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020 0OJO0U0000ddooooddon
[1 Cerium

Cerium O PlayStation 3(PS3) D OO OO0 Cell Broadband Engine(Cell) O O O Fine-
Grain TaskManager U0 0000000 0DO0ODO0OO0OODODOO0OOOOODOOO
O Cerium O OO0O0O0OOOOOOO0O

2.1 Cerium 00O

Cerium O O TaskManager, SceneGraph, Rendering Engine 0 30000000000
ODodCellDO0O0ODDOOO0OO0ODDOOOOODODOOOOOO0ODOO Multi-Core CPU, GPU
000000000000 000DO000O00000DOO0ooDOobOOooog

2.2 TaskManager

TaskManager DO Task OO0 00O 0O0O0OO0O0OD0OO0OOO0ODOODOODOODOODOO
00000 Task OOOOO0OO TaskManager 0O OO0 APIOO:210000

create_task | Task 000

allocate ODO00d00d0OoOoDooo0Oo0OO00d allocator
setiinData | Task OO0 DO O0OO0O0000O0OO0O0O
setoutData | Task 0 000000000 O0OOOOO
set_param | Task 000000 (32 bits)

wait_for Task OO0O0O0O0OOO

set_cpu Task 00000 Device OO0

spawn Task O Queue 00O

iterate 0000000000 Task OO0 Queue OO0

0 2.1: TaskManager API

TaskManager [0 ActiveTaskList 0 WaitTaskList 0 2000 Quene DO O00OO0ODOO
O0000000D00 Task O WaitTaskList 00 0 00O 0O 0O TaskManger 000 00O O
000000000 ActiveTaskList 000000000000 DOO0ODOOODOOOOO
0000 Task O set.cpu DO O OO0 Device DO OOO Scheduler 0O0O0O0OOOO
O000:210 Cerium 0 Task 000 /00000000000 OOOOOO
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00000000000 (o0) 020 000O0DOOOOOOODOOOO Cerium

1:createtask()
2:spawn()

/7 TaskManager
User Task / AcriveTaskList

]

WaitTaskList

FifoManager CpuThreads GpuThreads CudaThreads

FifoScheduler GpuScheduler CudaScheduler
Scheduler

0 2.1: TaskManager

2.3 Cerium 00O 00O Task

Task 0 TaskManager 0 APIODOO0OD0ODODOOOOODO TaskOODODOODO
OO00O0DoOoDbOobOooo

e input data
set_inData 00000000 Task OOODODOOOODOODOODOOODOODOODOOO
O000000000000000000000000000 (void*0) 000 Task
000000 oOdDoOooooooo

e output data
setoutData OO0 O000O0 Task OOODDOO0OOOODODOOOOOODOOOOO

gobbooogboo

e parameter
setparam 000 0000000000000 000O0O (index 0)O

e cpu type
set.cpud 0000000 TaskOOOODOO Device 00000 OOCell, Multi-Core
CpU,GPUOOOOOODOOOOOOOOOOOOODODOODOO

e dependency
wait for 0O O0OO0O0O0O0 Task OODOODOOODOOOOOODOOOO Task O
OOooDooooooog
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24 Task UOOOOOOOO

kernel kernel kernel
SPE SPE SPE Local Local Local
Memory Memory Memory
| Element interconnect bus | | Global Memory |
GPU
Cell PPE
] Memory Buffer
Main 1/0 CPU
Memory Device HOST
O 2.2: Cell Architecture O 2.3: GPU Architecture

Cell(D:2.2) 0 GPU(D:23) 00 000O0OD0OODOOOO0OO Device DO0ODODODODO
0000000000000 boooboooboobooobooon
0000000000000 obo0oboooooooobooooooon Cerium O
O Task OODDOODO0D0OO0OODODODOOOODODOOO

TaskManager D 00000 Task DO OO0 TaskList 00000 O0OOOO Device O
0000 Scheduler 00000000 OO0O TaskList 00000000 ODOODOO Task
00000000 TaskList 000000000 Task OOOOOOOOOOOOOOO0O
000000000000 00000000D00000O TaskList 0000 OO Task OO
O000000D0:240 TaskList 000000 Task OO O OOOOOOOOOODOOOO
ooo
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TaskList | Task_1 | Task _2 | Task_3 | Task_4

Scheduler . . .
Step1 ' Step2 | Step3 | Step4d
Read Task 1| | |Task 2| | |Task 3| | |Task 4
Exec | |Task_1| | |Task 2| | |Task_3
Write f | |Task_1| | |Task_2

O 2.4: Scheduler
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(1400 Gears OS

