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ARFWTlE Interface & par goto DELEEDFEH %
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2. Gears ICBITBXYEE

Gears OS TlE A XEIH % FHIZFLR T 572000 71
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& Perl A2 ) 7 MZ Lo THEBI NS stub & goto
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Data Gear DEH ., ZTIUIKT 2EE%21TS Code
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THEIND, —DPDEFALVY FNTHbLNS In-
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__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, ...);
¥
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TaskQueue

TaskManager

Worker
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TaskManager

CreateTask
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Wait List
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PEMINT WD, ZDOIEHRY ST 5 Data Gear
DY A X ERPET 5,
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Interface IZFEOH L DFI#IZ72 5 Data Gear O
FETHY, ZTITHUHEINS Code Gear DTV
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Code2 1% stack @ Interface TdH 5, Code Gear,
Data Gear I 7 572812 Context %@ T HEN
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¢ Data Gear 250275 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 DFEZEDH|ITH 5, createlmpl
BB LTI S, #0{bE Code Gear @
28y MZXIET % Code Gear DHEHE ANS,

Stack* createSingleLinkedStack(struct Context*

context) {

struct Stack* stack = new Stack();

struct SingleLinkedStack* singleLinkedStack = new

SingleLinkedStack();

stack->stack = (union Datax)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
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% Code Gear D %7 Data Gear % Context 7*5
WO HTWE %2755 DTH S, Code Gear HIZEL
BT BRBEDRH Y, ZD Code Gear D 5[# % W THL



D i3 Data Gear %#{RT 5, stub Code Gear %
HE)ER T % generate stub % Perl A2V 7k TfE
35 Z &iz&k > T Code Gear DFtik %K1
TEHEIENTES,
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cbe 77 A6, EREL 7z stub Code Gear % M
ZT stub ZMA 73— RIZEH%ETT S, (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 %#fX7z3—FK
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generate_context ¥ Context.h, Interface.cbc,
generate_stub T E 7172 Impl.cbc % R T Con-
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Context.ﬁ generated fiﬁ

N/

generate_context

enumCode.h enumData.h target- extern.h dataGearlnit.h
context.c
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na,
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Task % Context TZB{T %, Context (2% Task A
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put Data Gear OI&MHEFT. £f> T\ 5 Input Data
Gear DA77 v RE%FF> T3 Task @ Input Data
Gear Hii> T\ % %% TaskManager THIBTL., ZE
17 BE7 Task % Worker 1234123 %, Worker 1%
%5 I N7z Task HHEE L7z Code Gear Z5EAT L.
Output Data Gear Z&EH & H 7,
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SynchronizedQueue (X Worker @ Queue & U T
fiHE N5, Worker @ Queue l& TaskManager %
HE LT Task 238fF53 5 ALy F& Task & HfE
9% Worker HED ALy RTHRbND, TD/D
SynchronizedQueue <)V F ALy RTHEF—XD
— B AR T S Queue 2 EETIHENDH S,

T—XO—HMEGFIT ARFIE LTD 1 DL
THY I Z2fio R AENDH D, LrL, By Ik
ToTTF—X%2HEHULEHE, FL Queue (23 LT
BUERITOBICRE L S DOEDRRE L., REDAFIEH
THoTULES, £IZ T, Gears OS TIET—XD—
V% RFES 5 72812 CAS(Check and Set. Com-
pare and Swap) ZFIH U7z Queue ZEEL T35,
CAS IMMEDILE, EHz2T7 MIv 2 IfT5@MATH
%, CAS Z{f5 BUIEFATOM & EHELOMEEEL .
WS NEHAETDOMEZ EEIZREINT VDS AEY
FHOME IR L, MALRST —XBEAEPRNTZD,
T—RZDEFKINT B, BIRDGEIIMIITF S AL
BhotzbhRIN, HOEHIZKEKT 5,

Gears OS TIEZ D CAS %4175 720D Interface
ZEFHL TS (Coded), ZD Interface Ti&, Data
Gear £ T%2NAL TW5 Data HLHAD KA v XD
E%EHT S CAS 2EHEL TS (Codes 6 17H).

typedef struct Atomic<Impl>{
union Data* atomic;



union Data** ptr;

union Data* oldData;

union Data* newData;

__code checkAndSet(Impl* atomic, union Data** ptr
, union Data* oldData, union Data* newData,
__code next(...), __code fail(...));

