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A Virtual Parallel Machine for the Steal-Help Evaluation Strategy

TAKAYASU ITOt and SHINYA MIYAKAWA'

Steal-Help Evaluation (SHE) has been proposed to implement an efficient parallel Scheme
system. Eager Task Creation (ETC) is usually used as a parallel evaluation strategy to im-
plement parallel systems, but ETC is not necessarily efficient, since it incurs the problem of
excessive process creation. In SHE, expressions to be evaluated in parallel are pushed into a
stack called “SST”. Under a shared parallel architecture a processor called “home processor”
evaluates an expression, obtaining it from the top of the SST, and when some idle proces-
sor is available, it steals an expression in the SST from its bottom for parallel evaluation.
SHE is known to be an efficient parallel evaluation strategy that suppresses excessive process
creation, based on lazy creation of concurrent tasks. We propose a virtual parallel machine
called “SST machine” with operations on the SST to implement SHE. It is designed to equip
“push”, “pop”, and “steal” instructions, together with additional instructions such as “copy”,
“save”, “flush-out” and others. The SST machine can be used to realize SHE-based parallel
systems, together with use of evaluators for expressions that reside in tasks created by SST
machine operations. The SST machine instructions are implemented as C libraries to allow
their use in various platforms. Then, we report their experimental results, including their use
in implementing a parallel Scheme system.
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Fig.1 A structure of SST.
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Fig.2 A parallel system based on the SST machine.
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Fig.4 A “pop” operation on SST.
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Fig.5 A “steal” operation on SST.
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1: obj-t pcall_args_ev(obj_t argl, obj_t env)
2 {

3 int ¢ = length(argl), i;

4:  void* share_info[] = {env, c};

5: obj_t tmp = argl; sobj_t obj[c];

6:  for i=0;1<c;it++) {

7 objli].exp = tmp;

8: obj[i].share_info = share_info;

9: tmp = cdr(tmp);

10:
11:  while ((c——) > 0) SST_push(SST[SM], obj + ¢);
12: pcall_home_eval(share_info);

13: return argl;

14: }

06 pcall000DDDDODODOOOO
Fig.6 An initialization of pcall.
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1: void pcall_home_eval(void **share_info) 1: void pcall_steal_ev(void)
2: { 2 {
3 sobj_t *objp; obj_t val; 3: int i;
4 do { 4: sobj_t *objp; obj-t val, void **share_info;
5: SST _pop(SST[SM], &objp); 5:  for (i = 1;1 < SMN; i++) {
6 if (objp) { 6: SST_steal(SST[(SM + i) % SMN], &objp);
7 val = EVAL(car((*objp).exp), share_info[0]); T if (Objp) { ) )
8: set_car((*objp).exp, val); 8: share_info = (*objp).share_info;
9: 1 else { 9: val = EVAL(car((*objp).exp), share_info[0]);
10: while (share_info[1]) pcall_steal_ev(); 10: set_car((*objp).exp, val);
11: return; 11: share_info[1]——;
12: } 12: break; }}

13: return;

13:  } while (——share_info[1]);
14: return;
15: }

07 pcalJ0000000000OOOOOODO
Fig.7 Evaluations of arguments of pcall by a home

processor.
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Fig.8 A steal evaluation of an argument of pcall by a
helper.
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struct sst {

data_t *stp; // top pointer.

data_t *sbp; // bottom pointer.

data_t tslot[]; // slots pointed by a top pointer.
data_t bslot[]; // slots pointed by a bottom pointer.
int slots;  // number of slots.

int smy; // name of a locked submachine.
mutex_t mutex;} // mutex variable.

09 SSTO CcOOO
Fig.9 A C structure of SST.
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01 SSTOOODOOOODOOO0O0D0OD
Table 1 Library functions of the SST machine.

int SST_push(sst_t sst, data_t data)

int SST_pop(sst_t sst, data_t* reg)

int SST_steal(sst_t sst, data_t* reg)

int SST_palloc(sst_t sst, ssp-t* reg)

int SST_ref(sst-t sst, int m, data_t* reg)
SST_refp(ssp-t ssp, data_t* reg)

int SST_del(sst_t sst, int m, data_t* reg)
int SST_delp(ssp-t ssp, data_t* reg)

int SST_save(sst_t sst, int m, data_t data)
int SST_savep(ssp-t ssp, data_t data)

o+

in

int SST_copy(sst-t sst, csst_t* reg)

void SST_restore(sst_t sst, csst_t copy)

int SST_copy_-ref(csst_t copy, int m, data_t* reg)
int SST_copy-save(csst_t copy, int m, data_t data)
void SST_lock(sst_t sst)

void SST_lockp(ssp-t ssp)

void SST_unlock(sst_t sst)

void SST_unlockp(ssp-t ssp)

void SST_flush(sst_t sst, int m)

void SST_flushp(ssp-t ssp)

void SST_flushall(sst_t sst)

02 0J000000O0OODOOoOoOoooobooooo
Table 2 Functions of scheduled stealing operations.

int SSTM_steal(sstm_t sstm, sst_t sst, data_t* reg)
int SSTM_checksteal(sstm_t sstm, sst_t sst, data_t* reg)

000000 sstm O SST O SSTo,...,SSTh_1
000 n 0OO000O0SST,0000000000
SSTMsteal 0 00000000000 O0000O0O
(a) SSTyi1,...,88T,—1,88To,...,SST;—1 OO

