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oo oo oobooooooa
oo0oooboo. o000 oooooooob oo, oo0oogooao
oooooo,obo0oooooooo.

oo, 0bdoooooo, oo oobooooooonooooobooooog,
doocpUDOODOOODOOODOODOO,DO00DOO0O0ODOODOO0ODOOO0DOOODODODOO
ooo0ooooooooooooooooooooo.oooo,0oo0o0o0obooooo,a
00000000000 000000. quicksort[7]000 O(nlogn)DO0OOOODODODODDO
00ooO0o0oooo0oo,000boo0o0b0o0oOn)bO00D0O,000DO00DOOO0OOOOO
000000000 O0legn00OO0D00OD0OO.OD000O,000000O000O00DODOOODOO
gooooo.

00000000000 000000000, mergesort 0000,000000000 O(n)
00 O(log?n) 00000 Cilk sort O, bucket sort 0 0 0O O, sample sort, radix sort 0 0 O O
000O00,00000000000DO0OD0D0O0D0 quicksortdOOO, 00000000000
O00000O0o0ooo0oo0oU0oOnR0000OMm)ODO0O0O0O. D00O0O0OOOOOOOOO
oodoobooooboooobooooboo, 000000000000 ooooooooaoa
goouoooood.

quick sort 0000000000000 0OODOOO0O0OO,000000000000000
0000000, bitonic sort[8] 0 00 O O O .bitonic sort 0000000 O(nlog?n) O, quick
sort 000000000, bitonic0 00000000000 OOOODOODO(1)0D00OOO,00
ooooooooooooao O(loan)DDDDDDDDDDDDDDDDDDDD,DDDDD
O0000000000O0O0O0O0O000oOoooooooOoO [9)13).

gooooooooooooooooooooo, oo o g
00000000 bitenicsort 0000, 000000000 pOOO0OODOOOOOOnO0O00OO
gbdotudouoouoo, oo oobooooooboo,oobuoooon
ogooooooooo. oo, 00000, oo oooooooon
odoooodooooooooooooooooooooon.

gbdotbootuoouoouoouo, bbb o,togouooooao
o0ooooooooo.ooooooo,goobodooooobooooooooooooao
OooOoooooO,bitenicsort OO OO0O0O0O000O0OOOOODOOODODOOOOOOOODOO
gbdoobooooooodooouo. oogboooouoa, oo oouoouooooon
gdouoooooooooooooa.

ogooooooooooa,
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e NOODODOODODO
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gobooboooo,ooboboooboobobooboobboobooboobooon.

1.2 OOO0oooon

00,0000000000000NUMAOOOOOONOOOOOOOOOOOOOOOO,
00000000000000000000000,00000000000000. 00,00
000000000000000000000O0O, 000000000000 OpenMP[5], O
00000000 MPI[11]000000
000000000000000,000000000000000000000000000
0000000,0000000000000000000000000,0000000000
0000000000000000,00000000000000000000000000
00,00000000000000000000000000000 SPMDOOOOOOOO
00000000000,SPMDOOOOONONOONONONDNONDNOOOOOOOOOOOOOOO
00000000,0000000000000000000000000000000000
00000000000,00000000000000000000000. 00000000
00000000000000000,00000000000000000000000000
000000000,
000000000,000000000000000000000000000000000
0000000,00000000000000000000000000000000000
00000000000. 0000000000, IntelTBB[4], Chapel[2], Cilk[1], X10[3] 0 0 O
0000,000000000000000000000000000000000000O00O0
0000,0000000000000000CPUODOOOOOOOOOOOOOODOOOOO
000000000000.
00000000000,000000000000SPMDOOONONOONONDOOOOOOO
0000000000000000000000000000,00000000000000
00000000000 CPUNDOOOODONDNDNDNOOOOOOO
00000000000000000000000, Lazy Task Creation[6) 00000000
000000000000000000000000000000000000000.0000
0,00000000000000000,000000000000000000000000
00000000,000000000000000000000000000000

1.3 O00oooooon

0000000,000000000000000,000000000 O((legn)?)00000
goboo,boobooboooboobbooobooboooboobooobboonn.
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000000, 0000b00000000000OoO(n)DODOO0O,0000D0O00OOOO
p0000 O(logn+p) 00000000000 O0OOODOOCODO,Ciksort0 00000000
gbooboooooboooobo. o, bogboboobooobooboobobobooboooo
goboobooboobooboobooboobooboobo.boobo,booboo
ggbbooobbooobbuooobbooobbuooobboooboob,booobbao
goooood.

go,0bbooobobdooobobooobbooobobooobbboooobboooobo
gogboogobo,ggbboobobbuooboboobba,obbaoboobboabboo
gbooobobobooboboboobobooboboboboobo,boboboooboooo
gooboobooooboooon.

1.4 0O0OOO4O

goboobooobooogboooob.200b00b0oooobooboboooboooboob
goooboo,s0oboboboobobogooboobgooo.40b0b0obobOobobD.0obooon
gobo,s0b0bo00bbooobboobboobboobb,ebbOo0o0bObDbOob0DbDOn
gbobooooooooboobobobobooooo.yobobobobooboooobo,8s0boo0ooon
goo.
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goboo,0boobooboobooboobooboobo,ooboobooboob
oobobobobobobobobobobobobobo.

21 ODO0ooooooood

go,000000000b00000b00000b,1100000000,00000000DO
gobooboobboooboobobo,obboobbooboobboobon.
gbobooobooooooooooooon,

e JOOOMO

e JUODODODODODO

e NOODOOODODO

e NOIDODOODDOODLOODDO

goboob.oboobbooobooobboooo.

ubooogn booboboobnbO0b0o0oboboobobbooboo,obooboonoo
gbooobobooobooobo.boobooobooboobob,obbo0oboboboobooobo
gbo,0000000000000.

00000000 000000000000000000,000000000000000
0000000000000000000000000000,00000000000000
000.0000000,00000000000000000000000000000.00
000000,00000 4432 _—00o0o0ooo.

00000000 mergesort 0, 0000000000000000000000,0000
000000000000000000O0(»)000000.0000000000000000
000000000000000000000,000000000000000000,000
000000000000.0000,0000000000000 inplaced00000000
0000,00000000000000000000000000000000000000
000,000000000000000000000000000000000000000
0,0000000000000000

00,0000000000000000000000,00000000000000,000
00000000000000,0000000000000000000000000



20 00000000000 )

gooogobooobobooboob Doobooboboobobbooboobob,obo
gbobodboobbooboobooboda,boobuoobboobuoobbooban.

uooboooboboooboboooboboobooono,oboboooboooboobooooooon
gogobooobobooobbooob,0bbboooobbooobbooobboooboo
gbogbobobooboobob.bobooooboobobooboob,bbobobaoobo
gobobooobobooobobuooobobooobooboa,ooobobuoooobobooooboobaon
gobooboooboobooobooboooboon.

gobobooobbuooobbuooobbooobbuooobbooob,bbboooooo
goboobooooboobooooboobo,ooboooooboooo.

ugb,dbgobogbouoboboobooboboobobooboobooboooboa. oo
gobobooobbooooboboooboobo,boooboboooobobooobooboooobooboaon
O (stablesort) 000, 00000000000O0O0O0OOOOOOOOOOO,0000000
gbobodbooboboobooboboobooobobooboanon.

ugbobooboobbooboobooboobooobooboooboobooooboooon
goboooboo,obooboobooboobooboobooboobob,boboboboon
00o0o0ooooOo0o0oU0oooOO0o0.00b0,o(n)D00OO0ODOOO0O0OODO,0D00000D0O
gobobooobbooooboboooboo,boooboboooobobooobooboooooboboon
gooo.

