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Abstract

We are developing parallel.



u10

g20
2.1

03d
3.1
3.2
3.3

040
4.1
4.2
4.3
4.4

gs50
5.1
5.2
2.3

el
6.1

gooo

OO00O0DOoDbO0ooon 2
Cerium 3
Cerium TaskManager . . . . . . . . . .. ... 3
Oo0oooo 1/0 7
MINAD  « « « v v v e e e e e e e e e e e e e 7
Blocked Read . . . . . . . . .. 8
[JOOO thread DOO . .. 0000000 oo 9
Cerium 00000 OO0OO0OO 11
OO0D00000000 ... e e e 11
Word Count . . . . . . . . . . 13
Boyer-Moore String Search . . . . . . . . ... ... o000 16
OOO0O .. e e e e 21
441 DO000O0OD0 .« .. e e 23
442 0000000 DFAONFAOODO ... .. ... .. ... 27
4.4.3 Subset Construction D00 NFA OO DFAODODO .. ....... 30
444 0D00D0000O0O0O0O0O0 ... 34
OOoDoooo 38
Word Count . . . . . . . .. 38
Boyer-Moore Stirng Search . . . . . . . . . ... ... L. 40
OOD00 .. e s e 40
00 43
OO000O0 ... 43

45



2.1

3.1
3.2
3.3
3.4

4.1
4.2
4.3
4.4
4.5
4.6
4.7
4.8
4.9
4.10
4.11
4.12
4.13
4.14
4.15
4.16
4.17

4.18
4.19
4.20
4.21
4.22

Task Manager . . . . . . . . . .. 4
mmap Model . . . . . . . ... 8
BlockedRead Model . . . . . . . . . . . ... 9
BlockedRead O Task OO0 threaed DO OOOOO ..o o000 9
10 Thread O OO BlockedRead . . . . . . . ... ... ... ... ..... 10
File OOOOODOOOOOODODO ... .. e e 12
000000000 Word Count . . . . . . . . . ... ... .. 14
000000000 Word Count . . . . . . . ... ... ... ... .... 14
OOO00O0 ... e 17
pattern OO0 OO O0OO00OOODOOOOODOODOOO ... ......... 18
pattern OO0 DO OO O0O00OO0ODOOOODOODOO ... .. ........ 19
patteen OO0 OO0 O00O00O0OOOOOOOOOOOODOOOOO ...... 20
0000000 . ... e 20
300do0ooo0ooo 10o00000ooogg ... 22
0000000000 00000oon ..o 24
OO0D00O0 ... 24
000000 .. ... 25
OO 25
OO0 . . 26
OOD0D0 ... e 26
OO000000 . ... e 27
000000000 oOo00doooooooooooooooooon

0000000 .. .. e 28
0o0oooo0doooooo0oooooooooooooooog . ... .. 28
10000000000000000 (NFA) ... ..o oo o0 .. 29
NFA OO ... 31
NFA 0O Subset Construction D OO0 DFAOOO ... ... ... .... 31
Subset Construction D 00D D0 O00O0OO0OOOOOOOOOOOOOO ... 32

ii



423 000000000 MergeDOOOOoooono ...
424 DO000OO00OOO0OOODOOObOO0ObOO0bOo0DO

G200 I I I I A A

iii



2.1
2.2

4.1
4.2

5.1
5.2
5.3
5.4
2.9
2.6
5.7

U U

Task OOODOOO APL . . .. .o o o )
Task OOODOOO API . . .. ... . 5)
O00000000000000 .+ .00 oo o oo oo 22
UO0O0O000000 .00 23
00000000000 Word Count . . . . . .. .. ... .. ... .... 39
O0oo0DooOoononO WordCount ... . o o o0 000000 39
00000 Boyer-Moore String Search OO O . .. .. ... ... .. ... 40
Oooooooooooooooouoon grepddtd o000 oL 41
O0000000000000 grep00O0 ... 000000000 41
O0o0o0Dooooooog GrepOQOGQO 0000000000 42
000000000 000000 grepO0OOO .00 0000000 42



10 oottbbobootdd

O00000000000000 LegO0OO0O0OO0OO0OO0OOOOOOOOOOOOODOODO
goooooboogboboobo TBOOoooboobobooboooboooboboooo
gboobbodgbuodgboobboobuoobbobobboobooboobbod
gbboogbogbbuooooboobobuoobboobboobooboboobood
gbgobobboboobooboobon
Ceriim U0 O00O0O0O0O0O0OO0OOOOODOODOOODOODOOOODOOOODOOOO
000 Crium OO O0O00D0OOOO00OO0ODOOOOOOODOOOODOOODOOOODDOOO
gbogobogobbuogbooboooboobbuoooooboboobboobood
gbogobobbobbobooboob
O00OobOobo0ooooboobOdWord CoitD 0 0O0ooooooooooobooo
gbobobobobboooboboboboboboooboobobobobobo
gobobboboooobboooobbboooobbbooobbobuoooobobog
gboboboboboooobbobobobooooboboboboboooon
goboboooobbodd
gboboobobooboobobobobobobobobobobobobobobob
gobbbooobbbooogbboboooobobuoooobo



1 20 Cerium
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0 0 Cerium 00 TaskManagerd SceneGraphJ Rendering Engine 0 3000000000
0ooooooooooooobobobobobobobod TaskManager OO0 00000 QOOd
000000000 D0O0DO0 Cerium TaskManager 0 0 O 0 Cerium TaskManager [J
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2.1 Cerium TaskManager

Cerium Task Manager DO User OO0 0000 Task OO DO0O00O0OO0ODODOOOOO
000 Task OO OOOOODO Task 0000 Input Datald Output Data OO0 O 00O O
Input Datald Output Data 00 000000000000 D0O0OO Task OODODOODO
gbobbobooboobooouoobobobobobooooooobUobobobooog
Task Manager OO0 OO0 OO0 OOOO

