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| ntroduction

M otivation
Energy__ > 1000 nJ

Energy < 1nJ

Can we use compression to save energy?
L ossless compression

Concrete Objective
Can we use up to 1000 “adds’ to eliminate a bit?

Challenges
Memory access consumes a lot of energy
best compression ratio  energy savings
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Energy Benchmarks
Communication Energy (w/o compression)

1 MB workloads?
Best-case energy usage:
dedicated channel
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Energy Benchmarks

Computation Energy
Setup
assembly code
1000 add instructions in aloop
fitsin L1 icache
Results
0.86 nJ per add instruction

transmit 1 bit  485--1267 add instructions
2-3 orders of magnitude

Other Energy During “add”
Network card 0.43 nJ
CPU......... 0.86 nJ
Menory...... 1.10 nJ

____________________ * Inreal-life,

Tot al 6.59 nJ * more than just “add” ops.



Performance Benchmarks

Characterizing Compressors
bzip2, compress, |zo, ppmd, zlib
default settings

Workload

1Mb text
1Mb web data (Mostly text! No images/binaries!)

Metrics
compression ratio
execution time
static memory consumption (How about dynamic?)



Performance Benchmark Results

Compression Ratio
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Performance Benchmark Results

Need more memory for better compression
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Performance Benchmark Results

Time (Text)
15 .

B bzip2
Bl compress
B 1zo
1 ppmd
.| zlib

,a., 10 _______________________________________________________

T

-

o

(&)

D

2

(<)

E

— 5___ _____________________

; I- N
compress decompress
Operation

de/compression asymmetry



Joules

Energy Benchmarks
Compress + Send 1IMB Text

Compression can increase energy!

Faster networks  less savings

Memory consumes alot of energy
Removed network & peripheral idle energy

Compress + Send Energy (5.70Mb/sec)
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Joules

Energy Benchmarks
Compress + Send 1IMB Text

Compression can increase energy!

Faster networks  less savings

Memory consumes alot of energy
Removed network & peripheral idle energy

Compress + Send Energy (5.70Mb/sec)
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Joules

Energy Benchmarks

Receive + Decompress 1IMB Text
Decompression easier
1MB web data easier (not shown)

Receive + Decompress (5.70Mb/sec)
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Joules

Energy Benchmarks

Receive + Decompress 1IMB Text
Decompression easier
1MB web data easier (not shown)

Receive + Decompress (5.70Mb/sec)
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Energy Analysis

Simulation-Based
Modified SimpleScalar CPU simulator

Computation Energy
| nstructions to eiminate/restore 1 hit

bzip2 compress LZO PPMd Zlib

Compress:

116 10 7 76 74

Instructions to eliminate 1 bit (text)

Decompress:

31 6 2 10 5

\

Instructions to restore 1 bit (text)

single function

Reasonable # of instructions per bit
less than 1000 instructions
But more instructions leads to more memory accesses



Energy Analysis
Memory Energy

Compuation is cheap, cache misses are not
Compressors can have many cache misses

e.g. afew load misses and are you are toast
GOAL: minimize cache misses

Operation Energy (nJ)
Network Send bit (near) 417.00
Send bit (far) 1095.00
Receive bit (near) 329.00
Receive bit (far) 863.00




Energy Benchmarks

Varying Compressor Parameters
Can have big impact
Notice that memory reguires more energy than CPU




Energy Benchmarks

Reducing Memory Footprint to Save Energy
reduces cache misses
affects latency



Optimizing Cache Access
Merging Tablesto Match Access Pattern

Memory Memor
Tablel
=)
Table 2

Origina Merged

Compacting Data Structures

struct entry{ struct entry{
Int fcode; signed fcode:20;
unsigned short code; unsigned code:12;
MHable[SIZE]; Hable[SIZE];

e




Optimizing Cache Access

Results for Unix compress
51% max improvement
Merging did remove bottleneck
Sparse hash table helps
11 & 12-bit max codeword size helps
Compaction helps a bit

Text Data (5.70Mb/sec)



|mpact of Sleep M ode

|dle power consumption affects choice

Compression + Send (text data)

Low idle power:
deep ASAP

High idle power:
spend time doing a
good job, else waste
power idling



Asymmetric Compression

Client:

send using 1zo Compress + Send

Server:

send using zlib |
Receive + Decompress




Overall Results

Accounting for Memory:
Improved compress by 51%

Best Savings
asymmetric: 1zo + zlib-9

VS N0 COMpPression

text: 45 %
web: 73 %
vs standard compression (zlib-6)
text: 57 %
web: 31 %

VS best symmeltric
text: 11 %
web: 12 %



Related Work

Compression can be applied to various points in the
hardware--software spectrum

"End-to-End Arguments in System Design” (Saltzer et al. 1984)

L ossless Data Compression
TCP/IP header compression
Low-Bandwidth File System (LBFS)
Rsync: remote file synchronization
NCTCSys:. text compression

Energy Efficient Lossy Compression
CMU Odessey (Satyanarayanan et al. 1994-2000)
Algorithmic transforms (Sinha et al. 2000)
Adaptive image compression (Taylor and Dey 2001)

Many other compression and optimization techniques
Barr's Master’ s Thesis (Barr 2002)

Recognize importance of low-power idle mode
Critical power slope (Miyoshi et a. 2002)



Conclusions

|essons Learned

Achieving energy savings not obvious
highest compression ratio
lowest execution time

Factors to Consider

hardware characteristics
components
e.g. very sensitiveto L1 data cache size
(de)compressor characteristics
number of cache misses
available network bandwidth
network congestion
workload characteristics & reguirements
latency
available memory
cpu load



Some | ssues

Unrealistic workloads?
Mostly text
aways 1 MB transfers
How do binary files affect results?

e.g. Images, sound, video, .exe, €tc...

Unrealistic usage model ?
Latency requirements of apps
Typical request/reply traffic
Small requests, big replies
Difficult for interactive / small packet traffic

Compressed stream more sensitive to errors?
May lead to alot of re-transmissions

How does network congestion affect results?
May lead to alot of re-transmissions
Too many useless receives/ interruptions ?