22 QJ00boOoobooobooo

gbogbogboda,ggboboobuooboboobobooboooobogob.ooo
goboooooobooooboooo.

2.2.1 quick sort

quick sort 000000000000, 0000000000000000000000. 00
000 Pivot OO, Pivot 0OOODOOOOO,PivotO0000O0O0OO0O0O0OOOODO. OD0OOO
Oo00o0o0o000oooo0oooooooooon. 000, 000000ooo0ooooog
00o0Doo0oooooooooooo.

000000000000000000000000000,0000000 0?0000
0ooooooodo,Pivet00O000D0O00OOCO30000000000000000O00O0O0O0O
0000000000 0DoDo0on. 00000000000 ooooooooooooooog
00,00000 O(nlogn) 00000000000 OOOODOOOOOOOO.

O00o0o00ooo,00000o000oo, 000000000000 oo0oooooonn
00OnO0000,000000000000O.

00,0000000000000swap00000000O0DOOODOODOODOODOODOODO
000000 O(logn) 000 in-place0 000000000, 00000000000, 0000
000000 out-of-place 0 O O .
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1214131
o 12]4) [3]]
2 4 3 1
214 |1]3
1 2]3)4

O 2.1. merge sort

2.2.2 merge sort

mergesort 10O 0000000000000, 000000000000,00000000
000 (00)0000O0,0000000000000000D00OOoOoOoODODOOD. ODDOO
gbobodgz21004d.

gboooboooboobooobobooboo,oobooobooboo,goboooobo
gbobobobobobobooboboobobooboboooboooobooo.

00000000000 quicksort 000000, O(nlogn)000000000O0ODOO,00
goboogooboooboboobbo,0oobbooobooo.gob,boobobooooboo
gbobobooboboooooooooooo.

n000000000000000000, 0000000000000 b000b0bO00o0a
UoooboboboobOobD,0bdb0mergesort 0000000000 O0O0O0O0OO0O,0O
00000000 O0OMmn)OD0OD0O00, quicksort 000000000000 O00OO00OOOOO.

ub,0b0oobooobog,boobouoobobobobbooboooboooboooboooboobo
O0oo0o0ooo0oo0Do(n)UOOOODOOODOO.

2.23 0000000 /radix0O0O0O

ugoboogoboo,bbooobobooobbooobobooobobuoooboboooooon
gobo,0b0b00o0oboobobooobooobboooboo.

gooo, 1~1,000000000000000000D00,0000 1,00000000008D0
ub 1~1,00000000,000000000000000.0040,100000000000
goboobooboooobooooboog.

0000000 O(nlogn)0000,00000000000000 O(n)0D00O,0000O0
0000 O(leogn) 0 0O0OOOO0OOOOOOOO 9ODOOOOO0DODODOOOODOODOO,DOO
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gobooboooboobooon.

e JOUODOODODODODODODODODODODO
e JO00UD0UD KOOODLOOOOOODOOODOOOO

goooooooo, oo ooooooonoooooooonooog. o
0d0oooooobooo,0bo00ooo wodobodo,ooon Ko 1~1,000,00000000,
oooooooooooo 1,000, 000000 00000000000, ODOOO,00O00O0O
Oo00d0dooodoood, Kodoooooooooooooooooooooooooao
go0dooooooooooooo.

J00dd0oooDoooObOoOoo0o0dd000oooooDD,radixOODOOODO. ODODODO
00 k000D0O0,000000000000 kODDOODODOOO,000b000O0000O00. 0
godoo0ooooooooodooooooboooooooooooooooooooooon
gbooouoo. mddoooo, 0 mdodooooooboooooooooo, o
do0oOoo0bOO0o0doOoooDbOoobOOo,0o000bo0b0odbDodDkO0DOOOoDO,0D0OO
ogooooooon.

000, 0000d0d0onD k00000, 00000000 oOo0oo0o0bObD0o00oOoOooOooDon
godoooooooooooooooooooooooooooooooooooooooan
oo0doboooboooooono, boobodo0boooboooboooboooboo, ooooooao
[20][21].

go,0do0ooooooooooboboobodoooo,ogdooooooooa,
Odo0o0odooooooooooooobo0oooooooooooooooooaa.

23 OD0Oo0ooobooobbooboboo

goobooooobo,bdoobbooobobo0oobobboobobbooobbuooob o
goodobooobo,0odboobobouoboboo0boobo. bbb obooobo
Joo0oooooooobooob0oooboooooooooDobO0oooDD. ooboooooo
00D0O00000,0000000 samplesort J0 mergesort 00O O0O0O0OOOO.

2.3.1 Dbitonic sort

bitonic sort 0 mergesort U000, 0000000000 0O0O0O0O0O, 0000000000
OooboooooboooOgn. bitonicsort U0, O 0OOODO bitonicd O OOO, bitonic U O
oO0oO000CO0bOOo0OO0O0bOO0bDOoU0oO0bObOOoDbDOoOoOoOn. bitenicOOO,0 22000
goboboobooboobobuoboobooboobooboobuoobooboboon.

bitonicsort 00, 0000000000 OO0OOO0OOOOOOO,O00000000000DO
OO0 bitonicOOOOODO.

002000000000, 02300002»'00000,00000000000, 0
0000000000,002»'0000000000000000000000.00000



20 00000000000 8

.|||I. il I
137842 2137 84

0 2.2. bitonic array

2141786531

214/3/1/6/5|7]|8

O 2.3. bitonic merge

-1 200 00000000000000000000000,00000000000000
oo.

bitonicsort 00 000D ODOOOOOOOOODO, 000000000 ODOOOODOOOO0OO
ooooooobooooobooobooobooooooOoOooooO, DObooOooobOoo
god. booo,b0boooo O(nlog2n)DDD mergesort UODODOOOODOOOO,0000
O0000 O(og?n)00 0.

OO0, bitonicsort 00D O0ODODO0DO0O0O0OOOD0ODO0ODOO, mergesort 0000000
oo0o0ob0obo0oobOOoboooboOooooD,b0ob0o00bOoDbD. OooO, bitenicoOOODODO
gob,0b0bo0bdoboboobdoobooboboboobooboboobooonoo.

2.3.2 Cilksort

Cilksort[15] 0 merge sort 0 00 000000000000, 00000000000000O
O00000000. mergesort 000000000000 00O0O0OO0O0OO On)0DOOOODO
gooboo,booboobbooboobbooobo.

gboooo,0o0ogoobobobooboboobobobobooog Pivetdg, Db
ooodgo pPivet00, 00000000000 0DOO0ODOODOOOOODOODOOODOODOO
g,000booob.oobbooboobooobooboobboob,oobo0oboo
gbobodobudg,boobuobuoaobboobooboobbobbuoobdd, merge sort
goboooboooobooboooooboooboooog.
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bitonicsort 00O, 000000000000 OOOODODOOO0ODODbDOLOOObDOobLOg,
gobodgboobboooboooboon.

2.3.3 Sample sort

0000000 [22]0,0000000000000000ODODOOO,000DOO0O0OODO
O000. 00000000000 pO0OD0OO0DOOOOOODOOO,0000000n/p0d
gbobobobobobobobobobobobobo.

goooobooouo pobbbdd B1---BpOO000O0O0O0OODODODOOUOO, UOOODO
Al,A2---Ap0000,0000000000D0.00D0,0 A00D000000000000O
gobooooooooooooooboobbobooD prOo0oO0O,0D00Dbb00Obo.

ooo,0 pgoboboooboo, bbb bdoo. bogbobooobooooo
O0,quicksort 0000 000OD0O0OO0O0O0O0OOO0OOOO0OOOOODOO. 0000000
00 O(p*+nlogn+plogp) 000, 000000000 O((n/p)logn+plogp) 000.

ygodooobooobobotodooo, oo boooboboboddduu. oo, oo
quick sort 00D 0DO00O0OO0O0ODOO0O, 000000000000 00DOO0OO. ODOo0OOOo
gboboboboboboboboboobobooboboobooobooo.