0210 Certum 0 Task DO OO0 O OO0OO0D0ODO0OOO0OOOOODODOUser U createtask
OO000Oinput data 0 Task OO0 000000 0OO OO O TaskManager O Task 00 0O 0O
O00Task Manager OO0 00000000000 O0O0O0DOOOO Task O ActiveTaskList
O00D000OActiveTaskList 00000 Task 000000000 OO0O0ODOODOODOO
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020 Cerium

1:createtask()

2:spawn()
/v' TaskManager
User Task / AcriveTaskList
mail
WaitTaskList
FifoManager CpuThreads GpuThreads CudaThreads
FifoScheduler GpuScheduler CudaScheduler
Scheduler

0 2.1: Task Manager

Input Data OO0 000 2000000000utput Data 0000000 OO0 multiply

gobboboooobbb 210000000
O00Task OODOODOODO APIDODOO 210000

obooood 2.1: Task OO O

1| multi_init(TaskManager *manager)

g ¢ float *A, *B, *C;

g // create Task

6 HTaskPtr multiply = manager—>create_task( MULTIPLY _TASK);
; // set device

9 multiply—>set_cpu(SPE_ANY);

11 // set inData

12 multiply—>set_inData(0, (memaddr)A, sizeof(float)*length);
13 multiply—>set_inData(1, (memaddr)B, sizeof(float)*length);
14
15 // set outData

16 multiply—>set_outData(0, (memaddr)C, sizeof(float)xlength);
17|
18 // set parameter

19 multiply—>set_param(0,(long)length);




020 Cerium

20|
21| // spawn task
22| multiply—>spawn();

23‘ }

create_task | Task OO0 OO0

set_inData | Task 00O O0O0O0OOO0ODOOOOOO

setoutData | Task OO0 0O O0O00OOOOOOOO

set_param | Task OO0 OO0O0O00OO0O00OO0O length

set_cpu Task OO OOOOOOOOOO

spawn 0000 Task O TaskList O set

0 21: Task 00O OO0O API

OO000D0D0000000OD TeskODOODOOOO 220000

000000 2.2: Task

1| static int

2| run(SchedTask *s) {

3 // get input

4 float xi_datal = (float*)s—>get_input(0);
5 float xi_data2 = (floatx)s—>get_input(1);
6

7|

8

// get output
float xo_data = (floatx)s—>get_output(0);

10 // get parameter
11 long length = (long)s—>get_param(0);

13 // calculate
14 for (int i=0; i<length; i++) {

15 o_data[i] = i_datal[i] * i_data2][i];
16

17| return 0;

18] }

000220 Task OOO0DOOO0 APIOOODOTask OD0OOO0DOODO Input Data O

parameter OO0 000000000

0 22: Task OOOOO0O API

get_input | Scheduler O O input data O 0O
get_output | Scheduler O O output data 0 0O O
get_param | set_param 00 0000
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e Dependency

Input/Output Datal Parameter 0 00000000000 Cpu Type O Task 00O
0000000000000 0D00O0ODependency OO0 Task OODOODOOODODO
0O00oOooooo
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0 3.1: mmap Model

3.2 Blocked Read

mmap UUODOO0O0O000O0OO0O00000O0O0O0O0OOOOOOO0O0O000040400
O00000b0b000ooobDoboD TaskODOOOODOOODODODOO

OU0DO00DbO0O0n0 Threed DOOOODOOOODOOOOODOOODOODOODOO
000000 (Block) DOODODODOOOODOOOODODODOODOOUOO TaskOOODODOO
000 Blocked Reaed DO0ODOI/O000000 TaskOODODODODODOOO

000000000 Task (DO OBlocked Read) 00000000 OODOOOOOOO
O00 Task OOOOOOOOOBlocked Read DO ODOOOODOODOODOODOODOODO
gbogodboboobbooboooboobboobooooboobbooboboon
O Task OOODOODO

O032000Task DOOOOO0ODOOOO0O TaskBlock UODDOOOOO Task OO OO
O000Task Block DO ODOODOODOO Blocked Read DOOOOOODOODOODOODO
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O 3.2: BlockedRead Model

3.3 I/O 00O thread OO0
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OO00O0O0OBlocked Read DO ODOOOODOOODODO Task DOOOOOODDOOODOO
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O0O0b0O0000b0obOo0bO0obOoOoDbOn Blocked Read Task OO Task OO OO0
O0000000000DOo0O0o0O00UoooooooD (O 3.3)

SPE_ANY Thread |

Blocked Read | | TaskBlock || TaskBlock | | Blocked Read | | Blocked Read

O 3.3: BlockedRead O Task 00O O threed DO OOOOO

00 00Task O Blocked Read Task 0000 O000OOOO0OOOODOOOI/O OO
thread 000 100000000000

10.0 0 SPE_ANY 000 thread O scheduler DO OOOOOOSPEANY OO DOOO
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|IO_0 Thread IO_0 Thread SPE_ANY Thread
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4.1 0OO0O0O0OOOOOOO

goobobooobooboooooboobobooboobobUoboboooooboboo
0000000000000 000000000000 (Input Data)D00O0ODOOOO
O (Task) DODODOO0O0DODO0O0ODODOODOOODOOOOOOOO (Output Data)D OO0 00O
Output Data 000 0000000000000 0O0O0O0O0O0O0OO (Print Task)O (O
4.1)

