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Query Model of Improved Rules Scalable Vector
Graphics Map

DU Qingfeng, LU Dongrui
(College of Software Engineering, Tongji University, Shanghai
200092, China)

Abstract: Based on the scalable vector graphics ( SVG)
format, an analysis was made of the temporal geographic
information system (GIS) field, especially current research
status of geographic element query, and then a comparative
study was made with the existing extensible markup language
(XML) query methods. A SVG grammar rules-based research
was proposed. In combination with the LISA I query
technology, a query model and the corresponding algorithm
applicable for the GIS data geographic element of the
improved-rules SVG format were proposed. A combination
query was achieved by defining keyword query syntax regular

expressions and the keyword query “&” and “or” operation
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rules. In addition, the number of nodes was reduced, and the
query efficiency improved by defining the entity element
node. Study results show that the model achieves geographic
elements queries of SVG format map, including various
combinations queries on the entire map and various
combinations queries of layers. As a result, the technical
bottleneck of query is solved based on SVG format map
elements. Lots of data validate this query model is effective.

Key words: geographic information system (GIS); scalable
vector graphics (SVG) grammar rules improvement; query

model; algorithm
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XML BT, BRI B R R a5 E
LR /N XML F B, B SLCA (smallest lowest
common ancestor, fx /Mg AR T AH ) A %t F
&R XML e SLCA M. AW ER T
Z, G EERA KA mMmet S, & RN EER
STACK, ILE (indexed lookup eager), SE (scan
eager) , LISA (layered intersection scan algorithm,
SEAAX A ARE B, LISA 1T (layered intersection
scan algorithm [ ,43E58 MBI 1) %M.
1.2 AFEARE

TEXET SVG 1A 2 GIS RTIHaFsE
YEBMBYLT GIS BEsh ST B3 2 A7 BUyL %] i AH
KDL ke SVG =N BT 43 B R, 45 . SVG
MU P /Y A B 3 B R AR LR, R [ i e AR
SVG =i 22 57 DL S (19 55 35, X SVG # i
AL AT N 43 2 45 B i i , DWG (DraWinG,
AutoCAD H— i 4 20 4 2 b I B ek JL 0 J5 7Y
SVG & =UHh I B 5 4. 76 B A BH 9% USR5 5 |
SERL T bV B A AT R L UL I AN 43 2 R DG B RE
BT ORX B Al s S —— S g AU S 1 SVG g
b Y TR AR S TR AT
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2.1 H¥r

KL EARRTEE T SVG 1B IEHL BB
HIFERE b, 45 A LISA 1™ 2 8 AR FIiE SUAH 6
B RERRL,  r — MR A AL Y SVG #&3R GIS %
P s BT (2 R 5B o E R T R IEE
N FAR 8 LA A&7 “or” B rEM
TS BRZH A 2 9, 095 X 2 i S PR 1 % i 4 & 0D
b A RS R P ST RV & R L Tv ]
EIRFESCE, NI T SVG B E TR
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2.2 HXEX
2.2.1 SVGIBZEHN MR A

F T HEHE SVG 35 3X GIS b P 43 2 13155 , i 3
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BE XML 3Bk LR A B GIS bR, X2 F
SEH SVG #AW A T XL

SRR K K K K K K K K K K K K K K K ¥ ¥ % % x/
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/* SVG JuEwE X

x (g id="9999_00000000") 49— J& |2 I3 B ; 8 X
0>F RIS
* (SVG elements)
% {(geo-attribute-data)
% (geox-NAME) Value(/geox- NAME)
% {geox-TYPE) Value{/geox-TYPE)
% {/geo-attribute-data)
x (/g)
%/
(/g
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SVG #& 0 [ 18 XML 155 , i FE (LAl b B
BRERMESREINREG B RS R 5 —
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B4 I, EE AR 2 e W —
MzE SVG TR ERIUF 45, —1 SVG uH
{048 B AME B LA K8 B , Horh g M A
B R A, B 1 EP A S R S AL
ERN ) SVG 3. | 2 I 1 f SVG SCRY B Xt
DLH f# A S5 /B Hode, B 2 1 bi 2 basic
information 455 ; v= Test &/~ value= Test; gad
A geo-attribute-data 455 ; gN 2 geox-NANE )
455 ;8T H geox TYPE 4R 5.
2.2.2  AAEAVHE B A AU R sE X