000,000000000000000D000000 sampling0DOOO0O,pO0O0O0O0OO
oo, oo oooboobbboboboboboobbbobo
gobooooboboo,bobgooboobgooboooboboobooboboboobobon
ggoooooobobooboboododoooooooobobooobo.bo,bbbddooooo L, b
O00000o00O000o0o0ooOoUooOo(mybbooUD.

2.3.4 parallel radixsort

00000000000 000 radixsort 000000000 O0OO parallel radix sort 0O 0O .
radixsort 00000000, 000000000000000O0,0000D00000O000O00
O00,0000000000000rradixsort000. 000, 0000000000000O000
dodbodo,0000o00oooooooo,opoooooon.

00000000000 radixsort 00000000000 DOOOOODOOOOODOOO, O
000000 0dooooOdoD,dj00dDdo00Do0ooooooOooDoooooOooon
000D000.0000000000000 longOO doubleDOOOD0OOO0OODOODOODO int0O
0000000000000 oU0oU0ooOooO0DOD. o000 oDOoDOoooooo
0000,00000000000D0radixsort 0000000000 ODODOOODODODOOO
O0000,00000000.0,radixsort0000000000000000000O0O0O O(n)
oooooo.

24 0J000OOLOUOOOOOOOLOOO

gbodgbuooobooobooobo,bobbooboobog,oobooboobooobobo
gobooooooboooog.
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10

gboogz2100boooobgooobobooboboo,goobobooboboobooo
goboboboooobo21000.

uboo,b0oo0boboooboboobooboboobobooobooooo. boooboooo
gogboobooobobooobbooobboobobooooboboo,ogobbooobboo
OO0D0O00O0 bitenicsort 10O O0OO0O0OOO0ODOOOOOOODOOO.

uboboobooobboobooobooboobooooboobooobooboooobaoooo
O00,0n)00000000O0O0O000O0O00O(legn) 0000000, 00000000
gbogbobobuoboooobooboboboboboboboboboooooooboab. o
O0,00000 bitenicsort 00000 0O0OO0O0OOODOO,00000000000000
goooboob,0oboobooboobobboobbooboobooboobo,bobbo
gobodgbooobooood.

021 00000000000

H quick sort ‘ merge sort ‘ bitonic sort ‘ cilk sort ‘ sample sort ‘
ooooo O(nlogn) | O(nlogn) | O(nlog®n) | O(nlogn) | O(p? + nlogn + plogp)
00o0O0ooog || On) O(n) O(log®n) | O(log®n) | O((n/p)logn + plogp)
00000000 || Ologn) | O(n) O(logn) O(n) O(n)
goooogooo | o 0 X g o
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3.1 UDOO0oOoobooobuoboboobn

l200000000,0000000000,000000000000000000000O
goooooOoobooooo,00boo00booo0oobooooo cpOo0bDbOOOODOOO
ooooOo0O.00ooooSOooooooooooooo0O0o0o0oooooooooooooo
gbo,bo00bobbodoboboboboobobooboboobooboob.oboobaoobo
gobobooobbooobobooobo,booobbooobbooobboooobooboon
oo0o0,0000000000,00000000SPMDOOOOOOOOOOOOODOD
gogbobooobobooobboa,ogobbooobobooobbuooobboooobbaon
oboooog,jogbobooboobooboboooobuobob. 0o MPID OO primitive
gobooooboboooobgooooboboboobo,bobbobobooboboon
oobooooooooOoOoooOoO,bo0oboooOoOoo0oboboOobog,oDo0ooo crPy
gbooobobooobooboboobobo,booboboooboobo.boobooobo
goboooobgobooooobgooboo,boobobooboooobobooobobobon
gobobooobobooobobooobo,bboooboboooboboooboobooooboobaon
goboobooboboo,booboobbooboobobobobooboobbooboon.

3.2 JUuon

gooobo,gboboooobooboboooooobooboooo,oboboboooobob
OO0, mergesort 0 quicksort 0000000000, 000000000O0DOOCO0OOOOOO
gooooooo.boobooboobooboobooboobOoobOo,MPIODDOODO
SspMDOOOOOOOOOCOOOOOOOOOODOOOCOD.O0O0OOODOOOOOOOOO,
oooooOoooOoDOO0oboOo0oOoOobOoO0ooOoDOobLbOUOooOOobOoOoOoOD. OoOD0O quick
sort 0000 3.1000.00000000 spawnU syncOD00OO00O0O0O00OO000OOOO
g,gboboooooobobobobooobooboooboboboo,obobobobooon
gobobooobbooobboobbuoooboooobooobbo. bboobobooboboo
gobobooobbooobobo,0gobbooobboooobbooobbooooboboo
gog.
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void gsort(int *items, int n)// 0000000000000
{
int pivot, left, right;
if(n > 1)
{
//000000000000
pivot = items[n/2];
left = 0;
right = n—1;
//000000000000000OO00O0
while(1)
{
//00000000000000
while(items|left] < pivot)left++;
//00000000000000
while(items[right] > pivot)right——;
//0000000000000
if(left >= right)break;
//000000000000000
swap(itemsl[left], items[right]);
//000000000000
left++;
right——;
}
//0000000000000000OO00O0
spawn q-sort(items, left);
spawn g_sort(items+left, n—left);
sync;
}

return;

© 00 N O Ut = W N

W RN N N DNNDNDDNDNDNDLDNFE = = =2 = = = = = =
O © 00 N O Uk WNE O © 0o NNO0 U Ww N = O

w
—_

}

031. 000000000000 quick sort 00O

3.3 Uuuobuodoooobboogd

oo0ooo0ooOoOoobogoo cpyOOObOOOODOOO,00D0OO00DOOOO0.0ODOO
goboboboboboobobobobooboboobooboobooboobooooboobooboon
gooog. bbooobboobbuoobobooobooooboboonooboooobooobooboo
gobodob.booboobooobuooboobbooboooboobuoobbooD.

3.3.1 Work-first 0000000000000 O0OO0OO

uoboboobobooobbooobbobooooboooobobooo,obobooooooo
gooogoobooobboo.ogobooob,boobboobboooboboob,boo
oooOooooboooboOo,b00b0000b0b0bb00DO WorkfirstDOOOODOOO
gooooboo. bboooobboooboboooobobooo,ooobooboooobobogo
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corel core2 core3 corel core2 core3
X ©
taskA taskB taskA taskC taskB
\\\
< - taskC
taskD taslkD

[ ]:busy core [___J:running task
[ ]:idle core [ J:ready task

0 3.2. work stealing

gbogbobobooobooobobboboboboo.obobobobooboboooo
g,000boobooboboobgobobobooboooboboooboboobbobooboo,boo
O00000000o00oO000UoO (10, 0000Do0oUoOoO0OUoOoD 3.2000. 032000
gbooobooboob 2000000000000 00,0000000O000DO0O00OO0ODO 30
goboobooobbooobooboog,boobboobon.

go,0o0o0booooboboooboboobobooooboboboooboboob
gbooodo,booobobooooboboo,oboobobobooboboboooa,
gboooboobobooboboooboboobobo,bo0obobbobooo. boooo
gbooboboboboobobooboooboobooboobooooboboobooooooboboon
g,ggbbooobbooobbooobbooobobooobbooobobooobbaon
gobooooboooon.

