT — X &1L
D H LT Code Gear IZ##i3 % Meta Code Gear T
&% stub Code Gear %E%% L 7z, stub Code Gear
I% Code Gear 25tk X, Code Gear fE]DERIZ
HAIN B,

AW F LB % 17 5 BRI Context # 4K L. Code
Gear & Input/Output Data Gear % Context (Z7%
% L T TaskManager #%H T# Worker @ Synchro-
nizedQueue (ZE(5 XN 5, Context DEEIEA X L
NOVDERIZ IR BT, /) —< IV L)L TUE par goto
X &5 CbC @ goto SIZHTE W Eouk T FALI % 17
Z%, ZO par goto [ZBEDT BT F I VT ORI
HOCHLD LS IZHZ 5,

IS DA XFROFGRIZIEHETH 5728 Perl 227
VML BEBERETR 572, 2T LD Gears
OS Da— FOMTIFTHHI N, 2—F—L LT
EA R ERERT2BELRL o7,

Twice DHIEDRIEFERTIE 1CPU & 32CPU T
#0271 5. oFER LR SNE, 72, GPU £
TFORE LTV, kernel DADFEITHEETIX 32 CPU
L0 72 FEOEE R EAA SN, GPU OMWREZ G
MTZeNTEE,

S OFEIX, Go. L DLEED S, Gears OS A
1CPU TOEEIENE WD Z Db 57z, Gears
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OS & par goto X & HHT 5 Z & T Context % AhK
L. W50 ZFTS5, UL, Context idA € Y ZEfH]
DHERPHHT 54 TD Code/Data Gear %% ET
SMENH Y, ERIZH SFRE ORI AP o T LU E
5. T Z T, pargoto DIAVNAIVEAIVITE
79 % Code Gear D7 10— % &5 )LIRA T L.
SRS NGE 1L Context % AR 312, BIEIFE O
MUZTSFORE M ETRS L VwolzFa—=v s
PHETH B,

Z £ X #m
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