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Abstract

We propose a plan for allocating stack regions, and we propose an approach for avoiding
the disadvantage of the plan. Memory consumptions increase in case of many threads. For
suppressing them, the methods of linked stack region is useful. Lazy Threads is one of the
methods. It lowers memory consumptions further by ”stealing” unused part of existing
stack regions and allocating it to a new created thread. In this proposal we allocate bigger
stack region than the original lazy threads, and we make any threads being able to reuse
the big free areas. Using these the frequency of new memory allocations gets lower, and
the speed of the execution gets faster. And they suppress creation of unusable memory
areas. We implemented lazy threads and propose using gcc’s split stack and did evaluation

experiment.
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Listing 2.1. 00 00O00O0O0OOCOOOOOOO

charx data;
int size;

void set_data(charx data_, int size_ ) {
begin_cretical _section();

data = data_;
size = size_;

© 0 N O Ut W N

—_
o

end_cretical_section();

}

void get_data(charxx out_data, intx out_size) {
begin_cretical section();

e e e e e
S O e W N

xout_data = data;
xout_size = size;

== =
© 0

end_cretical_section();

}

V)
(e}
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1
2
3
4
5
6
7
8
9

10
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13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

goo

save_context:

movq %rbx, 0(%rdi)

movq %rbp, 16(%rdi)
movq %112, 24(%rdi)
movq %r13, 32(%rdi)
movq %r14, 40(%rdi)
movq %rl5, 48(%rdi)

popq %rcx

movq %rsp, 8(%rdi)
movq %rex, 56(%rdi)
pushq %rcx

mov $0, %rax
ret

restore_context:

movq 0(%rdi), %rbx

movq 8(%rdi), %rsp

movq 16(%rdi), %rbp
movq 24(%rdi), %r12
movq 32(%rdi), %rl3
movq 40(%rdi), %rl14
movq 48(%rdi), %rl5

mov $1, %rax
jmp *56(%rdi)

save_context() 00000 0O0OOD0ODOOOOO cpud0000OO0OOODOODODOOOO
O0boodbOodbOe400d00O0OO0ODOUODO0ODOODOOUODOODOODODOODODOO 8O
0000080000000 UUcpuI 0000 80D0LLUDOOOODOULOOUDO (O
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000)0x64000000000 rdi D0D0O0O0O0ODOO0OOO20000 1500000
save_context() 00000000 DDOOO2000 rbx00000000CO0OOOOODO
0 rdi00000000D00CO0000DO0O0D003000 rpO00000D0O0O0DOOOOO
000 rdi000O00OD0O0OODOOODO 16000000000000000000O 160
0000000004000 r1200000000000D0O0OD0O0 rvdi0OOOCDOO
OO000O0o0oDbO0Of0bO 2400000000000 0O0O0DO r130r140r15000000
di0000000000D0000000 320400480000000000090000
000000000000 pop00 rex0000000OO0pop 00 rspOOOOODOODO
00 save_context() 000 return 00000000000 rexOO0O0O0ODO rsp OO
O8UobUobOobOobDODOooOdOb0UOpopbobobODODODOOOOOOOODOOO
000x6400000000000000O00O0 (DODO0OOODOODOOD)DOOODOO
00000010000 000 rsp0000000 vdi0OOOODQOODOODOODOO 8OO
O00000D00D0D00011 000 rex0000000O0 retwrn 000000 rdi O
0000000000 bK60000000012000000 rexO0000000O0O return O
O0000 pushODOO9000 pop000O0D0O0OOODOI4000 rax 00000 ODO0O
000 00000000015 000 ret00000 save_context() OO0 O0O0OOODOO
return 00 0000000170000 27000 restore_context() 000000000
O00Orestore_context() D0 O0OD0O0ODODOODOOOD cpuO00000O0O0ODOOOODO
OO00OO000O00O0O0DOOdb0O 4000000000 0ODO0ODODO0ODOODOOODOOOODO
00 save_context() 000000 8000000 80U UIDOOOOOcpuOOOODO 8
0000000000 000000000000000 save_context() OOOODOOOO
00 (0D000)0x64000000000 rdi 000000000 D0O18000 rdi OO
O0000000000000 rox00000000000000OO save_context() OO
000000 rox00000C0OO0O0ODODODOOI9000 rdiODOOOODQODDOO 8
00000000000 rsp0000000DDOOOO0O0OODODOODOOO0 rdiDOOO
000000 16024032040048 00000000000 rbpd r120 r130ri40dris O
0000000000020 0000000000 raxd000O0O0Q0OOO0OO 100DO
0027000 rdi 0OO0OODODOO GOOO0OOODOODODODOOOODOODODOO
restore_context() 000000000 O0DOOOODOO rdi JODOOODODOOOO 560
0000000000011 000 save_context() 000000000 save_context()
O00000000000000 restore_context() 00000000000 OOODODOrdi
00000000000 save_context() 0000000000000 retrn 000000
0000 10000 save_context() JODOO0ODOO0OOOODOODO save_context() O OO
0000 1000save_context() 0000000000000 return0000000O0O0
OO0000O0return00000O0ODOOO
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1 long factorial(long n) {
2  long tmp = 1;
3 while (n!=0) {
4 tmp *= n;
5 n —=1;
6}

