
Program Description Lines of Code

Convolution Gradient Directional Edge Convolution of a 500 by 500 black and white 154

Image [Lind91]

Image Add Image addition of two 500 by 500 black and white frames 48

Image xor Image addition of two 500 by 500 black and white frames 48

Translate Translate 500 by 500 black and white image image to a new position 48

Eqntott Part of the SPEC 89 benchmark suite 146

Mirror Generate mirror image of 500 by 500 black and white image 50

Table I: Compute- and memory-intensive benchmarks.

Program

Convolution

Image add

Image add (16-

bit)

I Image xor

I Translate

I Eqntott

I Mirror

Percent Savings

Vpcclvpo -o
cc -o vpcc/vpiJ -o

vpcc/vpo -o

(coalesce loads)
(coalesce loads (C013 - cl+)

and stores)
co12

x 100

16.67 I 17.76 I 15.62 I 15.76 I 11.26

17.41 17.71 11.48 10.44 41.05

12.03 12.02 8.97 8.13 32.36

17.43 I 17.49 1 11.48 I 10.48
I

40.08

11.46 I 10.52 I 8.45 I 7.04 I 33.11

19.17 I 21.55 I 20.72 I 20.72 I 3.86

15,62 I 14.49 I 12.63 I 9.84 I 32.09

Table H: DEC Alpha execution times (in seconds) and percent improvement.

register, but there are no instructions for inserting bytes and words
into a register without affecting the other bytes or words in the

register, Thus, code must be generated using logical instructions to

place the word into the proper position in the register. These
sequences outweigh the gains of coalescing stores. However,

coalescing loads was profitable exhibiting speedups of up to 25

percent.

We also implemented the algorithm in a compiler for the
Motorola 68030. Unfortunately, in all cases the code ran slower,
Inspection of the code revealed that while the Motorola 68030 has
instructions for extracting bytes and words, these are much more

expensive than simply loading the bytes and words directly. This
again highlights how most optimizations are machine dependent.

4 SUMMARY

We have described an algorithm for coalescing redundant

memory accesses in loops. If possible, static analysis is used to
resolve safety and profitability issues. However, in most interesting

cases, it is necesswy to rely on rtmtime tests to handle aliasing and
alignment issues. Such code is relatively easy to generate.
Typically, 10 to 15 instructions must be added in the loop preheader
to check for possible hazards. The results on two machines show

that the technique can result in substantial speedups. For the DEC
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Percent Savings

vpcc/vpo -o

Program
Vpcc(vpo -o

cc -o Vpcclvpo -o
(coalesce loads)

(coalesce loads (C013-C014) ~ ~m
and stores)

C012

Convolution 22.86 22.82 18.87 22.64 17.3

Image add 15.33 25.74 12,97 13.45 15.39

Image xor 15.34 15.34 12.94 13.7 15.64

Translate 16.32 17.52 13.49 16.91 24.46

Eqntott 130.3 145.0 143.2 143.2 1,3

Mirror 20.52 19.23 16.03 16.89 16.64

Table III: Motorola 88100 execution times (in seconds) and percent improvement.

Alpha, we observed speed ups ranging from 3 percent up to 40

percent. For the Motorola 88100, we observed speed ups of a few

percent up to 25 percent, while for the Motorola 68030 the
technique resulted in slower code,
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