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/// 000000
int pthread_create(pthread_t *th,
pthread_attr_t =*attr,

void *(*start_routine) (void *),void *arg);

/// 000000000

void pthread_exit(void *retval);

/// 000000000
int pthread_join (pthread_t th, void **exit_status);

/// 0000000
int pthread_cond_wait(pthread_cond_t *,th_mutex_t *);

/// 000000000

int pthread_mutex_lock(pthread_mutex_t *mutex) ;

/// 00000000000

int pthread_mutex_unlock(pthread_mutex_t *mutex) ;

/// 0000000000
int pthread_cond_signal (pthread_cond_t *);

/// 0000 ID OO0
th_t pthread_self(void);
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gboooobuooobboobooobooobbooboobboobooobddl func O
0000000 func 0000000000000 O0O0DO0DO0D0DOO0D0O0ODUOpthread_exit
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void func(int n){
static int val;
if (n&1){
pthread_exit (&n) ;

void *thread_func(void *p){
func(*(int *)p);

return O;

#define THREAD_NUM 10

int main(){

pthread_t th[THREAD_NUM] ;

int n[THREAD_NUM];

int i;

for(i=0; i<THREAD_NUM; i++){
nl[i] = i;
pthread_create(&th[i],0,thread_func,&n[i]);

}

for(i=0;i<THREAD_NUM;i++){
void *res;

pthread_join(th[il],&res);

052 00000000CCO0O0O0OO0OODOOCOOOOOO
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pthread_mutex_t global_mutex_variable = PTHREAD_MUTEX_INITIALIZER;
int global_Counter;
void *thread_func(void #*p){
// enter critical section
pthread_mutex_lock(&global_mutex_variable) ;
global_Counter++;
pthread_mutex_unlock(&&global_mutex_variable);
// leave critical section

return O;
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000000000 bO00o0b0o0ob0b0o0b0ooD muwtexOOOOODDODOOOOOODOOOO
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000000000000 0000000 (ThMB:Thread Management Block) 00000000
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typedef struct{
ThreadContext context;

ThreadAttribute attr;
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pthread_mutex_t mutex;
pthread_cond_t cond;
int global_condition = 0;
// 00000000000
void wait_func(){
pthread_mutex_lock (&mutex) ;
while( global_condition == 0 ){
pthread_cond_wait (&cond,&mutex) ;
}
// 000000000000000

pthread_mutex_unlock(&mutex) ;

// 000000000000

void signal_func(){
pthread_mutex_lock(&mutex) ;
global_condition = 1;
// 00000000000000
pthread_cond_signal (&cond) ;

pthread_mutex_unlock(&mutex) ;

054 0000000000000000000G0CO

}ThreadManagementBlock;

ThreadContext U DU UDUOUOODDUODLDOO0ODLODOOODOOO0ODLOOODOOOOOLOOO
goboobobobooooobbobboooooopbobbooooobbDbbooooobobobbooo
goooobbooooobobbooooooobobboboooooooobobbbooooobooboboo
gbobooboobobooboboooboobboobbooboo

ThreadAttribute OO DOD0O0OO0OOO0ODOO0O0O0ODOO0OOOOODOO0OOOOODDOOODOO
goobooooooobobobbboooooobboboooooobobbbbooooooboboboooa
goboboobbooooooobooboobbooooooobooboooooobbboooooooboboboooo
gbobooopobooobbooobbuoobbibberrno0nogoobooonobDOn
gooboboboooooobobobboooooobobbobooooobobbbooooobobbooo
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MULiTh(Library)

Ready Threads List Free LIN List
/ [/

( Thread Management Blocks j /
[ N\

(TrvB Y{ ThiB ) nutex

variable

\Ready ) \Ready J\ Free /| Free ) Blocke]d
g
ThMB condition

Run Run R 1ocked variable
)\ (Fun | Run JBlocked

Bl

LTN point Thread' s ThMB address
I I [

@ (@)@ (CW
AT AT AT AT
OChiMuS PE(Processor)
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gogboboobbobouooooobbboooooobobobbooooooobobbboooooobobo
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UO0D00O0O0Opthread self 0O OO0O0ODODOO0ODOOOO0ODODOOODODOOO0OODOOODOO
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goooboobobooooobobobboooooobobbooooobbobbbooooobobobobooa
go0ooo0ooOoU0OoOoO0U0DOoOo LINODOOOOO0ODOOObOOOO0ODOOoUObOboOgboooo
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pthread_t pthread_self(){
int ret;
asm("mfc2 %0,$2"
"=r" (ret)
);

return ret;

