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Characteristics Extraction of Loop Unrolling and Its Modeling

Y OSHIDA TERUHIKO' and SATO HIROYUKI#t

Loop unrolling is one of the useful methods to optimize loop execution. Loop unrolling
works well for modern super-scalar processors because it improves instruction-level paral-
lelism and register usage. Compilers can automatically unroll loops but their factors are not
always optimal. Conventional research for the loop unrolling just concludes that applying loop
unrolling can improve program performance. However, there is little discussion of quantita-
tive evaluation. Our goal is the construction of a symbolic model to quantitatively evaluate
loop unrolling. In this paper, we inquire which parameters affect loop unrolling perormance
and have quantitative analysis. As a result, we study both calculation cost and cache miss
cost affect loop unrolling. Particularly, it is important to consider the distance between load
instructions and reference instructions.
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Fig.1 Algorithm to calculate Unrolling Shape.
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Fig.2 Example of Unrolling Shape.
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1: doi=1,n
2: tmp(i) = a(7)
3:  enddo
4: doi=1,n
5: b(i)=a(i)—a(i+1)—a(i—1)
6: enddo
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Fig.3 A program to load data on cache.
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1: doi=1,n
2: b(i)=a(i)—a(i—1)—a(i+1)
3:  enddo
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Fig.4 Program of difference method (1) (unrolling factor:
1).
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2: b(i)=a(i)—a(i—1)—a(i+1)
3: b(i + 1)=a(i+ 1)—a(i)—a(i + 2)

4: enddo
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Fig.5 Program of difference method (1) (unrolling factor:
2).

0oo00ooooooobo10000000ooDoooa
000000000 1igoboboooooboboooo
01g0ddb1oo0obobobobooooon 34
goobolboobbooo2b0bbbbboooooo
ogooobooboobooboa
Ope(1) ={ 1d a; Ida;—1 stb
fsubd a;,a;,t fsubd t,a;,b; }
goddbooOo3l1oboooooooooooooo
0o0oo0o0ob0o0oOob0 1goooooobooooao
000000000 Oceycle(l)=800000000
00000000 00DOO0OD0O0 10000040 Paral-
lelization Effect O O

pe(l,N)=8.0- % =8N

1d Ai+1

gboooooooobbooooobooboOon 20
gbooboooobooosboU0oboboobooboobo
gd1o00ooooobooboboooo1gboboooo
go01o00o0obooboobobo 20000000
goobooooooobooobooombooobobo
oboboo0o0oo 1obooobbooboboobobooo

0O Ope(¥) OO
Ope(k) = {ld ai+«
fsubd a;+k—1, Qitr—2,t

st bitr—1

fsubd ¢, @ik, biyr—1  }
00o00ddookg >2000d00dooooooa
NxUnitO0OOOOOOOOOOOO

x € Ope(k) — N x Unit

Id ajqk — (k+2,LD)

st biyr—1 — (k+£+4+6,ST)
fsubd ai+k_17ai+k_2,t = (k+3,FA)
fsubd ¢, ajyk, biyr—1 — (k+¢+3,FA)

000000000 Unrolling ShapeO0OOOODODO

July 2001
cycle LD/ST FA FM
1 d a;

*
2 1d a;
*
3 Id a;4q
—_— x
4 Id ajyo s1 —a; —a;_q
* * ok
5 sg — a;yq —ag
— xx
m by — s1 — a;
m+1 by «— sg —a;41
— %
n st a;
— =
n+1 st a;yq
— *x*

0 6 Unrolling Shape 00000
Fig.6 Steps of calculating Unrolling Shape.
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Fig.8 Distance between load and reference in difference
method (1).
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Fig.9 Unrolling Effect of difference method (1).
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1: doi=1,n
2: a(tl)=a(i)—a(i—1)—a(i+1)
3:  enddo
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Fig.11 Program of difference method (2) (unrolling
factor: 1)
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Fig.12 Unrolling Shape of difference method (2).
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Fig. 13 Distance between load and reference in difference
method (2).
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Fig. 14 Unrolling Effect of difference method (2).
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