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TaskManager struct Worker {
int num;
struct Context* contexts;
WaitTaskQueue } worker;
Resolve MainComeXlEnque‘ ‘ ‘ ‘ ‘ ‘ struct Tree {
'I:|/ i struct Node* root;
— Enqueue ActiveTaskQueue } tree;
[ [ [ [ [ ‘ struct Node {
// need to tree
enum Code next;
Dequeve Worker int key; // comparable data segment
union Data* value;
struct Nodex left;
Worker Contexts struct Nodex right;
Persistent Data Tree // need to balancing
enum Color {
Red,
Black,
} color;
} node;
2 Gears OS DRI struct Allocate {
enum Code next;
long size;
XA v E7%% Context & Worker /] Context %% } allocate;
H Y. TaskQueue & Persistent Data Tree (&3t ¥
X%, Temporal Data Gear D728 D X £ V) ZE[H] Code 1 Context
1% Context HIZHEA D, HWIZTHT 5 i3k,
. E=
Worker F'EEJO)TH;ﬁf’FFH I Persistent Data Tree Dt #inclode <stdlib.bo
AEZDOHRTIT),
Code 1, Code 2 IZFEBED Context DEZE & LK% #include "context.h"
Y, extern __code codel_stub(struct Contextx*);
extern __code code2_stub(struct Context*);
/* define context */ extern __code code3_stub(struct Contextx);
#define ALLOCATE_SIZE 20000000 __code initContext(struct Context* context) {
#define NEWN(n, type) (typex)(calloc(n, sizeof (type context->heapLimit = sizeof (union Data)*
M) ALLOCATE_SIZE;
#define ALLOC_DATA(context, dseg) ({ context->datal context->code = (__code(**) (struct Contextx*))
dseg] = context->heap; context->heap += sizeof ( NEWN (ALLOCATE_SIZE, voidx);
struct dseg); (struct dseg *)context->dataldseg context->data = NEWN(ALLOCATE_SIZE, union Datax);
15 B context->heapStart = NEWN(context->heapLimit,
char) ;
enum Code { context->heap = context->heapStart;
Codel,
Code2, context->codeNum = Code3;
Code3,
}; context->code[Codel] = codel_stub;
context->code[Code2] = code2_stub;
enum UniqueData { context->code[Code3] = code3_stub;
Allocate,
Tree, struct Worker* worker = ALLOC_DATA(context,
Queue, Worker) ;
Worker, worker->num = 0;
}; worker->contexts = 0;
struct Context { struct Allocate*x allocate = ALLOC_DATA(context,
enum Code next; Allocate);
int codeNum; allocate->size = 0;
__code (**code) (struct Contextx);
void* heapStart; struct Tree* tree = ALLOC_DATA(context, Tree);
void* heap; tree->root = 0;
long heapLimit;
pthread_t thread; struct Node* node = ALLOC_DATA(context, Node);
int thread_num; node->key = 0;
int dataNum; node->value = 0;
union Data **data; node->left =
}; node->right = 0;
}
union Data { Code 2 initContext
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Code 1, Code 2 IZFM T OFHEZERZL T 5,

Code Gear DRZRERIVIDIRX

Code Gear DT E KA ¥ ¥ DXfEGIx Code 1 D
enum Code & BIFRA v &Ik > TERHIND, FH
P12 Code Gear IZ#EE T %1% enum Code % HH%E
T2 ETEREZITY, ZHUC kD, FEHiTHOIL—F
VIR ERBNICER TS I L HREE R D,

Data Gear @ Allocation FADIEIR

Context DAEKEF (Code 2). Allocation H IZ
Code 1 @ ALLOCATE SIZE %3 Dl Z Mt 3 5,
Context 121X Z DFEIFAD R A ¥ & L A4 XDEMM
ENTW»3 (Code 1 D struct Context D heap,
heapLimit), X Allocation § 2% heap % 44
H7: Data Gear DY A ZIWGLTA Y7 VRV T
% Z & T Data Gear ® Allocation ZEH T %,