__code next(...);

__code fail(...);

} Atomic;

Code 5: AtomicInterface

AtomicInterface TD CAS DEEEDFEE% Codeb

IR Y, FEERDFEEETIE _sync_bool_compare_and_swap

B IFCHI S Z & T CAS %2175 (Code6 2 17H).
ZOBBIEE—FIBICEI N T FL A U TES
I DME» OB =5 DM~ CAS 2475, CAS 2
KU 72354, true 2B L, RBLU 72551 false %
S, Code6 Tl CAS T L7Z54 & LU /-5
EENZFTNIIRIE U7z Code Gear Nik%i 3 5,

__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(...);

Code 6: CAS D%

SynchronizedQueue ® Data Gear DEFE% Code7
2R, SynchronizedQueue 17 —X DY X b4
Y, FIHDORA Y RER>TW5, Queue ZE(ET
LEEXZDORA Y RIZH LT CAS 29528 TT—
ZOFALED L EITS,

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

};

// Singly Linked List element
struct Element {

union Data* top;

struct Element* next;

};

Code 7: SynchronizedQueue DE#H
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Gears OS DWMiFIHEX1 par goto L THEINT
W3 (Codes8)s,

__code codel(struct Integer* integerl, struct Integer

* integer2, struct Integer* output) {

par goto add(integerl, integer2, output
goto code2();

exit);

EJp—

Code 8: par goto & BfiFFEST

par goto DFI#IZIE Input/Output Data Gear &
FATRITHAT T D __exit 2T, par goto THEI
7= Task 13 __exit IZHEfE T 5 Z L TR T 95, par
goto X TH MHED goto 73 & [FAERIZ A XD goto
XANEEWZ 5N DD, par goto L TILMAE D goto
X EATHIR D A XAt T D, Gears OS D Task
& Output Data Gear Z W U7z TR TT 50
T. par goto TIIERE __exit 12T 2D TIER L,
Output Data Gear ~DFH & Hi UL (Commit) 12
iz ns,

Code Gear & Input IZ#85E U 7z Data Gear 2342 T
HFEAEND LETIN, FITUHER%E Output 12
55 U7z Data Gear (ZZEEH L %475, Code Gear
DEIETH 2 _next BHRFOFHD Data Gear »% Out-
put Data Gear £725%,

FHE M U Data Gear @ Queue 75, KT
BfRIZH 5 Task 22T 5, ML 7z Task HiKD
FITIZHEA Input Data Gear H7 VY Z DT 2 1) A
YhEITD, ATVAN 0D L Task BMfE->TW
% Input Data Gear Mii->72Z £ 1272 0, Z® Task
% TaskManager #¢H T FEITX N5 Worker 1Zi£(5
435,

Z D par goto XILEF DT T I V7 OEKME
THLUDO XS IZTH’S 2N TE S,

Code9 & Code8 # perl A2V 7 MZ &> TEH
PiTbhza—RThb,

__code codel(struct Context *context,struct Integerx*
integerl, struct Integer* integer2, struct
Integer* output) {

struct Element* element;
context->task = NEW(struct Context
)3
initContext (context->task) ;
context->task->next = C_add;
context->task->idgCount = 2;
context->task->idg = context->task
->datalNum;
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 (
context);
context->task->datal[context->task->idg+0] = (
union Data*)integeri;
context->task->datal[context->task->idg+1] = (
union Data*)integer2;
context->task->datal[context->task->odg+0] = (
union Data*)output;
element = &ALLOCATE(context,
Element)->Element;
element->data = (union Datax)
context->task;
element->next = context->taskList;




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

}

__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 9: perl AZ VU 7 MIZX? par goto DZH:
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101 ERRE

48] Twice, % CPU., GPU BT Gears OS O
HE %2175,

T 2 EBREREZR 1. GPU BEi%2% 2 (TR
9, 72, 4llE LLVM/Clang THEZ L 7= CbC O
VXA T EFAWT Gears OS 23 V31 )VT 5,

