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Primitives for Shared Memory and Its Implementation with GCC

MASAHIRO YASUGI, it JUN TAKADA,! YUSUKE TABATA,'
TSUNEYASU KoMIvAt and TAIICHI YUASAfT

There are various architectures for shared-memory parallel computers in terms of proces-
sors and memory models. High-level programming languages for parallel processing are quite
useful to develop reliable, reusable and efficient applications on various parallel computers
by concealing their architectural difference. Compliers for high-level languages may directly
generate assembly code, but they are implemented more easily by employing C language as
an implementation language and using C compilers to generate processor-dependent code. In
C, however, we cannot directly describe atomic operations and memory orders for the shared
memory; we have to use library routines or asm statements, resulting in poor portability and
lower performance. We designed an extended language to C with primitives for shared mem-
ory to obtain better portability and performance. On the other hand, in order to promote
those primitives, it is desirable that they are available on the conventional system. Thus, we
implement the slightly modified version of the primitives with GCC’s extended functionality.
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atomic_add(*s, v) =

Lretry: load [s],d
add d,v,n
cas [s],d,n

br_fail Lretry
;3 =do{d=%s ; n=4d+ v;
53 }while( cas(*s, d, n) == fail );

01 casO00000O000O0O0O0OOO0ODO
Fig.1 Atomic addition by cas instruction.

cas(*s, o, n) =

Lretry: 11 [s],d
br_ne d,o,Lfail
sc [s],n
br_fail Lfail

Lsucess:

Lfail:

55 =L d=11(*s);
s if(d '= o) return fail;
s else return sc(*s, n); }

02 1000sc00000 casO0000O00DOOOOOO

Fig.2 Implementation of cas instruction using 11 and sc

instructions.

o00o0O0ooooooobOOoUOooUoooooDoooo
oooooouoooooooooo

2.2 00000

0000000 1000000000000000
000oooO0o00o0o0ooooooooooooodg
000000000 400000000000000
0000000000 0ooooDooooooooon
000000000000 0o0O0OdodPentiumO
OO0 leckOOOOODOOODOODODODOOOODO
0 0 0O Pentium O 0 O 0 OBTSO bit test and set0 0
ooINcOODOADDOOOOO lockOOOOOOOO
o0od0oooU0oUooOooooooooooUoDon

000000000ooo0ooOoOOooooooooo
000ooooO0oU0ooUooooooooooooog
O compare & swapOO OO0 00 casO00000 000
0000000000000 load linkedO linked0 O
O lockedM reserve D00 000000000000 11
O0O0DO0O000OO000DO0O0 store conditional ™
00000 scO00O00OOO0OOODOOOOODODOO
oooooog

O000o0ooooooooooouoooooooo
O0O00O0UOcasO0DO0ODOOODODOOODODOOODOO
0000000 O0oooooooooooooooon
00oo0ooooooooooooooooooog
gooooooOo0oooOoOo0ooooOoooom
Pentium 0 SPARC-V9O OO0 casO000000ODO

atomic_add(*s, v) =
;53 =do{d=%s ; n=4d+v;
i3 }while( cas(s, d, n) == fail );

Lretry: load [s],d
add d,v,n
11 [s],d2
br_ne d2,d,Lretry
sc [s],n

br_fail Lretry
;5 =do{ d=x%s ;n=4d+v;
HHN d2 = 11(*s);
HHN if(d2 != d) continue;
HA }while( sc(*s, n) == fail );

03 1N000scO000 casO000000D0O0OOODODO
Fig.3 Atomic addition by 11 and sc instructions instead

of cas instruction.

atomic_add(*s, v) =

Lretry: 11 [s],d
add d,v,n
sc [s],n

br_fail Lretry
;3 =do{ d =11(*s); n =d + v;
;5 Ywhile( sc(*s, n) == fail );

04 lNO00O0OscO0O0000O0O0O0OOCDODODOOOOD
Fig.4 Atomic addition by 11 and sc instructions.
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P1 P2
{ {
*p = 10; while(*f == 0);
*q = 20; (membar;)
(membar;) rl = *p;
*f = 1; r2 = *q;
} }

06 200000000000000000000
Fig.5 Communication/synchronization between 2

pOrcessors.
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Fig.6 Atomic access primitives for synchronization
variable.
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Fig.7 Memory barrier primitives.
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(lock O) ::= lock-t

(try-lock ) ::= try_lock((0 0 0O))

(spin_lock ) ::= spin_lock((0 0 O));

(release_lock 0 ) ::= release_lock((0 0 O));
O

(try-lockO):int (0O0O): lock-t

oo
rwlock 0 ) ::= rwlock-t

(
(try_rlock O ) ::= try_rlock((0 0 O))
(spin_rlock 0 ) ::= spin_rlock((0 0 O));
(release.rlock 00 ) ::= release_rlock({0 0 O));
(try_wlock O ) ::= try_wlock({O O O))
(spin_wlock 0 ) ::= spin_wlock((0 O O));
(release_wlock [ ) ::= release_wlock({OJ O O));

]

(tryrlockO) : int
(000) : rwlockt

(try_wlock O) : int

08 000000000
Fig.8 Lock primitives.