Data Gear ANDRAT V5

Context (213 Allocation % T4 5% L 7z Data Gear
NDRA VI DB E N T3, Code Gear 1 Con-
text %3 L C Data Gear N7 7 & 29 3,

Data Gear IZ&#IZ N3 Data Type DIEHR

Data Gear I¥ Code 1 @ union Data & ZDHD
struct 12 X > TEHIN %, Context I21% Data Gear
@ Data Type DIFMMEMIN TV 5, ZOEHD
SHEMR X33 Data Gear DY A A ERRET S,

8. TaskQueue

Gears OS IC&1F % Task Queue & Synchro-
nized Queue THEELIN S, XA v &% % Context
& Worker /| @ Context T X1, Worker 7%
TaskQueue 2>5 Task ZHUE L., #1795 2 LTl
IR 21T 9,

Gears OS @ Queue (& Queue ##E 9 Data Gear
L List #2237 2% Element & \»9) £4HiD Data Gear
ZHlAGHLETERT S5, Queue 2T Data Gear
I21% List #H& DD Element %157 first, KED
Element #1579 last, Element Off%(% R~ $ count
P Z 5, Element %77 Data Gear 1, Task
%Y task, XD Element Z/R7 next 2M&MIS
na,

Queue 12X L CTEEMEZ T EHAE. Queue HIEAD
Data Gear #E &2 %, Task % AT 554,
#L < Element Z/EF L. Queue O last 75 List
WEDERKREICH L\ Element ZEM L. Queue ®
last ##H &2 %, Task & BUF T 52854. Queue
D first 225 List MG 2 RAIOEHRZEY HL, H
DL 7 HEORDEFZED LM% Queue D first 12
EHEAL,

Gears OS @ TaskQueue (F</VF AL v FTOH#
fERREL T by, T 0—HWEZLEET 24
ERhHb, 20O, T—¥O—HIEERWIIETRT
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HIRAET % 72 912 Compare and Swap(CAS) % FJfH
LT Queue DIEMEZIT-o T35, CAS IZT7—5 DLk
WEEE T Py 2T MR TH D, AEYDS
T=F DAL L, BH, AEVANDT—FDEZH
L) —HoUF%Z CAS ZFIHT 2% 2 &L TUHD
MU A Ly FOIREVICEELINZ R\ 2 & 2R
AE % 2 LN TED, CAS ICRKL 254 1k Eih%
1o, BOT =YD LH» 5D 5,

Code 3 1Z CAS ZfEH L7 Task HAZARL T
%, Code 3 1% 2 2? Code Gear ZEFEL TED,
putQueue3 & Queue IZHHELH 254, putQueued
13 Queue ICEEVRWEED Task fiAZRL T
V5,

// Enqueue(normal)
__code putQueue3(struct Context* context, struct
Queue* queue, struct Element* new_element) {
struct Element* last = queue->last;

if (__sync_bool_compare_and_swap(&queue->last,
last, new_element)) {
last->next = new_element;
queue->count++;

goto meta(context, context->next);
} else {
goto meta(context, PutQueue3);
}
}

// Enqueue(nothing element)
__code putQueue4(struct Context* context, struct
Queue* queue, struct Element* new_element) {
if (__sync_bool_compare_and_swap(&queue->first,
0, new_element)) {
queue->last = new_element;
queue->count++;

goto meta(context, context->next);
} else {
goto meta(context, PutQueue3);

}

Code 3 Enqueue

9. Persistent Data Tree

Gears OS 1% Persistent Data Gear D HEIZ AWM
EEHGVS, ZOREEGITIEBSENCERE NS, FE
TR & 13 3 D & 5 Ic—FEREEE L - KR E % 1
T2 EMAHT L OAREEEZRESET 2 2 LT, K
EEMET 2 HETH 5, IENEBRIE XA G 2
EWZ D LR ARERITO 10, FAEFEEEPEITL
TITH) ZEDTRETH 5,