Model Dell PowerEdgeR630

os CentOS 7.4.1708

Memory | 768GB

CPU 2 x 18-Core Intel Xeon 2.30GHz

® 1 ETRE

GPU GeForce GTX 1070
Cores 1920

Clock Speed 1683MHz

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

% 2: GPU 5l

10.2 Twice

Twice 152 5N/ BEBELFI DT N TOEFEE 245
T AHETH B,

Twice @ Task X Gears OS O F — X Wi 5] THELT
INd, CPU OU&IXET & 5% OFFIZ2E L
T Task #2485, ZHIFEERIZ Task 2EKT
52 ZFDHD Context %A T 5 7= IZ R % AL -
TLE>NLSTH S,

Twice XM FFITOMIFRBRE 2L, T —RAUFIT
DEFIZHEUZHETH D, TDRD, BERHEZ
ZRELITNIE CPU & a7HH%\» GPU 2 EF
L5,

WHEK YT OF — RIS Twice DFEITHEE
% %3, W6ITRT, CPU E70KI 227 oF —
K% 64 filD Task 1Z4EI L TS FET2IT> TV
%, GPU TiE 1 5T block % 2%, block D

thread (% 2'° T kernel DET%24T o7, TITD
“GPU*“ X CPU, GPU M®F—XD@BERMEEED
7-H§fEl,  “GPU(kernel only)“ I kernel @ #& DT
R CTdH 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—XIZHT B Twice

twice benchmark

1200 T
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800 (— —

600 —

time(ms)

400 |- -

200

0 Hﬂﬂﬁl_l+

1cpu  2cpus  4cpus  Bcpus  16cpus 32 cpus

gpu gpu(kernel only)

6: 227 OF—RIZXNT B Twice

HEIREDEBMRV DD LEZ NS,

GPU TD%EATE kernel DADFELFHFHE L 32 CPU
WZHART 7.2 f20#EE M EXR SNz, UL, @
GHRfZ2E&DH 5L 16 CPU L hBEWHERE L ->TL
¥ o7, CPU, GPU D@FRMAMAA—N—~y NiZ
BRoTWVWAHENDLNL,

10.3 Go SFE& DR

Go ik 1% Google LB L TWB TR T T 3
VI EiETH D, Go BEEIZ LD Twice DEEI%
code 10 (27”9,

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
<-c




}

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 B TOD Twice

Go SFEIZMFIEIT% “go function(argv)” D& S
WM TIT D, ZOWiFFES T4 goroutine & IFE.X,

Go EiElX goroutin DT —XEkZfEE2F v L &
WS TF—REETITD, FYRaMikdT—ROER
Bl “<2 2ffioTiibhd, FIZIEF v 2LDT—X
W& TdH 5 channel 12X LT “channel <- data” &3
% &, data % channel IZ#(E%21T5, “<- channel”
&3 5%, channel 2SREINAZT—X%E 1 DH
D H9, channel 127 — X DFEINTVRWVGE X
channel (27— X WEEFEINDLETTEITE2 T OV I T
%, Go EFERF v RINIZLD, FT—ROREZEHH
BIZEITS, LU, F v RIVIEHEEOD goroutine T
BRTEL72OT —XDREILHHEIL D5\,

Gears OS TlZ goroutine 1 par goto X & IFIZ[A
B D Z e kB, F7-. Code Gear & par goto
X CT#EHZHT Output Data Gear Z5&€ U CTHEITT
57-8, Data Gear DEZH UItHHEHI L 3\,

Go EFETO® OpenMP & [AkkIZ Twice 2FEEL
Gears OS LIl %2175, TH 6 HFTEREIL £ 1.,
22T DF = RIZH U TV, Gears OS. Go Sk /i
L BLH % 64 HD Task, goroutine (Z43E] L TiF
FEiT 21T o7,

twice

1200

T
"gears_poweredge” ——
"go_poweredge” —¥—
1000 -

800 —

600 (— —

time(ms)

400 |- B

2003 -

CPUs

B 7: vs Go

EIER L LT Go EiElX 1CPU & 32CPU T
4.33 5D EE [ AR Sz,

11. # B

AFLTIE Gears OS D70 b X1 TD#KF & F45,
A REHETH S Context & stub DEMEFTS Perl
207 s OFt, WFIETEEDOFLE %7 -72, Code
Gear . Data Gear 2Ll ¥ F— X DHfL L LTHW
T Gears OS ##%&t U7z, Code Gear, Data Gear (Z
A REHEE RS 572D Meta Code Gear, Meta
Data Gear DMFET 5, A XitH % Meta Code Gear,
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