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Abstract

Cerium is a parallel programming framework, which originally designed to work on Cell
Broad band engine. We add Multi-platform supports which includes Many core, GPGPU.
GPGPU part uses OpenCL or CUDA and it support multi dimensional computation i.e.
data parallel computation on GPGPU. We also improve 1/O for parallel processing using
a separate [/O thread. We evaluate Cerium by Sort, Word count, and FFT.
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1| starpu_codelet codelet = {

2 .where = STARPU_CPU|STARPU_CUDA,
3 .cpu_func = cpu_function,

4 .cuda_func = cuda_function,
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oboooog 3.1: Task OO O

void
multiply_init(TaskManager *manager, float *i_datal, float xi_data2, float xo_data) {

1
2
3
4 // create task

5 HTasks multiply = manager—>create_task( MULTIPLY _TASK);
6 multiply —>set_cpu(spe_cpu);

7|

8

// set indata
9 multiply—>set_inData(0, i_-datal, sizeof(float) * length);
10 multiply—>set_inData(1, i_data2, sizeof(float) % length);

12 // set outdata
13 multiply—>set_outData(0, o_data, sizeof(float) * length);

15 // set parameter
16 multiply O >set_param(0,(long)length);

18 // set device
19 multiply—>set_cpu(SPE_ANY);
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20|
21| // spawn task
22| multiply O >spawn();

23‘ }

0:3.10 Task OO ODOOOO APIODODOOOOOcreate 00O Task O Input Data

O00000000O0spawn OOO0OO TaskManager OO0 OO O

create_task | Task OO0 000

set.inData | Task OO0 00000000 O0OOOO

setoutData | Task OO OO0 D00OO0O0O0OOCOOOOOO

setparam | Task 000000000000 lengthOOOODOO

set_cpu Task 000 OO Device OO0

spawn 0000 Task O ActiveTaskList 0O 00O O

0 3.1: Task OODO OO API

O00000000:3.20 DevieceDOOOOODO Task (OpenCLOCUDA OO0 kernel)

gboooog

oboooog 3.2: Task

1| static int

2| run(SchedTask xs) {

3 // get input

4 float *i_datal = (float*)s—>get_input(0);
5 float xi_data2 = (float*)s—>get_input(1);
6 // get output

7 float xo_data = (floatx)s—>get_output(0);
8 // get parameter

9 long length = (long)s—>get_param(0);

11 // calculate
12 for (int i=0; i<length; i++) {

13 o_data[i] = i_datal[i] = i_data2][i];
14

15| return 0;

16| }

0:320 Task OOODOODO APIOOOOHost 00000 Input Data D000 O

gobboobouooooboo

getiinput | 00000000 OOOOO
setoutput | 00O 0OOOOOOOOOOO
set_param | OO0 OOOO0OOO

032 Task OODOOODO API

Task OO0 OOOOOODOODODOOOOOOODOODODO

e Input Data
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e Output Data
e Parameter
e CpuType
e Dependency
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Task OO O OO Device 00O OO Dependency 00O Task OO ODOOOOOO

3.3 Cerium O0O0O0O Task

0:3.10 Cerium O Task 000 /000000000000 O0O0O0OOOTaskManager
000000000000 0DDO0OD00O0 Task O ActiveTaskList 00 00O O O Active-
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O0Task OODOO0ODO0O0ODO TaskList 000 00O CpuType OO0 OO Scheduler O
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2:spawn()
/v' TaskManager
User Task / AcriveTaskList
mail
WaitTaskList

FifoManager CpuThreads GpuThreads CudaThreads
FifoScheduler GpuScheduler CudaScheduler

Scheduler

0 3.1: Task Manager
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000 Scheduler 0O TaskManager 0 mail 000 000000000000 ODOOO
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TaskList | Task 1 |Task 2 | Task 3 | Task 4
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Stepi1 ' Step2 ' Step3 | Stepd
Read Task 1| | |Task 2| ! |Task 3| ' |Task 4
Exec Task_1 Task_2 Task_3
Write i i |Task_1| | |Task 2

