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A Code Optimization Technique for Processors with SIMD Instructions
Considering Permutation Instructions

HIROAKI TANAKA,! YosniNorl TakeucHI, ! KEISHI SAKANUSHIT!
and MASAHARU Ima1f!

Recently, SIMD insturctions are often implemented in embedded proccessors and widely
used for processing multimedia applications. SIMD instructions perform same operations on
each data packed in one register. On the other hand, permutation instructions take some
data from two registers and, permutate and store them into one register. Using permutation
instructions to increase the parallelism adequately, high performance can be lead by exploiting
SIMD instructions. However, the code generation methodology to make the best use of SIMD
insturctions has not been seen established in compilers. This paper proposes a code selection
method for SIMD instructions with permutation instructions. In the proposed method, the
code selection problem is extended to handle permutation instructions. Additional nodes are
added DAGs which represent data flow in a basic block, then permutation instructions are
assigned to the additional nodes. The code selection problems are formulated into integer
programing problem and solved by IP solver, so the optimal assembly code exploiting SIMD
insturctions can be obtained. Experimental results show that the proposed method reduced
the code size by 20.5% and the execution cycles by 23.6% or more, comparing to the method
without permutation instructions.
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Fig.3 An example of permutation instruction utilization.
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Fig.4 Tree grammer and covering by rules.
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Fig.6 Insertion of move nodes.
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(b) Pairs of nodes to be mapped to Permutation instructions
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Fig.8 Identity of operand registers of SIMD instructions.
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Table 1 The comparison of the number of instructions and execution cycles.

SIMD 00 ooo goo
noboo ooo ooooo ooo goooo ooo ooooo
convolution 31 521 31 521 20 337
dot product 23 69 23 69 16 56
fir 49 664 49 664 27 477
matrix 23 31,684 23 31,684 16 25,184
n complex update 48 1,684 48 1,684 28 1,028
n real update 31 516 18 276 18 276

02 O00000000000O0OO0O00O0

Table 2 The comparison of the reduction ratio of the number of instruction and execution cycles.

ooo ooo
noooo oooooo oooooooo oooooo oooooooo
convolution 0.0 0.0 35.5 35.3
dot product 0.0 0.0 30.4 18.8
fir 0.0 0.0 44.9 28.2
matrix 0.0 0.0 30.4 20.5
n complex update 0.0 0.0 41.7 39.0
n real update 41.9 46.5 41.9 46.5

03 0D00o0oopoILPODOOO0OODOOOOOOOOOOOO

Table 3 The comparison of the number of DFT nodes, variables and constraints

in ILP and CPU time.

ooo ooo

noooo oooo | oooo | PP9% | oooo | oooo | PPED

[sec] [sec]
convolution 29 59 0.10 556 2,883 0.36
dot product 34 80 0.11 557 2,884 0.32
fir 41 90 0.13 731 4,740 0.65
matrix 34 80 0.15 557 2,884 0.37
n complex update 64 140 0.13 1,916 22,548 15.55
n real update 40 95 0.13 634 3,515 0.47

o0o0o0O0o0o0oooOoOoooooooooooood
0000O000o0ooOooooooooooooog
000O00o0o0ooo0ooooooooooo 1d
000 n complex updates 00000000000
000 n complex updates 00000000 900
O0On complex updates 000000000000
OOAJ] O Ali+1]0B[i] 0 Bli+1] 00000000
00oOO000000 2000000 10bOobooOOoo
o0o0O0O0oO0o0oooooooooogooooooog
Ali+1]*Blijj000000OooUOooUoooooog
Ai+1]00000B[jjO000UOOUOOOOOO
O0O0oouooooooo SIMDOOO MULT20O
0000O00o0o0oooooooooooooood
goooooooooooMuULT200000000
000000000 000oo0oooooooooog
dooooobooooobobooboooooooooo
0o0oooooooooosIMbDOOOOoOooooo

short A[2#N], B[2xN], C[2xN], D[2*N];

int i;

for (i=0;i<N;i+=2) {
D[i] = C[i] + A[il * B[i]
- A[i+1] * B[i+1];
D[i+1] = C[i+1] + A[i+1] * B[i]
A[i] * B[i+1];

+

0 9 n complex updates 000000
Fig.9 Program of n complex updates.
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Fig.10 Data operation instructions on multiple data

within a register.
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