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@®User Level ThMB:Thread Management Block
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L1l-Cache

PC : Program Counter DQ : Dispatch Queue
FB : Fetch Buffer RF : Register File
DC : Decoder ROB : Reorder Buffer
TEU : Thread Execution Unit

PCSR : Program Counter Status Register
LTNR : Logical Thread Number Register

0 4.2: OChiMuS PEOOD (D0ODO0OOD /0 NTTOODOOODOODOO DODOO)

RS : Reservation Station

EU : Execution Unit

Addr Calc : Address Calculator
BP : Branch Predictor
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Halt State
(unlabeled)

PDALL
Blocked State

(labeled by LTN)

Normal State

PCS_NORMAL (labeled by LTN)

0 4.3: OChiMuS PEOOOOOOOOOOOOOOOO
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04.1.: 00000000
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432 OO00O0ODOODOOOOODOO
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000000000000 0000000D00D0D000000000000 Scheduler
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Pthread OO0 00O0OO0OO0O0ODOOCOO0ODOOOOOOODODODOOODDOOODOOODOOO
O0O0000OChiMuS PEOOODOOODOOOOOOOOOODODOODODOOO
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000000000 MULITh ODODOODODODODOODO0DOOODDODOPOSIX
Thread[14][16](0 0 O PthreadD 0000000000000 O0OO0DOOOOOOOCO
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0 4.2: MULIThOOOOOOOO Pthread OO

Pthread 00O oo
pthread_create goooog
pthread_exit oooooo
pthred_join gbooooobod

pthread mutex_lock gogooooogooo
pthread mutex_unlock | DO OUOOOOOOOO

pthread_cond wait goobooboood
pthread_cond_signal gogoooooad
pthread_self gbobooboobooooboobooooogn

0000000000000 00000D00O0000D000o0OPthread 00000DO0OOO
gogoobobboooouoooobobboooooobbbooooobobbbooogon
gooboboooobbbooobbbooobobobuoooo
000000 Pthread D000 4200000 44000000000000000
gogooobobooooouobobbibdbio0oou0bibiUpthread_create U OO

/// 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 Ip OO
th_t pthread_self(void);

044: 0000 Pthreed 000000 OOOODO
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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++){
nli] = i;
pthread_create(&th[i],0,thread_func,&n[il);
}
for (i=0;i<THREAD_NUM;i++){
void *res;
pthread_join(th[i],&res);
}
}

045 0000000DO0OO0OOCOOOODOOOODOOOD

O0b0b0O00bbO0o0bbO0bO0OOpthread_exit UODOO0OODOOO0OOOOODOODODO
pthread_join 000000 COOCOOO0O0O0O00OOOCreator000 00000 OO CreateedO
ooboo
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000004600 MULIThOODODOODODOODODOODODODOODOODOOODOO
0000000000000 0000D00D00Do0oDooooooooogogoMULITh
gobobbooooobooooboboooooooboooobobooooboboboooooo
ooooodoouooouoobooouoooooooooooobooouooon
ggooboboobboodoooobobbodoooobobbboooouobbbbobooooo
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000000000000000000000(ThMB: Thread Management Block) O 0
OO0OThMBOOOOOODODOOODDODOOODODODOOODOOOOOOOOOODODOOOOO
O00000000ooO00oooooooThMBOOOOOOODOOODOOOODOOOO

MULITh OOOOOOOODO ThMBOOOOOOOOOOOOODODDOOODOOOOOOO
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MULIiTh(Library)

Ready Threads List Free LIN List
/ [/

( Thread Management Blocks \Z /
(1B ) ( ThMB \( ThMB ) ( ThiB Y[

ThMB\ mutex

variable

kReady) \Ready) \Freej \Freej \BlOCkeé

1B \( ThMB ) ( ThMB Y ( ThiB ) ThiB ) :condition]

R RUN variable
() (B )\ Bun ) REockes

LTN:point Thread s ThMB address

[ | [

)([E@)(EED
AT AT AT AT

OChiMuS PE(Processor)

O46: 00000000

0000000000000 0O0 ThMBODOODOODOOOODOODODOODOOOOODOD
goboboogooobuoooooooad

gobboogoobbbooooboboooobbbooobbbooooboboboooonon
0000000000000 00000D00O00D00O000Oo0oOooOooDCcOoDoDoDOooDoOoO
gooood

typedef struct{
ThreadContext context;
ThreadAttribute attr;

}ThreadManagementBlock;