O 5.6: pthread_self 00000

LINOOooooobooobogoooooooobbogoooobbogoooboooboobooDboo
0000000000 D000b0bOb00000b0bOb00O0O0O0DbDOO pthreadself 00000
O0000000000ooOoos600000000000000000D0O0O0 GCCOOOOOOO
O000000o0o0o0oooo ThMBOOOODOOOODOODOOODODOODOODODOODOODOOOOOooOoO
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O00O00OMULIThOOOODODOODOOOOODOODOOOODODODOOOOOO0OODOOOOOO0OoOOn
ggoddododoooooooooooddodooooooooooooooboobooo
ooobooboooooobobobooooooobobboooooobobOboooooooDboboboooo
gooooboogoo
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gboobooboobooboobooboboboobobooboooboboobooobooobOooDbOo
gobooboboboooooobobbooooooobobbooooobobobbooooobobobobooa
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gogoboobboogogobobobbogoooobobboooobbbbbooooooboobobo
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0000000 00oDooO0ooooOg FIFOOODODOOODOODOOooooooooooooo
ooooboboooooobobobbooooob0bbooooobobobboooooobobboooo
goboobooobooboboobboo

Pthread 00000000000 COO0OOOOO0OODOOOOOOOOOODOOOOODOOOO
gbbogbogooboobboobooobuoobbuoobboobod

oooSMTOOOOOOOO0000000O0O0OO0O0000000000O0OO0000O0O0oooon
0000000000000 0000000000000UO0OOD0UoOO0oDoOoUoOooOO 110
gobobooooooboobboooooobbobbooooobbboooooooboboboboogoo
00000000*000000 SMTOO0OO0OO00000000000000000000000
gooobooboboooooobobobbooooobbbooooobbobbboooooobobobobooa
goooooogoo

535 OO LTNODOO

MULIThOOODODOOOO ThMBOOOOOOOOODOOOOOODOOOODOOODOOOOOO
OO0 ThMBOOUOOODODOOOOOOOODOOOOOOOOODOOOOO ThMBOOOOO
gbobooooboooooboboooooooboboooobobooobobooobobooobooooo
MULIThOOOOOOODOOO ThMBOOOOOOOOOOODODOOODOOOOOOMULITh O
O ThMBOOOOOOOO LINOOOODOOODODOOOOOO LTNOOODOOOO

MULITh OOOODOOO LTNODOOOOOOOOOOOOQOOOOOODODOOODOOOODO
O ThMBOOOO LIFOOOOOODOOOOOOOOOODOOOD ThMBOOOOOOOO
gopoobboooooobbobbooooooobobobooooobobobbboooooooboobboo
OO0 ThMBOOOOOOODODOOOOOOOOOODOO LTNOOODOOOO

54 00000000000 0O0O0OOOO

MULiTh O OChiMuS PEOOOCOOOODOO0O0OOOOONOO0OOOOOONOOOOONOODO
00000000000000000000

541 0O0OO0OOOO

Uo0D00000obo00bbO0O00nn pthread_create D00 OODOO0DOOOODOOOO0ODOO
gbooooopobopPALLCOOO0OO0ODOO0ODLDOOO0DOOO0ODODOO0OLODbOOO0ODLDbOn

*20S000000000000000000000000000000000000000000000000

36



(i) Success 'PALLC' instruction

T1 < JThread Creation Procedure,
AT1
[ATT-——FAc FWD  |PUBLK
T2 Success T2 T2
AL Sis HALT PGS BLOGK T T2 start  PCS NORMAL

(i) 'PALLC' instruction Fail (No Architecture Thread in PCS_HALT)

T1 lhread Creation Procedure o
AT} PALLC Put T2 in Ready Thread List
Fail
T3 T2
|AT2:
PCS NORMAL
—>Time

057 000000000000 0O0O0O0ODOO

gbobogobogbboobboobooboboobbooboooboobn
000o00oocCcoooouooooooooooooooooon

1tn = 00O LTNODODOOOOOOO

if(1tn OOO0OOCODOO0O )H{
dddddooooooooooooon

}

dodooobobobobbbbob PALLC UOOOO

if ( PALLC OO ){
// 000000000000 000000
oo bobobo rwboooooooga
vdddoooooooooooobobbbboboboboboobooboooouoyd

