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Improvement of Live-range Splitting Method
by Using Concurrent-copy

JUNICHIRO NAKABAYASHI, T MASAKI KATAOKA, 2
AxirA Kosekl, ™ HipEakr KomaTsut?
and YOSHIAKI FUKAZAWA T3

Graph coloring, a typical technique of register allocation, is prone to gen-
erate redundant spill code. Some techniques of live-range splitting have been
proposed to solve this problem. However, these techniques have the side-effect
which interferes with register allocation, because the interference among vari-
ables can be increased by the sequence of copy instructions which are generated

by live-range splitting. The increased interference is called pseudo-interference.
In this paper, we propose a new technique that can improve the performance
of live-range splitting by eliminating pseudo-interference. The representation
which means some copy instructions are concurrently executed is required for
eliminating pseudo-interference. Therefore, we defined concurrent-copy instruc-
tion in intermediate representation and use it instead of the sequence of copy
instructions. However, we must convert it into the sequence of machine codes
that can obtain the same result as it after register allocation, because it can
not be executed. The dependences which exist among the copy instructions
must be paid attention at this conversion. In this way, the performance of live-
range splitting can be improved. The codes generated by a compiler with our
technique run an average of about 0.9% faster than the codes generated by a
compiler without our technique in the SPEC benchmark.
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Fig.1 Example of live-range splitting.
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Fig.2 Example of pseudo-interference.
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Fig.3 Effect of live-range splitting.
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Fig.4 Example of live-range splitting by concurrent-copy.
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Fig.5 Flow of our method.
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Fig.6 Example of concurrent-copy instruction.
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Fig.7 Expansion of concurrent-copy instruction.
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Fig.8 Example of swap operation.

gboooooboboobooooooooboobOoobobOoobooobooobbOoOoDooOo
oono

gboooboooooooobooobOoooocooboOoOoooooOoOooboOoDOOoOo 8O0
00080 (1)00300000000000000O0DO0DO0OOO0LOO0OO0OOOOODO
0000000 OU0D0O0O00000O0U0OU0OL0O0DO0O0O0OLO0OD0OULOO (a)00O
gbobooooooooooobooooooooobooooo20000000000D000
goooooooooooooooooboooooooooboooooobooobooobooOobo
gooooboooooooooooooooobooooooooooOooooooooDooo
gobooooooooooooo

gooooooooooooooooooboooooooooboooooboOobOoooobo
gopoooooo

5. JOogoo

51 0000
00000000000000003000000000000SPECOOOOODODN
O00000000000000

(1) COINSOOODOOY0 Ver. 1.4.3.30

(2) DOOOOOOOOOOOOO COINSOOOOO

(3) DOOOOODOOOOO0OD0OO0OOOO COINSOOOOO
COINSOOOOODO00O0O0O0000000000000000000000000on
000000000000000000000000000000000000
(2)0(3)00000000000000000000O0O000O0000000000
000000D0000000000000000000000000000000000
0000000000000000000000000000000000000000

000000000 0o0ooO0oooOd Vol.2 No.2 70-79 (Mar. 2009)

000000000000 boooooooooa
ddodooooooobooboobboodoooooooooboobooooboboooogoa
00o0oogooooooooooooooooOoCoOooOoOOoOoooooooooooooo
00000o0o0oooooooooooooooooooo

000oo0opDoooOo0o0oUooooooOooUoooooooO0oOoUoooD 20000
oooooOoO0oU0Ooo0oooooooOoOooODOO0o0o0oUoUOoOoOoOoooo1IOoOoO
000o0oooooo0oU0oooooUooooooooU0ooDoooOoooooooooo
000000200 0000000000000000 0000000000002 00
00000DO0o0o0o0U00oooo0Uoooooo0UoDooooOoUoooooOoo
0000000ooooooooo0o00o0oooooo0o0ooOo0oooooooooon
0000000000000 000oooo0o0o0oooooOooooooooooon
0000000000000 00000 00000000000000000000 40
000000000000 40000000000000000000000O0O00O00O0
00000O004060000000000002000000000000060000
000o0oooooooooon

0000DoooOo coINSOOOpoOoooooooponooooooonoooooo
0000000000000 000000o000000ogooo 1o0gooooooog
000000o0doooooDOoocCcoOINSOD0DOoooooooooonoooooon
doooooooooooboobobbdddoooooooboooobooooooog
0dobo0ooOoOo0ooobOoOoo0ooObOo0oDbOo0oobOoooDoOOoooboOoOoooDboOoOonDt
O00000000oopoooO0ooOo0oOoOooooooO coINSOOooooooooooo
oo0o0o0o0oOoUooooOooooooooooOOooooOoOooooooooooooog
O00000oooooooo coINSODODOoOooooooooooo coINsSoooono
SPEC CINT 20000 000000000000 O0OOO0000O0OOO0OOOoOOooOoOOO
0000000 COINSO 100%0 000 900000000000 000ooouooooog
goooooo coINSOOOOoUooooooooooooooooooooooooog
000000000000 oooooooooooooooOoOooO

000000000 00oooooOo SPECCINT 200000 0000000000ODO
000000000o0o0oooo0o0o0o0000oooooooooooCPUO Pentium4
03.4GHzM OOO 2GBOOS O WindowsXP Professional 0 0 0O O

(© 2009 Information Processing Society of Japan



76 O0O0OO0OO0OO0O0OOOOOOOCOOOOOCOOOOO

104%
102%
100%
98%
96%
94%

B COINS (coalescing)
O COINS (not coalescing)

09 COINSOOOOOOOOOoOoooo
Fig.9 Effect of coalescing in COINS.
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Fig.11 Ratio of execution speed (splitting condition: all loop, register pressure is 5 or more).
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Fig.12 Ratio of execution speed (splitting condition: all loop, register pressure is 6 or more).
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Fig.13 Ratio of execution speed (splitting condition: inner loop, register pressure is 4 or more).
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‘ Moriginal Bonly splitting Oour method ‘
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Fig.14 Ratio of execution speed (splitting condition: inner loop, register pressure is 5 or more).
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‘ Moriginal Eonly splitting Oour method ‘
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Fig.15 Ratio of execution speed (splitting condition: inner loop, register pressure is 6 or more).

01 00000000000

Table 1 Geometric average of the ratio of execution speed.

ooooooon ooo

00oooooooD 4 98.1% 100.7%
oooooooooo s 98.1% 100.9%
00o0o00o0oo0Ooo 6 98.3% 100.6%
00ooooooooo 4 98.0% 99.7%
ooooooooooo s 98.2% 99.7%
00000000000 6 98.0% 99.3%
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Table 2 Number of SWAP operations.
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22 8 0 200 6 39
21 9 0 194 6 56
21 13 0 174 3 27
8 5 0 138 2 66
7 5 0 124 2 21
7 5 0 98 2 16
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