O00000bO00DO0OO0bO00O00b000DO0oO0DO0 LTINOODODODOoOoDOoOoDbO
goobboooobobboooobooboobooooooboogooboboooobobbooooobo
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pthread_t pthread_self (){
int ret;
asm("mfc2 %0,$2"
: "=r" (ret)
);
return ret;

}

O 4.7: pthread_self 00O OO0

OOLTNODOODODODODOOOODOODOO0O0OO00O0OLTNODODODOODODODOODODOoDOoDOoO
gooboboooobobboooobobbooobobboooobbboooobLbboooob o
U0oboDboO00ooubioD pthread_self UUUOOOODODOOOOOOOOOOOO0OO
gobobboooobbboooobbboodbooboooobboooobobbooonoon
gooboooooo
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gooboboooobobboooobobboodbobboooobbboooUbLbboooob o
gobobooooobuoooboooood

gobboboooobbbooooobbboodn pecSHALTUOODODDODOOOODODO
oocCcpUOODOOOOODODOOOOODODOODOOODOOOOODOOODOODODOODDOO
gobobboooobobbooooobooboooooboboooobbboooobLboboooobo
gobobbooooboboooobooooooooboooooboboooobobbuoooooo
goobboooobobboooobobboodbobboooobbboooUbLbboooob o
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gobobboooobobbooooobooboooooboboooobbboooobLbbooooono
goboboooobbboooobbooooboooo

Pthreaed OODO0O0ODODOOOOOOODOODOODOODOODOODOOODOODOODOODODO
uooboodoobobooooboboooobbbooobnbbooonoboog
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00 [26)00000000000000O00DO00D0OD0O00O0UO0OO0UDODOOOOOO
00000000000000000*®000000 SMTOOO0OO0O00000000000
ooobooooboboooooboboooooboboooobooboo
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goboobb0o000oooobobbbDbbO00Un pthread_create UOOOOODODODO
dddddddoouououooouog pALLcObbobboboboooobbboooooo
gobobobooooboboooooboobooooooboooobboooobLbbooooobo
goood

gobobboooobobooaon

1. 0000 ThMBOODOOOO (LTN)OOODOD (DO00DO0DO0O0O0OODODODOOOOOOD)
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(i) Success 'PALLC' instruction

T1 ¢JIhread Creation Procedure,
AT1
|: PALLC FWD PUBLK
T2 Success T2 T2
AT2[ 56s HALT PGS BLOCK T2 start . PCS NORMAL

(i) 'PALLC' instruction Fail (No Architecture Thread in PCS_HALT)
[ATT] T1 <lhread Creation Procedure >

PCS NORMAL
—>Time

048 0000000O0DOCOOOOODODOOO

goobboooobobboooobobboodbobboooobbboooUbLbboooob o
uooboooobbboooobbooooboobooboa

0480 (ii))00(4)0000000000PCS. HALTODOODOODOODDOODDOODOOOO
PALLCOOODODODODODOOODODODO T20 ThMBOODOOODDODODODOODOO
ggoobboobobooooooobbooogoobobbobobbooooobbboooooo
goodoobbooodopALLCOOU0OOODOODOODOODOOO0UOODODbLDDODObOOOOOOD
goo

U0D0D000O0b0D0O000DDpthread_exit 00O OOOOOOOODOOOOODODO
0000000000000000*0

goboboooobbooan

1. 00 LTNODOODOOOOoOoOOo LrNooo
2.00000000b000D
3. 000bgooboo

OO0 LTNOOOOODOOOO LINOODODDOOOOOoOoo LINOODO ThMBOOO

* 00000000000000000000000000000 pthread_join 0000000000000
gooooo
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dodgogoooobobboboboboobooobobooddddddodoooooooooo o oo
goboboooooobod

dddoooooooobobobbbbobboboooboooodooowooboobboboo
U poALLO00000C0000C0COUUCOLUUUUUUUUUUULULUOOOLDDOD D
gooooogn