0000000000 DO000000000O0 100000000 Cerium O0O0OO
O00O0Cerium DOOO0O0OO0DO0OD0DOOO0ODOODOO0ODODODOOODOOODDODOOOO
0000000000 bo0oo0oobobbo0oooooDnO Task DOOOOODODOO Print
Task DOOOOOOOOOOOOOOOODO0ODOODODOODODODODODOODOO
0000000o0obobo0oooobobg FileMapReduce D OO OO0

Cerium UOOD0D0O0O0OO0OO0ODOO0ODO TMmain D00 CO main DOOOODOOO
TMmain OO OO0 Task OO0 00000 D0O0O0O0OO0O0OOOOODOOOOOOOOOO
000 Task OODOODOOO Task OOOODODOODOODODODDOODODOODOODODOO
00O O FileMapReduce 00O OO0 OOOOOFileMapReduce 0 0000000000
obooobooboobon

OO00000 4.1: FileMapReduce D OO OO0 OO TMmain 000

int
TMmain(TaskManager *«manager, int arge, char xargv][])
{
char xfilename = 0;
FileMapReduce #fmp = new FileMapReduce(manager, TASK_EXEC,
TASK_EXEC_DATA PARALLEL,TASK_PRINT);
filename = fmp—>init(argc, argv);
if (filename < 0) {
return —1;
}

U W N =

© 0 N>
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Input Data
File Data (File Data) Task Output Data Print Task

Task

/
1

Task

Task

Task

4

041 FileODOOOOOOOOOOODOO

10, Ve

11 + 000000000 b0o0boobobobooboo

12 */

13 fmp—>division_out_size = sizeof(unsigned long long)x*4;

14 task_init();

15 fmp—>run_start(manager, filename);

16| return 0;

17 }

0ooooo 42 000oboooood

1| static int

2| exec(SchedTask s, void *rbuf, void xwbuf)

3 {

4 // Input Data 00 0O (FileMapReduce 000 00000000O0O)

5 long task_spwaned = (long)s—>get_param(0);

6 long division_size = (long)s—>get_param(1);

7 long length = (long)s—>get_param(2);

8 long out_size = (long)s—>get_param(3);

9 long allocation = task_spwaned + (long)s—>x;
10 charx i_data;
11 unsigned long long* o_data;
12 if (division_size) {
13 i_data = (charx)s—>get_input(rbuf,0) + allocationxdivision_size;
14 o_data = (unsigned long longx)s—>get_output(wbuf,1) + allocation*xout_size;
15 1 else {
16 i_data = (char*)s—>get_input(0);
17 o_data = (unsigned long longx)s—>get_output(0);

12
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18 }

19,
20 //00000000000000
21
22 // Output Data 00O

23 o_data[0] = (unsigned long long)word_num;
24 o_data[l] = (unsigned long long)line_num;
25| return 0;

26| }

gboobd 43: 0000000 Print 0OOO

static int
run_print(SchedTask xs, void srbuf, void *wbuf)

1
2
3
4 MapReduce xw = (MapReducex)s—>get_input(0);
5 unsigned long long xidata = w—>o_data;

6 int out_task_num = w—>task_num;

7|

8

//0000000 printe 000000 DO0OODOO
10 s—>printf("\n");

11 return 0;

12 }

gbobobooboooboobbobuoobobooboboobobooobooobobo
gbbogobubuooboboobuoobobuoobboobuoobbooboobobod
oo

4.2 Word Count

Word Count 000000000000000000000000000Input Data 0
000000D000000000000OuwputData00000000000000
000000000000000000000000000000000000000
000000000000000000000000
00000000000000000000000000000000000000
0004200000000000 Word Count 00 00
000000000000 (Word Num) 3000 (Line Num) 2 0000
043000000000000000000000100000000000 100
00000000000000000000000000000 10000000000
0000000 100000000000000000100000000200000
000000 200000000000000 100000000000000000
0000000000000000000000000000 10000000000
000000000000000000000000
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|w|o|r|d| |W|o|r|d|\n|w|o|r|d|\n|\0|

Word Num : 3

Line Num : 2

0 42: 000000000 Word Count

gbobobooobooboboboboboobob 2000 2000000000
gobobooogbobooood

(wlo|r[d] [wlo[r]|d] [ww]o|r][d]n]v]
Word Num : 1 Word Num : 1
Line Num: 0 Line Num: 2

0 43: 000000000 Word Count

OO000O0o0bO0obOO0o0obOobDOoOobOobOO0DOo0obOobOU0oOobDOobDbOoOoboboo
goooooooooooboooboboooboobobobOobOobooDooDOo 1o
O000bO0obOobo0oooooooboooo

000000 440 FileMapReduce D DO DOOO0OO0ODO0OO0OOOOOODOODODO Task
000000000 Cerium Task Manager 0000 OO0 main 000 TMmain OO
O000000TMmain 0000 Task D000 Task OOOODOOOOOODOODO
FileMapReduce OO DO ODODOO0ODOOODOO0ODOOODODOOODOOODOOODOO
oooooobooboooooogn

000000 44: FileMapReduce 0 OO Word Count 0 OO

int
TMmain(TaskManager xmanager, int arge, char xargv[])

M 0000000000000000O0OO0OoO
* Word Count O 0O

O U W N
—~

+x00D0O0D0O0D00000000000000on
flag0000000000000000000 flag

+0 4000000000000

*/

fmp—>division_out_size = sizeof(unsigned long long)x*4;

,_.
o © 0
—

gbobogo44subbooobooobobooobboooboboobboooboba
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OO000220000 45000 Word Count DODO0ODOODOOODOOODOOOOODOO
00000000000 Wod Cout OO0 ODOODOODOODOODOODOODOODOOD
gobbooogbbbuoooobobod

DoOOobood 45 0000b00oon

1| SchedDefineTask1 (Exec,wordcount);

