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Proposal of a Method of Differential Compression for Sequential Index Files

YArEl CHENG,T YasuHIKO Hicak! T and HIROAKI IKEDA T

For a short access time of sorted sequential index files in a secondary memory device, an
implementation method of differential compression is proposed. In this method, an optimized
description code of fixed length and a new compression file format were introduced. An
evaluation model of decoding time was also discussed based on the relation among algorithm
complexity, compression ratio, speeds of a disk and a processor. The proposed method was
compared with the conventional compression methods with respect to access speed to give
more feasible result than the others. It can, in average, save 32. 5% of the time required for
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accessing the index files incorporated in the experiments.
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2.1 e X0BE

B1(a) @y—ra&hn, 228 VT v 7 AR2=
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(a) BEDA VT YIRT7 74 NVDH
(a) Indices and pointers are combined into one file.
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ATy 2 RES

(b)
V= bEBA YT v RT7 74 VD

0 AL E W N —
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FAADBEDR, B1 (b) Ok > SR EET
b5, Thbb, 4T v I REE, KA IS EBL
D7 7ANCHETFET S, ATV I RABERA VI
2151 OBFRER Y, BRI, bty LA
Ty 7 ABEDIEFEB I T 5 R4 v 7 REBERA
Y77 ANDSHEL, LT, M1 b)) o4 vFv2
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kI e i yelDD
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ITHD, i <EOF>RBEME L7 74 VDD Y
(end of file) BIRTH 3,

<P>
<P>
<P>
<P>
<P>
<P>
<P>
<P>

X 1A N B W N e

KA ¥ TSy
(b)) AVTFv 7 RERL VI BFTSNIEEOF
Indices and pointers are divided into different files.

Fig.1 Example of a sorted index file.
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WOBER, b EY FTRITETHS. THOEED

byte
k-1: @ B
k: [a ]l 10Cc ][]

(a) ERIO L 2—F
(a) Original record

k: IFQ«I,—:—Q—V@
¢ o] D
) EFEEO LV a—F
(b) Compressed record
2 A MEFCEDLRCERER C 2EIBESOERIN
72V 3 — K OREDH
Fig.2 An example of compressd record where C; does not
match with the byte boundary.
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BRI e S FERRRIC B 1T 2 R D B8 =D DK
BEER> Twie, bbb, MREOBEERERMNE

byte
o
1 2 3 4

3 JEOEEREHE I NA FPZERLLA
Fig.3 An example of 4 C.’s combined into 3 bytes (5,=6).
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RoTh5, Step3 .,
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AENIEERER 7Oy 7 BEEHTE NNy 7>

THD, &5, buf2i3bufl D b, By hEDZL O
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L SBRBE U 1B O EREERIME O 72 9 O FEHE & (5
EERIE, KEBELeXE (FHMESE, S5Ew, AS
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ATy 7 A7 740 (Newsl~3, Bookl~2,
Term1~3), UNIX-BSDRIR D EFEHE 7 7 1 1L
web 2* B LU UNIX O — L spell DEEE 7 » 4 )L
words X R & Lie, BELULESERRE S OO
T, N7V UREE, BEMTESEY L LIS

* Webster’s Second International
N7 SR EEHNTEROFBEIZ 256 35,
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Er RV, IRTOHFBERFCERBTCI—T4 7
L7z,

4.2 [EHEEE & EHERSR

R 1 W EEEEEDEMER L BB O D ICFY
EHERERT™ B2oRT, 22T, S EMMO7 7 AN
&, v BEMEET, r=5/S. (Sc BEMBEDO 7 74 Vv
B) tha,

ORI, RELULESEREE (DC) OFEMHERG
NT 2 S (Huffman) & 84S (Arith) ©
FE#EE X 0 Bod, LZFS5E QL) OEBELI VS
$HZLERLTCOS, LHL, BiZARE X5 TK
KOBRTH 5 AAHRRERIC BT, BEL
Te ESEREBEN TV 5,

FEARESRE, AR OB TE, RENTRNL,
BELUESEERIIMO TR TEY,

4.3 FRHMAHHREEEOET IV

KRN CIEFHEFES VT 2 REOEER O F8E
ENTT7 7 ANDT 72 AR RENET 52 L 2 EHH
ELTWwB e, Bilin7 7w AR & (RE 4
D AAAMERMZER LT RE R SRV, R
As(HIREERDZ, 74 A2, CPU, SHEEO7—*7
TF v, AL TBIUOS R EOBBICKET 3.
Ll, 2hdRTNTEHE LU CEHET 5 013 A
THE»5, KX TREICT —%7 7 F v OF B
a4 TBLU0OSDd LICHMETVES Z,
M E1T S,

R EHER & VRS 0t

Table 1 Compression ratio and average compression
time of each method.