3.3.2 UUUOOgbObObOoooooboood

gbobodbbooobooooboobo,booboooboob,booboooooa,bo
goooboooooooboobbbooooobooboboooooooooooobboooooa,
000000000000 00o0o0oOooooOoUoooooo [23).

gbobog,boobboobooboobbooboobboobooboo,obooboo
gobooobooooboobooobobooboobbooboobbooboobbooobooo
gooob.cooboboooboobobooboobobobooboobooboobooboobg, o
ooobooobooooOoooOoboobo. ceUOOOODOODDOOOOODOODOO
go,b0o000boobobooobooobbooboboobbooboboboooboo,bboo
gboobooboboboboboog.
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A B C

033 0boboboobobobobobob

gooooooboooobooboboooboobobooboobob,oboobOooboo
gobooobobg.bodgb,bogboboobbogboooboboobboobbooboo
gobooobooooboooboooooboooboon.

gob,0bbooobooboobobodbobo,oboobboobooobooboooo.

0330000 A0B0 COOOO0O0O0O00OOO0OOOOOOOO.OO0O0O0g,0o0oooon
Ooco0ooOo,0b0o0oodoodoboboobooo0obooOoboOoboooOoO. obooooo
000000000000 AQDO0ODDODOOO0ODOOO0OOO0OD AODOOUODDOODO,D000
gobodgbooobooboooobooobood.

ubooooboobobooobooobo,boboobooboboobooobooboooboonoon
googboobooogoobboboooooobooboboobooo.0oboobooboobo
gogboboboooboboboooboobooooo,oobboboooobbooooboboboooobo
goboobooobbobb,oboboobobooboobobooob,obbooboobooo
oo.

gbbooboobbooboobbooboobobooboobobooboobooobooboo
gbooobooooboobooboobobo,booboboobobobobooboobonoo
gbobobobobobobobobo.

uobobooobbooobobuooobobo,oooboobooodobobooooboboooooon
o0, 00000b0boboooobubob greedybdboooooobobonog, O
gbobogooooboboooooooobobobooboobobobobooobobobon
g, 0ogboooobooood.
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40 4OOOO

gobobobobobobobo.4100b0,00000000000O00OODOODODOOD
0,42000000000000000,000000000000O00DODODODODOOO
goog.

4.1 0OO0OO0OO0OOOO

gooboooboboooobooobbo,booobbooobboooobobbooooobo
gobobobobobobobobobobobobobobobob 20000000000
gbooboo,goboooboooboooboooboobboboboooboo.ooboooboonboo
0000ooO00boOooOo0oooOooooogoooo,SIMDO GgpUOOOODOOOODOOO
ggbbooobbuooobbuooobbooobob,booobbuooobbooobbao
O0000O00o0O0O0o [12](14). boOoO0oOoOO, 00000000000 DOO0O0ODOO0OO
gopooo.

4.1.1 SIMDOOOOOOO

ooboOooooooooocpvbOoOOOOSIMDOODOOOOODODOOOOO. SIMDO
000000 4.1000.0000000000DO0O0000DODOO00DOOO0O0ODODODOODOOO
ooooosiMbOOOoOooOOoOooDooo,b0co0obooboooboobooboboooboobooooboo
ooooCo.0boooo0obbo0oOoooo,booobooo0oobooOogo sIMbOOOoDOOO
O000,00000000000O00000000O.

oooSIMDOOOOOOoOOoOOoDOoooD,SiIMbDODOOODOOODOODOOOOOoboOoOoDO
oo0.0oboooogooooboooog,0cogoSIMbDOOOOOOODOOOOODOOOO
O0. 0000 Chhugani O [14] 0 merge sort 00000000000, 000000 SIMDO
goooooooooooooooboooooooboOoOooooDoooU.bobbooboDbbooo
oooOo30000booOoboogO. oo sSIMbDOODOODOOOOOOOOOODOUODDOO
O0oDO00 Multi-way merge U0 OO0 O0DO000O0O0O0O0O,0000000000000000
O00000. 00,000 9osSIMDOOOOOOOO,0D0000DOODO0ODOOOOOODD
0000000000000 00DOOO0DOOODObOoboOogn Comb sort O, merge sort O O O
gcooosiMbOOoOoOooooooooooooopooooobooooobooobooooo,oo
000000, Satish[33] 0000 SIMDOOOODOODODOOOOODODOOOOOO, SIMDO
gbooboobooboobooboooobobooboobooboobO, 0O radixsort 0O 0
OO mergesort 00000000 QOOO.



040 0OODOO 16

x0 + | yO = z0
x0 yO0 z0
x1 + |yl = z1 sl vyl 21
+ =
x2 | + |y2 | = | 2 X2 y2 22
x3 y3 z3
x3 + | y3 = | z3
Scalar Operation SIMD Operation

0 4.1. SIMD OO

obooooooob,00ob00buob0o0ob0obdbDoobdn merge sort O O radix
O00O,samplesort 000000000000, 000000000,00000000(n)000O
goo.

4.1.2 OD0O0O0OO0OO0OO0OOOOOO0O0OO0

4110000000000000000000D00000000O00O0O0O0O0OOOO00
god.otud, oo oouooooooouoouoon
oooooooobo, oo ooooobooooooog.

O00D000o00ooo0DOo0oO, 0000000000000 oooDoooOoonon
oo, 0o oboooboooooobooooooo,ooon
O0oooooooooooooo, 000000 ooooooobouooo.ogao
O00000000ooo0oo0oooooo0oooooOoooooooooooooog
0d00000oboOoOoobooOooD. 20000000000, Samplesort OO OOOODOO0O
0000000000000 o0o0o0o0oOOo0Oo0o0oO0LOOo0oO0oooOoOO, Kim(17 0
02560000 Xeon X56800 0000 Sample sort 00000 OO CloudRAMSort 00 00O,
1TBOOOOO 460000000.

0oooooooooog, o000 ooooooobooooooa
O,0000000000000000000000000000000o0DoooOoooOg
gooobooooogooooooo, oo, ooboboogooaa
odddodoooddoobooouooooooooooooooooooooouoooo.o
0,0000000000000000,00000000D0O000O00DO0DODODOo0ODOOO
ogoouooooooon.
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4.2 00000O0O0O0OO0OOOOO

sogboooboo,bgbooboobobooboobobbooboobobooboboobon
gogobobooobboooobobuooobboooo,obbooobbuooobboooobboo
0 [18]. 000,0000000000O000OOOOO00O0ODOOOO0DO0DOODOOOOOODD
gboooboobooooobooo,oobooboboobooboboboboonoooboonooo
goboobooboboobooobooboooboon.

gbogbuogobooobgoob,gboobobbobbobuooboobob,oboboobo
0000000000000 00000000000O0OOODODOOOOOOOOOOO [30]31,
goboobooobooboooboobooobuooboobobuooboobobooboo
goboodgboogo.

ubobooboobboobooboboobooooboobooobooooooboooon
gobooboooboobooooboobobooon.

4.2.1 0OD0OO0O0OOODOO0ODOOOOODOOOOOObOOODOO

ubobooboobuooboobobooobboboboobooobooono,ooboooboooo
gbooooobooboobobooboobob,0obboboobooooboobOonobo
0000000000000 00,00000000000000O0OOOOOOO0 [18][26].

uboogbooboobooboooboboobooooboboboobooob,0boobooooonoo
goboobooobg,bboobooobooboooboooo.

Chowdhury OO 00000000 OO0DOOCO,000000000000000000 Space-
bounded scheduler 00000 [27]. 000000, 00000000000000i000000
ooob,b0bob0oobooboiboobbooboooon,bobDgng level«0 00000
O0.000000000D0!level-i00D0 ADODDODDOCOCOOO,000000000D0D0CO
0idfgobooooo0oobooOo,0b0b0db0 AODD AOODOOObOOOO0ooOooooooog,
gobooboobbooboobooobuoobboobbooboo.