U0bo0oboob0ooboobodobdbO pthread_yield OO OODOODODOO
goboboooobobuooooboboooobobbooooboboo

goboboboogobbtbooooboboooobbbooobbboooobLobobooooooD
O0000000000000000000000DDO000O MIPSOOOOOO LLOSCOO
goobbooouobbboooobbog
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goboboboooobbboooobobboooobbbooobbbooobLbbooobLbo
gobobooooobooooboobooboooooboboooobboooobLbobooooobo
gobobboooobbboooobbbooobooboooobboooobobbooonoo
ggotbbboooodoooobbbodooobbbooooobbobooogoboo
OOMULIThODDODOODOOOOOOOOOOOODOOODOOOOOOOOODOO

gobboooobbtooooboboooobbbooobbbooooboobobuooooooD
O000000o0b0ooo0bOo0obOb00o0ob0o0oDb0o0obDbO0o0ob0DbO0o0obOo0oD PALLCE
uooboodoobobtooooboboooobbbooobnbboooonoboog

gobbooooooodbobooobbuooobboobobooobbood pPALLCOD D
gobobbooobbboooobobboooboboboooobboooUbDbboooob o
gooboboooobbtboooobobboodbobboooobbboooUbLbboooob o
gobobboooobobooooboboboooooboboooobboooobLbbooooono
0000000000000 000000000000000D00O00O0000 (EAGAIN)
0000000000000 00O0DO00bO0O0bO00bO0ODO0ODbO0O0OD0ODOODO 4.9

0000000o0o0oo0oooUooo ThMBOOOOO (LTN)OOOOOOODOOOOO
gobobboooobbboooobooooooooboooobobooooboobobuoooooo
00000000000 LTNODODODOOOOOOOOoU0OOOooooooboobobooboo
OOooooo 4.10m
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44 000000000 MULiTh 44

Situation: 'PALLC" instruction Fail (No Architecture Thread in PCS_HALT)

(i) Normal Thread Creation Process

. . |
‘Thread Creation Procedure Creation is Success!

>

T4
[aTT] pALLC PULT2 in Ready Thread List

AT2)
PCS _NORMAL

Creation is Failure!

(ii) Fine Grain Thread Creation Process error code: E_AGAIN
>

IE T1 <lhread Creation Procedure

Fail

PALLC Don't Put T2 in Ready Thread List

PCS_NORMAL

—>Time
04.9: 00000000000

gobobbooooboboooobooooooooboooooboboooobobbuoooooo
goobboooobobboooobobboodbobboooobbboooUbLbboooob o
gooood
goboboboooobboooobobooooobbbooobbooooboobobuoooooo
gobobobooobbboooobobbooboboboooobDboooUbDbboooob o
gooboboooobbboooobobboodboboboooobbboooobLbboooob o
gooboooobbboooobboooobooo

445 0O00000O0OOOO

goobobobooooboboooobooboooobobbooobobbooooobnoog

1. pthread_mutex_lock U0 UODOOOOOOOOODOOO
2. pthread_join U0 O0OO0OO00O000O0O0O0O0ODOODOOOO
3. pthread_cond_wait 0000000000 0OOOOOOOO
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Cache ThMB

Allocate ThMB Recycle ThMB Recycle ThMB
Fail Thread Creation Fail Thread Creation

Success Thread Creation

T1
|AT1I
PALLC . PALLC PALLC

T3 { Fail T4 Fail T5 Success

T2
[AT2) PCS_NORMAL T
—>Time
0 4.10: 000000 O0ODOO0OOO ThMBOOOOOODOOOOO

(i) Spin lock > Time

1 Lockl Spin Lock
|AT1 I NANANAAN

T2(Lock owner) T

AT2 Unlock and set Lock variable

(ii) Thread Switching  11eaq

Lock i
N T1 Scheduling T3

IET2(Lock owner)

(iii) Using Block state

Unlock and T1 put on Ready Queue

Lock l PBLK T1
AT T1 ~___PCS_BLOCK PCS_NORMAL
IE T2(Lock owner) T PUBLK T1

Unlock and PUBLK

O 4.11: Mutex Lock DO OO0
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000000000000000(1)00000000000000000(2),(3)000
000000000000000000000000000000000000000000
0000000000000000000000000000000000000000
OChiMuS PE 000000000000 PESBLOCKOOOOOOOOOO0OOO0O0O
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O 5.2: Performance of Fine grained thread creation

Execution insns
Normal thread creation 102
Report failure 62
Report failure and cache LTN 26

Unit is instruction number.

0 5.3: fib(25) 00000

Execution time | Speedup ratio
Serial Execution 2522604 1.00
With normal MULiTh 10698075 0.25
Using support of fine-grain thread creation 2032359 1.24
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void *fib_th(void *p){
return (void *)fib((int)p);

}

int fib(int n){

if(n <= 2)
return 1;
else{

pthread_t ti1;
int al = 0, a2 = 0, err;
err = th_create_fg(&t1, O,
fib_th, (void*)n-1);

if (err == E_AGAIN)

al = fib(n-1);
a2 = fib(n-2);
if(al == 0)

pthread_join(t1, (void*)&al);

return al+a2;
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