7

8

return tmp;

}

00000 n00000000000C000C0001000000 factorial() O0OOOO
000000 factorial D00 long DUOO0O0O nO00OO0O0O0O0O longOOOO0OODOO
2000 longOOUOO tmp U 100000000000 OO30000600000 nO
00000000000000COO000000000004000 tmp0 tmp * n 000
Ob0os5000n0 10000000000DOOODOOOOOYO0O tmp OO0 return
ootoob0n0O0OO0O0O0O0O0OO0OCOOOOOOOOOOODOOOODOOOOOOODOOOO
oboboooooooooooooooboo nO 10000000000 nOSB0O0O000000
000000000000 0O0000000000O00000O00000O00 factorial()
ooooooooooooboboooooooooboOobObOOoOoooooooObObObObDOoOoon.
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1 long factorial(long n) {
2 long tmp = 1;

3 while (n!=0) {

4 tmp *= n;

5 n —=1;

6 if (n % 10 == 0) {
7 yield();

s )

0}

10 return tmp;

11}

ooooooooobooooooobooooboOoooO n0ObOOOO0OOOOOOOOOOOO
00000000 nO00000000C000C000O0001000000 factorial() OO
000000000 factorial OO longUUOOO0OO nO0O0O0O0O0OO longd OO0
0002000 longUOD0O0O tmp 0O 10000000C0O0OO0O0O300O0060000O
n0000000O0COO0OO0O0O0O00O0O0COO0O0000004000 +tmp 0O tmp * n [
00005000 n0 10000000006000000 n000 1000000000
000000000000 100000000007000 yieldO DOOO0OO0DOOOO
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Listing 41. 00 00000OD0O0OOCOCOOOOOOO
1 Mat as matrix double[64 * 64];

def fibo(n, mat, mat_out) {
retl, ret2 as Mat in stack frame;

if(n==0]n==1) {
return n;

}

child = create_thread fibo(n — 1, mat, retl);
n2 = fibo(n —2, mat, ret2);

© 0 N O Uk W N

e e
W N = O

mat_out = retl + ret2;
r = n2 + join(child);

= = =
(o2 NG, B

return n;

=
N
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000000000 DOprev_child wait 0 OOO0OO0OOOO prev_child DO OODODO
obhboobOoobooooooboooboobDOoobobOoobOoobooobOoboobooDbOon
parent() 0000000 OOOOOOOCOCOOOOOO ODOOO 0x20000000 81920
O0O000OOoobOob0o00ob0O00obOb0bO00ObOb00OD0On array DODODOODOO
O char JO0OO0D08OO0D0O0O0D0O0DODO0DOD array UODOOO0DOOODOOODOO



42 040 OO

oooooooboobooboooobooobobooooboobobOOobOOobODOobooOoobOOoDoboon
O000000000Q0 count 0 0O0O0OOO0DOOO prev_child_wait O false 00O
00 join(prev_child) OO0 OODOOO0O prev_child DOOODOODOOOOODDOO
O000 parent OO0 return J0Ocount O 00000 OO0DOOO0OO0ODOODOO
child_wait 0000000000 Otrue00000000CO0OO0OO0O0OO0O0O child()
cboobobooooboobooobboboooobobbbooooobOoboobooOobbOoOoobooOobbOoon
O child_thread 000 0Ochild()) O00OOOO0OO0OO0OOOOCchild() DOO0O child_wait
0000000000 0O0O0O0O0O0O0ODO0ODOOD0OODOO prev_child_wait 00000 false
00000000000 0bobOoD0 prev_childOOOOOOOOOOODOOO0OOO
00000000 prev_child J0O00O0O0O0OO00OO00 OODOOODOO parent() OO0
0000000000000 000D0000 count D0O00OO0ODOOO count OO 1000
O0O0000000 child wait O0OD0O0ODO child thread DO0O00O0O0O0O0D0OO
00000 parent() OO0OOOOOOOODO childO) OO0OOODOOOODOOChildO
OD0D000D000 child_wait 000000000 DOOODOOOCODOOOCODOOO
oooooboboooooboooooobooboobOobOooOoobbooOoobOoDoboOon
000000 parent() D0 000000 OOChild() OOO0OOODOODOOchild_wait
O false 00 000000000000 000O00O0O0O0OOCOOODOOOOODOODOO
oooooOoooooobbOoooooobbooobooOoOobobObOooooboDbDbDOoOoOoo
oooooOoOoooooobOoOoooooobboooooobooOooooooobooboOboOooOoon
0000 parent_start() D0OOOO0OOOOOO0ODO parent() DOOOOOOOCOO
Ooo0oooOo0ooooObO000ooOD o000 ox20000000 81920000000000
O00000000D00D00D charO0OODO 80D0O0O0DODO0O0ODOChild_wait
O0000000000true0 0000000000 child() 000 child_wait 000
0000000000000 0000000000D0000 child_thread DO0OO0OO0O
0 parent (RECURSIVE_CALL_SIZE, child_wait, child_thread) JO00OOOO0OOOO
0000 ORECURSIVE_CALL_SIZE O parent() 0000 O00O0O000O0O0OOOO0O0OO
child_ wait DO OOOOOODO