2

3| static int

4] wordcount(SchedTask *s, void xrbuf, void swbuf)

5[ {

6 // Word Count 00000000

7 unsigned long long xhead_tail_flag = o_data +2;
8 int word_flag = 0;

9 int word_num = 0;

10| int line_num = 0;

11 int i = 0;
12 //0000000000000a0
13 head_tail flag[0] = (i_data[0] != 0x20) && (i-data[0] != 0x0A);

14 word_num —= 1—head_tail_flag[0];
15

16 for (; i < length; i++) {

17 if (i_datali] == 0x20) { // 00O
18 word_flag = 1;

19 } else if (i_datali] == 0x0A) { // 00O
20| line_ num += 1;

21 word_flag = 1;

22 } else {

23 word_num += word_flag;
24 word_flag = 0;

25

26

27 word_num += word_flag;

28 //0000000000000000000
29 head_tail flag[1] = (i_data[i—1] != 0x20) && (i_data[i—1] != 0x0A);
30 // Output Data 00O

31 o_data[0] = (unsigned long long)word_num;
32 o_data[l] = (unsigned long long)line_num;
33 return 0;

34 }

gbobobo480000000 Tesk OO ODODOODOOODOODODODODOODO
O000Task OODODOOOOODOODOODOODOOOOOOODOODODOOOOOOOD
gobbboooobboboooobbboooobbbuooobobbb print 0o

gboobd 46: 0000000 Print OODOO

#define STATUS_NUM 2

static int
run_print(SchedTask xs, void srbuf, void *wbuf)

long status num = STATUS_NUM;

unsigned long long word_data[STATUS_NUM];
int flag_cal_sum = 0;

for (int i = 0; i < STATUS_NUM; i++) {

© 00 N O Ul W =
-~
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10 word_datali] = 0;

11

12 int out_size = w—>division_out_size / sizeof(unsigned long long);
13 //00000000000000000000000O00UD

14 for (int i = 0; i < out_task num ; i++) {

15 word_data[0] += idatalixout_size+0]; // 000000

16 word_data[l] += idatalixout_size+1]; // 00000

17 //0000000000000000000O0000000DO0O0UO0O0O0
18 unsigned long long xhead_tail flag = &idata[ixout_size+2];

19 if((i'=out_task_num—1)&&

20 (head_tail_flag[1] == 1) && (head-_tail flag[4] == 0)) {

21 flag_cal_sum-++;

22

23

24 word_datal0] += flag_cal_sum;

25 }

4.3 Boyer-Moore String Search

dbbodbboobobboobtuoobbuoobbouobbuoobbuobbdBoyer-
Moore String Search O O O O O O O Boyer-Moore String Search [0 1977 O O Robert S.
Boyer O J Strother Moore 00 0000000000000 ODOO0O[]

bbb ubbuun textgU00 O O0O0O pattern U
goodd

goboboooobobbooouobbdouobbobooognn text O pattern
goddoobbbibbDDpattern DODDODOOO pattern U 10000000000
oo uoibibU0text 0000 pattern UOOOOOO
gidddddddgooooodud pattern OO0 1 0OO0OOOOO0OOOOO0O
(O 4.4)
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O00000O0O000oObO0OoboDOboOOn0D Boyer-Moore String Search 00 0 OO
Ubobooodoboboodibib0text U pattern DO UOO0D0DO0O0O000O0O0OO0 pattern
gddoooooobbbbbbbbbboobobbbbbboooooooooooon
U000 text U000 DOOO0oooooooon

U4500text U pattern DO D0 D0DO0000O00000O00D0O0O0 text O pattern O
gbbodbogobugbidbibdd text D000 pattern JOODOOO0OOOODOO
pattern O OO00O0O00 match OO0 DOOO0O0O0O0OOOpattern DO0O0OOO00OODOOO
goobobooon

mismatch U 7z text ‘x’ [&
pattern ‘abc’ ICEEFNTULRWL

text |x|x|x|a|b|c|
A

mismatch

A\

pattern DR X 73721 pattern @
NBZ%SICTS LTHEHRR

text |x|x|x|a|b|c|

r==——T~-=-- T
pattern i T ! a|b]|ec

U445 pattern OO O0OO0OO0DODOOO0OOODOOOOO

46 00000000ODODODOO text UOUOO pattern 000D O0O0O0OOOOOOO
00 pattern OO0 200000 text U pattern DO OO OO

OO000b00O0O0 text UODODO pattern DOUO0OODODOOODODOOOODODODOOO
pattern U OO OO0 0O0OO0O0OO0OO pattern DO D DOOOODDODDDODODODOOOOOO
O000000O0O0Opattern DODODOO0ODOO 30 textx U0 DOO0ODOOODODOO @’ 0
pattern U 1 000000O0OO0O0O0O0ODO2000000000000000000

U4700000000000O0 textDDODODO pattern DO OOOOOODOODOOO
pattern U OO O0OOUOUOOOOOODOO

pattern OO0 4000000000000 textx OO0 ‘@’ 0 pattern 0 1 000
Ub0bbbobobob00Opattern OO OOUOO0O0 10 3000000000 3000
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a | pattern ‘abc’ ICEENTWS

text |x|x|a|b|c|

Il mismatch

mismatch U7t text ‘a’ I&
pattern Z22% 3IC 959

text |x|x|a|b|c|

pattern | T a|b]|c

O 4.6: pattern DODO0OD00O00OO00DOOOOOOOO

OOpattern DODOO0O0O0 text DODOOODOODOOODOOOODOODO 22000000
goboobog 1gooo

pattern U text OO0 D0 OO0O0O00OO0OOO0ON

e pattern UUUUUOOODOODDODOUOOOO0O0OO pattern DO UOOOOOONO

e pattern O OOOOOOO0OOOOOOpattern OO OO0 pattern O OO0 OO O
O000Oo00Ooooooooooooon

e pattern UUUUOUOOODOOODDODOUO pattern UODOODDODDODOOOOOOOO
goboboooobbbuoooobbboooobbooooa

text UOUOOO00OO0D0ODO patteen DUOOOO0O0O0O0O0OO0D0OOODOOOOOOO0O0OO

UoOobodob text 000 LOODODOOpattern D00 sO0 10000000000
000000000000000000000000O000000 (O 4.8)

