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¢ profile-directed optimization
¢ runtime code generation/modification
¢ program compression
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Figure 2: Managing Function Calls Out of the Runtime Buffer.
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Compression & Decompression

¢ splitting streams approach [9]
¢ by encoding each field using Huffman code

¢ canonical Huffman encoding
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Compressible Region

This is an optimization problem. The input is a control flow graph
G = (V, F) for a program in which a vertex b represents a basic
block and has size |b| equal to the number of instructions in the
block, and an edge (a,b) represents a control transfer from a to
b. In addition, the input specifies a subset U of the vertices that
can be compressed. The output is a partition of a subset S of the
compressible vertices U into regions Ri, Ro, ..., Rx so that the
following cost i1s minimized:

Z |b] never-compressed code
beV\S
k
+ Z s(R;) compressed code
i=1
+ kK function offset table
+ 2|Y| entry stubs

+ max{c; + Z |b|} runtime buffer
' beR;

where s(R;) is the size of the region R; after compression, Y is
the set of blocks requiring an entry stub, i.e.,

Y ={b:(a,b) € E;b€ R;, anda € R; for some i},
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Compressible Regions
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Figure 3: Effect of Buffer Size Bound on Code Size
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(the geometric mean of) the relative amount of cold and compressible code in our programs
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Figure 4: Amount of Cold and Compressible Code (Normal-
ized)
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Optimizations

¢ Buffer-Safe Functions

¢ FEd— RO SIEEHE D — RIEL

¢ Unswitching

¢ indirect jump
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Program Profiling Input Timing Input
file name size (KB) file name size (KB)
adpcm clinton.pcm 295.0 mlk_IHaveADream.pcm 1475 .2
clinton.adpcm 73.8 | mlk_IHaveADream.adpcm 182.1
epic baboon.tif 262 .4 baboon.tif 262 .4
lena.tif 262 .4
g721_dec clinton.g721 73.8 mlk_IHaveADream.g721 368.8
g721 _enc clinton.pcm 295.0 mlk_THaveADream.pcm 1475 .2
gsm clinton.pcm 295.0 mlk_IHave ADream.pcm 1475 .2
Jjpeg_dec testimg.jpg 5.8 roses17.jpg 25.1
Jjpeg_end testimg.ppm 101.5 roses1’/7.ppm 681.1
mpeg2dec sarnoff2.m2v 102.5 tceh_v2.m2v 2310.7
mpeg2enc sarnoff2.m2v 102.5 tceh_v2.m2v 2310.7
pgp compression.ps 717.2 TI-320-user-manual.ps 8456.6
rasta exd_cl.wav 17.0 phone.pcmle.wav 83.7

Figure 5: Inputs used for profiling and timing runs
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Figure 6: Code Size Reduction due to Profile-Guided Code Compression at Different Thresholds
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Execution time data were obtained on a workstation with a 667
MHz_Compag Alpha 21264 EV67 processor with a split two-way
set-associative primary cache (64 Kbytes each of instruction and
data cache) and 512 MB of main memory running Tru64 Unix. In

each case, the execution time was obtained as the smallest of 10

runs of an executable on an otherwise unloaded system.
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