422 0000

00000 n000000D0 125000000000000 (DO0DODOODOODOOOOOO
00000000000)00000 8kbO 16kb0 64kb02048kb DO OO 0D OOOOOO
000000 worker 00 20000000000000000000000ODO0ODOOODOO
goo0bo0bboobDboobboobbUdUd mallocO0OOO0DOO0OOOODODDOODOOO
0000000000 D00000 3R ieExy 000000000 0DO0D0O0O000OO
0000000000000 (lo0000000)0000000Es0EMO00000nO
000000000 boobobooD map OO0OO0ODOOO0ODOOODODDOOOODOOODOOO
0000000000000000000000000D0 (100D00DO0O0O0OO0)o0ooOOooOOo



42 000000 2. 0000D0OCOCOOOOOOO 43

1800
= 1600
=8 1400
ks 1200
— =
I 1000
Y
W 800
ﬁ 600
ot 400
! 200
0
N s~ O mMmWw N0 s~ O MW N 80 HASs ~O
n o w AwAMR_RMSNPRMEOOMm O O O wn O WAoo
R A I O o T T~ o~ T o o R T V' Y Y Y= o I T o e e L L o B
L I e TR o B o IO o |
AR (R Ly FofREE)

—|azy-threads ===proposal

045 00000020000000000 (D00D0OOOOOOO 8kb)

00 eExy0000
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0000000 | lazy-threads | proposal
8kb 0 2
16kb 1 2
64kb 7 3

2048kb 1 2
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Listing 42. 000000 2000000

def parent(count, prev_child, &prev_child_wait) {
array as char[0x2000] = {};

if (count == 0) {
prev_child_wait = false;

© 0 N O Utk W N

join(prev_child);

= =
= o

return;

}

child_wait = true;

=R = =
S O s W N

child_thread = create_thread child(child_wait);

==
0

prev_child_wait = false;
join(prev_child);

NN =
= O ©

parent(count — 1, child_thread, child_wait);

22 }

23

24 def child(&child_wait) {

25  wait child_wait == false;
26 }

NN
o

def parent_start() {

W N
o ©

array[0x2000] = {};

w w
N =

child_wait = true;

w w
B~ W

child_thread = create_thread child(child_wait);

w w
[S2 I

parent(RECURSIVE_CALL_SIZE, child_wait, child_thread);
}

w
J

000000000 0DOO000O0O00DO0DOO000O00DO0O000O00D00d mallocOO
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gobooboooooogon

stack size (kb) lazy-threads proposal
8 737,316,864 | 737,316,864

16 979,689,472 | 737,329,152

32 1,461,424,128 | 737,378,304

64 9.418,286,592 | 737,476,608

128 4,350,603,264 | 737,673,216

256 8,224,813,056 | 738,066,432

512 16,040,583,168 | 738,852,864

1024 31,506,661,376 | 740,425,728
2048 62,833,704,960 | 743,571,456
4096 || 124,909,932,544 | 749,862,912
8192 || 245,504,090,112 | 762,445,824
16384 | 487,324,073,984 | 787,611,648
32768 || 989,713,993,728 | 837,943,296
65536 || 1,997,921,693,696 | 938,606,592

049 malloc000000O0O0OO 2000000000 (byte)
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stack size (kb) || lazy-threads | proposal
8 1168 2068
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32768 4639 1649
65536 4583 1702
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