EX 1 REFEERIIRE

Q: [condition] “keyword” & [ condition |

“keyword” or [condition] “keyword”t?,

Her, [ ] A2 3205 F 48 28 AR DG 18 SR, T
“OPNERTHER WA KEE. A TR
HRBHERESIWNERSR, AFRTERA
BRI T LIS I EHE E AH R 1E LARAF
PRI A S 37 B TR R rp oo F P i A B SR R A
B FRB AT T E L.

WA, P AR R IER P RS
WA E R JFA—EXRHHLFTET SVG XY
B, BEE A T A P R R B A EE RN N,
TREARIE P 0 AR OB SR UL I SVG SCR b Y
HMRANZE, IF 25 HAR SRR LI 40 R O i B EE
RHb AR B2 R 4028 5 A0S ) SU i A3 2R kAT T
it @ BN AEFTTR A i P AK, BR4
B 2] SVG HrK RAHZE R BT 55 1 N 25 42
AR

HFEX 1, BT,

B 1 NK;+;) + contain (K;, K;) =
contain(K; , K; , K;11)™.
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(? xmlversion="1. 0"encoding="utf-8"7>

(gtransform="matrix(1,0,0,-1,-50,800)">
(gid="_layer_Rivers")
(gid="0002_00000001">
(text x="598. 8" y="703, 8" fill="
text)
(geo-attribute-data /)
(/e
(g
(g id="_layer_Roads")
(g id="0003_00000001"

{/polyliney
{geo-attribute-data’
(geox-NAME) Test{/geox-NAME)
(geox-TYPE)Super{/geox-TYPE)
(/geo-attribute-data)
(/e
(g

gy {/sve)

(1 DOCTYPEsvg PUBLIC "-//W3C//DTD SVG 1. 1//EN""http: //www. w3. org/Graphics/SVG/1. 1/DTD/svgl1, dtd">
(svgxmlns="http;: //www. w3. org/2000/svg"xmlns: xlink="http: //www. w3. org/1999/xlink" viewBox="0 0 750 750")

0000FF" font-size="37. 1" transform="matrix(1,0,0,-1,0,1370, 5) ") Test(/

{polyline points="50,50 800,50 800,800 50,800 50,50" stroke="

FF0000" fill="none")

E1 EMUSH SVG ST#Y
Fig.1 Improved-rules SVG document

2 BEMNER SVG s
Fig.2 Improved-rules SVG parsed tree
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K, FHis BRI & XEFE K 1 sUmA S
containO) W1, FRIAX PR XEF Kn 5 K i
“OTF S M, MK K BT TE T AR 4k 52 R m 2
containO) #, itk : N(K;1) + contain (K, , K;) =
contain(K, , K; s Ki11). HRIAXPH RS Kin 5
K; h“or” {5405 WK Ko JITEE T ASCERT A B
—NHETHY containO Hp,

B 2 REFIE XK M. kse (keyword
semantic condition) , 324 ksc(&),

RERTFIE SURA N T R R Z A 1B X
ASEMESL Fn, 4} F Q: [name] “Test” & [type]
“Super” B W~ F “Test” F1“Super”, B2 % F

“Test”f1“Super” ) 5 F1H L 54K : ksc (Test)
= [name], ksc(Super) = [type].

TEAWBER B E o TRTR W SRR BIATE
ksc i TR SR TT R AU E SLANTF.

EX3 THTERVA.