Gears OS Tl Data Tree & L CAKEZFIH T
%, Z0%a. HlIOREEZHET 2720 Tl -
T ARREED R I N D AREEEY D 2, Ry — AT
FHEIEY A Mgk b FHEED Om) &% 5,

ZDlH, A - HIER - BRICE T % BRI % £/
L9 % 728 Red-Black Tree % V> TAMEE O -5k
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%) —FRFELIIROMEZED,

[ ]
o L—FrDEIZETH S,
o K/ —FiE22o08 ) —FEFLLTHR (F/ —

FHfE< 2 &),
o V=IO, —FNDORRIZEFNDHE
) —=FOEFEDKR T, — FTHb—ETH 5,
INLDEMFITE ST — 2 oRk b E VR M
J—=FADRZDEZ I — F oD E R M
)= FANDRADEZID 2 FICINE 2 2 & BREEE
ns,

10. Worker

Worker (& TaskQueue 25 Task ZHUF L. FEfT
%, Task IZI1ZFEfT7T % Code Gear & FETICNTE
7% Code Gear D key DMEMNI N T 25, FEfTICHE
7 Code Gear | Persistent Data Tree 7°5 key %
ffio THUST 5%,

% Worker 1Zfll5® Context ZZMHLTEDH, *
TYVHEMDBMIZLTVEDTXEY 2R T 20T
flsd> Thread Z1k® % Z Eld7\v>, 7272 L. Persis-
tent Data Tree ~DFH LU IFHAT 2 TS H
2DTCAS #HALTT =2 O—HE%2IRALT 540
b 5,

Worker 2% TaskQueue 2>& Task OIS %179
Code Gear % Code 4 127”9, Task Queue 2> 5 HifF
L 7z Task 2»5 %479 % Code Gear & #4% 7 Data
Gear D key % Worker Context (ZF &jAtrZ & TH
frans,

// Dequeue
__code getQueue(struct Context* context, struct Queue
* queue, struct Node* node) {
if (queue->first == 0)
return;

struct Element* first = queue->first;
if (__sync_bool_compare_and_swap(&queue->first,
first, first->next)) {
queue->count--;

context->next = GetQueue;
stack_push(context->code_stack, &context->next
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);

context->next = first->task->code;
node->key = first->task->key;

goto meta(context, Get);
} else {
goto meta(context, GetQueue);

}

Code 4 GetTask

Worker 2> & HUf$ Z 1172 Task @ Code Gear 1Z3lfi
FNFEIfTEIND, WHFETIND Code Gear E 52T
bt Code Gear LML TH %, ZHi Gears OS
FH{&2Y Code Gear IC& > T I N TS Z &Il
W3 %, 2% 0D, Gears OS ZFHL TEr N 71
77 LTEHREIN TS Code Gear IZIRAFEARY 70
WEE, ATHINCETTLIENTES,

11. TaskManager

Gears OS @ TaskManager (3 WaitTaskQueue (2
A>T % Task DRIFBIRZAERT 5, Task 113
Input/Output Data Gear DIFHRIMEHI N T3,
Input Data Gear (¥ Task (246327 Data Gear CHii>
726 Task 1FEITAMAEZRIRABIC % %5, Output Data
Gear 13 Task 2% Persistent Data Tree (C3H & H7
Data Gear TH %, Z® Input & Output DBIRDS
RAFEARR & 72 5, TaskManager & Persistent Data
Tree ZEiA L TE D, WaitTaskQueue IZ A>T\ %
Task @ Input Data Gear 23Mii> T\ 2 DZHERL 7=
5 EfTHAE% Task & LT AcitiveTaskQueue ~EH)
I35,