OO000042000l0evel-3000000000¢tO000O0O0 PIOODOOODOOO,00 L3
goooogooooobooooo P40t bbobobobobob, O
oobOpsOobbooobobooobbodobboooobooboooobboog,ogboboottooog
gbobooboobboooboooboboon.

gboobooooobooboobooobbooboboboouobuobooon,level-s 000t D
gboobobobo,gbobobobgobobicbbobobobobobobotobon
gogbboooobbobooobboooo,obbooobbooobboooboboaobaon
gobooboooboboobooobo,ooboooobooboobbooboooboog.

gboboooooboboboooboboboooobobobooobobobooooob
oooooO0OobOoOoOoooOoOooDOOo0.oboooooDboOooboogn, Space-bounded
scheduler 0 OO0 primitive 0 OO0 OD0O0O0O0O0OO0ODOOO0O0ODOODOOO0O0ODODOOO
go.

BlellochOOOOOOOOOO,0000000000DOO0O0DOO0OOOOOOODOOOD
0000000000 [29. 0000000000000 level000000000O0O0O 1000
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OK NG
B8 [P2| [P3] [P4] ps] [Pe] [P7] [P8]
L1 ]| |1 |Jf1| | L1 | | L1 | L1 | || | L]
L2 L2 /Lz ey L2 L2 L2

O 4.2. Space-bounded scheduler

0000000 1/30000000,00000000!evel~i00000000O00OOOOO
OO000o00bOO00DboOO0o0bO00DOOoDoOOoObDOlevel«0D00O0O0ODOODODOO
gooboob,0bo0boobbobbobboobigbobo0oboobooboonboo
gbooooooobooboboobooo.bobob,bob0oboobouoboboboobooon
goboobooobooobooobboobooboooonon.

OO0, BlellochODOODOOooooooboooogboobo,obbobogbbobooobo,ob
0000000000000 00000000000000000D000 CO (cache-oblivious) O
00 [28)0000,0000000000 PCO(parallel-cache-oblivious) 0000000, 000
gobooboobobooboooobooboobbooboobbooDb.

4.2.2 DOO0O0OO0OO0OOOOOOOOOOOOO0

ggooooooooboooboobbobbbbboobobbooooooa,bbooobobon
o oo ooobobobobobbDbD
goooogooboo,booogoboobooogboboooob,bobobooobobobn
ggobooboooobbooobboo.booobboo0bbboooobbooobbooon
I T A A A A

gbooboooooob,0oo0boo0boobobooboobobooboboobobooboboob
0O, MassiveThreads 0 0 0 0O 0O [24]. MassiveThreads 00, 000000000000000O0O
gooooooooooobbobbobobbbb, oo oobooobobobbbbbbobo
gobogogoooooboob. boboooooobobobobobobooboboboboon
gogoooooooooboobobobbbbbboooooodooooooouoo,bobobobo
I A A

0000000,0000000000000000000 [25/000000 Tree-based AMR
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googo,bgboobooboo,ggbooboobobooboobooboobonobo
ooooooOoooDboOo,bo000bo0o0ooDoO000oDbOo0oO00nbDoOOg depth-aware
uobooooobooobobo. ogbooobobo,oobooooobooobobog,boobbooboo
gobooboooboobooon.
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s tUogd

goboo,0oboooogoboobooboobooobooboooooboooboboobooonob
goboodb. 2100b0b00booooboobbooboobo,booboobbooboo
oooboooboboooboobobobooboboooobobOooOOD bitonic sort OO
gog.

2400000000,0000D00DO0DOOOODODODOOLOOOOODODODLDOOO
0oooooobooooobobobobOo.gbogo bitenicsort 100000, 000000
goboooobooobog,0oo0obgoboobobobbooboboobobooboooboboon
gobodoboooobooboooood.

goboooobbogo.gg,s1bbogobbooobobooooboog,s200 53000
googboboogobooog,oboobogobooogobooooboooobon.bobo
obs4000000000000O00O00D0OO,0D0D0DO0O0DO0OOOODODOODOOO
gobogs600000000000,5.70000000O0DO0DOOODODOOODOO0ODOOO
goo.00,00000000spawnlU sync00000000000OO0O0OO0O0O,000000
goboooboooobooboooooboooboooog.

5.1 UOO00oooogd

gboooboooboobobobooboobooboobooboboobo.gsi10boonoo
U0b00o0o0.0000000 bitenicsort 00000000, 000000000000 bitonic
sort 0O 00O0O00O0. O0000,00000000 sawmergeODOOOOOO0O.000O start
ooooooboboooD,lengghD 00000 ooboO0OO0. DOOOODOOOODOO
g,gobo0booooooboboboooobobooboboboooooob.bobobooon
gogbboo,gobbooobobooobbooobbooobbooobbooobbaon
goo.

Ooboooooddnlength0 1000000000 0ODOOOO,0000000D000DO
gobobooobbooobboobbuoooboooobobo. obboobboobobooboboo
gobodoboooobooboooobooboobobooboobbooboobobooboo
gooobooo,boobooooobooboooboboooboobooooboooobogo. oo
goboodoboooboboobooobobooboobobooboobbooboobobooobooo
goo.
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void saw_sort(int start, int length){
,//00007T000000000000O00O0OOOO0
if(length > T){
int m = length/2;
spawn saw_sort(0, m);
spawn saw_sort(m, length);
sync;
//00000000000
saw_merge(0, length);
telse{
//00000000000000
sequential_sort(0, length);

}

return;

© 00 N O Ut = W N

e s e
G W N+~ O

}

gs.1. 0000

5.2 00U

OO0DO00ooobooOoboOoogO, bitonic sort OO bitonicD O ODOOODODOOOODOO
oooOo0ooOooogoon, bitenicOOODOO,000000D0O0O0O00O0OCODOOOODOOO
O bitenicOOODODOOODODOOODOODOOODOOODO, 00 -O00D000ODODODOODODO,
gobobgooobobobooboobooboboo,bobobbobobooboboon
goboooboooboboooboobooooo.

gooboobboooob,0oobooboobbooboooboo,bbooboooboonb, o
gboboboboboboboobon.

ubobooobooooboog.

g

e JOUODOUODODODODO.
e NOUOOOODODOOODLDOODOO.
e NOUODODOODDOODLOOODDOODO.

bitonicOUOOOO 0000000000000, 000D00D0 -ODODODODODODO
U0DOO0o0b0o0b0o0bO00bd mergesort OO ODODOODODOO, OO0 merge sort O 0
OO0, bitonicmerge 000000000 OOODOOODOOOOO,DO0000000DOO
gooboboobooob.oo,0obobooboobooooboooo,bobobooooobon
go,b0o0o0ogobobooogoboobooogoboboooobo,oboooobobobn
ooboobgooo,0oboboooboobooboobobooobooboobbo. obOo,b00-000
0000000000, bitenic0 000000000, 000 n0 bitenicDDOOO, 5000
gboooooooobooboboboooooboboboooooob.bobo,0bobooboo
gbooobo,gboboooobooboboooooboooooboo,gbobbooooobobobn
ooobooooo.
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53 U0OOOobOooooobbbobooooobon

ubob,0boobooobobob,oboboooooobooooboboooobooboobog.
00000, bitonicmerge 0000, 0020000002 '0000000000000O0
gbobogboobboobooobooobaa.

ubobooboobboobooobobooboobboooboobobo,oboonoog

e NOUDDOODDOODLOODDOODLOO,bO00DLOODDODODDOODLOODOD
e JOODDOODODOODLOODDOODOODLDODO

googbobo.boboob,bobooobobooboobooobooooboboooboobn
gogbbooobobooobbooobboooobbooobboabo,bbooobbao
gbooobooooboboo,boboob,0bobbobo0bobb0n0bO00bDOb0DOO
gobobobobobobobobobobobobobob.

bitonic sort 0 0 O O bitonic merge 1 000000000 OOOO,0000000000OO
oboobdg. bobooooboboboobooo,bgo bitenicUDOOoOO, 0000000
gobobobobooooooo,0boboboboboboboobon.
OO0000,00000000000000D0O00 bitonicmergeOOOOO0OOOOODOO
goboobooobobooobbooobbooobobooobboooboboo,o0oboboo
goboooooboooboooobo3obooobooboooboboobo,bobooboooboboon
U.gbooboobboobuoobbobbooboobboobuooboobboobaa.
goboo,booobbooobbooobbooobobooobbooobboooobboon
gbobobobobo.

