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Energy-Aware Lossless Data Compression and
Wireless Data Receiving
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It has been shown that there is a certain case in which the pipeline pro-
cessing is more energy efficient than the sequential processing. Because of
pipelining processes, LZ (Lempel-Ziv) family algorithms achieved significant
energy savings while multi-path compression command bunzip2 suffered energy
degradation. The experimentation has been performed on a commercial data
transmission device connected to a digital power meter under the stable data
transmission. A pipelining processing outperformed a sequential processing by
22.8 % in terms of energy consumption.

1. T U &I

EHRBEMRICB LT, =05 F— 7 RGO E = 2 )L ¥ — i
{b2E2 5. T —y%ZETE, T—VEEROHIFD-OIL, 7—%
DAGEIEREDIE A TbNTWw 32, FOMES MG T — 4 29—
S HHBEMAR IR T — ¥ ZE L ¢, EHREENRD L THEETI O
ThH 5. T — % 2ZE LI L TREICE T 2B RN 2L
F—3EL IS ), THIHBED LY bz b 8235,

BE, Wi — 9 ZE LMROBBE AN Y — kL2522 L E, %
{ DO¥EMERLTI D 2 FH I TH 2 &) BENRKEN L INTH»
3, Thbb, ERT—¥ZELMHENLICFET L L EDOBEELRIL
X—OfE, MEZFERKCETLEZEEOWEEL LT —IZELVEWVY
RETH S, LdL, KRETIE, A 754 M1L%TFIH 2 & THERT—%
ZAE LRI DB T AN X — % oL T 5 2 ERETH B 2 & & FER
WK DARY. UL, SR NKIBERE - SRR Lo TE, BX
WX D SA 7T VBB Z RVl TH LI EERL TS,

bBE2AA, N4 T34 AMBTRTOEATHEL R LY — 2R T
Z0IFTIER, 4 T4 itk B CPU XD ERIZ CPU OB
PRS2 BN S S BB 22, L 774 Aan-BEs
A Z I a A 3 S, F— I ZEOEEER LK CPU
fHETH DI LT, MEIEE CPU HETH 2. 25 A7 DYk
A%, CPU ZMEMEBICHET 2D 4 L7 7 BH 50T, HET
FNX =T 20 TH 2. ERIME EARHRED 2 R Y A

11 MR AR L, Faculty of Information Sciences and Engineering, Nanzan
University

12 RStk NTT F 2 2R MiiHf%AT, Research Laboratories, NTT DOCOMO,
Inc.

13 VAHEREBE T, College of Science and Engineering, Ritsumeikan University

T4 HHERFREGEHREAIZER, Graduate School of Information Science, Nagoya
University

Vol.2011-SLDM-149 No.1
Vol.2011-EMB-20 No.1
2011/3/18

1 (© 2011 Information Processing Society of Japan



e iy dSiite =y it T ey
IPSJ SIG Technical Report

MBI DAL E, TOZEIBEDEFICRS, BICRZ LI,
FEEE, 4 BEOEBRTD bunzip2 T, 34 774 Uik > THE L %
VX =T 5 EBEIN.

Lo L, FFEETIE, 4754 vfhic k> T, LZ(Lempel-Ziv) £D
FEffia <y FIZBOTHERMNE L ALY — bR TE L, E4H
HIZRD2OTH %, 1L, T—FREDI A7 DATIE CPU %l
ToTwhwifha, KOZHOTREZFERICT 2 2 & CTHRITRM & &
THILEWTER, B2, T—IREBLMHEZ A TI74T52 L
T, FRIF—%%27 9 v 2 XEVITKINT 20035 oz,

AROMEIIROMY TH 5, 2T TIE, Eif - BHEZHOTT -4
FZEOMBE LI LX—2HHT 2 2 &2 FEic L -BEp%E 282, 3
ETIFFEBRTHOWZ 2 — R APBEE 2 REN I 5 7 DI L 7 2R
BEHHT 5, FBEERIE4ETHERS, RBICS5ETELDEZARRD,

2. BEMA

WAE, 7% 2 EHE L TR T — S EERZHINT 5 2 L THBEZ L
¥— 2T 2R ThbRTwE, ZNETOPETIE, MEHETF—
S RAG EMRDOWEE L AN Y — itz 2 % L &, WME D 2 Fovl
THDHEVIHBENAREN S INTE, BT — Y ZE LBHD
HEIXLX —FZNZHHZICERIE N, 2y b7 — 7 kDl
FEDRF A= LTHesns, FIZE, BUINCEN2 3 20i%
DHTYH ZOREIITHhN T3, Barr & Asanovié) 1ZEMERES &2
BREIC»» 2 HB L FLX — %2 ZNZIRE(LT 272012, WFICH
CbDz v adimiEifz v 2 X0, Hlob oz v 5 JERTREE
(asymmetric compression) & MW7 HDRRITH L7 —A%ER LT,
Yu, Krishnamachari, Prasanna’) %, AEEMEROEMEITAS Y
Gy b= DT =Y ERNREEE Z 7. RREMEROEMZITH Lk
T UBHE RV X~ o%235 T, MR & EEIC» 51E
BHIXNX—DIL—FA72EET LI EVHBETHL I E2MNLE

£1 [EffiaerFe7La) Xn

Table 1 Compression commands and their algorithms.