Cerium O Alice 00 0000000000000 O0O0O0O0OOOO CodeCOOOODODO
OO0 DataODOOOOO0DODODOOOOODOODOODDOOOOOODODDOO Code Segment [
O00000000000000000000 Continuation based C(CbC) O 0O OO Data
Segment OO0 0OGears OSOOODODOOOOODOODOOOOODOODO

0000 GearsOSOOOOOOOODOOODOOOOOODOOOO

4.1 Code Gear [ Data Gear

Gears OSOOO0OOOO0ODOOO0ODO Gear 0O0O0OO0Gear DO OOOOOOOODO
O0000Gear DOOOOODOOO

Code Gear 0000000000000 ODODOOOO OpenCL/CUDA O kernel,
Cerium 00 Task OO0 0000 Code Gear OO OO0 DataGear 00D DOOOOOODO
000 DO0000 Data Gear DO 0000 Code Gear DO OO OO Data Gear 0 OO
O00000D000Code Gear 0000 Code Gear O D DOOODODO gotodOO Code
Gear DO0ODOOOO0ODODOODODOODODOONOCode Gear 0 Code Segment O 0O 0O
oood

Data Gear 0O OD0DO0D0O0O0O0O0OInt OOODOOOO Primitive Data Type 0O 0O O
oood

Gear UO0OODOOOOODODOOOOO Code Gear, DataGear OO OO OOOONO
00do0O000Odo0oDOdoDdoodDo0oodoDooooooooooooooood

4.2 Gears OS O 0OO
GearsOS 0O DDODOOOOOOOOO

e Context
00000 Code/Data Gear O O O OO TaskQueue O O O O O OO Persistent Data
Tree D 00O O 0OOTemporal Data Gear DO 0D O000DO0D0OOO0DOODOCon-
text 0000000000 DODOOO0DODODOOODO Context O Worker 00 [
Context 0 O O 0 TaskQueue O Persistent Data Tree 0 00 O O O 0 O Temporal Data
Gear UODODOODOO Context 0O0DODO0O00DOO0ODOOODOODODODOO
Persistent Data Tree 0 0000 0000000000000 DOOOOOOOOOOO
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e TaskQueue
ActiveTaskQueue [0 WaitTaskQueue 0 20 0 TaskQueue OO OO0 OOO00OO
Element OO0 D0OO0O0O0O0O Queue 0O O Data Gear 0 0 O OElement [0 Task [
00 DataGear 0D DOOO0DDOO Element 0000000O0DODODOOOCompare
and Swap(CAS) 0000000000000 DODODODOOODODO Quene 00000
Ooooooooooo

e TaskManager
Task 0 O Input Data Gear, Output Data Gear 0 O 0 O O O Input/Output Data
Gear 00D 0OO0OOO0OO0OOTaskManager 00000000 OOOOOONO Task
O WaitTaskQueue O O ActiveTaskQueue O O O O O O TaskManager 0 0 0O 0O 0O
OO0 Context O OO OO

e Persistent Data Tree
000000000000 Lock-free OO OODOOOODOORed-Black Tree O O
Of0o00oo0oo0ooooooooooooooooooooooooOoo

e Worker
TaskQueue 00 Task OO0 OO00O0O00O0OTask OOOOODOOODOONO Persistent
Data Tree 000000000000 0OODODODONO Persistent Data Tree 0 0 O O
0000 Task DOOOOOOOOO

0:410 Gears OSOOOOODOODO

L]

ActiveTaskQueue

T Get

WaitTaskQueue

CreateTask ‘ ‘

Create

ReadData

WriteData

Worker

Resolve

Dependency
ResolveTask \

Main Context
TaskManager

Persistent Data Tree

Worker Contexts

O 4.1: Gears OS
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4.3 Allocator

GearsOSO0O Context 00D O0OO0OO0OOOOOOODODOOOODODOOOODOContext
0000000000000 0D0D0D0000000000000000000 Task 00
00000 DataGear DO QOQOQOO

Context 0 DOO0O0ODOODOOOO41,000000420000000

/* Context definition example */
#define ALLOCATE_SIZE 1000

// Code Gear Name

enum Code {
Codel,
Code2,
Allocator,

9 Exit,

10/ };

0 N O Ut W

12| // Unique Data Gear
13| enum UniqueData {

14 Allocate,

15 };

16

17| struct Context {

18 enum Code next;

19 int codeNum;

20 __code (**code) (struct Context*);
21 void* heapStart;
22 void* heap;

23] long heapLimit;

24 int dataNum;

25 union Data **data;
26| };