0 N O U W

gbooobOo 470000000 Print 0OOO

typedef struct bm {
intx skip_table;
unsigned char xsearch_word;
int search_word_len;

} BM, *BMPtr;

//Boyer Moore 0000000000 DOOO
static void
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a (& pattern ‘abac’ Ic&FENhTW3

text |x|a|b|a|c|c|x|

A
v mismatch

pattern |a|b|a|c|

pattern Z32%3c 5T &,
match #5Z BkT

text |x|a|b|a|c|c|x|

A .
I mismatch

pattern E-“"!""T-"| a | b | a | c |

_____ i P

pattern Z1 2% 3Ic3 59 &

match 9%
text |x|a|b|a|c|c|x|
A A A A match
Y v A 4
pattern E____| a | b | a | c |

U447 pattern U0 0D 0OO0O0OO00O0O0OODOOOO0OODOOOOOO

I L+s-1 I
| s |
I L [ 1
P I
S \
text :_ __________ Lo i d]o E i E n E g —I: !
Search Task1|:|:|:| co | dJo | i | n | g | task1:doingldFTET %
Search Task 2 o | i | n | g | | | | -+ - task2:doinglFFFE L %L
| ARDTask1D text DHEIH AR DTask2D text DEFH

048 0000000
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9 ?reate,BMskiptable(BMPtr bm)
10,
11 bm—>skip_table = (int)malloc(sizeof(int)*256);
12 for (int i = 0; i < 256; ++i) {

13 bm—>skip_table[i] = bm—>search_word_len;
14 }

15
16 for (int j = 0; j < bm—>search_word_len — 1; ++j) {

17 bm—>skip_table[bm—>search_word[j]] = bm—>search_-word_len — j — 1;
18

19| } f
20
21 int

22| TMmain(TaskManager *manager, int argc, char xargvl])
23
24| { BMPtr bm = new BM;

25 bm—>skip_table = (int*)malloc(sizeof(int)*256);
26 for (int i = 1; i < arge; i++) {

27 if (strecmp(argvl[i],"-sw") == 0) {

28 bm—>search_word = (unsigned charx)argv[i+1]; i++;
29 bm—>search_word_len = strlen((const charx)bm—>search_word);
30 create_BMskiptable(bm);

31 }

32 }

33 fmp—>w—>global = (voidx)bmp;

34 fmp—>overrap = bmp—>search_word_len — 1;

35 fmp—>division_out_size = sizeof(unsigned long long);

36 task_init();

37 fmp—>run_start(manager, filename);

38 return 0;

39 }

gbo0ob0o 48 0000000 Print ODOOO

static int
print_task(SchedTask xs, void srbuf, void xwbuf)

1
2
3
4 MapReduce xw = (MapReducex)s—>get_input(0);
5 unsigned int idata_task_num = w—>task_num,;

6 int match_counter = 0;

7|

8

for (int i = 0;i < idata_task num;i++) {

9 match_counter += idatal[il;
10

11 return 0;

12| }

4.4 0O0O0OO

gbobobooogbbbuoooobbboooobobogo
BOSEOODOOOOOODOOOOOOOOOoODOoOOoOoooBoOSEOOOOOOODO
O000D00O0 BoseOODOO bose UOODODOODOODOOOOODOODOOBOSE OO
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gboogobodbogbboobuoobbobbooobooobuooboonooba
gboobobodboobbooobuoobbooboobbobbooboobbod
000000000000 0DO0Ob0O0O0ODn BOSEOBoseObose D 30000000 ODO
O0000000000000000(O 4.9)

X+ IEASRIR

BOSE
Bose ——» (B|b)(OSE|ose)

bose

049 300000000000 10D000O00O0O0DO0ODO

Ooo00o0o0ooO0oO0OO0O0O0O00OO0OO0OOOO0OO0OO0OO0OOOOOOD (DooDoDOooooo)2
O0000000000o0oDooooOogd (O 54)

AB 000000 (0D)

GGG EEE

AB [AOOO B(@ODO)

A7 |AzODOOOOOOOO0O0(00O000)
() |ooooooooo (@ooo)

O41: 000000000000D0

gbbobodgbbuodbbooboobobuoobbodobbooooboooabobo
gobboogdgobb 420000000
gbobbboooobobboooobobbboodooboo

. gobbboooooobobuoooobobbuoooobobogog

2. 00000000000000000 (DO00ONFA)OODODOOOOOOO (OO0
DFA)DOO0O000

3. Subset Construction J OO0 NFA OO DFAOOOOOOOOOO
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0 ()(ooooo)
IGEEEED
*000
00

0 |00

042 000000000

4. DFADOOODOOODOOOODOOOOOOOO

gbgobobbobboobooboobooboobobn

4.4.1 0O0OO0OOOOO

gogboboboboo44iobobbouooogobboobbooooooobobbod
gbooobuodgbboobuoobbotoouoobbooboobbooboobobod
gogdobbobboboobobobobbbboboodouoodooooooooooooon
gog

gbogobodbogbboobuoobbobbodgboobobbuooboobooa
gbbodbooobuoobodobbooboooboobbobuoobboobood
gobbboooobbbuoooobbobuoooobbooooobobod
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([a-zA-Z] | ab *) * aa

|

U410 bggoobooooboboboooon

000000000000000000000000000000000000000
0000 ‘+'0000000000000000000000000000000000
00000 (0 4.11)

ab [A-Z]b
O O

0 4.11: 00000

gbobbbogbooobooobooboobobuoobboobbogbbobbobd
00 ‘4+0000000000000000 400000000000 (0 4.12)
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ablA-Z] ‘
>~ (]

