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Abstract: In this paper, we describe a data compression method for map data in car navigation systems. There is a growing need
for up-to-date map data. But in order to update it easily, the data size should be reduced. We propose a fast compression method
designed especially for fixed-length records consisting mostly of map data for users not to feel performance degradation by the
decompression process. The method is based on columnar data compression technology mainly used in RDBMS. We tried to
realize Zlib-equivalent compression ratio and high throughput similar to that of uncompressed data by considering cache
efficiency and several light-weight coding algorithms. We implemented the method on a system and evaluated its performance.
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The presented result shows feasibility of the target performance in particular data.
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Data PAX Page (Cache)
SSN | Name | Age PAGE HEADER | 0962 | 7658 |

0962 |Jane |30 3859 | 5523

7658 | John 52 [ Jane | John | Jim | Susan |
3859 | Jim 45

5523 | Susan |20

[30 [ 52]45]20]

B 1 PAXICXK DT —XEE
Figure 1 ~Storage layout by PAX.
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Figure 2 Patterns of the application of map compression.
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Figure 3 Data structure of proposal method.

Enc(1,1)
Header(1,2)
If\v Enc(1,2)
Header(1,N)
L| Enc(1,N)

K7y JNTIE, La— REBRTLIENS VT —X
BHIELTEZ, FEBICHTAETS. fxiEvrey s |1
DHN1 DHEFLTIE, FLa—FD14 FEDEE,
I—R10b MOIEIZSR L TCHEET 5. KT, 2o
ANT —% % Data(7 1 v 7 BHFFIES), ZNEHFELL
o7 —%% Enc(7 Ry I BEFFEG)ERTL LTINS, Z
OFBALZAT O BT 2 520UE, BEOFZbF o
HFG, JEMBR OV A XD b/ EL 25 FREZRINL T
1T9 @3 CTIEMER D). BIRSNH 5T R35
O~y HEE (Header) ([ZHEANT 5. F~v XL 1 3o
FChHO,Z05H 4y MEFELFROFATL LT,
B4y FaFRBONRTA—FZ L LTHEMATS.



TE LB 2 T
IPSJ SIG Technical Report

BEEABIT LR EVOFIEE 5. Thbb, EfFkO
F=RIZH L, ~vZ 1A b)Y —RLTHELTXE
BEL, ~v FLUBRICE S BT — 2 02D M3 N &5
ERAY U5k g = el
42 HERBREOX Yy aALLTI

FRFIED Y S, 70y 7 IZEGENL LA —FEMD
EIZDWTHR RS, FFEH CHEM ST — % Ok % &
BIZAT S 729, 32 Hi()THR X H1Z, PAX &1L
TAHAT —FRERHY — VS EZE LSy v a
OTF—XEEEE XD, L, HRAEE NI L Ciikd
20, EMAEOGE S EARMICFERTH D.

BRI, TFEO—KNe N ThbsrEy hT VU7
TATICEDF Yy v a AT EHE LTS F LIy
N7 T T 4 THERONRT A—=2%R7. pk, LIBKT
B A B wEk a4l bl L, 20O BbANT—ZMERT
DU AE w, HIT—2BMERT DY = A 8% w, &
TR — 7 BEEBNERT T A e w, T 5.

1 By NTYVTT 4T HANRTA—X

Table 1 Parameters of set-associative.
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FROEIICMERRLIZGEICBITS, Frvialk
OF—FEEEXK 4187 K4 =AYy hT VT
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VaRAEYT, 1 La—R16 31 bOT—F 20T 5
aoplch s, BEHFXTHE, V—7EE (work area) 7%
1 U= AN D2 Z 2 WAL T ROAZFRAT 5
ZEEL, 1 U= B ANT =DV —FH (sre), D %
HOT—2D7 4 A (dest) EEX 5.

src dest work area
(PAX-like layout) (decoded records) (for decoding)
T 1 1 1
Entry Way 1 Way 2 Way 3 Way 4
1 )\
0 E = f '
1 iHE ;ﬁ
FEColumn AFH:
: ' N
mgi/ Hi
<y X O (8 "
i—Column 2—; 2 \ .
256 &

4-way set associative (index: 16 bit, line size: 4 bit)
Map data record size(N) 16 byte (M =512)