12. ZAKNY A TOEE

Gears OS DFHli & L TIRFEBILR D 72 L HIRE D M F]
FETx2fT-o 7,

SRR L 72f#IZ Twice &\ ) BEET % 2 %
W29 BHIETH S, Code 5 1T Twice DB ZFTH
Code Gear #7879,

// Twice
__code twice(struct Context* context, struct
LoopCounter* loopCounter, int index, int
alignment, int* array) {
int i = loopCounter->ij;

if (i < alignment) {
array[i+index*alignment] = array[i+index*
alignment]*2;
loopCounter->i++;

goto meta(context, Twice);

}
loopCounter->i = 0;

stack_pop(context->code_stack, &context->next);
goto meta(context, context->next);
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UM ic S oA DR 2R,

figIH 4 X% IGIC index, alignment, L%~ K
A v ¥ %D Data Gear 1253,

e Data Gear % Persistent Data Tree IZ§fi A,

FZ179 % Code Gear(Twice) & FEITICHE
Data Gear ~® key % HfD Task % Eh,

BB L 72 Task % TaskQueue (ZHfiA,

Worker D2,

Worker %% TaskQueue 2> 5 Task % Hifs,
Hif L 7z Task % JTIC4AZE 7% Data Gear % Per-
sistent Data Tree 2> 5 Hif,

WHN DM Z 15 Code Gear(Twice) % EAT,

FEH 2171000 DF— % % 640 D Task 12574

L.

ATHEEELTHEZITo 7R 2R 1, K4
N
Processor | Time(ms)
1 CPU 1315
2 CPUs 689
4 CPUs 366
8 CPUs 189
12 CPUs 111

time(ms)

e SN
B ESE SN, Lo,

®1 FEFEH 27751000 D7 —FICNT % Twice

1400

1200\

oo [\

T
204800 elements per Task ——

2 4 6 8 10 12
Number of CPU

4 WFEHK 217%1000 DF—F KT 2 Twice

1 CPU & 12 CPU T 11.8 f5DHEE
YA DRIENNSTE

5L CAS DEMD% D, RN TRVLI L23H

%,

Code Gear 1ZIZEfTREZ PAETREZR b DIZT

2EVCHIREDD D7D, ¥R WPEoER R % D)
ZIRE T RSN EIC RS LEA SN,

13. B®

RETIZERFEGT - 922 L 72 Gears OS & WEGFDE
7L —07—27 D% ITH, £72. Gears OS
B TOL) REEZBHL TV,

Uy — 2EH
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Context fHICH 7 2 XY %2 RL, 20 %2E
M9 %, Meta Code Gear, Meta Data Gear %
AwTxy b7 — 288 WTHHSE 21T,
PR DAL

RIFBAR D 72> Code Gear 1ZWFIFEITT 2 Z &
WHEETH 5, 7. Code Gear HEDLE D
BRANHEALE 7> TED Code Gear ZFIHL T
0 7o LEIRT S E T ST LR EE
B EICEDD,

7a kv HH oML

Multi Core CPU, GPU % [F% D FEITHE THEAT
THETH 5,

INsOME#HET % Gears OS ZARL—F 4~
TYATLTHDEFZEDTHFD 0S LD S
9,

Cerium

o RAFBILR

Cerium “Cl& Task [HCKERIREZRET 5, Task
DBPTT—FDMHR L TH5E 1 % TaskManager
WEAIL , ARAFBIfR 2 R L TR D Task M3HEAT
ENd, INTRT—YDILL I E2HHET 2 2 &
MBTER\,

Gears OS Tid Task IZ Input/Output Data
Gear Z#ET % Z £ T Input & Output DEIfR
D SRR Z E T %, TaskManager 1 Per-
sistent Data Tree Z B L. 37 Data Gear
Mo T3 2L ERMERT 2 L IREFBIR % ik
T 5,