O 3.2: Scheduler

Cerium [ Task 0 SchedTask OO0 000000000 0OOOOOOOOSchedTask O

input/output data O length 000 size 00 0000000000000 0DOOO data

O000000000000000Oread/write 00000 0SchedTask 0000000
O0000bD0o0Do0o0b0o0bD0dTaskOOOODOOODOOODOO Scheduling 00O
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gboooogd 3.3: Task

1‘ void

2| Scheduler::run(SchedTaskBasex taskl)

34

4| // Pipeline Stage

5| SchedTaskBasex task2 = new SchedNop();
6| SchedTaskBasex task3 = new SchedNop();
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8 // main loop

9 do {

10

11 taskl—>read();
12 task2—>exec();
13 task3—>write();
14

15 delete task3;

16

17 task3 = task?2;
18 task2 = taskl;
19 taskl = taskl—>next(this, 0);

20
21 } while (taskl);
22|
23] delete task3;
24 delete task2;
25| }

O0000000000D0 taskl O Task OO O O0O0OOOOOOOOOOOOOO0O
0000000 0do0odOonDOdntaskl O readd task2 O execl task3 O write O O O
O0000000 task300 read d exec DO OO0 Task OO O OO Owrite DO OO0
Odelete DOO0O0OO Task OO O O0OO0O0OOOOOtask2 O task3d O Otaskl O task2
0000 Task OOOOOOGO

O0000D0O00000000 Cerium O Scheduler 0000000 O0OOOOOO0O
goooono
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4.2 Word Count
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OO00000 41: Sert DOOOOOODOODOODODO

static int
sort_start(SchedTask *manager, void *d, void x*e)

Sort s = (Sort*)manager—>get_param(0);
long half num = s—>split_.num—1;

for (int i = 0; i < s—>split.num—1; i++) {
s—>fsort[i] = manager—>create_task(QUICK_SORT,
(memaddr)&s—>datalixblock_num)], sizeof(Data)x

© 00 N O UL W N
—~

block_num,

10 (memaddr)&s—>datalixblock_num], sizeof(Data)x
block_num);

11

12 if (i>0 && s—>bsort[i—1]) {

13 s—>fsort[i] —>wait_for(s—>bsort[i—1]);

14

15 if (i<s—>split_-num—2 && s—>bsort[i]) {

16 s—>fsort[i] —>wait_for(s—>bsort|[i]);

17

18 }

19

20 HTaskPtr restart = manager—>create_task(SortSimple,0,0,0,0);

21 restart—>set_param(0,(memaddr)s);

22 if (lall) restart—>wait_for(s—>fsort[0]);
23 for (int i = 0; i < s—>split_num; i++) {

24 s—>fsort[i]—>spawn();

25

26 if (sort_count == 1) {

27 // last loop wait for all task

28 for (int i = 0; i < half num; i++) {
29 restart—>wait_for(s—>bsort[i]);
30 s—>bsort[i] —>auto_free();

31

32

33 restart—>spawn();

34

35 return 0;

36| }
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000000 5.1: Multiply(CPU)

1| static int

2| run(SchedTask xs, void #rbuf, void swbuf) {
3 float xindatal, xindata2, xoutdata;

4

5 indatal = (floatx)s—>get_input(rbuf, 0);
6 indata2 = (float*)s—>get_input(rbuf, 0);
7 outdata = (floatx)s—>get_output(wbuf, 0);
8

9 long id = (long)s—>get_param(0);

10 outdatal[id] = indatal[id] * indata2[id];

11 return 0;

12 }

Task 000000 Input/Output 000000000000 index O Scheduler O O
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000000 6.1: GpuScheduler 00D O DOOOODOOOOO

1| void

2| GpuScheduler::run() {

3 for (;) {

4 memaddr params_addr = connector—>task_list_mail_read();

5 // read task list mail from DmaManager

6]

7 while (params_addr) {

8 // since we are on the same memory space, we don’t has to use dma_load here
9 tasklist = (TaskListPtr)connector—>dma_load(this, params_addr,sizeof(TaskList),
10 DMA_READ_TASKLIST);

11

12 for (TaskPtr nextTask = tasklist—>tasks; nextTask < tasklist—>last();