M4 BEFRCBTLF Y v 2 o7 —2RiE
Figure 4 Cache data layout of proposal method.
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AHRIZx DN 16 LTOHEOHREERD.
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FENERT 2EEMEE T0) o TcRIAL, KUV
WM 295, Bx0E 11231 1% 1010010001 & 72 5.
AR OHBBE I NS WEIEEZ I LIRS N & 5
LA ANTHS.
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pDOTNT 7 EL qO T kY Veihd 5. flxiX
2 OED T4) 1%, pOT V7 755 [01] & gD FAL
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ZHEIWCETHY, k ZRELIT D ENMBERLNITR
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MEHGEEE [0) THELL, 2RO EIE=A
=7 LTl Z2HNL, ST TREDOS Ly MaEEZ
OEFHNTH. FFEORZFPHEHL, oo bk
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(6) Canonical Huffman Code[16] (CHC)

BN NG A RN T~ VB (RNTREFS) &
HWwa. 2B, BEONT v U FRIENT7v AHOY —
I RN MBI R D12, NI AREAWTICES & D
Fr CHLPE AT FE 7R Canonical Huffman Code % fi 5.

# 2 BIOFHE & RIS DT

Table 2 Column characteristics and coding algorithms.

HgEE | FLAk il B PN
HY — — - A
2L D | — — & B R 5
EAN HY - TINT 71T A A
L HY TR =T
L F/NUES S (CHC)

¥, EROGHEHRICK LT, UFORBERBE
DT RALETS .
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FREEHIEEE 2, BETOIREROESE/ LT D.
FESEHET AL THE 2 ICEHM LEERHRN BP0
BheBZbND.

(8) iLHE

fiEo—E GER) HBBEIRICH ) L ETEA
DA T I AEFEAT S, ERT— X i eEeEte
78, HBGEEOENDIRWESICAEEEILND.
R BCERESFXNTHERAT /B LO—EELT#HT 5. &£
WZBWT TO) EREHFATHEATL L aRL, [—1 1%
ZOMATIFENZLERLTWD. FIZIZHEERST S
(FF) & CHCIFRE=RZLTH N2, X 1%, et
ELTHEDH VDD, ARCHMOXRE LT —X Tl
KERDENENST2728, a— R A XzHIT 57290
FRHLTWRWZ L2 EKRT S,

# 3 BEHFATHERT L/ 5K
Table 3 Coding algorithms used by proposal method.

e . MAEHA (FER)
frier nU | Ealis | RRk
J vy 7 2%%5 | ORLE]) X X
[ E R - X O(FF3)
TR —T O(ESC1) O(ESC2) O(ESC3)
TINT 7 e X O(A2) O(A3)
T A AR X X O(RICE3)
CHC — X O(CHC3)
FEEHE O(COPY) | — —
5. FHi

MEFEELV—FTEICEEL, T -2 ITEENLD 2
O T — 2Tk U THERERIM 21T » 72, & 4 ([SREAf S
WY AT AORRE R 5.

# 4 FHEBREEOR v v v a AT Y LEE

Table 4 Cache memory spec. of target platform.

IH H Ak
SoC Jb Y A48 SHA
Fyvia FHR 4-way set associative
AEY SA %A X | 32byte (F7FE v ~ 5bit)
= bV 256 (A 7 v 7 A 8bit)
BT LRU

F SICHHICHEA LT — 4 2+ 5. 7—% AlxE
FRBAOT—2ThH Y, 1 EIZY — RT 501 XBRKKR
THE+ MBI/ D70, T—XEEMLRZNWGEEDOY — K
Wil ¢, & 7 — # ZEME Lo @ U — REER ¢ 2 12X R
BT HZENRkDEND. F—4F BB R HIRZEH O
BT —H2THY, 1 BV — RT 5% A XL\~ e+ KB
THDHIED, .3 E)BEEICIERIZE .
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9. B A ML =YX HDD THY, HDD OFRERLY — K
ERD AN T AL LA OFHECH A TH 5.

x5 FHiHT AN TF—%
Table 5 Test data for performance evaluation.
T—=5 | FA XS N U — FHZ 5%
[byte] [byte] [byte]
A 147,931,135 16 | %1 MB BT —
B 42,916,896 24 | #h- KB Mgk 7 — 2~

i
o

v

B
=}

I

#6 AbL—TU—FEMH (1)
Table 6 Storage read time ().

