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Task Parallel Framework and Its Application in Nested Parallel Algorithms on the SW26010
Many-core Platform

SUN Qiao, LI Lei-Sheng, ZHAO Hai-Tao, ZHAO Hui, WU Chang-Mao

(Laboratory of Parallel Software and Computational Science, Institute of Software, Chinese Academy of Sciences, Beijing 100190, China)

Abstract: Task parallelism is one of the fundamental patterns for designing parallel algorithms. Due to algorithm complexity and
distinctive hardware features, however, implementation of algorithms in task parallelism often remains to be challenging. On the newly
SW26010 many-core CPU platform, a general runtime framework, SWAN, which supports nested task parallelism is proposed in this
study. SWAN provides high-level abstractions for programmers to implement task parallelism so that they can focus mainly on the
algorithm itself, enjoying an enhanced productivity. In the aspect of performance, the shared resources and information manipulated by
SWAN are partitioned in a fine-grained manner to avoid fierce contention among working threads. The core data structures within SWAN
take advantage of the high-bandwidth memory access mechanism, fast on-chip scratchpad cache as well as atomic operations of the
platform to reduce the overhead of SWAN itself. Besides, SWAN provides dynamic load-balancing strategies in runtime to ensure a full
occupation of the threads. In the experiment, a set of recursive algorithms in nested parallelism, including the N-queens problem,
binary-tree traversal, quick sort, and convex hull, are implemented using SWAN on the target platform. The experimental results reveal
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that each of the algorithms can gain a significant speedup, from 4.5x to 32x, against its serial counterpart, which suggests that SWAN has
a high usability and performance.
Key words: task parallel framework; parallel computing; nested parallel algorithm; SWAN; SW26010 many-core CPU
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Fig.1 Architecture of a SW26010 many-core CPU
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Fig.4 Speedup of the parallel N-Queens problem against the serial reference on the MPE
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Fig.6 Speedup of the parallel quick-sort algorithm against the sequential gsort in C standard library
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Fig.7 Demonstration of the recursive convex-hull algorithm
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Fig.8 Speedup of the parallel convex-hull algorithm against the MPE sequential convex-hull algorithm
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MR 1.2 F SWAN HEZR LI FHAT IRIEHE F

AR A B BRANTERT M SWAN HEZL Y S (1 AT Bt HE PR | A SC“Qsort_SWAN_MPE.c” il
“Qsort_SWAN_CPE.c”43 5130 3% T 24T T MPE Fl CPE _L [ AR AL, £ €6y vy 5 35 40 [ 75 1) /2 SWAN HE 22 32 £4E (1) API.
BAVE R SWAN 7T LA B P 17 i b 308 R 3 22 5 A 15 AT PRl e 1 AR ARID 45 40 5 B AT I VIR e v
A

(Qsort SWAN_MPE.c Qsort SWAN_CPE.c
1 #include “swan_gsort.h” -'Izn"lnclude “swan_gqsart.h”
3 extern void slave_swan_partition_task(Swan *, void *); 2 void swan_partition_task(Swan “swan, void "arg){
4 void swan_gsert(Swan "swan, double” array, int length){ 4 PartitionArg “arg par = arg,
5 double *work space = malloc(sizecf{double)*length); 5 double "array - arg par->src;
6 PartitionArgMew argPartition & double *work_space - arg_par->work_space;
7 partition_arg_new(work_space,array, length,0); | 7 intlen = arg_par->length, )
8 swan_MPE_insert_async_task 8 int pivot_idx = arg_par- > pivot_idx;
9 (swan, slave swan_partition_task, argPartition); 9 int nsmaller, nlarger_eq:
10 swan_spawn(swan); 10 nzmaller = bipartition{array, work_space, len, pivot_idx);
11 swan_join{swan); 11 nlarger eq = len - nsmaller;
12 free(gsotArg) 12 if(nsmaller < TASK_SORT_NELEM_THRES)
13 free(work space); 13 QsortArg "arg_sort qsort_arg_new{array, nsmaller);
14) 14 swan_ CPE insert_async_task(swan, swan_sort_task arg_sort);

15 }
elzef
17 PartitionArg *arg_par = partition_arg_new(work_space, array, nsmaller, 0);
18 swan CPE_insert_async_taskiswan, swan_partition_task, arg_par);
19 }
20 if{nlarger_eq < TASK SORT_MELEM_THRES){
21 QsortArg *arg_sort qsort_arg_new(&array[nsmaller«1], nlarger_eq-1);
22 swan_CPE_insert_async_task(swan, swan_sort_task, arg_sort);
)

elsef
25  PartitionArg *arg_par = partition_arg_new(8work_space[nsmaller+1].
26 &array(nsmallers 1], nlarger_eq-1, 0);
27  swan_CPE_insert_async_taskiswan, swan_partition_task, arg_par);