}

else{
// PALLCOO0OOOODOOOOO0ODOOODOOODOO
1tn 00000 ThMB OO 00O 0ODO0OO0OO0OO0O0OO0OOOOOOOOOOOO
ddddooooooooooboobooooooo

}

dodooooonon
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PCSHALTOOOODOOODODOOOOOODOODD LTNOOOOOOPCSBLOCKOOOOOODO
0000000000 AT2000000000000 PCSHALTOOOOOOPALLCODOO AT2
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// thread entry point
static void thh_create_helper(
int dmyl,int dmy2,

void *(*kstart_routine) (void *),void *arg)

// 000000
void *ret = start_routine(arg);

pthread_exit(ret);

asm("break"); // not reachable
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gooooboboooooobobobbooooooboobboooooooobboooooboooo
gobobbooooobbobooooobbprPALLCODDDOOOOODDLODODOOOODDDOO
gooooooooon
gooboobooboboobbooboooboobbuoobooobooboboobboon

goboobooobooboboonoba

Oooooobooooogs8boooooooooon

OO0O00DO0OO0OO0 pthreadcreate 0 OO0 O0O0O0ODODOOOODOOOODOOOODO
start_routinelJarg J 0 U pthread create UL U UDDUO0OO0OOO0ODOOO0O0DOOOOOO
U000000000000000000 startroutine 000 0arg00000oooooO0OO
start_routine 0000000000 OOOOOOOOOOOOOOOOOODOOODOODOO
pthread exit U0 U UO0ODOD0DD0OOUOO0OD0DDOO0OO0O00O0D0DODOO0O000O pthread_exit U
cooooooogooon
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(i) No Ready Thread PDALL T1

T1 Exit
ATlf————  « « « «« ‘i i i s e
[ATT} PCS_HALT

(il) Have another Ready Threads

Thread
Scheduling
! 12

059 000000000000000000O0O0

542 0O00000O0OO

D00D0D0D0DDDOpthread exit 000000000000 O0OOOOOODOOOOOOOOO
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O0o000oooooooooon
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good
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000000000(@) 00000000000 T20 TIOODODOODODOODOOOODODOOOOO
goo
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(1) pthread mutex lock 0000000000 OOOO

*00000000000000000000000000000 pthread_join 0000000000000000O00
ooo
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(i) Spin lock > Time
Lockl Spin Lock

[AT1 iT1 \/\/\/\/\/\/T
T2(Lock owner)
@ Unlock and set Lock variable

(ii) Thread Switching 11,004
Lock Scheduling 3

T2(Lock owner)
[AT2} Unlock and T1 put on Ready Queue
(iii) Using Block state
Lock | PBLK T1
IE T1 l . PCS_BLOCK __PCS_NORMAL
@ T2(Lock owner) T PUBLK T1

Unlock and PUBLK

0 5.10: Mutex Lock DO 0O OO

2) pthread_join O0OO0OOOOOOODOOOOCOODOOO
p J
(3) pthread cond wait 00 000000000000 DOOOO

000000000000000(1) 000000000 DO00O0DO0OD00(2),(3) 000000
gooobobboooooobobbobooooooobboboooooobobbboooobboboooa
goooobogooboobbooboobon

OChiMuS PEOCOOO0OOOO0OOOOD PCSBLOCKDOOOODOOOODOOOOO PBLKOO
000000 PUBLKOOOOOOMULIThOODODODDODODDODOOOOOOOODODODODODO
good

05100000000 T10O pthreadmutex lockOODOODOOODOODOOODOODOOCOODO
ooooO T20000000000C000DOO00O0O0DO0 TIODODOODOOOODOODOOOD
000000000000 5100 (()000D0O0D0D0O0ODDOODDOG)D0OD0DODO0ODDODDOOODOO
000000 T3sO00O0U0O0O0O0OO0O0O0O00O0OO0OO() 0000000000000 O0OO0OoOO
0000000 TiOOOOUOOOOoOo pBLKOOOODOODOOOODOODODOO PCS_NORMAL O
O PCSBLOCKOOOOODDODOODO T2000000000000000 T1O0DDOODOODOO
0000000000000 T10ODO000 pUBLKOOODOOOOODOOOOODOOO T1O0OODO
gobobboooobobobopuBLKODODODOOOOODODOOOOOODOOOOOOOoODDbDOOO
goooooooOoooooboOobo0oobooobo TMMopbogooooobogobooooo
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0000000000000 0000000oooooo00ooooooooogoocPUODO
gobobboooobbbooooobbbbooooobbboooobopuBLKOOODODOOOO
goboboobboooooobobbodoooooobobbooooobbboooobobbboooo
gbobooboobobobobobobobobogoobooon

gobooobooobboobbOoo pesBLOCKODDODOODDODOOODDbDOOODOOOoOoDO
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0000000000000000000000000000000000000ooooooo