00SSTsteal 100000
(b) 000000000 OOOO0OO0OOOOO0
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000 () 000000000000000000
SSTM _checksteal 0 O OO0
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00000000000SSTO0000000000
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isp/MT¥® 000SSTOOOOOOOOOODOO OO
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goo0o0oO0o0oooooooboooog
SSTM-_checksteal(sstm, SST[SM], &objp)
sstmO00 40000000 SSTM.nit0OOOOO0OOOOn
00 SSTOOOODOO0O0DO0oO0ooooooooooooo

Apr. 2003

03 OO0O0ooooooooboooo
Table 3 Functions for freeing memory area.

void SST_pfree(ssp-t ssp)
SSTOOODO ssp0000000O0O0OO0OODOOOO

void SST _copy-free(csst_t copy)
SSTOOUOD copy DOODODO0OOODODODOODODOOODOD

04 SSTOOOOOODOOOOOOOO
Table 4 Functions for administration of the SST machine.

sstm_t SSTM_init()
SSTOOOO0O0DOO0O000o0o0oooooo00oooooo0on
goooooooooboooooooboooo

void SSTM_exit(sstm_t sstm)
SST OO00DDO000000000 sstm O0000O0DDO
go0oobooOoooobooooooo

sst_t SST_alloc(sstm_t sstm)
SSTOOO0O0O0O000D0000 SSTOO0OooOooo0o
0000 sstmO00000SSTOOOOODO

int SSTM_subcreate(void* start, void* a)
start(a) 00 0000000000000 0O0ODOODOO

000 SSTODOOOO0000D00000000000
0000 SSTOOOODO000O000D0000000
0000000000SSTOOO0D00000000
00000 SSTOOO0D000D00SSTOO0D000
000D0000000000000

(4) 0OOODO
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00D0SSTO 0000 SSTOOOODDO 3000
000000000000000000000

(5) SSTOOOOOOOO
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00000000000000000000SSTO0
000000000000000000000000
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040000000000000000000000
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05 SSTOOOOOODOOOODOOODOODOOODOOO
Table 5 Parallel machines on which the SST machine

library is implemented.

gooo goooooooooos
Enterprise4500 UltraSPARC II 360 MHzx 80
8 GBO Solaris2.6
PRIMEPOWERG600 | SPARC64GP 450 MHzx 80
2 GBUO Solaris8
TX7/AzusA Itanium 800 MHzXx 160
32 GBO RedHat Linux

06 SSTOOOODOODOOOOOODOO
Table 6 Costs of functions of the SST machine library.

oooog ooo 000 [wsec]
EP PP X

Cpush SST_push 0.387 | 0.134 | 0.266
Cpopo SST_pop 0.055 | 0.017 | 0.038
Cpop1 0.314 | 0.113 | 0.248
Cstealo SST _steal 0.055 0.017 0.039
Csteall 0.329 0.118 0.256
Challoc SST_palloc 0.121 | 0.082 | 0.066
Chref SST _ref 0.056 0.033 0.050
Crefp SST_refp 0.092 | 0.056 | 0.111
Clael SST_del 0.316 0.124 0.232
Cldelp SST_delp 0.384 0.141 0.286
Csave SST _save 0.082 0.038 0.045
Csavep SST _savep 0.154 0.051 0.108
Cleopyd 0 0O SST_copy 9.882 7.206 2.815
Crestd O 0| SST_restore 2.710 1.133 1.895
Ceref SST _copy-ref 0.040 0.023 0.037
Cesave SST _copy-save 0.037 0.022 0.035
Clock SST _lock 0.367 0.145 0.245
Clockp SST _lockp 0.391 0.161 0.273
Cunlock SST_unlock 0.082 0.046 0.055
Clunlockp SST_unlockp 0.096 0.047 0.058
Crlush SST_flush 0.308 0.098 0.220
Crlushp SST_flushp 0.314 0.127 0.287
Cflusha SST_flushall 0.392 0.096 0.212
Chfree SST_pfree 0.046 0.035 0.037
Cefree SST_copy-free 2.472 1.677 1.772
Clalloe SST_alloc 37.943 | 24.043 | 7.336
Cinit SSTM._init 1.693 1.007 0.441
Cezit SSTM_exit 0.885 0.605 0.441
Csereate SSTM _subcreate | 185.976 | 179.432 | 119.845
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(define (pfib n)
(if(< n2)n
(peall + (pfib (= n 1)) (pfib (= n 2)))))
010 pfibO0OO0ODO
Fig.10 A pfib program.

07 ODOO0oOoOoOoOoOooo
Table 7 Results of executing benchmarks.
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(407) (48,022)
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Fig.11 Speedup-rates of benchmark programs.

0 8 flush-out 0 OO
Table 8 An effect of a flush-out operation.

0o 16 17 18 19
0o 1.210 | 0.503 | 2.309 | 2.448
flush-out 00 | 0.162 | 0.124 | 0.649 | 0.404
0 a0 (905) | (1071) | (1519) | (1621)
[61] [69] [76] [75]
flush-out 00 | 0.183 | 0.145 | 0.896 | 0.599
0 bO (0) (0) (0) (0)
[71] [80] [101] | [102]
ObO/0a0d | 1.13 | 1.17 1.38 1.48

[sec]
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