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A Register Allocation Technique Using the Series-parallelized
Register Existence Graph and Its Evaluation

NOBUHIRO KONDO,t AKIRA KOSEKI,tt HIDEAKI KOMATSUTt
and YOSHIAKI FUKAZAWATt

For the purpose of achieving very high performance of processors, register allocation and
code scheduling are vital techniques because improving the usage of limited processor resources
such as registers and ALUs vastly affects the performance. With the number of registers and
ALUs increasing rapidly, the importance of these optimization techniques have become higher
and higher. However, very few of existing register allocators takes instruction-level parallelism
into account. This paper introduces a method using the graph that can express dependencies
and parallelism among instructions simultaneously. Through making the graph series-parallel
graph, code scheduling and register allocation are cooperatively conducted.
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tl:=j+8 £2:=X+j t3:=s>>1  t4:=Load* (A+h)

l l

vl:=tl|1 delay

l / l

v2:=vlc<l t6:=t3+t4

l /

t8:=t2+t6

l

J2:=v2+1

END

01 GPDGOO
Fig.1 An example of GPDG.
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02 000000D0O0DOOOOOOOD
Fig.2 An example of series-parallelized register existence

graph.
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Fig.3 Series suites and parallel suites.
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Fig.4 Dataflow of our method.
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05 000000000
Fig.5 An example of register existence graph.
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Fig.6 A series-parallelized register existence graph

derived from Fig. 5.
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interference degree.
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cycle ALU1 ALU2 ALU3 ALU4
1 Load X t4:=Load Store h
* (A+h)
2 t3:=s>1
3 t1:=j+8 t2:= X+j | t6:=t3+t4 | Load h
4 vl:=t1|1 t8:=t24t6 Load p
5 v2:=vlgK 1 s2:=t8+2 t5:=h>2
6 j2:=v2+1 t7:=t5-p
7 h2:=t7«2
cycle | REG1 | REG2 | REG3 | REG4
1 j s A h
1-2 j s X t4
2-3 j t3 X t4
3-4 t1 t2 t6 h
4-5 vl t8 P h
5-6 v2 s2 P t5
6-7 j2 s2 t7
7-8 j2 s2 h2

08 O0O0OOoOOpDOoboDOOoOobOoOoo
Fig.8 Generated code and its register allocation.
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Table 1  Critical path length (with 8 registers).
oo Ooo1 oo2 ooo
ooo 2 4 8 00 2 4 8 9] 2 4 8 [e9)
Bubble 37 37 37 37 31 18 17 17 23 15 13 13
Exptab 91 91 91 91 48 42 23 23 44 24 17 17
Fit 77 75 75 75 149 147 147 147 | 77 | 75 75 75
Initarr 96 96 96 96 83 55 55 55 49 33 33 | 33
Initmat 110 110 110 110 76 73 73 73 57 | 34 30 | 30
Permute 25 24 24 24 39 28 28 28 20 17 17 17
Qsort 34 34 34 34 44 30 27 27 34 24 21 21
02 00000000 320
Table 2  Critical path length (with 32 registers).
oo oo1 oo2 ooo
ooo 2 4 8 oo 2 4 8 00 2 4 8 [eS)
Bubble 26 24 | 23 23 23 14 13 13 23 14 13 13
Exptab 38 33 33 33 35 19 11 10 35 19 11 10
Fit 73 72 72 72 73 72 72 72 73 72 72 72
Initarr 51 49 49 49 39 33 33 33 39 | 33 33 33
Initmat 62 58 58 58 51 30 28 28 | 49 | 30 28 28
Permute 25 23 23 23 20 17 17 17 20 17 17 17
Qsort 28 23 23 23 28 22 20 20 28 22 20 20
cycle ALU1 ALU2 ALU3 ALU4
1 meml:=Store(rl) t20:=r0+32767 t40:=r1|0 t42:=r0+4
2 t18:=r1|0 t21:=t20& 32767 t41:=t40>>2 t43:=t42&4
3 t19:=t18>>2 t44:=t41+t43 t30:=r1|0 t32:=r0+4
4 t22:=t19+t21 t31:=t30>>2 t33:=t32&4 t28:=r0+32767
5 REGS8:=Load(mem1) t34:=t31+4+t33 t29:=t28& 32767 t38:=r0+32767
6 t26:=r0+32767 t35:=t34+t29 t39:=t38& 32767 t23:=Load(t22)
7 t24:=r1|0 t27:=t26& 32767 t36:=Load (t35) t45:=t44+t39
8 t25:=t24>>2 *(t45):=Store(t23) | REGl:=Load(meml)
9 t37:=t25+t27
10 *(£37):=Store(t36) t46:=r1+1
cycle | REG1 | REG2 | REG3 | REG4 | REG5 | REG6 | REG7 | REGS8
-1 rl
1-2 rl t20 t40 t42
2-3 t18 t21 t41 t43
3-4 t19 t21 t30 t32 t44
4-5 t22 t21 t31 t33 t44 t28 t38
5-6 t22 t21 t34 t29 t44 t28 t38 rl
6-7 t22 t21 t35 t39 t44 t23 t26 rl
7-8 t22 t24 t36 t45 t44 t23 t27 rl
89 rl t24 t36 t45 t44 t23 t27 t25
9-10 rl t37 t36 t45 t44 t23 t27 t25
10— t46 t37 t36 t45 t44 t23 t27 t25