O0b0000b0O pCsBLOCKOODDOOODDODOOOODOOObDDOOOODbDOOoOobOboOooDoO
gbobooobogobooob pecsBLOCKODOODODDODOOODDOOOODDOOOODOOODOO
00000000000000000000000000000000000000*0

gbbooobogboobboobuobboobbuobuooboobboobuoobooboban
0000000000 000000000000000000 OSO0OO0U0O0oOOoOOooOoOoon
gobooboooobooooooooo

oooo
pthread mutex_lock U0 DO OODODOOOOO

gooooooono

if(0000000){
goododooooooa

}

else{
// 000000000000 0DO0000000
dddddooooooooooooobobobobobobobooooooooa

if(0ooooooooooo){
ddddooooooooobobobn
}
else{
PBLKOOOOOOOOODOOOOOd
// 000000000000 0000000000000000000OOO

*“ 000000000000 0000000000000000000000000000000000000000
oboooooooooooobooooDo
*5 PALLCOOO00OOOOOODO PCSHALTODOOOOODOOOOO
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Lock Waiting Threads

ThMBMThMB}J[ThMBJ
ThreadA ThreadB ThreadC

Lock Owner

* ThreadA unlock
a Lock Waiting Thread

ThMB}\{[ThMBJ
of of
ThreadB ThreadG

Lock Owner

05.11: 00000000000 O0DOOObOoboOobogo

}

O0000o00Ob00o0o0obbOooobObOOoOooDbOosllbobooobobooboboooboDbOon
000 AD0D0O00O0O00OO0OD000000 CO0000000o0o0000oooooooooog
goobogn

pthread mutex unlock DO DO OD0O0O0O0O0O00O0O0O00O0O0O0O

if(000000000D0000D00o0ooooooooooooodNd
// 00000
oodoodobooooooooooboooobobooooboooo T oobooooooooao
if(0000 TOOO PUBLK DOODOODO){
// 00
// 00000
}
elseq
// 00
ogooooooooooooo tThoooo

}

else{
// 0000000000000 00d
oooooooooo
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(i) Thread Switch
Conditon Waitl Thread

T2 \
12
[AT2] \ Conditon Signal and put T1 in Ready List

| Set T1 as Wait Thread| [ Get T1 as Wait Thread|

(ii) Using Block state Condition
Variable

Conditon Wait PBLK T1

AR ' PCS_BLOCK _PCS_NORMAL
T2 PUBLK T1]<~—
[AT2]

Conditon Signal

0512 000000000

}

0511000000000 A0D0O0CO0OO0OODOOOOOOO BOooooooooooooood
O00o0obO000ob0o0ob0booDOmutex 0O OO0D0OO0OOOOODOOO

gooooboogn

pthread_cond waitUpthread cond signal DU 0OU0O0O0 mutex U0 O0O0OO00OO00OO0O0OOO0O
O0000000Omutex OO0 lock 0000000000000 0O0OOOOODOOOOOOOOO
U00000d0o00o000dnd pthread-cond-wait [ pthread_cond signal JUOUOUOOOUO
cooooobobooboooobooboooboooooboog

05120000000000000000000000000O0OOOOOOUOG) ODDOOO0
00000000000000@) 000000000000000000000000000O (i)
OO0 pUBLKOOOOODOOOOOOOOOODOOODOOOODOOODODOOOOOODOO

od

pthread_join UUUDUUODDOUOUOOOpthread_condwait U U OUOOODOOODOOOONO
Ub000000o00oo0o0oo0o0oo0oo0oo00bdbOpthread cond signal 0000000000

43



goboobboooboooobooooo

544 O00O0O0ODOOODODO

oooobboooooobobobboooooobobbboooobobObbooooooboobo
goobobobooooooboboboooooobobboooooobobobbbooooooDoboboboooa
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gooboobboooboooboooboobobooboog