Fig.A Parallel quick sort programme using SWAN framework
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A B FRATRIL T {8 A SWAN HEZL S I 1 J AT Y ALRE P 5 I 5% 1 Hp 10 4T B R P 25 8L, SWAN 75 B
FE P AT A6 T M A SR AR BV (320 VA 45 4 AR B A3 0 R I 2 /e ) B R BRLI¥I“SWAN_ Convex_Hull_CPE.c” 3
o TR SRR AT M BTT 4 slave_convex_hull_task 75ZEURE AR TAT 45 2 T HR IR 2 A RE vk A 1) 4 Bt
P B d5 8 A (AT 17). BB ST 45 T R I R T FAT 45 1 58 A Bk 1 T SWAN HEZR 6 Bt |- R SCIRAE M AT 55
RS A3 11 (47 14~17 19), %00 72 BE 05 15 LS DL 76 £ AR AT 45 2 Wi, FH 7 4 “swan_save_variable()” B % ic 5t < i
R SE B UT 16). % AT 4 B F R AT I R PR R O AT 14 BBk 24T 18 4R EEPAT ORI B S
BT 19).
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'SWAN_Convex Hull MPEc

1 Winclude “convex hull swanh”
2

3 extern void slave_convex hull task{Swan *swan, void *“task);

4 Paint_set “g _ret;

5 swan_mutex t *g set mutex;

q Paint_set® swan_convex_hull(Swan "swan, Point_set "src_set)|
CH task argarg 1, arg 2

Journal of Software #kf+% 4k Vol.32, No.8, August 2021

SWAN_Convex_Hull CPEc

14
2w
3o
4

mclude "convex_bull swanh®
xtern Point_set g _ret:

xtern int g_max_layer;

xlern swan_mutex_t "g_set_mutex;

sm-d slave_convex_hull_taskiSwan *swan, void "arg)l

CH_task_arg “ch_arg = arg;

Point "A, "B, *C, illegal_point = {ILLEGAL CONDINATE, ILLEGAL CONDINATE]
ch_arg->set

B Paint mn_point, max_point; 3
9 Point_set *ret = mallot(s ool (Point_set)); 9
10 Point_set “set_upper = malloc| (Point_set)) 10
11 Point_set *set_lower = malloc(siz=of(Point_set)): 1
12 g ret’= ret; 12
13 minmax_x_point{src_set, Bmin_point, Bmax_point); 13
14 point_set_MPE_init(ret, src_set->length); 14
15  point set MPE init{set upper, src set->length); 15
16 point_set MPE init{set_lower, src_set- >length); 16
17  point_set_split(src_set, set_upper, set_lower, min_point, max_point); :;
18
19 g _set mutex = swan mutex new(); 19
20 point set MPE add(ret, min point}; 20
21 point_set MPE_add(ret, max_point); 21
22 CH task arg init(&arg 1, &min_point, &max_paint, set upper, 1); 22
23 CH task arg init(&arg 2, &max_point, &min_point, set_lower, 1); 23
24 (i{set upper-»length) 24
25  swan_MPE_insert_async_task(swan, slave_convex_hull_task, &arg_1); 2%
26 if{set_lower- > length 26
27 swan MPE insert async task{swan, slave_convex_hull task. Barg 2); 27
28 swan_spawn(swan); 28
29 swan_join(swan); 29
30 swan_mutex destroy(g_set_ mutex) 30
31 point_set MPE_destrayset_upper). E
32 point_set MPE_destroy(set_lower), 3z
33 jetum g_ret 33
34) 34
35
36
a7
38
a9
40
41
42
43
44)

Point_set “src_point_sel
A - Bich_arg-=A;
B &ch arg->B;

raseline

ks and
swan_resnter section_prelude(swan)
C = swan mallae{swan, @iz==f(Paint));

swan_save vanable(swan, (Swan_byte*)&C, sizec (P:nnt 113
spawn task find farthest pmmt:wan h Ir\g B):
swan rtenler WC!IOHD task res. -'--
swan_get v.:nrlbletswun D (Swun I:lyte BC);

.\..,--.

mpact the
‘tlpomt CPE_; a-qucl:c &pllwg.l pqn-l‘p}:
Point_set "set_1, "set_2:

Point buf 1[POINT SET BUF LEN];

Paint buf_2[POINT_SET_BUF_LEN]:
swan_mutes lock(g_set_mutex),
point_set CPE_add{g_ret, C):
sw_mutex_unlock(g_set_mutex);
£t 1 = swan_malloc (swan, iz
set_2 = swan_malloc(swa:
point st CPE inkt{swan,

(QQim_sﬂ}];
of(Point_set)):

. 8rc_point_set-»length, buf 1, POINT SET BUF LEN);

point_set CPE init{swan, set_ 2_ src_point_set- > length, buf 2 POINT SET BUF LEN);

point_set_compact (src_| pclrlt set, set 1, A, C, set 2, C, B);
f(set_1->length){
CH task arg "arg new 1 = swan malloc{swan, sizeof{CH task arg))
CH_task_arg_init{arg_new_1, A C, set_1, cur_layer+1);
swan_CPE insen_async_taskswan, slave_convex_hull task arg new_ 1)
]
i(set_2-=length)i
CH_task arg "arg_new 2 = swan_malloc{swan, e
CH_task_arg_init(arg_new_2. C, B, set_2. cur_layer+
swan CPE imsert_async tazk(swan, slave convex hull task arg_new 2)
|
|

A{CH _task_arg))

Fig.B Parallel conve-hull programme using SWAN framework
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