13 nextTask = nextTask—>next()) {

14

15 kernel[cur] = clCreateKernel(program, function, &ret);

16

17 int param = 1;

18 for(int i=0;i<nextTask—>inData_count;i++) {

19 ListElement xinput_buf = nextTask—>inDatal(i);

20 if (input_buf—>size==0) break;

21 createBuffer(&memin[cur]|, param, context, mem flag, input_buf—>size, &ret);
22 ret = clEnqueueWriteBuffer(command_queue[cur]|, memin|[cur].buf[param)],
23 CL_FALSE, 0, input_buf—>size,

24 input_buf—>addr, 0, NULL, NULL);

25 ret = clSetKernelArg(kernel[cur], param, sizeof(memaddr),

26 (void *)&memin|cur].buf[param]);

27| param--+;

28 }

29 memin[cur|.size = param; // +1 means param
30
31 for(int i = 0; i<nextTask—>outData_count;i++) { // set output data
32 ListElement xoutput_buf = nextTask—>outData(i);
33 if (output_buf—>size==0) break;
34 createBuffer(&memout[cur], i, context, CL_LMEM_WRITE_ONLY, output_buf—>size,

&ret);

35 ret = clSetKernelArg(kernel[cur], param,
36, sizeof(memaddr), (void *)&memout[cur].buf[i]);
37 param--+;
38 }
39 memout|cur].size = param — memin[cur].size;
40
41 ret = clEnqueueTask(command_queue[cur], kernel[cur], 0, NULL, NULL);
42
43 for(int i=0;i<nextTask—>outData_count;i++) { // read output data
44 ListElement xoutput_buf = nextTask—>outData(i);
45 if (output_buf—>size==0) break;
46 GpuBufferPtr mem = memout ;
47 ret = clEnqueueReadBuffer(command_queue[cur], mem|[cur].buf[i0], CL_FALSE, 0,
48 output_buf—>size, output_buf—>addr, 0,
49 NULL,&memout|[cur].event[i] );

50 }

51 cur—+-+;

52 if (STAGE <= cur) cur = 0;

53 wait_for_event(kernel_event, memout, tasklist, cur);

54

55 reply = (memaddr)tasklist—>waiter;

56 params_addr = (memaddr)tasklist—>next;

57 }

58

59 wait_for_event(kernel_event, memout, tasklist, cur);
60
61 unsigned long long wait = 0;
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62| (xconnector—>end_dmawait_profile)(&wait, & (connector—>start_time), &(connector—>
| stop_time));
63| connector—>mail_write((memaddr)MY_SPE_STATUS_READY);

65/« NOT REACHED x/

|
|
64] } }
66‘ } ‘
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000000 6.2: Multiply(OpenCL)

_kernel void

multiply(__global const long *params,
__global const float xinputl,
__global const float xinput2,
_global const float xoutput) {

long id = get_global_id(0);

output[id] = inputl[id] * input2[id];

}

000000 6.3: Multiply(CUDA)

__global__ void

multiply(__global const long sparams,
__global const float xinputl,
__global const float *input2,
_global const float xoutput) {

int id = blockldx.x * blockDim.x + threadldx.x;

output[id] = inputl[id] * input2[id];
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000000 7.1: BlockedRead OO O Task 00O O

HTaskPtr readTask = manager—>create_task(READ_TASK)

read Task—>set_cpu(DEVICE_TYPE);

read Task—>set_outData(0, file_map + task_num = division_size, task_blocks x division_size);
read Task—>set_param(0, fd);

readTask—>set_param(1, task_num * division_size);

runTask();

read Task—>set_param(2, task_num * division_size)

read Task—>spawn();

0 N O Ut W N
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000000 7.2: BlockedRead Task

1| static int

2| read _task(SchedTask *s, void xrbuf, void swbuf) {
3 long fd = (long)s—>get_param(0);

4 long start = (long)s—>get_param(1);

5 long end = (long)s—>get_param(2);

6 char txt = (charx)s—>get_output(wbuf, 0);
7 long size = end — start;

8|

9

0]

1

pread(fd, txt, size, start);
return 0;

}
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