0000000000 00pthread mutex_ lock DO DODDOOOOOODODOOOOOOODOO
U00Opthread mutex_lock U0 O 0OOUOOO0O0ODODODOOO0O0ODODODOOOOOODODOOOO
O000O0O0O testandset 0000000000 ODOtestandset 000000000 OO00OO0O
goobooboobboobbooboooboobboobooobooboboobboon

testandset 00000000000 COO0O0O00O0000OOODOOOOOOOOOOOOOOO
0000000000 0oooooo0o0oo0o0O00OoooooooooOoChiMuS PEODODODOO
OO0 SLEEPO0 000000000 OOOO000000ooobobobbobo0ooooogooooobo
SLEEPO000000O0 testandset 000000000000 5140000000

goboooobb0o0obo0o0bbO0o0ob0bbO0 LLSCLOCK_SLEEPCYCLE L DO OO O
gbobooggbbooobbuooobbuoobbbg SLEEpLU0onoooooooognbood
0000000000000 0000000000000000 SLEEPO0OODODO test and
set 00000000 DOO0O0OOoO0bO0oOooDbOooboboooboooboooDo

55 0SO0O0OO

00000000000000000000000oooooDooOooOoSoDOoooooooo
goboobooobooboboobboon

MULiTh OOOS Futuwre 0000000000 0OO0OOCOO0OOOOOO0ODOOOOOOOOO
000000000 Kernel Notification 00O 0OO0O000O0O00OOOO0OOOCOOOOOOO
goboobooooboooo

goboooboogoobooooon

() 0000000000000000000000000000
(2) 0000000000D00000000000000000000
(3) 0000000000000000000

(4) 00000000000

0000 [Jo00000000000bO000000000000DO0000D0o0oooDoo
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// lock

#define TH_LOCK(lock_addr) \

{\

asm volatile( \

".set noreorder\n"\
"l \
"1 $2, %0 ;"
"bnez $2,1b;"
"1 $8,1;"
"sc  $8,(%0);"

\
\
\
\
\
"beqz $8,1b;" \
"nop; " \
"2 \
\

" set reorder\n"

: /* output */ \
"r" (lock_addr) /* input */ \
"$2","$8" /* broken register */ \

)5}

// unlock
#tdefine TH_UNLOCK(lock_addr) {\
xlock_addr = 0;\

0 5.13: testandset 000000000

00000000000000000000000000000000000000000 Kernel
Notification Handler(KNH) 000D OKNHOOOOOOOODOOOO0O0O0O0O00O (LTN)OO
KNHOOOOOODODOD (0000000000000000000)00000000KNHO
0000000000000000000000000000
0000000000000000000000000000000 KNHOOOOOO0O000O
00000000000000000 (1)00000000000000000000000000
00 [26)000C-area 0000000000000 0000000000O0OOODOO00000O
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#define TH_LOCK(lock_addr) \
{\
asm volatile( \

".set noreorder\n"\

"y o2f;" \
"1i $8," LLSCLOCK_SLEEPCYCLE ";" \
LR \
"sleep $8;" \
"2 \

"11  $2,00%0) ;"\

"bnez $2,1b;" \

"nop; " \

"sc  $8,0(%0) ;"\

\

"beqz $8,1b;" \

"1i $8," LLSCLOCK_SLEEPCYCLE ";" \

" set reorder\n"\

\

: /* output */ \
"r" (lock_addr) /* input */ \
"$2","$8" /* broken register */ \

)5}
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goobgoooo
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0000000000 00000o0oooono oS00ooooooooooooooooooon
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@User Level — Time

ThreadA

o)

4
ThreadB Restore Context
& Start ThreadA
KN Handler ----—---—-% -4 gl -

@®Kernel Level

Store Context
to ThMB in UL (2) 3) Kernel Notification

O 5.15: Kernel Notification 00000 O
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OO0DO0ODOKNHOOOOOO BOOODOOODOODOOOODODODOOODODODODOoO0Oooooon
OAOD0O0DOOO

O000o0oO0Ooooooo ThMBOOOOODOOOOOOOOOOOODODOOOOOOOOOOO
00000 oOSU00o000oooU0oooU0oooU00oDooU0oooDUooOoOoDoOoooo
oooboooooobobobbooooooobobbooooooDbobboooooobobobobooo
gobooobooobooboboobbooboooboobobooboooboon

gogooobboooooooboboobbtogooooooboboboooobobbboooooooboo
gogbboobboogooboboobbodgooogobobodoooobbbuooooobobobogog
goobobboooobbobooooooobboooooobobbboooooboboboboooo