Command  Version Main algorithm
1zop 1.08 LZO1X
gzip 1.4 Lz77
zip 3.0 Various
lzma 4.32.7 LZMA
bzip2 1.0.6 BWT and Huffman coding

Tavli, Bagci, Ceylan® 1%, H2t v ¥/ — FTF— % DEMfiRE L H
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Table 2 File sizes of each compression command.

command | Size(MB) CR
(original) 10.00 100 %
1zop 2.73 366 %
gzip 1.77 565 %
zip 1.76 568 %
lzma 1.20 833 %
bzip2 1.17 855 %
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Fig.1 Overview of the experimental setup.
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F—ravi)bEOEMEBEEERL WS, 2L, BESATHDHHE
fIREIE LZ 207 70 7 —va v kD bilEv, ziplf, a7V 3V
A b o TR - 2T ) 2—T 4 VT4 —TdH 5.

DBLP? (Digital Bibliography & Library Project) ® XML L a2 — F
#Fru—FLTHaEED 10MB 22U D L b0z dBHa— 2L
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(CR: Compression Ratio) %, EMEROFMEICEY|IL CR2IIRT, &

> e n %2 _ Original File Size
TL, AHEC, LS, OR = Compressed File Size Ld5.
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Fig.2 Wireless transmission device and the antenna connected to the wireless
LAN station in the shield box.
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Table 3 Specification of the data transmission device.

Target Xperia (SO-01B)
oS Android 2.1
CPU 1 GHz Qualcomm Snapdragon

Instruction set ARMv7

{245,384,576,768,998.4}

Frequency (MHz)

LANBED T v T 2> — IV F Ry 7 ADOHFICHIEAF 7 — )L CHEIE L
72 (®2). 2oz kickh, =V FRy 7 2D & DI % W
TE, ERLAN B L 7 v 7 F 2 BUCHIEr — 7V CH L 728554,
BEMEIRT &/, 22T, #H LAN BiloXER % 25%I1c LT,
IHILTYTR—FT39dB ERMELHEIE. ZOKRY I
AV T 413 33-37 ETWAD L TLEL 7.

K THOWZEREEHRAED ARy 72K 312”87, Linux 71—V
& ¥N % CPUfreq” 12k > T, CPU OB EIRHIE S 1z, AfT
P EHoBfEmA T, P ZGIHT % governor | ondemand 2SF-E
EN T/, ondemand 1%, AFETHWZT7 1)V FDOFETIE, CPU
FARZ R 0.5 s THEAL T, LB (90 %) % kM3 & RRREEEIC,
TEIE (60 %) % T 2% &BHEDEBEDY 60 % TIck s k) %HpT
BARDOEBEBICRET 2 LI ICh>Twr, &, EBh, Ny 254 b
DI X IR/ MTERE L 72,
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4.1 f# p:

zRalg, Haer FCoERSNLERH7 7 A VOFRICHETH >
IxNX— (J), FEfTRHE (), BN (W), F¥ CPU fliH=E, T
FE# (MHz) %2579, T3L0¥—, FETRE, &%, 30 Mo

£ 4 i XML 7 7 4 )V Ofif
Table 4 Decompression of the compressed XML file.

Command | Energy(J) Time(s) Power(W) Util. Freq.(MHz)
(cp) 0.24 (0.01) 0.26 (0.024)  0.93 (0.024) 595 % 700
unlzop | 0.48 (0.02) 0.51 (0.027) 0.95 (0.027) 77.4% 743
gunzip | 0.64 (0.01) 0.61 (0.007) 1.06 (0.007) 84.5% 876
unzip 0.66 (0.01)  0.62 (0.011)  0.95 (0.011) 83.8 % 873
unlzma 1.34 (0.01) 1.08 (0.007) 1.24 (0.007) 88.0 % 906
bunzip2 | 4.72 (0.03)  4.98 (0.003)  0.95 (0.003) 97.0 % 875