27|

28 // Data Gear definition
29| union Data {
30 // size: 4 byte

31 struct Datal {
32 int 1i;
33 } datail;
34 // size: 5 byte
35 struct Data2 {
36 int i;
37| char c;
38 } data2;
39 // size: 8 byte
40 struct Allocate {
41 long size;
42 } allocate;
43 };
000000 4.1: Context
1| #include <stdlib.h>
2|
3| #include "context.h"
4
5| extern __code codel_stub(struct Contextx*);
6| extern __code code2_stub(struct Context*);
7| extern __code allocator_stub(struct Context*);
8 extern __code exit_code(struct Contextx*);
9

Code Seocment 1 Data Seoment MMM M7 Geare OS 117111 [0}
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10| __code initContext (struct Context* context, int num) {

11 context->heapLimit = sizeof (union Data)*ALLOCATE_SIZE;
12 context->heapStart = malloc(context->heapLimit);

13| context->heap = context->heapStart;

14 context->codeNum = Exit;

15|

16| context->code = malloc(sizeof (__code*)*ALLOCATE_SIZE);
17| context->data = malloc(sizeof (union Data*)*ALLOCATE_SIZE);
18]

19 context—->code[Codel] = codel_stub;

20| context->code[Code2] = code2_stub;

21 context->code[Allocator] = allocator_stub;

22 context->code [Exit] = exit_code;

23

24 context->data[Allocate] = context->heap;

25 context->heap += sizeof (struct Allocate);

26

27 context->dataNum = Allocate;

28 }

000000 4.2: initContext

Context 00D OO0OODOODO heapLimit, 0000000 OOOO heapStart, 0 OO
00000000 heapOOODODOOOOODO DataGear DOOOOOOO heap OO0
0000000 Allocation DO OO OO

allocate 0 0 OO0 allocate DO OO DataGear 000 O0O0OOOOODOOOOOO
Data Gear 0 Context 00D 000000000 DOOO0O0DOOONO:4.114000 Allocate
00000000 UniqueData 00000 Data Gear 0 Context OO0 D0OOOOOO

Temporal Data Gear D 00 Data Gear 00D ODO00O0O0O0O0O0ODOODO heapLimit
00000 heap O heapStart 0000000000000 ODDOOD (0:42) 0000
Data Gear [0 Persistent Data Tree 0000000000 Worker DO OOO0OOOOO
ooooooad

heapStart
P heapStart heapStart heapStart
heap

Data3
Data1 Datat

heap

heap

Allocator Allocator Allocator

Datatl Data2 Data2 Data3 Data2

heap

heapLimit

heapLimit heapLimit heapLimit

Temporal Data Gear Temporal Data Gear Temporal Data Gear Temporal Data Gear

O 4.2: Allocation

000 allocate D00 Code Gear OO QOO0 UOO0A430000000
Context 00000000 Code Gear 0 DD OO0 O0OOOOOOOOOOOOO
0 Code Gear 0 Context 0 code DO OO OO0OO0OO codeOO0OOOOOO Code Gear
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ooooon
Code Gear 00 Context OO O OOOO Context D000 Data Gear OO OOO
O000000Ostub 00000000000 DataGear OO0QOOOOOO

1 // Code Gear

2| __code start_code(struct Context* context) {

3 // start processing

4 goto meta(context, context->next);

5}

6

7| // Meta Code Gear

8| __code meta(struct Context* context, enum Code next) {

9 // meta computation

10| goto (context->code[next]) (context);

11

12

13| // Code Gear

14| __code codel(struct Context* context, struct Allocatex allocate) {
15] allocate->size = sizeof (struct Datal);

16 context->next = Code2;

17|

18 goto meta(context, Allocator);

19|

20

21| // Meta Code Gear(stub)

22| __code codel_stub(struct Context* context) {

23| goto codel(context, &context->datal[Allocate]->allocate);
24

25

26| // Meta Code Gear

27| __code allocator(struct Context* context, struct Allocate* allocate) {
28 context->data[++context->dataNum] = context->heap;

29 context->heap += allocate->size;

30

31 goto meta(context, context->next);

32

33

34| // Meta Code Gear(stub)

35/ __code allocator_stub(struct Context* context) {

36 goto allocator(context, &context->datal[Allocate]->allcate);
37

38

39| // Code Gear

40| __code code2(struct Context* context, struct Datal* datal) {
41 // processing

42

43

44| // Meta Code Gear(stub)

45| __code code2_stub(struct Context* context) {

46 goto code2(context, &context->datalcontext->dataNum]->datal);
471}

OO00O0000 4.3: allocate
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4.4 Synchronized Queue