54 0O0OOO

Us200000000000000. obobbooooboobooooboobooooboobooooooon
gooooboooboo,boobg,bogbooboobobooboobooboobonobo
gboboooooboboboooobo.bobooogooob,bos3bbobobonn
gboboobooboboboobo.0cooboobbobb,0bo0oboooboooboonboo
gobooboooo.

gbodgbug,uggbgobooboboobooboobooboobobbob,obo
O0D000O0000 flagdO0O0O200000000DO00DO0OOOODO,OD000Q00D0DOO
goooboooobooboboobobboobo.obobbooboo,obbobOoobo
ggbbooobobog,ooobbuooobbooobbooobbuooobboooobbaon
OoOgo. OO0 step2~stepd D00 OD0O0O0O0O0ODOODOODOODOOOOOOODODOODOOO
googooboooboooobobooooboobooogobobobooooboo.b,boooobobo
OoobOobOobDstep20000000000DO00DO0ODODODODODO.

Us2000000000000000000000DO0O0O,00000000O00DO0DOO
for000DOOO0O0D0OODOOOO bitenicsort 1000000000 O0DO0OO,000000O
oooOo0ob0O.bOo0oo00ooO0o0oDOo,000b00oDoO ferall0DOODOO.ODOO
goboobooob,o0boooboboobooobboobon.
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void saw_merge(int start, int length, int flag){

if(length > M){
int m = length/2;
int swapt; // swap 00000

// step:1

//00000000000,0000000000,0000000

forall{
for(int i = 0; i < length—flag; ++i){
if (items[start+m—1—i] > items[start+flag+i]){
swap(items[start+m—1—1i], items|[start+fag-+i]);

swapt-+-+;
}
}
}
//step:2
//00000000000000
forall{
for(int i = 0; i < (flag—m)/2; ++i){
swap(items[start+m-+i], items[start+flag—1—1i]);
}
}
//step:3
//0000000
forall{
for(int i = 0; i < swapt/2; ++i){
swap(items[start+m—swapt+i], items[start+m—1—i});
}
}
//step:/
//0000000
forall{
for(int i = 0; i < (flag—m+swapt)/2; ++i){
swap(items[start+m-i], items[start+flag+swapt—1—i]);
}
}

int left = m—swapt;
int right = flag+swapt—m;
//0000000000000
spawn saw_merge(0, n, left);
spawn saw_merge(m, n, right);
Sync;

telse{

//000MO00000000O00O0O0O0OOOOO0OOOO0

high_memorymerge(items, start, length);

}

return;

gs2. 0000
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stepl step2

—_— —_—
step3

step4d | [

—_—

gs3. 0000

di-di-4

0s54. 000000
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055 00000000000

5.4.1 0O0O0OO0OODO

googbooooboooob,boooobooooboo.bobooboboobob
OO0 O(n)00O0O,bitonicsort 0000000, 000000000000O000O0O 2000
goobooooon.
gbobgoooooooboboobooooobo,bobboobobob pb0bnbO0OD
gboobobo.bobogbobo,bogbobooboobobooboboboobooobo
go,00o0ooooooog.
uboo,00b0000b s5400000000000000D0O00. ODODOODOODODOD
gobodgbooobboobooobboobooa,bboob.oobbg,bbooobaobooo
gobobooobbooobobuooobbooooboboo,oobbooobboooobboo
go.
ugbooO,00004aobog.ossb00boooooooboboobooooooooboanon
goobooobo,booobbooobboo1bobooobobooobbooooobboon
o,00obooboboooboobo NDOOOOOOooDbbOobboooDbbooboobooo.
uogobooO,ooooboboboboooooooboobooooooooooooboooboobooooa, o
gobooboooboooboobooooo.
gboboooboooboooobooboooboboobobooo,oboboboboboob
goboobooobobooboooboooobooo,boobooobobooboobooboon.
oboobooooooo,00bobgssbbobooobobuobodblegndoooon
gboboboboooooooooooo.

5. UOooon
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O 6.4. Cache-aware Stealing
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6.3.1 OUOOOOOO

Cache-aware Steal 1 0 0000000000000 DOOODOOOOOO,000064000
gboooooboboboobobobuoooobobobooobob,0obobonoooobo
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int cache_aware_steal(int rank)
{
intn,can;//DDDDDDDDDDDDDDDDDD
int thnum = myth workrenum();// 0000000000000

bool master = master_checker(thnum);// 0000000000

if{master == true){

n_can = SOCKET+«CORE—1;
telse{

n_can = CORE—1;

int candidates[n_can];
int socket_group = myth_socket num(thnum);//0000000000000000000O0
//0000000000000.
if(master == ture){
//0000000000000000000
for(int i = 0; i < n_can; i++){
if(i == thnum)i++;
candidates|[i]=i;

telse{
//00000000000000000
int thnow = thnum;
int i;
while(i < CORE){
thnow = thnow+SOCKET;
if(thnow >= SOCKET*CORE){
thnow = thnow — SOCKET*CORE;
}
candidates[i]=thnow;
i++;
}
}

//000000000000000000O0
int depth;
int target=—1;
int mindepth=99999;
while(target < 0){
for (int i=0;i<n_can;i++){
depth = get_hint(i);// 000000
(00 o0o0ooooboooooooobobbboooooooDon—1
if(depth > 0){
,/000000000000
if (depth<mindepth){
mindepth=depth;
target=candidatesliJ;
}
}
}
}
return target;

}

065 OD000DO0OOO0OOOODOO
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doo0.00,0000000000DO000O000O000O0O00O0O00DOO00OO0O0DOODOO0
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0000000000 b0o0dooo0b0O mergesort 0O O00O00O,0000000O0000OO0O
029000000000000,0000000000000000000000000000
00o0DOO0O000oDO. ODObooooooooooood, Cilk sort O Sample sort DO 00O OO
0O0On) 00000000000 0OD0O00O(logn) 00000000 ODOOOOOOOOOOO
o0,0000000000DbOo0booOooog.