S, JEAEE 7~
file

(byte) DC (&) LZ |Huffman | Arith

News 1 2,988,200 | 0.448,(4) | 0.417 0.779 0./717
News 2 1,635,113 | 0.407,(4) | 0.404 0.691 0.632
News 3 224,031 | 0.538,(3) | 0.542 0.696 0.669
Book 1 520,890 [ 0.532, (4) | 0.441 0.764 0.733
Book 2 305,308 | 0.438,(4) | 0.370 0.844 0.531
Term 1 902,408 | 0.462,(4) | 0.437 0.773 0.720
Term 2 266,014 | 0.434,(3) | 0.431 0.692 0.637
Term 3 88,876 | 0.468,(4) | 0.401 0.542 0.529
web 2 2,477,182 1 0.354,(4) | 0.296 0.557 0.514
words 201,039 | 0.430,(4) | 0.376 0.569 0.527
[EHERER (s/Mbyte) 8.61 26.80 27.11 33.41

¥ LZFBICE DWW TCEBRL TR Y — Vi gzip, lha, com-
press K EWNH B, ZD 55 gzip DIFHEEIFE LRI »D
RO BETH S DT, ENEH L LZHSONEE
Bh% gzip TfTo 7o,
O T =200t DS 8 BB T 7 A VO EREREE
Thb,

IHRA YT 7 X7 7 A WICHT B B EREEO BRIERE 2179

BT+ X277 7 e ARMEERES N7 7 4L
BICHAIT 5, HEERRIIMIRET V3 XA OFEMH S
WCBMRT B, &7, TARAZEBE S uwydOHEE
REDRE T X8 b FHAAAMIRREICEEL 5
5, ZITRI77ANT 7 AR, Tikbb, i
AHERFEEUTO L S e T LT,

FAA LSRR T 2 &4 2 &,

T=TA+Tu (5)
CZCTaET 4 A7 DSENEY 7 A4 VBT AR e
MThs. T. IFARETNT—5 2HET 2RHET
2. TalZT 4 A2 Dy — 7B %2 &0 AR
R o1z, T 37 oy ¥ 0 BABESEFTRE £ 10
Hhl+5, $kbb,

Te=pte (6)
Tu=Secta (7)
T, pIidRMRAEE, S. BEREBRDO7 7 A VE

Thd., R(5)~(7)»5,

T =pic+ Scta (8)
EB, RIRHRLIE 7 7 4 VIS 2 B EREED
TH77ANVES L TEHLHA R4 F
T.uFNy T &S RHBIBERCH B 2 by
%, Lo T, R(8)BUTDLScET 2,

T=(at:+ts)S. (9)
2T, a=p/Sc k54 b El ) OERLEETHD,
DT CRMERFR RS, N4 DEROEE S ¢ & F
5L,

g=atc+ta (10)
TH5,

FERRAICHRTE T 2 HRFH 0 1330(9), (10) 1B/
ZRETHOTKS NS, BEMIZERA0)D e &

1000

800

600

T(s)

400

200

0 0.4 0.8 1.2 1.6 2 2.4
S. (Mbyte)

X4 SEHEEOF AR O
Fig.4 Examples of decoding time by different compression
methods.
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R2 BEMBROMETFH
Table 2 Decoding complexity
of each method.

FEREEE @
DC 0.0460
Lz 0.4096
Huffman 0.9469
Arith 2.1050
T
80-06 [-

0

2e-05

B5 t, tWIEUT Toc (&), T (EH) DEAL
Fig.5 Variations of Tpc, Tiz in terms of # and fa.

e BRABE L TRD B2, £0ELZ 7w
v (t) DBETOD ¢ 2HIZLERD 5, L ii7ax
v REFMMeE LR F e —r a5 A9 %
FAWTHETE %, BY, f i3 MIPS* TE X133,
ITERYF =770 s 5 ADEEERM DN
s/dhry BT 5, L7223, Sc DB R4 + &
THIE, o DENZ dhry/byte TH 3. ts DENTIT s/
byte TH %,

KRN TEHABEOPCOYox vy (XE 640
Kbyte, MS-DOS Ver.3.30) BX U—FEEHDOT 4 R 7
(CFy > — 7 K5l 18 ms) DBIET, 74 R 7 s
WCEISRL7eR L PIR LI 7 7 A VIR LT, &F
MEIRICKIE L7e 70 275 A DA AL (HERR T %
ERILU2, a2 5 Al Microsoft C Ver. 5. 10 T2
YRANLIZDTH B, ZE7uey¥D 13 CEE
hR Dhrystone Ver. 1. 1 W THIE L. RKD7z&
EHEEDOMEETI o 2R 2 RS, FHALET 4 A2
D ty 137 2 s/Mbyte TH - 7-.