R AR R B S B SVG 420
XN XML G535 5 40 o0 R W R 30T B
JEPETT R ZE R b, 8 SVG X GIS B X
MR S BB S AR aS B X
BAEUANITERENT R LB ERCARE R 1%
W FRZ AR TR s,

WK TTER WA RBFTE kse WRBFW
SRR ARG T kAT E T A
HREFWL ksc(OWARAZE  IRA B AFRZ
RN E AR AR T A

EX 4 Uty LISA [ 7 EECEEA Y .

id  minmax L(D; ;Dy s+, Dy )—>3

U y MIN SO}

i€ id(B®E), j € level (ZEHRE)
Hp: URRIIFERIE; NRALERE D Ex
delete B 3% 3 ) B 1 SLCA (smallest lowest
common ancestor, B/ K TR ) B id 3B
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AEE; level TR E. min max L(D;,D;,
-+, D) RN G G BT R AU R AR
BT &R ITER Y K, BT Lk BOCHR
(17,2 2% min max L(Dy,D,,-, D) —1 4T
min max L(Dy,D;,+,D));S: (HFER S hif: &
B S G5 BRTEMSE j E AR S BT .

(D #HB3cEk[1]h Ry LISA 11 FiE KBast
BT IFFE T LR TARTTR T S S, B BOk
AT B “aaa” YT UFID & GBS “bbb” B9 X
i&ﬁ?éﬁﬁ%aﬁn@ 3 Fﬁ‘%a R%@@J% min max L(D1 ’
Dz 9"'9Dk>}§9&§jt%[gtp%§€ 5 J%

Level(B5#MHHIZE) 1 2 3 4 5 6 7

b [T e[ ]

we a[[s[ e ]

dis|o]2]s]14]

b, Nnnne

we w[[a[e 0] ]

[T o] 1]

B3 AaXxgrifaENEtiniEtcET SHD
Fig.3 Entity element nodes coding including keywords

and meeting the semantic conditions

(2) ¥k B3y SRS 2 2 (UL R ) /5 19
SVG #2000 K B 2500 i & SO 1 9 5 (BE 2T R
1 id) , BT B R AT 2K PR S A E 25 3
B K 4 01 —>roads EFIE 5 02—
buildings JZ.

Level(Z5 M HIR)

Dy dy

(5]

4 5

[=}

[
<]~
— =
5=

"aaa" dlz

D2 le

H

we a3 ]0]

4 4% roads EHF S 4D

Fig.4 Node coding of class roads after classification
(3) X2, NS 5 B hsc iz E,

PLIE 5 40, BRgs sl ch g () (S, (5)) e, Hirds 4
Croads. MR R = £, N —ZHTREE
LS, NS (D)={6},TEAR N2, IBA6H

Level 5T ME) 3 4 5 6 7

Dy dz3|5|8|13| | |

"bbb"

5 4y%J5 buildings £ ST
Fig.5 Node coding of class buildings after

classification

H—A SLCA. SBE LR — 2, FEAERT— B HEAT
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WEZRH T H/NYE 3 2. Bk EIE S EEE. &
Ja BB A Z M SLCA /EFFE BT roads
HEZ A & &0 HAS R B W &/ XML

min max LDy s Dy 422+, Dy )—3
B, BVECE B R L]J (DO LN

CHEDA!
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oA A R L BTN XML B
el PR S S 3 JE R ATTRED SVG
st GIS Bl SCHY BT 2 2 50 VRO B
oy o .