0412 000000

O0 0000000000000 00 00000000 OooooY)ocooon
gbbobobooobobobgobooboobuoooooboboooobobobg
00000000 00oooOY)00ooo000oooooooooooooDoooooo
O000000000000000000000000(O 4.13)

[A-Z] | ab
>~ ()

0 4.13: 00

000 0000000000 000000000000000000O0O0O0OO
000000 oo 0000000000C00000D0O0O0000ODOOOO0O
00000000000000000000000000O(O 4.14)
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0 4.14: 00O

00000 ‘¢ 0000000000 y000000000000000000
0000000000000000000000000000000000000000
000(0 4.15)

0 4.15: 0000

000000000000 000000000 +'000000000000000O(O
4.16)
0000000000 0000000000000000 DFAONFAOOOOODOOO
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(alb)([A-Z]|[a-Z])" a

0 4.16: 0000god

442 0000000 DFAONFA OO0

O000000000000000000000 (NFPA)DOOODOOooooooo (DFA)
gbobobbgboobobobobobooboboboboboobobbobo
godgdggggooobobooobobooooooooououoouuuouooooooon
gbobooobboobboooobbooobbooobbooobbooobbo
godggooobobbobootototdddddoooooooooooooooooon
god

e JJ0ODOODO OUODO + 000O0ODDODODOO
e '0II0DDDODODOOOUILUODDODDOOODOOOO

e ¥ OODODDODODODODO “*OOOUUUOOOUOODUOODODODODODOOODOOOOOO
gobobobooooobobboooobbbooooboo

gbbggubodbboooboobobuoobbuooobboboobobuoobobd
000000000000 (current state) D 00 (input) 00000000 (next state) O
0000000000000 00OC00O0O0ODODODDODOO0O000OOODOOO(O4.18) 00
gbbogooobooboobobooboobbooboobboboboobboobbon
gobbooogbbobuooooo
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U 41 000000000000 00b00bobobboboobobobobobg
gooo

a,[c-y] b

Z
current . t next
state inpu state
1 a 4
[c-y] 4
4 b 2
z 4

U418 gopobooooobobooooboboboooonoboaoo
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(alafa-z]*) b
O—F—@

current diti next

state condition state
1 a 4
4 a 4
[c-Z] 4

b 2?47

0419:10000000000000000 (NFA)
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4.4.3 Subset Construction 000 NFA OO DFA OOO

0000000000000 bO00o0ob00bDoo0obOo0oDoDOoobooOooog
0dd0o0oo0b0o04190000000000000ODOODODOO0OOOOODOOOO
00000 40 ‘vPOO0ODO0ODOOO0OD 2000 400000000000 10000
0000000000000 0000b000D0oO00oo0ooo0oDoooonooon
000D0O0000doooOo00oDooooooooao

O000000D0D0000 Subset Construction 000 0O OO

Oooo0o04.12

oboooog 49 000000000

typedef struct utf8Range {
unsigned long begin;
unsigned long end;

} RangeList , *RangeListPtr;

typedef struct condition {
RangeList range;
} Condition, *ConditionList;

0 N O Ut W

©

10| typedef struct charClass {

11 struct charClass *left;
12 struct charClass *right;
13 Condition cond;

14 int stateNum;

15 BitVector nextState;
16| } CharClass, *CharClassPtr;

Subset Construction 0000000 1 0000000000000 0ODOOOOOO
gogbooobboo11obodooooooobobboooooobobbobooooon
gboboboooobbooooon

00 40 [az] 000000000 400000b000O0O0O0O0OO0O 2000000
O000O0ObOODODODOOOO 2000 400000000000000C0O0O(O 4.20)

gobobod 20 4000bbobbdoooobbobboooboooooboboboa
gogobobbbbbobobboboobbbobbbooobouuoooooooooooon
0000000000000 40 a0 [z 00000000 400000bO0O0ODOO
gogobboobobeUbbbObbOUOoooobobbbbboooooboboobboooon
O000000000000000(O 4.21)

30



040 Cerium 00000000 O0ODO0O

NFA

[a-Z] @

T @

0 4.20: NFA OO

DFA

o
—® (@« @)
[c-Z] @

0 4.21: NFA O Subset Construction 0 000 DFA O OO
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gboogobodbogbboodboobbooboobboobuooboonooba
gbobudgbooobuoobbodobbooboobboobooboboobobod
0000000000000 00000 (O 4.22)

0 4.22: Subset Construction D 0000000000000 OOOOOOOO

00000000000 000000 mergee 00000000 O0OOOOODOO merge
000000000000 000000000DO0000000 merge0O0DOOOO 4.23
0000 B300000000000000000D000ccRange.Begin OOOOOOMO
O000O0OccRangeEnd 000000000000 O0OOOOODOOOODOODODOO
O00000 merge D0 0Omerge J0O0O0O00O0O0OOO insert Character Class BeginlJ
merge 00 O0O0O0O0O0000ODO insert Character Class End OO 0O O
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b : insert Character Class Begin
e : insert Character Class End

ccRange.Begin ccRange.End
| !
b e | |
1 — i
b e i
2 A i
b | e |
3. [ : | !
b | e
4. : ; |
b | | e
5. : : =
b e |
6. ' ’
b e
7. i {
b i e
8. E ; !
' b O
0. i —_ |
| b e
10. i F |
: b ! e
1. ! = : '
i b e
12. |
; i b e
13. i A