F—H U — NI§f#(z,) [msec] U — FERE(d,) [MB/sec]

A 6,073 23.23

B 1,670 24.50

51 EfET—4J— FiEgk

9, RBEHNUC KL DJEMR LMk, 3 X OFHMISR
BRCRT DIEMET — 4 U — REREOFHERSE R 2 7. FEAM
WERL, 7—4 A X M iRMERES K H 45 72 RLEL
L FR3 OB ERWTEMEIT>T2. —FH, T—4% BldT—
& AFEOMEMEEITRO bRz, £ 3R L
E2TOFFLTREHWCEMEZIT- 2. £72, WTho
BAELVESAY— @B w,=1,L, 7oy /NOLa—
R M 3% 2 IR R A B E 2 T 1024 & L7z,

£ 7 LK S ITIEMRR & MIEMEREOFMAS R A2 T 5.
T—X AL, Zlib EFIEFAEOEREE TR 8 5 DRIk FE
272 o7, 7 — % BIIEMER L MEEROWT Y ZIib %
EE o 72 2MEsEMERE L Z1ib DRI 2 fFICE F o 7

F T JEMET A XL ARIREH

Table 7 Compressed size and decompression time.

LI Zlib
TS| JEREY A X | RAREER | JEREY X | R
[byte] [msec] [byte] [msec]
A 68,006,979 2,460 | 60,725,032 20,063
B 7,257,963 1,920 9,968,208 3,970
[EfEE {HsEERE [MB/sec]
1.0 nRE 100 nZE
0.8 i 80 i
Zlib 5735 Zlib
04 S e || 40
0.23 21.32,
RN B
0.0 - 0 -
T—5A T—%5B F—BA  T—4B

B 5 FEAEER & mokiEee

Figure 5 Compression ratio and decompression throughput.
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#£81x, TNThDHFRNIC LB EMT —4%2 ) —FLT-
FERE] (¢) ZRWELIEMETH . ZORREICIZY — R
HIZESBEOA— =~y FHEEEN TS, ZOFRR
L, FEEMERED Y — FHERE (R 6) ZE LR EK 6
WRT. T—% A OV, EHFAIIIEEMERE & IR
BOMEREIZ R o7, T—F BIZOWTIL, BEFRTHIE
JEREREDOMEREIZ R A TV WA, 1 BO Y — RY-1 X34k
+ KB F2ETH 5 7= O H R RICE T 5 R OBk <
VRRETHY, TEMHROETZELDIZETIH RV
Bbhs. UEORERNL, 7—4% AL BIZOWTITRE
FRIZIIEOBEEAFEL L TNDHLEEZD.

® 8 JEMET—2 U — N (2,)

Table 8 Compressed data read time.

LA Zlib
TS U — R | U — RERE | U — REERT | U — FikRE
(t.) [msec] [MB/sec] (¢.) [byte] [MB/sec]
A 6,330 22.29 24,323 5.80
B 2,430 16.84 4,870 8.40
[EfET—3")—R e [MB/sec] m IEEHE
R=
30 23.23 22,29 24.50 ZT'b
20 - 16.84 o
10 | _ 8.40
. ] Bl
T—4A T—%B

B 6 JEMET—# U — FPYERED i

Figure 6 Comparison of compressed data throughput.
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Lk, AR CHRNRIZFHEONREMRT D, 75, 42
OB R 2RI 5720, T—# AlZx L CRLEI ©®
HERWTIEMEITY, 7ay7NOLa— RREME, fif
EMEREORR AR L. 228, RLEl 3V —7 k%13
EAEVTEL LW w,=0&LTEZXD. £ 4I1TRL
Xy vy vaAElEZHWTILa—R16231 FOT—X
EIEMET DO Mo ERIX, X@)15 1536 THDH. 20
TEONTIZ B B MREMERE D 2L & iR 572D M = 896
N5 2048 OFIPFACHIEAEML7-. /2, La— N ER
EEBLRVGAOMREL LT, v viarmeeiid
M=4096 DFAZEHE L. £ 9 LK 7TITHEERT.