2.3 BREREME

TR SVG KA IR (5 8 B AL
SRR SRS MO HUN T 3, B 9 %
B AL P AR A A A R
A 4 o R B . SR A 5
ML I S 2R P0G 15 8 B
K flx G — K2 3518 LISA 11773k, S M
SRV AR A R S A A
SLCA T . R8BI SLCA 7 fiftH73F 4613
B T SR AL R

EFEARAN TR, B E RS
O BP0 A R XA A RS T
AKET K, R3] SVG BT HIRE o B4
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MIHIEET A RO A TFEARET K.\
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FERIRIM R; * 4 BN L X EFEINEL RS
K kse(KD KM HNES S @ RIELEFA
B F R A &7 “or” B IE L KA S
AR BT R RO S 1 R 40 I A B [
[ contain( ) A I HE R ¥ contain( ) EE
iLR S;® XFRA S AT A BRI RN B
SVG R E RS T A2, bt TR—EE
Ferhily S TS ARYEE X 4 Frith iR By SRR, A
DL SVG @ 5 M R E TR LA, @ i
STEBERBME B SLCA ¥ 5, I RBIM &4
FZ2 SLCA W m it TIFEBR; © &EKaE1
S EL TR EIH SLCA T &4 #ATIF4E, W15
B J5 A5 R Result.

AL A5 3R i ¥ 2 4 A R B L R AN ] 6 B

N,

R, —» R} —» S, —» § — SLCA —Result
O U
99 @0 o Qf{
o @ ¢ /@0
N
6 ETFIGEHME SVG #X GIS BB TR
BRRIEE

Fig.6 Query model flow diagram based on improved-
rules SVG format GIS data
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(VAR , 4 A4 (b R B 1) AR, LR
HBNT .

FB® 1 TR RANRBETERREAR
YA R, VO LRI AER B SVG SCHS BT 17 f) figt
Bresfm h SN BB AR P AP e 2
GG HA W R E D R A m . R w
Bt SIS AH S I N 7R SR B S MR B I A RS
B AL AE B ) SEAR TR T s AT .

B2 B ERAECARE, TRE AT A
T AR R ST R

7 ¥ i Dk N E N W L S =
A R SRR Z E— A, 7 or” 55 A I Y 24
ForFHEATA K.

HHR A RPEFITEAR PN A d SEE
EAIS RS 2 BTSSR B ST B B S
115328,

F®S KRB UEARXETHY SE
& M SVG AT g R )2 min max L(D;, D,
o, DOFFIR, FRBUE G 5t % 2 B BT A S iS4
REB R, MRAER A ES , W H X B 5 g2
—A~ SLCA 5 5. #EHE— 25 SR A HH B 9 A A7 25 A A%
BARER SLCA 73 558, ¥ 5 — Z 18 /9 SLCA 75
RUTR R R SRS PR &L, AR
ARREVPEE SRRE—FENSEITE, BHEFH
— R ESAERE TS 3 EAIE.

6 MMmIrgaRie—2EhREIR SLCA
WA

F|T KIS HRE - RKEREPREEY
SLCA 5 s &I

BB Ko S E BN LB AR
() SLCA 45 5 &5 . A B 1T SR

RERIERAIN Y SES R B2 EEA
WA XML F Bz, Bl A A 4 1.

B —R T U N A SVG #% X b
2 (HGHE R LISA 11 &) Kl 7 Fik.
3.2 EREFEMW
3.2.1 WHEEIRETE

BN SVG = GIS #h i m R A il 8k
W, % SVG 5 SN n, SERTTR T AN ECH
my A RET K B K, SERITER A S A5y
Bk my B m,, AP REE R ABHR o, B

Cmt .

AP BUESN R R BE NSRRI, 50f
R KRBT LATR T RESI & W&
VB SRR RAECR ¢ IBA BB B 224 N

O[g (max{c,, | medy; |})]

TESR## SLCA Bt LISA 1Bk, ks 1
TR 247, B 5 R T W W SO o 52k
TER T K BX SVG Y s AT b7 , I [A] &2 4%
BR O, FIES 347, A& &£ M4 ML kTR
TR BT S R A SEART R T R B TR I
WEIE 2R OGny +-+m). B 4 178158 12
17,8 S0 21 S, PRI B INE S b it 2 2
O )+ F+0Ce,, ). B 13 47845 29 17. 2 1
SCRRLUJLA R A e BBUR A I SR 12 B O I TR B 2%
BN, BRI B2 24P

O[ (min max L — 2){ 2 (¢, + cm, log cu) +
i=1
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1. find set R of nodes with all the keywords(K).