0423 000000000 MergeUDOODOOOOOOO
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444 O0O0O0OOOOOOOOOO

gbbogbobbodbobooboobbuoooobobboobboobobobo
gobbooogbbobuoooobobod

04240000000000000 ab*00000000000O00O0O0O ac,abe,abbe,ab..be
000000000000 0000 abbbbeOOODODODOOOO ab*O0O0OOO0O0OO0OO

gboboboboooboboboobobobooboobooboboooboboob 10
Uboooboobobg abbbO200000000000 bbeO OO obooonboonoO
gbbodgbodgbuodbbodbobooobbuoobboobbboobboobood
gbobogoobbooobbooobobbooobboooooobbolobboo
gbbooobuogbbodobooboooboobbobooobuoobboobooood
gobbooogbbobuoooobobuooon

1IF#RFRIF : ab*c

abb U373 DT bbe U hESHB VDT,
FFHEFRIEBITIEmatch LARLHY, TF4E%RE T Ematch LA
REBBEODEFTIRTLTWS
Y .x//
| |
' abb| |[bbc!
nonmmhF { no match
XY FIBEAN
NEIINTWS
REBBOREFTTRTLULTWSES
(. match LiEohTc&E = DELESR
HITHETYFITINESHER
95,
abbbbc
match

0 424: 00000000oooboooooboobooooboon
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000000 4.10: ceriumGrep 0 TMmain

1| typedef struct result {

2 unsigned char xbegin;

3 unsigned char *end;

4 struct result xnext;

5/ } Result, *ResultPtr;

6

7| int

gl TMmain(TaskManager *manager, int arge, char xargv][])

9

10 t char xfilename = 0;

11 Search s = grep(arge,argv,true);

12 FileMapReduce *fmp = new FileMapReduce(manager, TASK_EXEC,

TASK _EXEC_DATA PARALLEL,TASK _PRINT);

13 filename = fmp—>init(arge, argv);

14 fmp—>w—>global = (voidx)s.tg;

15 if (filename < 0) {

16| return —1;

17

18 fmp—>division_out_size = sizeof(voidx)*3; // xResult,xblockBegin,xblockEnd
19 task_init();
20 fmp—>run_start(manager, filename);
21 return 0;
22 }

O0o0odog 4.11: Task OO OO

1) TSValue blockSearch(TSValue tsv,Buffer buff,int task_spawned) {
2 tsv.current = tsv.tg—>stateStart—>tState;

3 tsv.blk—>result = NULL;

4 ResultPtr result = NULL;

5 tsv.blk—>resultEnd = &result;

6 tsv.blk—>blockBegin = tsv.current;

7 addResult(tsv,true,buff.buff,buff.buffend); // entire buffer

8 tsv = tSearch(tsv);

9 tsv.blk—>blockEnd = tsv.current;

10 if (tsv.blk—>blockEnd—>state—>bitState.bitContainer != 1) {
11 if (tsv.matchBegin != tsv.buff.buffptr) {

12 // partial match case at block end.

13 addResult(tsv,true,tsv.matchBegin,tsv.matchEnd);
14 }

15

16 tsv.blk—>result = result;

17 return tsv;

18] }

19

20| static int

21| blockedGrep(SchedTask x*s, void xrbuf, void *wbuf)

22| {

23 TransitionGeneratorPtr tg = (TransitionGeneratorPtr)w—>global;
24 Buffer buff;

25 buff.buff = buff.buffptr = i_data;

26 buff.buffend = buff.buff + length;

27 BlockOutput blk;

28 TSValue tsv = createTSValue(tg,buff);

29 tsv.blk = &blk;
30 tsv = blockSearch(tsv,buff task_spawned);
31 o_data[0] = (unsigned long)tsv.blk—>result;

35




040 Cerium 00000000 O0ODO0O

32 o_data[l] = (unsigned long)tsv.blk—>blockBegin—>state; // never used now
33 o_data|2] = (unsigned long)tsv.blk—>blockEnd—>state;
34 return 0;
35| }
gooooo 412:. 000000

1| static

2| TSValue stateSkipOnce(TSValue tsv) {

3 if (tsv.matchEnd) {

4 addResult(tsv,false,tsv.matchBegin,tsv.matchEnd);

S

6 tsv.buff.buffend = tsv.buff.buffptr; // end search

7 return tsv;

8 }

9

10

11| static int

12| run_print(Sched Task xs, void srbuf, void *wbuf)

13 {

14 MapReduce *w = (MapReducex)s—>get_input(0);

15 int out_size = w—>division_out_size / sizeof(unsigned long long);
16 int out_task_num = w—>task_num;

17 ResultPtr prev = NULL;

18 for (int i = 0; i < out_tasknum ; i++) {

19 ResultPtr r = (ResultPtr)w—>o_dataixout_size+0];

20 // first reply contains block begin and block end

21 unsigned char xbegin = r—>begin;

22 unsigned char xend = r—>end;

23 r = r—>next;

24 if (r == NULL) {

25 prev = NULL;

26| continue;

27|

28 if (prev) {

29 if (i >= out_task_num) break;

30 //0000000000M0 prevBlockEnd O state 1 00000 )
31 StatePtr prevBlockEnd = (StatePtr)w—>o_data[ixout_size—1];
32 if (prevBlockEnd—>bitState.bitContainer !=1) {

33 //0000000 stateSkip 000000 OO0O0OOOOO
34 TransitionGeneratorPtr tg = (TransitionGeneratorPtr)w—>global;
35 tg—>stateSkip = stateSkipOnce;

36 Buffer buff;

37 buff.buff = buff.buffptr = begin;