47



gooobboooobbbooooooobboooooobobbbooooooboboboboooo
O0000000000000000000D000O000Kernel Notification 00000000
gbobooobogoboobboobboobooobuoobbooobo

551 ODOOOOO0OOOODOODOODbOOO

OChiMuS PEOODDO00O0O0OOOO0O0O0O0OOOODO0O0OOODDO0000O0NO000000
00000000000000000000000000 0 XKernel Notification 10000000
000000000000 KNHOOOOOOOOOODO0O00000000000000000
0 KNHODODODODOOOOO0O0O0O000%0

000000000 00000000000000000000000KNHOOODODOOOO
000000000000000000000000000000000000000000000
0000000000000 0000000000000000000000000000000
000000000000000000000007

0516000PTL[21]0000000000000000000000O0O0O0O0OOOOOOO
00000000000 BOOOOOSIGALRMOOOOOOOOOO0OOOOO0 BOOOOOO A
0000000000000000000000000 ThMBOOOOOOOOOOOOOOOO
000000 MULIThOOOOOOOOOOO0O00000000000000000000000
0000000000000 ThMBOOOOOOOOOOOOOOOOOOOOOOOOOOOO
00000D0D00000000000000000000000000000000000000
00000000000000000000000000000000 500000000000
000 300 setjmpllongjmp 0000000000000 1000000000000 Kernel
Notification 0000 00000000000000000 10000000000000000
0000000000000000000000000000000000000O0OOOOOOO

000000 Kernel Notification 1000 000000000000000000000000
000000000000

552 OO0ODOOODOODODOODbOOOOO

gooOdopoOobOOobOoOooOOobOO0bOoO0oOoU0b0OoO0bDUObDOobObOUObOUO KNHODOODOOOD
000000000000 PCSBLOCKOPCSHALTODOODODODOOO KNHODODDOOOOODO
gobobobboooobbobboooobobobboooooobobbboooooobbboboooa
gobogobogooboobboooboooboobbooboooboobbooboon

0000000000000 0000000000000000
*00000000000000000000 OSO0000000000000000S0000000000000
goooooooooo

48



Restore Registers

@User Level Save Registers by longjmp
ThreadA — ---------- by setjmp |- 1
ThreadB  eesssssssssssssssmar\----------------\--- -{-{Resume ThreadA
Context
from Stack

Signal Handler  -----------f--§----- - pmmmall oo

[Thread Schedul ing|
@®Kernel Level |\ /

TCB Copy ThreadB
Store Context Context
to TCB in KL to Stack
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#define LOCK_TIME 10 or 1000

volatile int global_count = O;

void *thread_func(void #*p){
th_mutex_lock(&global_MutexLock) ;
for(i=0;i<LOCK_TIME;i++){

global_count++;

}
th_mutex_unlock(&global_MutexLock) ;

int main(){
int i;
for(i=0;i<4;i++){
pthread_t th;
pthread_create(&th,0,thread_func,0) ;
}

return O;
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/%%
@file reduction.cpp
@author K.S.
Create : K.S. 03/01/11 20:24:06
*/
#include <stdio.h>
#include <stdlib.h>

#include <pthread.h>

/// 000
#define MAX_PARALLEL 8

#define PIXEL_INITIALIZE {0}
#define PIXEL_SIZE 3

typedef struct{

int r;
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int g;
int b;
}PIXEL;

typedef struct tag_reduction_param{
/// 00
unsigned char *src; /// 0000000 O0OCOO0OO0OO0OO0OOO0OOOOOOOOO
int sx,sy; /// 0000 x,y 00O
unsigned char *dst; /// 000000000 OOOOOOO0OOO0COOOOOOOO
int dx,dy; /// 0000 x,y

/// reduction 0O D00
int *work; /// sx*sy O int OOOO0OODO

int index; /// 000000000

int rsx,rsy;

int rdx,rdy;

int sline_size; /// src 1line OO 00O

int dline_size; /// dst 1line OO OO
}REDUCTION_PARAM;

/// plane O x,y PIXEL 0 p 00000
#define PIXEL_DSET(param,x,y,p) {\

(param)->dst [y*(param)->dline_size + x + 0] = p.r;\
(param)->dst [y* (param)->dline_size + x + 1] = p.g;\
(param)->dst [y*(param)->dline_size + x + 2] = p.Db;\

