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Register Allocation for Predicated Software Pipelining
Using Spiral Graph

HirovA ITOGA,"® YOSHIYUKI YAMASHITAt and JIRO TANAKATt

Register renaming and predicated execution are the hardware facilities to support software
pipelining. Spiral Graph has been proposed to allocate registers for the architectures with
register renaming. However, the original Spiral Graph cannot naturally express the predi-
cated execution. In this paper, authors propose Predicated Spiral Graph for the architectures
that support software pipelining, such as Intel IA-64 architecture. Predicated Spiral Graph
extends a track on the original Spiral Graph to multiple sub-tracks, each of which represents
each value of the predicates. The live ranges, which are defined and used in the predicated
execution, are allocated to the sub-tracks. Authors propose the algorithm on Predicated
Spiral Graph, which yields the optimal number of the required registers in polynomial time.
This algorithm judges whether the number of the required registers equals to Wiax, a lower
boundary of them, and yields a result of allocation. Even if the check fails, the algorithm
yields a result which requires Wmax + 1.
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do { 01 2 3 4 5 6

0: load vl

1: add v6, vl -> v4

2: mult v4, v4 -> V5

3: add v5, vl -> 12

4: mult vl, v2 -> 3

5: add v2, v3 -> v6

6: store v2
slide +1
}

O 1 Spiral Graph
Fig.1 Spiral Graph.

000000000 00ooo0oooooooooo
00000000ooooooooooooooog
O000000ooooooooooooooooon
ooo
00000oDOo0o000oOo0ooooooooood
00000000 Initiation Interval: 17000000
oo0o0oOooogdoooooooooOooooooo
O000o0ooOoooOooo200000000000
go0o0ooO0ooooo0oooooooooooooo
O000O0ooo0ooooODOOOoOoooooooogo
000000000000 ®00000000000
0000000 IA-640000000%000000
O000000oooooooooooooooooan
O rotating register 10 00 000000000000
0000000000 predication00 00000000
oooooOoooO00oO0oooopoogooooo
0490
00000ooopDUooooooUooooooooo
00000 D0Spiral Graph® 00000000 O Spi-
ral Graph OO OO OO0 0O0O0O0O0OOCOOOOOOO
0000000000 10oooooooooooo
0000000000 0o0oooOooooooooon
0000000000000 0000oooooooon
0000000000000 oooooooooo
00000oooooooooooooooooo
oo0oooogdoooooooooooooood
goooooooopooooooooopooooodg
OO0OSpiral Graph 000 OO0OO0OO0OOOOOOO
goooo
200000000000000000000 Spi-
ral Graph 000 00000000000 OOOO0O
003000000Spiral GraphO OO OQOQOOOd
0000 Spiral Graph OO OO0 040000000
000 Spiral Graph O OO 00000 OO0OOOOO

O00 Wnax 00000050000 Wnax+100
oooooooooboobooboooboobobooobooon
0000000000000 Wmaexe OO0DODODODO
gbooooooooo

2. 0000

2.1 0O0O00O0O0ODOO Spiral Graph

ooooooooooOo0oooOooooooood
O00000oo00oooooooooooooooo
oooO0o0oOoooOooOooooooOooOooooo
+100000000000000000000OO0OO
00000000k 00O0O0O0OO0ODOOOODOOOO
00000000000 k+10000000000
O00o0ooooooooooog

000o000o0oooooooooooooooo
00 Spiral Graph 0 0000000000 O00O0Y0
Spiral Graph OO0 00000000000 OOOO
000000000000 Oo0oOoooO 10 Spiral
Graph O OO O0OO0OOOO0OOOOOOOOOOOO
O000O00oO0o0o0ooo0oooooooooooo
O00ooooooooUoooOooooooooooo
O0vs OOOOORROOOODOOOOOOOORRLO
00000000slide +1000000000000
0000 0O Short Bridge Algorithm O Spiral Graph
0000000o0ooOo00oooooooooooo
000000000000 0000000vw, 0000
oo0oo00obO0o0o0oOoooooooooooooo

ooooooooooooooooooooooo
ooooOoOoooOooOooOoooOooooooOooo
O00oooOoooOoooOoooOoOoo0oooooo
00000'Y000000000000000000
O0oo00oOoooooooooooooooooooo
gooopoooooo

0000000 0o0ooOooooooooooood



64

goooooooooboooooooo

Sep. 2002

DO I=1, 1000
IF ((( A(I) + PI )*2.0 ) > 0.0 )
THEN
Y(I)=(( X(I)+1.0 )**2.0 + X(I) + 1.0 ) * 3.0
ELSE
W(I)=U(I)**2 + 4.0
END TIF
END DO
02 O00ObDOoooooo
Fig.2 A sample program.
L: (pl7) 1dfd f(d)=X[I+3] M(3*II+0)
pl9) fma f(f)=f(e)*f(e)+f(e) ;; F(5*I1+0)
1dfd f(a)=A[TI] M(O*II+1)
fmp f(c)=f(b)*2 HH F(2*II+1)
p33) 1dfd f(h)=U[I+3] M(3*II+2)
pl8) fadd f(e)=f(d)+1 HH F(4*I1I+2)
(p20) stfd Y[I+6]=f(qg) M(6*II+3)
fadd f (b)=f(a)+PI H F(1L*II+3)
(p35) stfd W[I+5]=f (1) M(5*II+4)
(p34) fma f£(i)=f(h)*£f(h)+4 - F(4*I1I+4)
(p19) fmpy f(g)=£f(£f)*3 . F(5*II+5)
fcmp.gt pl6,p32=£f(a),0 F(2*II+6)
br.ctop L Y B

03 O0Oooooo

Fig.3 A result of instruction scheduling.
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Fig.4 Predicated Spiral Graph.
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Fig.5 Expansion of Predicated Spiral Graph.
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Fig.6 Result of allocation with Wiax + 1.
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Fig.7 Result of allocation with Wiax.
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