gvo OO0 38
gr2. 00000000D000ODODOOO
aooo bitonic sort quick sort cilk sort saw sort
16M[sec] | 256M[sec] | 16M[sec] | 256M[sec] | 16M[sec] | 256M[sec] | 16M[sec] | 256M[sec]
1 7.382 188.452 2.555 48.642 2.786 55.041 2.895 60.738
2 3.771 96.799 1.334 25.199 1.407 27.851 1.464 31.084
4 1.929 50.111 0.725 13.898 0.701 14.113 0.735 16.058
6 1.342 34.857 0.529 10.236 0.482 9.660 0.503 11.284
8 1.042 26.991 0.442 8.470 0.368 7.458 0.398 9.028
12 0.756 19.702 0.364 6.882 0.262 5.373 0.278 7.021
16 0.607 16.230 0.337 6.363 0.217 4.771 0.220 6.339
24 0.466 13.092 0.333 6.006 0.185 4.606 0.174 6.087
073 0000d0000oboboobDooooooooon
ooaod bitonic sort quick sort cilk sort saw sort
16M[sec| | 256M[sec| | 16M[sec| | 256M|[sec] | 16M[sec] | 256M[sec] | 16M[sec] | 256M[sec]
1 5.401 143.262 1.524 27.389 0.745 16.511 0.408 6.382
2 2.763 73.799 0.792 14.098 0.411 9.157 0.211 3.272
4 1.435 38.650 0.419 7.456 0.251 5.762 0.107 1.683
6 0.996 26.957 0.302 5.238 0.215 5.101 0.077 1.157
8 0.798 21.459 0.241 4.202 0.189 4.823 0.061 0.918
12 0.588 15.945 0.184 3.167 0.192 4.974 0.044 0.676
16 0.485 13.194 0.154 2.687 0.204 5.335 0.038 0.554
24 0.388 11.407 0.123 2.219 0.221 5.957 0.043 0.450
gr4. 0100000000 0OD0OO0DO0ODODOODbDOODbDOOD
aooo bitonic sort quick sort cilk sort saw sort
16M[sec] | 256M[sec] | 16M[sec] | 256M[sec] | 16M[sec] | 256M[sec] | 16M[sec] | 256M[sec]
1 6.670 165.410 2.264 37.816 2.695 46.841 2.449 43.671
2 3.404 84.998 1.161 19.539 1.371 24.134 1.235 22.126
4 1.761 44.091 0.603 10.152 0.709 12.568 0.625 11.432
6 1.227 30.813 0.421 7.093 0.512 8.964 0.431 7.779
8 0.966 23.838 0.330 5.532 0.401 7.183 0.328 6.163
12 0.695 17.761 0.241 4.129 0.298 5.610 0.232 4.347
16 0.581 14.641 0.200 3.392 0.261 4.916 0.183 3.745
24 0.444 12.274 0.154 2.715 0.209 4.750 0.143 3.097
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100
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O00o00Dooo0ooooooooooooooooo0. ooooooooooooooo
0220000000000,00001MOOBM2MO000O0000O00DOOOODOODO.O
00077000. 00000000D00D00O0OODOOOODOODODOO0N, bitonic sort O
000000000000000. 000, bitonicsort 0 O(nlog?n) 000000000000
O00n00000000000000D00000000d.bitonicsort000000000 saw
sort 0, 00000000000000000 O(nlogn)O quick sort, Cilkk sort 0000000,
0o0oo0ooo0oooooooooon,000oo0goooooooooooon. ooooo
00,n0000000,00000000000mO0000000000D0O0O0O0ODODOOO
0000000000 o0ooDODO0O,mO0O00D000DO0ODOO0ODOO0ODOO0OD00O00O0ODOODOODOOD0
oooo.

7.5 UUoUoooboon

gbobogoboodobboobbuoobooooboboo. bboobboobobooobo
0000000000 odd-even merge sort[14|00 0. 0000000000000, 00000
000000000000 000000.00000000d Core clock speed3.22GHz O 400
O0o0o00DOO0o0,00000 PthreedsU ODOOODO. ODOOO 75000.

Ors00,sawsort OO0 OO0O0O0O0O0OOOSOOODLOOOODOOODOOOO.OOoOg,
gooooSIMDODDOODOOOO,SIMDODOOODOO0ODOOOODODOOOO,O00 250
Ubobo0.0b0b0ob0,00sawsort UO0OOO00O0O0O00O00O0 primitive0000000
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ooooooooSIMDOOODODODOODOO0OOOOOODOOO0.O0DO0DOOoO0OoOOooOoDOd
gbbooboobuooboo,gubooboboobo,bobobodoboobuooboboo
go.
goo,0o0bogoboobobooob.obboooboobboobbooobor1gooboon
OO0 200GHzODOOO,00000 3.22GHz0O0,000 16e0000000. OOOODOOO
gobooobooono,oon 1s~20000000000.
gbo,0b00b000b0obobobo,bob00b0obdbb0bUl mergesortO oo
O000O0On)00000O0,00000O00gn+m=+«p)000000000000O00O0,000
00 pthreads 000000000 O0OOOOOOOODOOOODOOODOO,DO0O0DOO0ODDOO
gobobooobboooboboooboboo,0oobbooobbooobboooboboo
gbobodgbooobodg,boobouoobbooboobboobuoaboboon.

7.6 LUUuUoooooood

uboboobooooooboooooobooboboboobooooobobobooboaoooon
gbooobg,booboboobobbooboobobooboooboboboobOoonbo
O.00000 MassiveThreadsD OO OO O0D0DO00O00O000DOOODOOOOOOODOOOO.

eoudooooo,0bboobobooboooooboobooobobooboooboboon,an
goooboboobobooboboooooooboooboobooobobuooboob.oobo
gbobodboobbooobooobboobooboaon.

goooboboog,n3oggboooboogoobo 4000, 0obooooobooboooooon
gogobobooobbooobobuoo,oobbooobbooobbooobbbooobbOoo
ggboogobboooobobuooobboooboooobboobbooob,obbao
b0 Lsooooooooooooooooooooooon.

bob0b000Osawsort OO0 D0DOOOO0ODOOO0OD. ODO0,000000000000DOO
googob,e0bbogoboobooboob,b0boboobooboobo.booboobobo
gbooobo,gbooboobgooboobobbooboobo,obo0obooboobonoo
goooboboo,0ogboooooobooboboobobboboooboobobOoobo
goo3gbooobobooo.boobooboobooooboooboobooboobD.obo
oobdileMO 26eMUODOD0O0O0OO0O,0b00b0bO0ObO0bDObDO010b0bO0obUObOoDOo
gboobo.ooooboooooo v8sgb vopo0O.

O 7.5. odd-even merge sort[14] 0 0 OO

gdd saw sort comparison
16M][sec] | 256M[sec] 16Msec] 256M [sec]
2.895 60.738 | 0.3739(1.2636) | 7.7739(23.5382)
2 1.464 31.084 0.2042 4.3703
0.735 16.058 0.1170 2.4521
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gooboooo,gobboooobobooooobobo,boglebbgg,oooobo
gbobgobbooboooobobobo.bobobobooooboboboobooooboooao
goboooobobooobboooobobooobobooooboobobooboo,booooboobao
gbooobobobooooboboooooooboooboobooobobuooboo.boobo
ooDoO,perfd 0000000 240000000000D0O000DOODOODOOODOO. OO
perfstat 00O OO0ODO0O cachemisses 10 O0OO00O0O. OOOO 76000.

00000000000000,000000000000000000 20%00000000
gobooobbgobbooboo.boobuooooboboobboobooo,booboo
gboooobooboooobooboo,boobooboboobooboboooobooboooo
gopboobooooboon.

ooooooboo,boob 1MOOs12MO0O00 2000000000000, 00000
oooopoobooo.cgog 7700, ssawsort OO OOOOO0OODOONO saw sort 0 O
O,cssawsort OO DODO0000O0Dsawsort 00O OOODOO0O. DODOODOOOOO
gboogboobooobooboobobooooooboooboooogobooobo.ovwwrbobO
goooooob rio0ob. 0orogboobooooobobooooboooobobooobooo
go.00boobooboobobooobo,bobbobooboooboooobooboooboobn
gobodboooboobooobooboooboobboobuoobboobaa.