#define PIXEL_SGET(param,x,y) \
((param)->work \

[(((y)/(param)->rsy) * (param)->sx + (x)/(param)->rsx) * 3])

#define PIXEL_ADD(p,param,x,y) {\
p—>r += PIXEL_SGET(param,x,y,0); \
p—>g += PIXEL_SGET(param,x,y,1); \
p->b += PIXEL_SGET(param,x,y,2); \
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};

void PIXEL_RGET(REDUCTION_PARAM *param,int dx,int dy,unsigned char *dst){

int x,y;

int r = 0;
int g = 0;
int b = 0;

int yy = dy * param->rdy;

int xx = dx * param->rdx;

for (y=0;y<param->rdy;y++){
for (x=0;x<param->rdx;x++){
int *addr = &PIXEL_SGET (param,xx+x,yy+y);
r += addr[0];//*addr++;
g += addr[1];//*addr++;
b += addr[2];//*addr;

}
}
dst[0] = r / (param->rdy * param->rdx);
dst[1] = g / (param->rdy * param->rdx);
dst[2] = b / (param->rdy * param->rdx);

}

th_mutex_t printflock;

void *reduction_child(void *p){
REDUCTION_PARAM *param = (REDUCTION_PARAM *)p;
int x,y;
int start,last;

#if MAX_PARALLEL ==

start = 0;
last = param->dy;
#else

start = param->index * param->dy / MAX_PARALLEL;
(param->index+1) * param->dy / MAX_PARALLEL;

last
#endif

for(y=start;y<last;y++){
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for (x=0;x<param->dx;x++){
PIXEL_RGET(param,x,y,&param->dst [y*(param)->dline_size + x*3 + 0]);

}

return O;

int get_lcm(int m,int n){

int a,b;
if(m<n){a = n;b = m;}
else {a = m;b = n;}

while(b!=0){

int r = a % b;

a = b;
b =r;
}
returnm * n / a;

void reduction(REDUCTION_PARAM *param){

int lcm;

// 0000000

lcm = get_lcm(param->dx,param->sx) ;
param->rsx = lcm / param->sx;
param->rdx = lcm / param->dx;

//printf ("%d,",1lcm);

lcm = get_lcm(param->dy,param->sy);

param->rsy = lcm / param->sy;

param->rdy = lcm / param->dy;
//printf ("%d\n",1lcm);

{
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const int padding[] = {0,3,2,1};
param->sline_size = param->sx * PIXEL_SIZE;

param->sline_size+= padding[param->sline_size % 4];

param->dline_size = param—>dx * PIXEL_SIZE;

param->dline_size+= padding[param->dline_size % 4];

// int 000000 copy
int x,y;
param->work = (int *)malloc(param->sx * param->sy * sizeof (int) * 3);
if (0) for (y=0;y<param->sy;y++){
for (x=0;x<param—>sx*3;x++){
param->work[x + y * param->sx*3] =

param->src[x + y * param->sline_size];

}
printf("---");

#if MAX_PARALLEL ==
reduction_child(param) ;
#else
{
int 1i;
pthread_t th[MAX_PARALLEL];
REDUCTION_PARAM params[MAX_PARALLEL];
// 0000000000000
for(i=0;i<MAX_PARALLEL;i++){
params[i] = *param;

params[i].index = i;

for(i=0;i<MAX_PARALLEL;i++){
if (pthread_create(&th[i],0,reduction_child,&params[i]) != 0){

printf ("error\n");
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}
for(i=0;i<MAX_PARALLEL;i++){
pthread_join(th[i],0);

#endif

#define R 2

#define SX 800
##tdefine SY 600
#define SL (800%3)

#define DX 400
#define DY 400

#define DL (400%3)

// #include <windows.h>

{0};
{03};

unsigned char src[SY*SL]

unsigned char dst[DY=DL]

int main(int argc,char *argv[]){
REDUCTION_PARAM param;

int dst_size;

int i;

//for(i=0;i<SY*SL;i++) src[i] = 1;

//for(i=0;i<DY*DL;i++) dst[i] =
param.src = &src[0];
param.sx = SX;

param.sy = SY;
param.dst = &dst[0];

0x98;
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param.dx = DX;
param.dy = DY;
reduction(&param) ;
return O;

