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Scattaring Object files by LLVM

NATSUKT Kawal™l and Koicur Sasapafl

This paper describes the system scatters executable files or shared libraries,
generated by compile and link processes, into a small launch program and num-
bers of shared libraries. When we execute a program, we load executable file
from a storage to a memory. On the other hand, we can controll the loading
process of a scattered program more flexibly and effectively. Our system as-
sumes that a function is a smallest part of an object file and scatters an object
file into libraries each of them contains one function. Our system also generates
a launch program loads and executes the scattered shared libraries. To avoid a
size-overhead of each shared library, our system generates function groups. We
implemented our system on LLVM, a commonly used compiler infrastructure,
to target many programs. As one of the applications of this system, this paper
describes a way to run programs over a narrow network. Moreover, this paper
evaluates file sizes and performance of programs scatterd by our system.
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Fig.1 Scattering a Program
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Fig.2 Functionality of the Scattering System
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Fig.6 Shared Library Manager
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ooo strip 00000000000000O00O0O0O0OO00OO0

02 0O0oooooo
Table 2 Target Program

Vim-init 00003000000000000
Ruby-init 0000000O0000O0O0O0O00
Ruby-tarai 000000000000000000

SQLite3-init 0000000000000
SQLite3-query 1000 000000000000

7. O O

gooooboobooooooooboooooboooooooooobooooooooboOoo
gooooobooooooboooo

goboooooooobboo100000ooo

00000000 Vim 7.30 Ruby 1.9.2-p1800 SQLite3.7.6.30 30000000000
000SQLite3 0000000000000 libsqlite3.so0 000000000

goboboobooooooooooooooboooooobooooooooooooOoOon
ooboooobobooobooo 20000000000000000A0

uooooooooooboooooooooooooooooboboooooooooooo
gobodobobooobooooooboooboboooboooooooobobooOobooboOobooon
oooooOO0O0000000000000000000O0O0O00O0O0O0O00 demol1d0 90
gooooboooooooboooooboooooOoOoOo0oOoooooobOoboOoOooOoDboOno
00000000000 demo200 100000000

7.1 0OO0O0OO0OO

goboooiooooobi1booooooooooobooooboooobooooonooon
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03 bDooOoOooOooooooOoOooooo
Table 3 Each Function to a Shared Library (Launch Program Size)

oooo 0000000 [KiB] 00000 [KiB] oooo

void func0000(void) { /* some calculations */ } Vim 117 2,059 20.3%
void func0001(void) { /* some calculations */ } Ruby 479 2,029 23.6%
/* Total 65535 functions... */ Si;‘;z? 3,;(2)2 1’2;;? ;2?2
demo?2 5 3 171.9%

int main(void)

04 0000000O00O0O0O0O0OO0OO0O00O

funCOOOO(); Table 4 Each Function to a Shared Library (Total Shared Library Size)
func0400(); 0000 00000000 00000 [KiB] 00000 [KiB] 0000
func0800(); Vim 3,984 16,193 2,059 786.6%
/* Total 64 function calls... */ Ruby 4,725 15,086 2,029 743.4%
} SQLite3 3,604 11,066 772 1433.4%
demol 65,536 164,354 12,291  1337.2%
09 OOO0OO0O0OO0O0O0 1 demo?2 1 3 3 85.3%

Fig.9 Sample Program 1

0000000000000000000000
0000000000000000000000000000000000000000
00000000000000000000000000000000000000 30 4
0000000000000000000000000000000000000000
30%00000000000000000000000000000000
{ . o 00000000000000000demo20000000000000000000
volatile unsigned 1, J, k; DD0DD000500000000000000000000000060000000
for (i = 0; i ( 1000000; i++) 00000000D000D0000000000000000000000000000
for (7 = 03 j (100005 j++) sfsisiufslsiuafalsius]s
/* Null statement */; 0000000000 000D 5000000000000000000000000
} 000000000000000000000000000000000300ms0000
E;%iiﬁfi;iii 00000000DD0000000000D000000000000000000000
0ooo
7.2 000000
0000050000000000000000000000000000000000