38 buff.buffend = end;

39 TSValue tsv = createTSValue(tg,buff);

40 BlockOutput blk;

41 tsv.blk = &blk;

42, tsv.current = prevBlockEnd—>tState;

43 tsv.blk—>result = NULL;

44 ResultPtr result = NULL;

45| tsv.blk—>resultEnd = &result;

46 tsv.matchBegin = prev—>begin;

47 tsv.matchEnd = prev—>end;

48 tsv = tSearch(tsv);

49 if (result) {

50 resultPrint(result,"Print");

51 }
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52|
53|
54|
55
56‘

57‘ }

¥
} .
prev = resultPrint(r,"Print");
}
return 0;
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guoooobobbbiobooooooooon
e Mac OS X 10.10.5
e 2%2.66 GHz 6-Core Intel Xeon
e Memory 16GB 1333MHz DDR3
e 1TB HDD

Cerium 00000 Word Count 0 MacO we OOODOODOOOOO0ODOOOO MacO
egrep 100000000000 OO00ODOODOO0OODOOOOODOODO IJOOOOO
oo

5.1 Word Count

000000000 Ob500MByte OODODDDODOOOOO O6500000 8300000
ooooooon

O05100000000000000 WordCountOOOOOOOMacO weOOGOO
00000000000 1059000000000 0004Cerium Word Count 0 mmap
Blocked Read DO O OO0 MacO weOODOOODOOODODOODOOOCerium Word Count
12CPUOO0O0O078000000O0000Mac well 1400000000000

mmap JOOO000 OSOO0O0O0OO0OO0O0OOOO0OODODOOOOODODOO Word Count
0000000000000 000ooooDoobDDOmmap DO0O0O000OOOOOO
000ddoooooobobO0000d000OoOoooobOinDbDBlocked Read OOOO
0000000000000 O000o0o00oo00obOo0oDooooooDoooooon
000000000000 O0ob000bobOo0o0DO00bDo0obOo0ooDoOOoooDoOon
oo0oD0Oo0oooooooo
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0000000 : 500MB(O00O0O0O 85000 )
gogbboobouoodgbooo

CPUNum /0000O | Mac(we) | mmap | Blocked Read
1 10.590 9.96 9.33

4 8.63 8.52

8 10.35 8.04

12 9.26 7.82

051: 00000000000 Word Count

Os5200000000000000 Word Count OO OOOO

Mac O we OODOD0OD0OO0DOODOODODO 408000000000000O Cerium
Word Count 0 1 CPU O 370 0012CPULODO 04000000000

1cpUOODOODOOO MacO weODOO 11 000000DODO12CPUODOODOO
OwclODO 1020000000001 CPUD 12CPUDLDOOOOOOY9200000
goooo

goooboboobooboboobobooobobooboboobooboogn e,y
0000000000000 0000000000O00ODO0ODODOODDOOO0OD 60%00
0% 0000000000000000DOO0O0O

0000000 : 500MB(00 00O 85000 )
gogbooboogobobod

0000 |0000 (0)

Mac(we) 4.08

Cerium Word Count(CPU 1) 3.70
Cerium Word Count(CPU 4) 1.00
Cerium Word Count(CPU 8) 0.52
Cerium Word Count(CPU 12) 0.40

O 5200000000000 Word Count
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5.2 Boyer-Moore Stirng Search

O0o00ooooon Oos00MByte DODDODODOOOOOO&00O0DOOOOOOOO
000000000 ‘Pagkistan’ OO0 00000000000 O0OO0O00O0O0OOOOOO
(000D O 4000)

O05300000000000000D0000O00ODO0O0ODODDODO0O0ODODO0OBoyer-
Moore String Search 000 63 % 0000000

0000000 : 500MB(O00O 00O 85000 )
00000 : Pakistan
00000 4000
doodoooooooooo

CpPU DO |O0D0ODO | Boyer-Moore String Search
1 3.17 1.70

4 0.87 0.49

8 0.47 0.27

12 0.33 0.21

0 5.3: 00000 Boyer-Moore String Search O O 0

5.3 UUgQ

D00000OMacO egrep 0COOO0O0O0O0O0O0 DFAOOOOOOOOOOOOOO
0000000 Cerium 00000000 CeriumGrep 00000000

0540 500MB(000085000) 0000000000000 ‘[A-Z][A-Za-z0-9]*s’ O
0000000000000000000000000000000000000000
00000000000

COO Grep O CeriumGrep 100 0000000000000000O0O000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
000000000000000000

000 egrep 0000000000000 0OODO0O0OODOOO0O0OOODOOOOO
0000000000000000000000000000000000000000
0ooo
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0000 ‘[A-Z][A-Za-z0-9]*s’

0000000 : 500MB(00 00O 85000 )

godgd goodooouotn (ooooogooo

CcoO0gd Grep 21.17 16.15
CeriumGrep(CPU 12) mmap 18.00 5.12
CeriumGrep(CPU 12) bread 15.76 5.18
egrep 59.51 09.51

U 54 0000000OOO0O0O0LODOOUOO0O0ODNO grep OO

05500000 ‘[A-Z][A-Za-z0-9*s O 500MB(0 000 85000)01GB(0 OO0 1.7

O00)000000000000000oooooo

gbobboooobbbuoooobbboooobod

0000 ‘[A-Z][A-Za-z0-9]*s’
0000000 :500MB(OO0O0O 85000 )
gobobooboooooon

0000 /File Size(Match Num) | 50MB(540 ) | 100MB(107 0 ) | 500MB(536 0 ) | 1GB(10720 )
cO0O Grep 4.51 9.42 20.62 40.10
CeriumGrep(CPU 12) mmap 8.97 10.79 18.00 29.16
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