}

Al2 00O

goboobogobooboboobboobooobuoooboobbooboo

cycle fetch dispatch  finish retire
> 171545740, 174127680, 55059517, 55059510, 39687289 # AT Num:
> 142417381, 109902848, 48703160, 48703152, 39687349 # AT Num:
> 121208078, 75630040, 44924601, 44924593, 39687469 # AT Num:
> 112600488, 67402096, 43027778, 43027772, 39687709 # AT Num:

w0 P> N -

cycle : 0OODOODO fetch : DOO0OOOOOO
finish: O0O0OO0O0O0 retire: DOOOOOO
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A2 O000O0O0OO0ODOODOODODOO

A21 0O0O0OO0O0O

/ Fkkk

matrix.c

$Id: matrix.c,v 1.2 2003/01/08 14:37:18 kol Exp $

Create : K.S. 03/01/05 15:01:55
*/
#include "pthread.h"

typedef struct{
int n_rows;
int n_cols;
int *m;

Jmatrix_t;

typedef struct{
int i; // child thread index
int n; // child thread number
matrix_t *a,*b,*c; // c =a * b
int trace_ans;

}mm_params;

#define MREF(mt,row,col) ((mt)->m[(row) * (mt)->n_cols + (col)])

void *matrix_multiply_child(void #*param){
mm_params *p = (mm_params *)param;
matrix_t *a = p->a;

matrix_t *b = p->b;

matrix_t *c = p->c;
int row,col, j;

int trace = 0;
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int quot = c->n_rows / p->n;

int rem = c->n_rows % p->n;

int do_rows = quot + ((p—>i < rem) 7 1 : 0);

int first_r = quot * p->i + ((p—>i < rem) ? p->i : rem);
for(row = first_r ; row < first_r + do_rows; row++){
for(col=0;col < c->n_cols;col++){
int sum = 0;
for(j=0;j<a->n_cols; j++){
sum += MREF(a,row,j) * MREF(b,j,col);

}

MREF (c,row,col) = sum;

//c->m[row * c->n_cols + col] = sum;

if (row == col){

trace += sum;

3

p—>trace_ans = trace;
return O;
3
#ifndef MAX_PARALLEL
#define MAX_PARALLEL 8
#endif

#ifndef MSIZE

#define MSIZE 64
#endif

int matrix_multiply_parent(matrix_t *a,matrix_t *b,matrix_t *c){
mm_params params [MAX_PARALLEL];

pthread_t thread[MAX_PARALLEL];

int i,res;

int trace = 0;

if (MAX_PARALLEL == 1){
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i=0;

i;

-
I

params[i].
params[i] .n = MAX_PARALLEL;
params[i].a = a;
b;

params[i].Db
params[i].c = c;
matrix_multiply_child(&params[i]);
trace += params[i].trace_ans;
}
else{
for(i=0;i<MAX_PARALLEL;i++){
params[i].i = i;
params[i] .n = MAX_PARALLEL;

params[i] .

)
]

a;

params[i].b = b;

params[i].c = c;

res = pthread_create(&thread[i],O,matrix_multiply_child, (void *)&params[i]);
if(res !'= 0){

printf ("error is occur");

}
for(i=0;i<MAX_PARALLEL;i++){
pthread_join(thread[i],0);

trace += params[i].trace_ans;

}

return trace;

extern int a_bodyl[]; // D000 OOOO0OOOOOOOOOOOOO
extern int b_body[l; // 00000 UOOOOOOOOOOOOOODOO

main(){
int C_body[MSIZE*MSIZE];

matrix_t a = {MSIZE,MSIZE,&a_bodyl[0],};
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matrix_t b = {MSIZE,MSIZE,&b_body[0],};

{MSIZE,MSIZE,&c_body[0],};

matrix_t c

matrix_multiply_parent (&a,&b,&c) ;

// 0000000000 1000
if (0)4
int i,j;
for(i=0;i<MSIZE;i++){
printf (" ")
for(j=0;j<MSIZE;j++){
printf("%d,",c.m[i * c.n_cols + jl);
}
printf("\n");

}
}
return O;
+
A22 00O
-
cycle fetch dispatch  finish
> 223099323, 543206368, 153694555, 153694553,
> 221262527, 273190776, 153434819, 153434817,
> 219927016, 205019556, 152829087, 152829086,

finish: O0O0OO0O0O0O retire: DOOOOOO

> 219812759, 192139438, 152695282, 152695278,

cycle : 0DOODOODO fetch : OOOODOOODOO

retire

152638266 # AT Num:
152638334 # AT Num:
152638470 # AT Num:
152638498 # AT Num:

0 & N -
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