int main(void)
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Table 5 Each Function to a Shared Library (Performance) Table 7 A Function Group to a Shared Library (Total Shared Library Size)
0000000 000 ms] 000 ms] 00000 0ooooo 00 [KiB] 0OO0OO0O000O0O 00000 [KiB] 00000 [KiB] 0000
Ruby-init 84 8 1062.7% 32 224 3,785 183.9%
Ruby-tarai 3,708 3,487 106.4% Vim 64 107 3,309 2,059 160.7%
Vim-init 2,289 2,022 113.2% 128 53 3,078 149.5%
SQLite3-init 15 4 402.9% 32 105 2,767 136.4%
SQLite3-query 34,575 34,173 101.2% Ruby 64 53 2,587 2,029 127.5%
demol 4 1 453.4% 128 28 2,483 122.4%
demo2 23,927 23,488 101.9% 32 71 2,087 270.3%
SQLite3 64 35 1,967 772 254.8%
128 17 1,895 245.5%
06 OD00ODOOOOOODOOOOODOOOOO 32 225 8,183 66.6%
Table 6 A Function Group to a Shared Library (Launch Program Size) demol 64 113 7,914 12,291 64.4%
0000 000000 [KiB] 0000 [KiB] 0000 128 57 7,779 63.3%
32 1 3 85.3%
Vim 418 417 100.3% demo?2 64 1 3 3 85.3%
Ruby 483 479 100.7% 128 1 3 85.3%
SQLite3 125 125 100.0%
demol 3,206 3,205 100.0%
demo2 6 5 122.7%
OO000O0OgSSHFSsOOoOoooad
0000000000000000 demol OO00O0O0O0ORuby O VimOOOOOOOO
goooooobobooooobooogoboboobobobOoO0oooobobboUDbo gooobooboooooboooooboooboobooooboobDOobboboUbo
gboboooboooobooooooboobo0obUobOobOooooDOobDoDUoOobOobo 0000000000000o0ooDoooooD0000000oooonog 800000 demo2
goddoooooooooboooododog e ooooooo 0000000000000000001Mbps 0000 SQLite3-query 00000000
doododoooooboooooobooooodooooooooooooooooog 0000000000000 ooobob oo oooooooooono
gboboboobooobooooobooobobobobobobobooboboboboD 8. 0000
goooooooooooooooogo vOooOobobObOO0O0OoOOoOoDoObOoOoOoo )
gbooobooobooboooobooboooobooooobooobooboboobo 000000000000000000000000000000000000000®
gooogo gbooboobobooboooobooboobobbooboobobobobobon
73 0 O O gbobobobooooooboboobobobobobooobooboobobobooboog
60boopoobooboobooboobbobboobooboobDbOobLbOoo gbooboooooboobooboooooboobooboboooobobooboobUobo
gobobooooooooobobobobobobooooooboboobobooboooboo gbbooboboobooooobooboooboobooboobooooboobooobobo
gooboooooooooboobobobobobobooooobobobOobDOobnoboo gboobooooooobooobooboooobobooboobboobooboboUobo
g00O0o0DbOO0b0O00O0U0bO0oU0DO0ObeKiBOOOOODOOODOOOoOODO goboooboobooboooobooboooboooDoboobooboooboboooboobo
00000LinxOOOOOODOOOOOODOOOOOODOCOOCOOOOODDODO go0ooo0ooodobod0oobOo0oU0ooOoUOoOoOOoooboOoUODoO LLVMOOOODODO
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08 OJ0OUOO0OOOODOODOODOOO
Table 8 Over a Narrow Bandwidth Network

000000 00 [kbps) DOO0DDO00O0[] 0O0000D000OOO[s) 00000

L 100 78.910 171.439 46.0%
Vim-init

500 154.93 35.857 43.2%

1000 79.44 18.823 42.2%

100 68474 162779 41.9%

Ruby-init 500 13.528 32.546 41.6%

1000 6.759 16.374 41.2%

Ruby- 100 75491 166598 45.3%

tarai 500 17.167 36.209 47.4%

1000 10.113 19.764 51.2%

SQLite3- 100 31.454 71.641 44.3%

init 500 6.892 12.531 55.0%

1000 3.324 71.061 44.3%

SQLite3- 100 74.081 243.371 30.4%

query 500 39.639 47315 83.8%

1000 36402 39967 91.1%

100 273.191 681.547 40.1%

demol 500 54.701 136.171 40.2%

1000 27.331 68.059 40.2%

100 25.181 23.756 106.0%

demo?2 500 24.163 23.557 102.5%

1000 24.048 23.547 102.1%

goboooobooooboooooboooobobooooboooboooooDooboo

gobooooooooobooooooooooboooobOboooobbooobooOoOoo
00000000000000000000000000000000000Y 00000
goooboooooooooooooooooooooobooooooooooooonoa
00000000000000000000000000000000000O000O0S O
ooooobooocooooooooooooooooboOoooooooooooobooDooboo
gooooooobooboooooobooooooooboobooobooooboOoobooDboboOobo
oboobooooobooooooooooooboOoooooOoboooobooboOoooDbooo
oooooo

000000000000000000000000000000000000000%0

0000000000000007000000000000000000% 000000
goooooooocoooooooooboooobooboooobooooooboooooonoboo
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oooo

gobooboooooooboooooooobolioooooobooOob 100o0oooboobcOoOoooDooon
ooboooobooooooooboooooOooobooOooOobOoOoooooboboOooboooobooo
gooobooooooooooooboooooboooboooooooobooocoooooDooOoboOoo
oooboooooooooooooboooooboooOoooOooooobooooooooDooOobOoo
oooo

oobooooooooooooooooboobooooboboOooooooboOoooooboo
gooooooooooooooooooooooboooooooooooboooooobo
goboooobooboooooooooboooooooooooobooooooooboobooon
gooooboooooooooooboooooobobooooooboobooooooooooDboOno
00000000 SSHFSOOOODDO0D0O00000000000000 60%0000
O0000000OoooONFSOOOOOoOooooooooooooooooogoooo
goboooboooooooooobooooooobooooboooon

gobooobooooooooboooooooboooooobooooooboooooooon
gooooooboobooodoooboooooooooooooooboooooooboonoa
udoooooooooooooboooOooboooOoooOooooobooboOoooooDoOoboOo
boooboooobooooooooboooobooboOoooOoOooboboOooboboOoobboOoooa

goboooboobooooooooooooooboboboooooDooOoooOoDbOoDboObo
goboboooooooobooooobobOooOobOoOoOoOobOOoOobOObObOOobOOoOobOonn
goooooooooooooboooooboobooobobOoo0ooobooooboooOoboOooOoo
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