7% 10 B EFHIL T 1 MOEFISHET2EZHELLZLDTH b,
ZNZFNDOMHEDER DFEINO IR I Nl IE Z2 NZ DA R EEHER 2
THD, MMEifFssReo 2 & &, HHFT L7 30 [ 2 i fE
EHNZFE A HE ) ERE L 7. CPU iR o<~ FOETHIBD
/proc/stat DfEid &K%, FREE (MHz) 1%, SREBUCHRE X
NEBEDSEHINTL 2 7 7 A V! Offin SEFE L 7. BfRNICIE, %
JREEN B S NI 2 O SR B Cadt 2 R T, 2 0fAF%
FATREICIR L 2 b D Th 2. Thbb, BFAMEICHRE SNk
TAFLVRHEbEENTLES TS, ZOEKT, Zofily, REEZE
ATOLTREMEE D 5. Ak, DIEOROBEMD MRS L TRD 7,

HIEMEE L, TRCENNEROMEE OB EOHBICINE 57, M
EHBEIXVX —IE, ZEREDRAD 4.2 %TH > 7 unlzop IZEWT
b, $995 % (£20 OHIM, Z 2T o ZEERZE) OF—FBRIRL
SEMED +8.3% 1T E B EEETH o 7. [ElEa~ > FOFETH DI
520%d, RAD unlzop TLPEDPEIRI 5.3 % TH o 72,

CPU #iHIRIZ, BEmERoa~y FIZEEL o7, FARkc, B
%, unlzma & bunzip2 2NHAL T3 2 & 2RI, EEMKEDa< v
Pzl ot botd, TO2O0DEOETRINSGLFRIE, &
gD awy FIZEEL ok, FTRMbEEFERD 3wy FIZEE
{leotz, LEdinT, REBICE VT, SEMEDOEM 7 74 VDR

*1 /sys/devices/system/cpu/cpul/cpufreq/stats/time_in_state

Vol.2011-SLDM-149 No.1
Vol.2011-EMB-20 No.1
2011/3/18

4 (© 2011 Information Processing Society of Japan



e iy dSiite =y it T ey
IPSJ SIG Technical Report

Vol.2011-SLDM-149 No.1
Vol.2011-EMB-20 No.1
2011/3/18

x5 JEfi XML 7 7 A VO T — 5 3215
Table 5 Wireless Data receiving of the compressed XML file.

Command Energy(J) Time(s) Power(W) Util. Freq.(MHz)

(original) | 4.60 (0.13)  4.99 (0.025) 0.92 (0.025) 31.7 % 687
unlzop | 1.14 (0.04) 1.19 (0.048) 0.95 (0.048) 33.5% 879
gunzip | 0.76 (0.03) 0.81 (0.046) 0.94 (0.046) 39.9 % 722
wnzip 0.76 (0.06)  0.83 (0.054)  0.92 (0.054) 38.6 % 787
unlzma | 0.53 (0.02) 0.55 (0.054)  0.96 (0.054) 36.5% 800
bunzip2 | 0.51 (0.03) 0.55 (0.064) 0.95 (0.064) 38.7 % 789
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4.3 T—YZE+EER

£ 612, i XML 7 74 VORERRT — 5 %15 - 2 2RI, B X
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M CHMR T — Y 2B 2T o iR % raw data E L TR L7, A4 7

74 ML TE R\ unzip 13, BRUHOFERD A ZRL .

K312, £6 IRINLETRHEBEEZ RV %270y L, FX
BIAIRDFERD 584 75 4 VLB OFERARA % 5\ 7z
BIRAEOEE T 3L ¥ — L FITRE O HHIME (2 6) 1, bunzip2 %
W< &, MICHE L7284 EE5 OEOEEE Y BB L, FHREL
T, TR TIITTEIEICk 2 d =N~y ¥, 274
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Table 6 Sequential and pipelining processing of wireless data receiving and
decompression of the compressed XML files.

Command Energy(J) Time(s) Power (W) Util. Freq.(MHz)
(raw data) | 4.60 (0.13) 4.99 (0.024) 0.92 (0.024) 317 % 687
unlzop 1.78 (0.19)  2.08 (0.051)  0.86 (0.051) 50.2% 602
unlzop(pipe) 1.56 (0.06) 1.53 (0.057)  1.00 (0.090) 56.5 % 714
gunzip 1.49 (0.16) 1.68 (0.099)  0.90 (0.099) 42.6 % 701
gunzip(pipe) | 1.39 (0.10) 1.16 (0.083) 1.20 (0.083) 54.8% 710
unzip 1.70 (0.15)  2.11 (0.050)  0.80 (0.050) 52.5% 585
unlzma 2.16 (0.26) 2.21 (0.109) 1.00 (0.109) 65.3 % 707
unlzma(pipe) | 2.02 (0.07) 1.49 (0.075) 1.36 (0.075) 64.8% 769
bunzip? 4.66 (0.20)  4.81 (0.019) 0.97 (0.019) 81.5% 829
bunzip2(pipe) | 6.04 (0.55) 5.15 (0.064) 1.18 (0.064) 85.1% 871
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Fig.3 Improvement by pipelining wireless data receiving and decompression of
the compressed XML files.
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