2. transform set R into set R* and transform all nodes into integer codes. //FE# 3T IcE T A4S
3. select nodes which match ksc(k;) and store them in set S;. //#fii% s B & BII &

4, for each K{

5, (K +1&K;) / /¥ & BN LB SRR — R4+

6. S;+1-+contain(Ki , K;)=contain (K;,K;,Ki+1)

7. set contain(Ki,K;,Ki+1) as S

8. else if (Ki+1 or Ki) / /% i “or” M i XBFH SHBIAFES T

9. new contain() ;

10. S; 11+ contain() =contain( K1 )

11. | set contain(K;) as S

12. |}

13. for each S¢

14. | for each id, store them according to keywords, marked as xIS;//#Z MR B 22

15. | compute max Li(IS;) for each IS;//HH & RIRE

16. | min max L=min{ max L; [1<i<Chy // R R T ML SR SUTEE R BRI E
17. | v={}stmp={}

18. for j=min max L to 3

19. | while no IS; is null do { //#& 3% SLCAH &

20. build integer set S’; (1<(i<Ck) corresponding level j and sort it, S; is the smallest set

21. tmp = S';

22. fori=2tok

23. | tmp=intersection(v, tmp) //FISMAEEIBH (THRE AFBERESNEBERARLD
24. v += tmp;

25. | delete nodes which have integers contained in v, from each IS;//MEET R B SLCA &S 5 %f B Y R oCE =T &
26. |}

27. return SLCA nodes corresponding to v //1% B2 8] # SLCA 5 5

28. | merge SLCA nodes of each id //& 34 EZEH SLCA ¥ &

29. |}

30. | merge SLCA nodes of each S //-4& 3 H “or” Ml B 548 7 Fr 4 B AGAE N 19 SLCA 5 5

7T BETHGEHUE SVG X hEEiNEx
Fig.7 Query algorithm based on improved-rules SVG format map

z;(max{cm, | medy; I})}]

B 55 28 178158 30 T HARM B,
FrUTESR AR A h Z B AT, BRI T LA
o3 BRI SVG #X GIS B TR A HRA
SR ] 2 2 B8

OGny =+« +m) + Olc, ) + o+ + OCe) +

O[ (min max L — 2){ ET (Cm, + Cm, log ) +
-1

2 (max{c,, | medy; | }D }] %O[ (min max L —

i=2

2){ E (em, ¢, log c) +

i=1
E(max{cm, | med;; H)}]
i—2
3.2.2 FEEZREITHE
S%%%%l‘ﬂﬁ%E%O(S—F"-—FSJZO(cml
+oretc, )=0(2c,) s AR ZA5 81 SLCA 7 5
AT O, /2, T A & 2= | AR /N, FH Ik, £

KBGHEMN K SVG X GIS M TR A MR LK
ZHEEIRELR O,

4 EHEEREIE

EEFXTecE RN 0 SVG A 2 B 1 2 1) B 7Y K
Bk, TSR S B SVG s Sk
R HFE A T SR, S8 E Ak AR AT A bk A R B R AR
M SVG SCHHEHT G WSS IR, FH P A B e
EERIBAMEENEN PRI
4.1 SVG 31431 Bz B g it

& 8 R FIVELE I SVG ST % 7 B A 47 485
g, P g 558 id (H 5 line, circle #1 polyline
(B4 .