00000000000, MassiveThreads 00000000 OOOOO DAG.RECORDERO
goo,00b0bo0obooooobbogobboobooooD.bbog 26eMOO0Ogn, 2400
gbobodbooboboobboobobooboobbooboobbooboobboobooo
071100 r712000.

O0oooooooboobbo0ob.ouobouDbbDd, total steal DOOOOOODOOODOO
OOoooooOoooDo,slecalUO0O0DOOOOODDODOOOODOOOOOODOOOO. O
Ux0O,y0o0oboboobobooooboboomoboooboboooobobobob,obooobo
gbobobooboobooooooooooooboobooo,bb00b0b000b0bD00 maxO0O
oboo.obo,0bob0 2400 400000000D0,6000010000000. 0000
gobobooob,bbooobbooobbooobbooobobooobbooooboboon
oo0o0oo0O0o0O000,0000 (=0000000000L0)000D0O0ODOOODODODODO
gbobo0.0db0dmax0 0000 0o0oooooobooooooooon.

071100 71200000000,00 tetall steal OO ODOO0OOOOOOO,000O0
socket-local D0 D OO O0DOOOOO0O0OOO0ODOOOLD.O00O00DOOOOOOO0OOOODO
goboooboog,boobo,0booboobboobooboobboobobooboon
gbooobg,booboboobobbooboobobooooobooboboobOonobo
goooboo.

076 24a00000000000000
ooo normal | task change | steal change

16M 1.0 % 107 1.0 % 107 7.9 % 106
256M || 3.5 %108 3.6 % 108 3.0 % 108
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00,0000000000000000000000000000, 0000000000
doooDOO000oO0, bdooooooooooooo0g, b0ooooooOoooooon
JoooooDoO0o0, Do0ooooDoo00000dooooooOoo00o0odo.ooo
DAGLRECORDER DD 0O0OOOOOOOOOOOODODOOO. D0d0O0O0OoOoOoooooo
0do0obodbOo0ooboDbOOo0boooooOoobOoono 71300 714000

0d0d0d00oo0oDo0o00ooodooooD, 000000000 ooooOoooon
0000000000000 00000000.000240000000000000000 24
doo00.0000o0odboo0oo0odDoU0oooooooooooOooo. ooooooon
0000, 000000fdD00, 0000000000000 oooooDOoDODO. oo0oooon
Jo0oododooO,0d0o0oddoo0dooo0o0o0oDo0ooDobOOoOoDooOOo. ooo r.a3d
00000, 000000000b00bO0o0o0oo0oo0bo0obDO0oO 24000,0000000
000000000000 o0oDOooooUoi0ooOdDOoooooooooOooDOoog. 0o
0071400000000 00000000O00DOO00O0O0ODOO0ODOODOOOOODOOOO0O0
00,00000002400000000000000000000.

00o0o0oooooo, DAGRRECORDERODOOOODOODOODOODOODOOODOO 7.80
O00.00workDODOOOO0OO0ODOO00ODOO0ODOOOODOOOOOODOOOOOOO, delayO0O
ddod0oooooodooOoooOo,d0oD0oo0oDoU0ooOooooooDoOoOooDooO. oo,
noworkOOOOOODODOODOOODOODOODOOODO, 0000000000000 OOOODODO
gogoo.o7800,26MO0000000000000O delayd noworkODOODOODOODOO
0d000bo0oo0ooU0ooU0ooU0oU0oO0. 000, 000000 o0o0oOooDOooDOoDOoOooag
0000000000000 o0o000oo0o00oOo0o0oo0oO0o0oOooOoooOoon
gooo26eMO000D00000000DO0000O0O000ODO. OO00OO0O0O0OOOoO0OOoDOOoOo
O, Socket-aware Steal 0 00, 0000000000 OODOOODODOOOODODOOOOOOOO
0000000000000 0DOo0o00oo0oo0oo0o0oo0o0Ooo0ooOoooooon
O000O,nowork0O delayO OO OOOOOODO.

O0,workODOODOODOOODO 16MO26MODCO0OO0OOOOODOODOOODOODOODOOOO
000. 0000000000000 odDO0oooooooDO0oDOooooooon
dodbooooooo,dbooo0boo0o0ooooooooooooooOo,0o0o0o0oon
J0o0d000o0o0ooUuooUdoOo. 0o, 0000000000000 oOoooOooOooon
0000d0,00000000000000000000000D00D000oOooDooOonD. Ooo
000000000 00000 Socket-aware 0 Cache-aware 1000000000 OO0OOO0O
J0o0doooDdoooooo,0do0do0, 000000000 oooooooooon
ood.
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100
O
10) 10
D,
[0) .
= —— bitonic sort
"'z 1 —e— quick sort
o cilk sort
S —A— rs-saw sort
3) 01
<>J<J —»— cs-saw sort
) L g

0.01

MM 2M 4M 8M 16M 32M 64M 128M256M512M

# of elements

0 710.00000000000000000

gr7. 00000000000000000

OO0 | bitonic sort | quick sort | cilk sort | rs-saw sort | cs-saw sort
1M 0.029 0.026 0.035 0.046 0.013
2M 0.046 0.045 0.038 0.047 0.027
AM 0.086 0.088 0.043 0.046 0.040
SM 0.193 0.172 0.086 0.086 0.075
16M 0.465 0.334 0.187 0.171 0.156
32M 1.106 0.691 0.459 0.435 0.398
64M 2.669 1.424 0.974 1.057 0.959
128M 5.907 2.797 2.135 2.555 2.222
256M 12.984 6.066 4.698 6.003 5.257
512M 29.300 11.287 10.050 14.395 12.429

g78. 0000000000000DO0O00O0ODO

o random steal proposal steal

oo0O 16M|clock] | 256M[clock] | 16M[clock] | 256M]clock]
work 7.4 %10° 2.7 % 101 6.4 % 10° 1.8 %10
delay 5.9 % 108 3.5 % 107 5.9 % 108 3.0 % 100
no work 9.2 % 108 1.3 % 1010 9.2 % 108 3.8 % 1010
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gboodgbo,gbooobooboobobobooboobooboo,bogbogobooobobo
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O00oogooooooooDoOoboboOod bitenicsort 100000, 000000000,000
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e JO0OOOOOO
ooooo0,000000000000,000000000000DOC0O00O00O00O0ODO
0000000 O(nlogn)d mergesort 0000000, 000000000 primitive O
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O0,0000000000000CO0D0O000C0CO0DOO000.00 merge sort 0 SIMD
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gooobooboobooobooboboooobobo, o0 bobbooogoDboD
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merge 000000 0O0. O0DOD0O0OO0O0OD0OO0O0O0O0O0O0O0O0O0OO0O0OO0OO0O0OO,000
00 2"waymergeUOODOODOODOO.
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D300D0D0ODOO0O0O, MassiveThreadsOOOODODO,00000000000000C0COODDO
0000,000000000000000000000000.0000000 MassiveThreads[24]
goooogooooboo,boooboboboogoboboooobo,obobooooboboon
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gboooboooboobooob,0boobobboboobooboo,ooboobonoo
goooooboobo. oboooboboobobooboboobobbooboobbo, o
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O000O0O0.000 Amgaa 000, 00000D00000C000DDOOOO0OODOOODOOO
ooobooo,booogoooooboooooMiIOb0obDOoOo,boobOoo, M1O0000D0OO
gbboob,gboobooboobooobooboboogobog,bogbooboobonboo
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[1] D0O00000O00OObitenicsort 0000000000000 0O0O0OO0OOOOOOO
00000000 SWoePP20120, 00, 2012/8.

2 00000000000 00000000000 mergesort 00000000 0OOOOO
0000000000000 000OooOSwWePP20130,000, 2013/8.
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