7= & OIS

Cerium Tl Task 07— %25 E)E5 & TNH
KA VS EMADE, Z0LET—5 ORIEHRIE
L % DT Task DA G HEIRIWI LR DD
REAET B 2 EDITE N,

Gears OS TIEIEREZ > # I/ T -5 L
L C Data Gear ZE# L. Data Gear Hifi T
J—% % Task 125 ZJE7, Data Gear #H> 7
+F ¥ & LT Task DFAGHOEDIEL W &%
REAET 5,

Allocator

Cerium Tl Thread [HC Allocator 234 L T
W3, % Thread AT VHERZITH & Z D
M, o> Thread 13X EY ZHERT 2 2 L23TE
FAHEPET T 2,

Gears OS Tl Thraed Z & 12 Context % # D
MT %, Context (FMI7 L7 X €Y 2/ %ZFHOD
Cfthid Thread & THT 2 2 &4\ XY DR
ZiTH) 2 ENTES,

WEFIALIE & DFF M

Cerium ¥4 7Y =7 FMEASHETH S C++ T
FEEINTVDE, 7Y 7 MBS L H
FMAEZED 201 7RV ET7 4 R
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LEEERT S, A7V 27 FOREICK > TRS
DL D 2 7 HSER R BT < 7 DS
UER & OMPEDHE >,

Gears OS IFAWFZETHIFEL T3 CbC 2w
THEET 5, CbC & Code Segment & \» 9 I
fie7u 7 L% T %, Code Segment &
A E vy 7 Il % 2 a2 o o
Code Segment (ZET 2, Z ORERMEHLIC L D
WiFb, v— Tl 7 & %2 &K L s ey —
A= FLRLTfT) T EBTE D,

OpenCL/CUDA

OpenCL® /CUDA? T3 W HIALEL I V> 5 Bk
% kernel & L CE#T %, OpenCL Tl Com-
mandQueue, CUDA Tl Stream & \»9) @i ¥ 2 —
ARG ST GPU 2FAT 3 2 &3 T
&5, MA¥ 2 —I3FITINAETED IR BhFET
INDZEMEEINT WS, BEOMS X 2 — %
il <, SMA¥Fa—IMmPrRIT T L ThnE
MHNCFEATT 5 2 LDITE S, ¥ o — WL Ok
BIRERET LI LDTES, DFH, M Fa—IC
A2 TV RBEDMBARETT —F 2> T 5D0
kernel DEITEFF> T 5 D% 5 O THRFEHRD
FLIRIMEMEIC 22 B, T — # 1E kernel DFIEDEFEIC
RIS EI NG, 7 — F KO IIRIERVE
ELTETHENDD, BERRL -T2
DB B,

—H. Gears OS Tl 7 — 12 & > TREBHRA R
TT %, £/, 7—% % Data Segment &\ Hifi
THHLTEHL T Y ESRER- 7 EET—F D
ZIJELEIT) ZEDTES,

OpenMP

OpenMP T3 — 7T XOFIZT7 / 7— a
&[T B (Code 6) 2 &Tav 4 FDMERL, A
Ly FOBEALT ) X 9 I L TSI %2179,

#pragma omp parallel for

for(int i=0;i<N;i++) {
// Processing

}

Code 6 OpenMP

fDNWHUETIEN AR TR D 2 — Pl 224551
WYl THEL, LrL, 2oHETE nrs 702
EDONMHNED LS T 7 55—V OIEANC X D HREm
EHMTEFTBIC R B,

—7i. Gears OS TlE#HI®H 25 Code Gear, Data
Gear LW HfiTTu /7 2% 0E L CRiddT 25D
TR ST LAREROWHERED D I ENTE D,

fitkd OS

ERD OS WioTEL Ry bV —VHH XEY
B, PATHIEZ &0 X & 25y % Gears OS Tl
Meta Code/Data Gear & L TEET 5, i#H D Code
Gear %> 6 LE LTl Z H#Ed# L. Meta Code Gear 2
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Bl 3% 2 & THERD OS 23T o T & 72l %2 fefit 9
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