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Local synchronization facility for shared memory multiprocessors

OsAMU TATEBE! and SATOSHI SEKIGUCHIt

Data-parallel program and pipeline execution are easily programmed in message-passing
style on distributed memory machines, however not easily on shared memory multiprocessors
because the POSIX Pthreads interface does not support primitives for data synchronization.
This paper proposes a design and some implementations of the primitives, and shows pro-
gramming examples with these primitives, which are evaluated on Ultra Enterprise 3000 and
Origin2000. Using the idea to access memory or memory block using 1-write and 1-read data

. synchronization, it is easy to program as well as the message-passing style. To get a low cost
to synchronize, it is necessary to implement with or without atomic operations, however even
though using POSIX mutex locks and condition variables, good performance s achieved when
granularity of computation is large.

1. & U ®ic

A X E BB ERORERICE L TEF S0 753
YR BE, BHERE, FENESERL B8 E R
72%. L#L%A%S Pthreads DXLy K54 75 Y
RPEHBOLODTY 37 4 TIHBEL TV B,
V7 RMEORBEAM, Tty E—I Ny Ly, &
EE | HRESORFFMIET 5 FgRo =007
UIFATERBEL TV A0, FAREEHES 7 —
5 HFN, 4T T4 L BFIRBEOREN ST T T I
ZICIRT A M A,

7= 5 BFICE L TIEABRF TS 2 /%) 7 R
VHND. HEAEYFHERICBEITANY TRMICEL
TIRERELOXHY #5 5. N 7EMIEET = —
XEHZ, 2v b7—2, REOFLERRE LMY
BIEHFTEDLD, KBFAMTHS70T 2 FAkEwn
NL T4 YEFIRB I RIB R SNES <, E}/‘

t EFHAR GBI
Electrotechnical Laboratory, AIST, MITI
E-mail: {tatebe,sekiguchi}@etl.go jp

BREFMICEITEITI SEHTE B, £727— ¥ BFIC
BMLUTLRATRAME B L 21T - L HHEE, £70
FRED LS, TLRMOIR ML TH 2T kD

DAYy PABBGEELLNS,

ERL TR, BRRAMOLOO7) 3571 7 REL,
Pthreads OHiT v 7, 2 EREFA V7258, £
NG RV LR B nwEEL Rt LT,
ENL RV, TIL VAR IZOVWTO TR YT
JYTBIRFRL, RETRE, /5 7 EH O EEE,
SOR KT L 2810 754 VABD 7T 7 5 K OYERLEEE
% SUN Enterprise 3000 (UltraSPARC I 168 MHz),
SGI/Cray Origin2000-(MIPS R1000 195 MHz) %
uxﬁ"). R ’

2. [RATE BN

Are=VRy vy BB point-to-point &{E
T, BERET, RERTEROZ L TXE, SEMO
RRMEL I LHTESD. 7, AvE—UNy D
YT TREEBNY 77, BBy 7 7 ANOERTH Y,
BECHLTRABRTRICREE Ny 77 I3 BEA



HAHBUTHY, TLEEICH L CRFERITUMEE
Ny 7P HERTNEI LRV,

#5 AT ) BREPROHEROBE, RENNY T T,
SENY TP EMTHLENRL, FRFTENIL
TENLDONY 77O —HLERLRY, RAR
T~y FAR R B, OB, -5 OBBIZRV
T — R EEALTED, dEVIEF— 72 HA
AATERP 2V BHFAPEEL AR TILIRY. &
OBFFEE 1-write 1-read ® I-Structures’), 5
VIS T rHAL XL DNy TR T REESE [
HECBITLEHICHNLT S LOTHS, [-Structures
i 1-write N-read O 57— ¥ BETH B, T TR
1-write 1-read & LT, &R & nTWAIThidHAR
Aix7Ov 2L, BERAIN TV B HOPFEAREINT
wWhEFNIEE AR Ty 7T A BEE LTS,

%7, 2oy 7 7% FIFO Fa—lTaIkickh
& XALTEED X »rORBRLER ), ZOKS
®3y 7 71k Q-Structures (ML T 5.