4.4 FAHAHHIREFRIOTE

BRWRERY 7 A VB EERRLT 272012, 5
HIABHBEREIEHE T OFMET VR TH 2K (9) 27T
D77 ANES, TEIS L,

Sep. 1995

T=(at-+ta)7 (11)

T i Sy TIEHMLL 72 184 D45 454 A (HIERS
M, r REMEERTH 5. R (1D 2 TEEREEOEY
FeAIABHEREER] T 254 5.

441 REUEEDEREL LZBFSEOTHA

HRREFE DS

R2WCINIEFRE L 2ES TR (DC) OHEFR
BNE W, —FH, Bl INFTLZEEE L2 O
JEMERMS L, HREHE F, Sb S UL uREERRD
57:H1, MAEBEOEBEDED—BARERBS
(Book 1) 22T, BELLESEEE (DC) £ LZ
Sk (LZ) O 1354 » OFE5 A » HERRRE %
Toc, Tz LT, tey L ZIECT2 Toc, Tiz OFA{L%
5 wry., BROYEEZ T T, SBROFE IR Toc
THD, WFEDOZHIE ™D OEFER: DT H5A A HE
REOEREE2525,. RADKE>T, Toc<Tiz
DIz D DEMEF

iy L= A (12)
QrzYrz — ApcYpc

ThH3, BRMIZIE, £:2583X1074 Th D, ER
THWz ta=2s/Mbyte DF 4+ 2 7 2 3 BEE, L
>1.17us/dhry T, BEL 72 E5EHEOBMENR
BTE2, ZORMFRAECHERALIBEESE  0xy
T (£=2.08%107") O I8 ETHY, +iceBs
FolefbThrEZONS, LizdoT, BEL
Te B EREE DT HAHHER S, REOHEESTY
B2 ERBS 2R o T,
442 BEUIEDEMELN TV UOBHEEB L
U EIT Bk D5R A A A HIREERI 0) e
BELLESEHETEBIRERT 7 4 L OMEFE
BN7 2 U REEMFEEDER I D/AE L, L
b, BELLESEMEOEREINT < v HEE
CHEMABERLVEWDT, BELESEREDT
1 A7 DFHABEER Ty & HERE T.0WMA L b
NT R SR EEMFEHEOBEE LI VENTW S T
E¥bdois,
4.5 REFHMEER
RIFUNIX V-2 XF—var*py>rIia
—VE— NORET, SEMEEROSEAAHHIERE -
FE#E LI WBED 7 7 4 VD5 AR O EEBR D&
RThs., REEHEEE GEAALMERE)/ (E4F
LR WIBEDORAALFE) THELZ DO TH S,
RELLEDEMEORREERERSR S B 2 k28
S, EMELBZVWIBEDE 7 74 VDL ALRERE 2
EA L3 2EAMT S TR ER CTEMT AL, F

* million instructions per second

* DECstation 5000/25, Ultrix-4.2
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*£3 HFMEREO
Table 3 Decoding time of each method.

” R L IR O FE R

fie (s) DC LZ | Huffman | Arith
News 1 4.03 0.672 1.667 6.11 8.24
News 2 2.17 0.691 1.677 5.92 7.37
News 3 0.31 0.935 2.065 5.90 7.63
Book 1 0.74 0.757 1.635 6.17 8.76
Book 2 0.43 0.744 1.628 6.03 5.15
Term 1 1.18 0.746 1.822 6.53 8.93
Term 2 0.38 0.789 1.763 5.18 6.67
Term 3 0.15 0.867 1.667 4.29 5.42
web 2 3.35 0.558 1.349 5.69 7.54
words 0.30 0.800 1.667 4.91 5.87

ML R WS HAT 2. 5%WES N, 2B, LZ#&
T, N7 RS L BRSO R AA B IR
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