X 7 B RT LI, La— N M oINS Uk
PEEEDMIE T L, FF1C M =1536 28 2 72850 S MR T s
FELL Db, M=4096 DAL, M=1536 DA &R L
THI A6 (EDMIERBIC /2 o 72, 2B, M=1536 KD
FAIZBWTH MIZIE U THEREME T LTV 5. RSO
WHIZE > THF Y v VaDBEIBINEELTNDHID &
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Bbhsizw, Miz@%E ERE LT, EERICEEL 5
ZRVWHHE THRERBV /NS LEIZINRVWEE LD,

#£ 9 L o— M &PERERE R R

Table 9 Record number M and performance.

M R RE ] [msec] JERETR A A [byte]
896 6,353 83,520,108

1024 6,540 83,478,748
1152 6,643 83,497,460
1280 6,633 83,479,296
1408 6,736 83,466,156
1536 6,783 83,457,816
1664 7,166 83,465,340
1792 7,320 83,457,740
1920 7,903 83,464,940
2048 8,276 83,435,688
4096 31,356 83,127,464

2 A 5920 - [MBfsec]

o | . 206520.68,

20

VQLIB 74
19 \
18 7

16.58
17
\

20
frele)

16

896 1024 1152 1280 1408 1536 1664 1792 1920 2048
X 7 Va— REM EfhEMRE

Figure 7 Record number M and decompression throughput.
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WIZ 43 BIOBRFFERICOWTHERT S, £ 101X, &
— X A BT LA BTN TR L o9 1 X, £
MOV A X, BLOHERFMZNELZHERTHS. &
B, WEEL7ZYA ARKRENZE, TOHFRNERHROM
FICEThHoTZ 2 EWT S, HIZIEER 10D 117H
1%, $51 MB ®F7 —#Zxt LT RLE1 28384 S C/EHME T
ARXBKI2SMBIZ72 Y, HIEIC973 S VB ZHE LI L%
HUET 5. RLEl & FF3 O & b @ lsEMEREZ 7~ LT
WBN, EHENRNIEN -T2 —F (COPY) 3%< H 1,
JERESED Z1ib & FAREICE E > ERIZ/-> TS, £
FF3 OEMEHRENE <, EMiT — & 0 U — R/ EHE S
7o 2 L AMEERMEREE LIS LTV D, DE VIREF RO
PERBIZA S CHER T TR R & HKTFET D.

# 111%, 7—4% B OHFAOUERHERTHSD. RLEL B
L FF3 L 2NPA O F R THIEMREICKRZ 2ERD 5.
ZOFHE, RLEL & FF3 (334 MHALOT — Z JLHCHE
ELTWHoIex L, oo Ritie y NEMOT —#
WA ITo>TWHT-H L Bbhb.
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Table 10 Performance for data A.
. PR A X JEAE A X fHBRREA]
F=
[byte] [byte] [msec]
RLE1 51,955,712 25,219,144 973
FF3 64,608,256 11,420,667 1076
COPY 31,367,168 31,367,168 410
EfEE {HERMERE [MB/sec]
1.0 100
038 80
06 0.49 60 509 57.2
04 - 518 40 -
02 - 20 -
00 | 0
RLE1 FF3 RLE1 FF3
8 Kb FAOMRERE (7—% A)
Figure 8 Comparison of each coding (Data A).
# 11 F—4 BICHT DHIER R
Table 11 Performance for data B.
Jist WY A X JERES A X fH R
[byte] [byte] [msec]
RLE1 1,185,998 153,301 30
FF3 27,367,978 79,018 390
ESC1 51,150 43,142 10
ESC2 3,862,166 2,576,437 333
ESC3 1,829,806 388,560 110
Al 929,566 235,138 146
A2 2,671,394 547,213 240
RICE3 1,376,958 1,219,984 243
CHC 2,758,690 1,131,980 350
COPY 883,190 883,190 16
1.0 084 EfEE 0-89
08
06
04 A
02
0.0
RLE1 FF3 ESC1 ESC2 ESC3 A1 A2 RICE3CHC3
100 -

3R BE [MB/sec]

RLE1

FF3 ESC1 ESC2 ESC3 A1

A2 RICE3CHC3

X 9

BT ADMERELE (77— B)
Figure 9 Comparison of each coding (Data B).
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NR=2ZF v v ¥ a2 DR L EEROBRERF ST E
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FEOT —ZICkT 2 LigtEfe 0 EELE 2 i L7z,

L%, B—FTEEAT— 74 RME2=y bEL
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