3. BAFFAEIRORE

B R Y £ 5 20101, I-Structures OE
3 ¥ FHEIC A E U 12 presence bit & F%E D b O ERITH
%, presence bit DEFH L X €Y OFHEAHE % atomic
\“§F 2 1T B>, Presence bit OF— ¥ E% I_st &L,
BN F— 7 ICHT 2B ERAL, BABLICHL, BT
O¥LBRERERET 5.
void i_write_int(I_st* i_st, int* addr,

int val);

int i_read_int(I_st* i_st, int=* addr) ;
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void i_write_lock(I_st# i?st);
void i_write_unlock(I_st* i_st);

void i_read_lock(I_st* i_st);
void i_read_unlock(I_st# i_st);
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void i_write_int(I_st* i_st, int* addr,
int val)
{ i_write_lock(i_st);
#addr = val; ‘
i_write_unlock(i_st); . }
2 C, RHEHL 7 ORI EE R TREL D, 53
BREWROT— ¥ KL ARAMTIRZ(, HEF
FHFOLNFNOREICHTHIT Y 7 EPTBILN
T&L*,
%72, I_st QWL HORKL ART 5.
void i_st_init(I_st* i_st); )
= =T i_write_lock() & i_read_lock() [F¢s 24
CcELWESIE 7Oy ¥ T A0, MPl © point-to-
point BEBVTREER TS 2 70 AMOX Y
- VOMEFIIRIESINS.
3.1 Pthreads {C& 3%
EAEWCERL-VRFRASBBIARN N 770
BEE | HRETHHLD, EXTHE22EIN, B
% V\tilﬂl%@ﬁﬂ’i‘%fﬁ?ﬁﬁ Yoy 7 HVEE
TR Lok n A, kw7 AL LHENEY
roREOBRT KT oy 7 2AVRET
3. COB, 70v s LIERICHRMA & O spin-wait +
sleep-wait T 5 EEVFERANTH 57, T ENENRE
A\ sleep-wait T2 B85 57T, RIAMOS 707~
5% I_st Mk LT presence bit L Pfsl#DLDN
Pefay 7, 2 5B ERA, HARATTOY 7 LL
BORODEETEEILEL 25,
typedef struct {
volatile int tag;
pthread_;uutex_t mt;
pthread_cond_t full, empty;
} I.st; k
OB i write_int(), i_read_int() BOTOL)
CERTEE ENTED.
void i_write_int(I_st* i_st, int#* addr,
int val)
{ \ .
_pthread_mutex_lock(ki_st->mt);
. while (i_st->tag != EMPTY)
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pthread_cond_wait(&i_st->empty,
&i_st->mt);
xaddr = val; .
i_st->tag = FULL;
pthread_cond_signal(&i_st->full);
pthread_mutex_unlock(&i_st->mt);

int i_read_int(I_st* i_st, int* addr)
int val;

pthread_mutex_lock(&i_st->mt);

while (i_st->tag != FULL)
pthread_cond_wait (&i_st->full,

&i_st->mt);

val = *addr;

i_st->tag = EMPTY;

pthread_cond_signal (&i_st->empty);

pthread_mutex_unlock(&i_st->mt);

return val;
}
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void i_write_lock(I_st* i_st) {

pthread_mutex_lock(&i_st->mt);

while (i_st->tag != EMPTY) {

pth:r:ead cond_wait(&i_st->empty,
¥i_st->mt); ¢

} .

i_st->tag = UPDATING;
-+ pthread_mutex_unlock(&i_st->mt);
3 . .

void i_write_unlock(I_st* i_st) { :
pthread_mutex_lock(&i_st->mt);
i_st->tag = FULL;

pthread_mutex_unlock(&i_st->mt);
pthread_cond_signal (2i_st->full);
}
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void i_write_lock(I_st* i_st) {
pthread_mutex_lock(&i_st->mt);
vhile (i_st->tag != EMPTY) {
pthread_mutex_unlock(&i_st->mt);
/* pthread_yield() */
pthread_mutex_lock(&i_st->mt);
}
i_st->tag = UPDATING;
pthread_mutex_unlock(&i_st->mt);
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void i_write_lock(volatile int *i_st) {
while(!__compare_and_swap(i_st,
) ‘EMPTY, UPDATING))
vhile(*i_st != EMPTY)
/%% spin-wait *%/;