4.2 APBWANMXEEFEARER

[name |“Heping” & [ type]“Super” or [ name ]

“Xingfu” & [type]“Normal”.
4.3 EHiErPuToE
S, KRB KBS “ Heping”, “Super”,
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Hep up Xm Nar Xm Sup Hepl | Spe
mg far gfu mal er ine | piied

@

B8 SVGIaRBTradan
Fig.8 The parsed structural tree corresponding with SVG

“Xingfu”MI“Normal” () 15 55, RFFE 8 HJK {277 HE BT
N OREI=E

52 B AN SR OT R T R TR IR AT T
X R TR S, WK 9 .

J 3 I

7( g(roads)
g(sfreet))  11¢(Highway)) 14
1 1

9 BUAZELTENSAFRITHERSN SVG Birdian
Fig.9 SVG parsed structural tree after changing to

entity element nodes and coding

5 3 &, WAIFF G 51 ksc(Heping) = name,
ksc ( Super) = type, ksc ( Xingfu) = name #0
ksc(normal) =typeffj 35 &, BN & 9 HJK €75 #E ff 7
AR

545 A WA NERERX, [name ]
“Heping” #l[ type ] “ Super” L } [ name ] “ Xingfu” il
[type]“Normal” j& 1 “ &7 #8 7 #9 , Wi 15 41 22 &) J&:
“or” AHIE 14, BT LA FR “ &7 BT AR B R — A
4, Bl JE [name]“ Heping” f1[ type ]“ Super”
R EIES 185 1 245 Heping— 9,
133 Super—5,9, 12, [F] 3, % & [ name ] “Xingfu”
A Ltype]“Normal” B S BIE R 2 . E5 24
1% . Xingfu——10,12;Normal 6,12,

F5 5. WMENEESTHT SRR NER
2 B4 1 4 FE: buildings ( Heping—null;
Super—>5) fl roads( Heping—9,13; Super——
9,12). £ 4 2 A %5 buildings ( Xingfu—null;
6 Fi Xingfu——10, 12;

Normal roads (

Normal 12).

96 2, MES 1ESR 2 PR I T LISA
I4b2E. i T&E 1ES 2 P buildings R KHETF
T SOFARERRAE , T LA AT DL Z B buildings 2, 3XHE,
HEAE roads 22 SLCA 5 G WA Mg E G
TR E TR AW HE S min max L(D,,
Dy)=5. XA EG RE N 5 BIFRETZE
BHER 3 ZAIEETT, 40k 10 FE 11 fw. 8
/A%% 1 M% 5 J%'Jﬂlﬁ,D1={9,13} »D;={9,12},
PN E S ZE RO} FI, TR 9 H—1
SLCA 79 /. A5 MBRTT A 9 SR REF AL Z
Ei&/\’iﬁ4)%',¢KH¢,D1={11},D22{11} B )
{11}, R, 39 1 11 24 SLCA 35 5. 5%,
BRAT A 11 % Y DG BT AL ﬁﬁlﬂ:ﬂﬂ‘a%é‘ 1y
Dy.D;, #EEAET M4 LISA I EBEELIE &5
BRIMER (9,11}, W, L5 2 W5 5 B,
Dy ={10,12}, D, = {12}, FIN BEHE G EN
{12}, kg . 55 51 12 5—A> SLCA 35 . AR SE M BRTY

RIZXT R R BT R, Z R AL 42, HnT,
Roads 3 4 5
o w0
"Heping" dp

>
)
oS
s
EliE
=] |-
3
.
[\

"Super" dy

H10 £&§1 TR
Fig.10 Nodes coding of set 1
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o w[alw

. . -

"Xingfu" diy 12
Dy
Normal®

11 &8 23 EERE
Fig.11 Nodes coding of set 2

Dy={8},D,={ }, T D, B&A% R4 LISA 11
FRA L. BRI N (12). &5, A IFER 1
HEE 2 BB EALR(9, 11, 12} AR5 H
SLCA 7 45 R 4.

5 &g

WICAEBGHERNI G SVG #%=Xib 18 i 22 R8 |, %
GIS By T R A 1R T A R AR R
B M R B R B T E A R O
IO7 R B HE R S 18 SVG 4% 2, 1 25 A 0T AR 45 4 0
Wi B KA, AT GIS nERER BST
BOE; @ LT H P A RB TE ISR N R
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