Gears OS 0 00O 0O Synchronized Queue 0 TaskQueue OO0 OO0 0OOOOOOOOO0O
O Context 0 Worker 0 0 Context 00O 0O 0O OO Woker [0 TaskQueue O 00 Task O O
O0o0oboooboooooooooooo

Gears OS 0 0 Queue 0 Queue 000 Data Gear 0 Queue DO OO O0OOO Element
O00000000Queue JOO Data Gear DO O OO Element 00O first, 00O
Element 0 0 0O last, Element D OO0 000 count 0000 00O Element 0 0 O Data
Gear 00 Task 000 task, 00 Element OO next OO0 OO0

O000000:440 Context 000 (DO0O0D0D00:4.1)00000 Queue O Element
ooooogon

1 // Code Gear Name

2 enum Code {

3| PutQueue,

4 GetQueue,

5 };

6|
71 // Unique Data Gear
8 enum UniqueData {

9 Queue,

10, Element,

11 };

12
13| // Queue definication
14/ union Data {

15 // size: 20 byte

16| struct Queue {

17| struct Element* first;
18] struct Element* last;
19 int count;

20 } queue;

21 // size: 16 byte

22 struct Element {

23 struct Task* task;

24 struct Element* next;
25 } element;

26| }

000000 4.4: queue

000 Quene0O0O0O00O00O0O Code Gear 000 OO OOUniqueData 00 Queue
000000 Quene(DO0O0O00D0:44900)0 Enquene 00000000000 Ele-
ment(000000:441000)00000000

000 Enqueue, Dequeue 0 00O Code Gear OO0 0O0ODO:450 OD0OOOODO:4.6
ooooogao

// allocate Element

__code putQueuel(struct Context* context, struct Allocatex allocate) {
allocate->size = sizeof(struct Element);
allocator(context);

goto meta(context, PutQueue2);

1
2|
3
4
5
6
7
8
9 // Meta Code Gear(stub)

Code Seocment 1 Data Seoment MMM M7 Geare OS 117111 12
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10| __code putQueuel_stub(struct Context* context) {
11 goto putQueuel(context, &context->datalAllocate]->allocate);
12/ }

13|
14| // write Element infomation

15| __code putQueue2(struct Context* context, struct Element* new_element, struct
Element* element, struct Queuex queue) {

16 new_element->task = element->task;
17|

18 if (queue->first)

19 goto meta(context, PutQueue3);
20 else

21 goto meta(context, PutQueued);
22| }

23

24| // Meta Code Gear(stub)
25( __code putQueue2_stub(struct Context* context) {

26 goto putQueue2(context,

27 &context->datal[context->dataNum] ->element,
28 &context->data[Element] ->element,

29 &context->data[ActiveQueue] ->queue) ;

30/ +

31

32| // Enqueue(normal)
33| __code putQueue3(struct Context* context, struct Queue* queue, struct Element*
new_element) {

34 struct Element* last = queue->last;
35 last->next = new_element;

36

37| queue->last = new_element;

38 queue—->count++;

39

40 goto meta(context, context->next);
41 }

42|

43| // Meta Code Gear(stub)
44| __code putQueue3_stub(struct Context* context) {

45 goto putQueue3(context,

46 &context->data[ActiveQueue] ->queue,

47 &context->datal[context->dataNum] ->element) ;
48 ¥

49

50| // Enqueue(nothing element)
51| __code putQueued(struct Context* context, struct Queue*x queue, struct Element*
new_element) {

52 queue->first = new_element;

53 queue->last = new_element;

54 queue—->count++;

55

56 goto meta(context, context->next);
571+

58

59| // Meta Code Gear(stub)

60| __code putQueue4_stub(struct Context* context) {

61 goto putQueue4(context,

62 &context->data[ActiveQueue] ->queue,

63 &context->datal[context->dataNum] ->element) ;
64 }

gooooo 4.5: Enqueue

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

=W N
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5

6 struct Element* first = queue->first;

7 queue->first = first->next;

8 queue->count--—;

9

10 context->next = GetQueue;

11 stack_push(context->code_stack, &context->next);
12

13 context->next = first->task->code;

14 node->key = first->task->key;

15|

16| goto meta(context, GetTree);

171}

18]

19| // Meta Code Gear(stub)

20| __code getQueue_stub(struct Context* context) {

21 goto getQueue(context,

22 &context->data[ActiveQueue] ->queue,
23 &context—->data[Node] ->node) ;

24 }

000000 4.6: Dequeue

gbbodb4s00dbbodbd4e0ddbboobuogboogbooobbong

goboboooobbooogon

4.5 Red-Black Tree
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