}

‘void i_write_unlock(int #*i_st)

{  *i_st = FULL; }
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for(i = 1; i < N - 1; ++i)

for(j = 1; j < N ~.1; ++j)

alil[j] = .25 * (ali - 11[j]
+ alillj - 11 + alil[j + 11
+ ali + 11[j1);
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for (t_i = tid * BLK_Y + 1, ist_i = tid;

t_i < N - BLK_Y;
t_i += BLK_Y * nthds, ist_i += nthds)
for (t_j =1, ist_j =
t_j < N - BLK_X;
t_j += BLK_X, ++ist_j) {
i=t_i;
if (t_i > 1)
i_read_lock(&i_st[ist_i-1][ist_jl);
if (i < t_i + BLK_.Y)
for(j = t_j; j < t_j + BLK_X; ++j)
alil[j] = .26 * (ali - 11[j}
+ alil[j - 11 + alil(j + 1]
+ ali + 11035
if (t_i> 1)
i_read_unlock(&i_st[ist_i-1][ist_jl);
for(++i; i < t_i + BLK_Y - 1; ++i)
for(j = t_j; j < t_j + BLK_X; ++j)
alil[j] = .26 * (ali - 11[j]
+ alil[j - 11 + alil[j + 1]
+ali +11[iD;
if A <N -2
i_write_lock(&i_st[ist_il[ist_j]);
if (i < t_i + BLK_Y)
for(j = t_j; j < t_j + BLK_X; ++j)
alil[j] = .25 * (ali - 11[j]
+ alil[j - 11 + a[il[j + 1]
+ ali + 11[1);
if A <N~-2)
i_write_unlock(&i_st[ist_i][ist_jl);
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for (i = 0; i < tid; ++1i)
barrier(tid, nthds);

for (t_i = tid * BLK_Y + 1;
t_i < N - BLK_Y;
t_i += BLK_Y * nthds)
for (t_j = 1; t_j < N - BLK_X;
t_j += BLEK_X)
for(i = t_i; i < t_i + BLK_Y; ++i) {
for(j = t_j; j < t_j + BLK_X; ++j)
alil[j] = .25 * (a[i - 1]1[j]
+ alillj - 11 + ali][j + 1]
+ ali + 11031);
barrier(tid, nthds); ’
}

for (i = tid + 1; i < nthds; ++i)
barrier(tid, nthds);
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NCAS. CAS  sleep-wait spin-wait
Enterprise 1.95 1.62 51.82 5.91
Origin2000 1.75 2.35 84.44 4765
(usec.)
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#R N =20 | NCAS CAS barrier sleep-wait spin-wait
time (msec) | 562.1 29.98 146.3  146.2  156.8 236.2 179.0
. MFLOPS 45.54 53.38 175.0 1751  163.3 108.4 143.0
Enterprise
¥ (1) 1.0 - .96 .96 .90 .60 .79
#HE (2) - 1.0 .82 .82 .76 .51 .67
time (msec) | 160.4 7.928 85.67 93.60  96.89 280.3 11288
- MFLOPS 159.6 201.8 208.8 2735  264.2 91.33 2.268
Origin
#HaE (1) 1.0 - .46 43 41 .14 .00
H (2) - 1.0 .37 .34 .32 11 .00
%3 _SOR oM (2) (N = 320 x 320)
ER N =80 | NCAS CAS  barrier sleep-wait spin-wait
time (msec) | 11345 562.1 2338 2356 2361 2540 2390
E . MFLOPS 36.10 45.54 175.2 1739 1735 161.3 171.4
nterprise
#HE (1) 1.0 - 1.21 1.20 1.20 1.12 1.18
¥ (2) - 1.0 .96 .95 .95 .89 .94
time (msec) | 2421 160.4 759.8  772.8  798.0 990.0 13851
Origin MFLOPS 169.2 159.6 539.1 530.0 513.3 413.7 29.57
& % (1) 1.0 - .80 .78 .76 .61 .04
HE (2) - 1.0 .84 .83 .80 .65 .05
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