Fig.9 Generated code for a basic block of Bubble via our method.

09 0000000000O0000

goobobooooooooooooboooooboooDo
goooooooooooooooobcoooooon
gooooooooooooooooooobooo
goobooooobo0oo0ooooobooooobooo
gboog8uoboobD 20000000000000D00

gooooobooooboboooobooobooooon
goooooooooobooobooooooboooo
ooo



Vol. 41 No. 11

goooooooobooooOOobOOOOObOOOOU0OObObOOObOOoOOooooo

3131

cycle ALU1 ALU2 ALU3 ALU4
1 t30:=r1|0 t32:=r0+4 t26:=r0+32767 t42:=r0+4
2 t31:=t30>>2 t33:=t32&4 t27:=t26&32767 t43:=t42&4
3 t34:=t31+t33 t28:=r0+32767 mem1=Store(t27) t38:=r0+32767
4 t29:=t28&32767 t40:=r1|0 t39:=t38&32767
5 t35:=t34+t29 t24:=r1]0 t41:=t40>>2 REG6:=Load(mem1)
6 t36:=Load(t35) £25:=t24>>2 mem?2:=Store(t41) t18:=r1]0
7 t37:=t25+t27 t20:=r0+32767 REG3:=Load(mem?2) t19:=t18>>2
8 *(£37):=Store(t36) | t21:=t20&32767 t46:=r1+1
9 t22:=t19+t21 t44:=t41+t43
10 t45:=t44+t39 t23:=Load (t22)
11 nop
12 *(t45):=Store(t23)
cycle | REG1 | REG2 | REG3 | REG4 | REG5 | REG6 | REG7 | REGS8
-1 rl
1-2 rl t32 t30 t42 t26
2-3 rl t33 t31 t43 t27
34 rl t34 t28 t43 t27 t38
4-5 rl t34 t29 t43 t40 t39
5-6 rl t35 t24 t43 t41 t27 t39 t18
6-7 rl t36 t25 t43 t41 t27 t39 t19
78 rl t36 t41 t43 t37 t20 t39 t19
89 t46 t36 t41 t43 t37 t21 t39 t19
9-10 t46 t36 t41 t22 t44 t21 t39 t19
10-11 t46 t36 t41 t23 t44 t21 t45 t19
11-12 t46 t36 t41 t23 t44 t21 t45 t19
12— t46 t36 t41 t23 t44 t21 t45 t19
010 0O0200000000000
Fig.10 Generated code for a basic block of Bubble via method2.
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