/* writer */

vn = obj->vn;

atomic_write(obj->vn, 0);
start_write(obj->f1, obj->f2, obj->£3);
obj->f1 = f1;

obj->f2 = £2;

obj->f3 = £3;

finish_write(obj->f1, obj->f2, obj->£3);
atomic_write(obj->vn, vn+2);

/* reader */
do{
do{
llbar(obj->vn : obj->vn);
vn = atomic_read(obj->vn);
}while(vn == 0);
start_read(obj->f1, obj->f2, obj->f3);

f1 = obj->f1;

£2 = obj->£f2;

£3 = obj->f3;

finish_read(obj->f1, obj->f2, obj->£3);
}while(atomic_read(obj->vn) != vn);

09 000O0O00O0OO0O0O0ODOO0OOOO0O0O0DOODOOO0DOOO0OD
oo
Fig.9 Consistent data structure reading/writing using

version number.
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/* processor 1 */
atomic_write(al, 1); atomic_write(a2, 1);
slbar(al:a2); slbar(a2:al);

v = atomic_read(a2) v = atomic_read(al)

/* processor 2 */

010 DekkerO0OOO0OO0OO0OODO
Fig.10 Dekker’s algorithm (part).
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struct sl { lock_t lk; int a; double b; };

void trans_half(struct sl *x1, struct sl *x2,
double *hh){

spin_lock(x1->1Kk) ;
start_read(x1->a, x1->b);
spin_lock(x2->1k);
start_read(x2->a, x2->b);
{

double b = (x1->b), h = b * 0.5;

x1->b = b - h;

x2->b += h;

*hh += h;

x1->at++; x2->a++;
}
finish_write(x2->a, x2->b);
release_lock(x2->1k);
finish_write(x1->a, x1->b);
release_lock(x1->1k);

011 0O000000O00O0O0O0O0O0

Fig.11 Access to variables with acquired lock.
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do{
v = count;
}while(cas(count, v, (v+i)%N));

012 0000000000000
Fig.12 Atomic addition in residue ring.

/* push elm at the head */
finish_access(*elm:*elm);
do{
elm->next = h = list_head;
finish_write(elm->next);
}while(cas(list_head, h, elm));

/* pop elm at the head */
do{
elm = atomic_read(list_head);
start_read(elm->next);
}while(cas(list_head, elm, elm->next));
start_access (*elm:*elm) ;

013 0000000O000O00OOODOOOO/00
Fig.13 Atomic insertion/extraction of a list element at
the list head.
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#define lock_t int

#define try_lock(loc) cas_int((loc),0,1)

#define spin_lock(loc)\

do{int *_loc=&(loc);\
while(try_lock(*_loc))1llbar() ;}while(0)

#define release_lock(loc)\
atomic_write_int ((loc),0)

#define rwlock_t int

#define try_rlock(loc)\

({int *_loc=&(loc), _c=atomic_read_int(*_loc);\
((_c<0) || cas_int(*_loc,_c,_c+1));})

#define spin_rlock(loc)\

do{int *_loc=&(loc);\

while(try_rlock(*_loc))llbar() ;}while(0)

#define release_rlock(loc)\

do{int *_loc=&(loc), _c; do{_c = *_loc;}\

while(cas_int(*_loc,_c,_c-1));}while(0)

#define try_wlock(loc) cas_int((loc),0,-1)

#define spin_wlock(loc)\

do{int *_loc=&(loc);\
while(try_wlock(*_loc)) llbar();}while(0)

#define release_wlock(loc)\
atomic_write_int ((loc),0)

014 0D0OO0O0O0O0DOOODOOOOOOOOOOOD
Fig.14 Lock implementation using atomic access

primitives.
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atomic_add(s, -1);

// = do{ int v = s; }while( cas(s, v, v-1) );
// or

// = mutex_lock(sl); s--; mutex_unlock(sl);
while(s > 0);

015 000000000000D

Fig.15 Barrier synchronization by atomic addition.
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