1166 StRRIKE|ES =FA M6 M5z (95

Al F7F Ao A Axde 44 2 3
o M =t.20 5 $".F 2 &'

2 o

AZ7 dolg Mol FAMAN EASE g #99 Ao diE T B oY FuE FAN AFG22H
AYARA 24, EAAYA LY, AFFYANLD T3 To] BEAY $HIM ALEY FAT 7|2 dlojE o]z
e Ao dojnozE F AME P2 AL oF AUE AodM EUE ¢ EAFE R 2@
Ao AeF ¢ g BHoA 7129 S EY ANl LY TEA A2 A agAol Aasle EAH Aok
metd o =EAME BAY dolelMo)2dA sPg del AgEE dojd SQLE INtes &3 AFL dolEMe|x
2] Aojel STQLE AT} olg# STQLE FYE A Lol FAARANM Aelshe AFT 29 A A=
g FYsn Py,

Design and Implementation of Spatiotemporal
Query Processing Systems

Seonglong Lee' - DongHo Kim'' - KeunHo Ryu'""

ABSTRACT

The spatiotemporal databases suppart a historical informations as well as spatial managements for various kinds of
objects in the real world, and can be efficiently used in many applications such as geographic information system, urban
plan system, car navigation system. However it is difficult to represent efficiently historical operations with conventional
database query language for spatial objects. In terms of cost for query processing, it also degenerates performance of
query processing because of syntactic limitations which is innate in conventional query representation. So in this paper,
we introduce a new query language, entitld as STQL, which has been extended on the basis of the most popular
relational database query language SQL. And we implement as well as evaluate a spatiotemporal query processing
system that get a query written by STQL and then process it in a main memory,
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Structure Database From Schema Is

Database  => syn_transNumber : Integer:

Table => syn_states ! Seq Of State;

State => syn_tuples : Seq Of Tuple,
syn_transNumber : Integer;

Tuple => syn atrValues Seq Of AttrValue,
syn_start ¢ Integer,
syn_stop ¢ Integer;

AtrValue => syn_attrPtr : Attribute,
synrepresType  ©  RepresType,
syn_validPeriods Seq Of Period;

RepresType = Repinteger | RepShart |
Replong | RepFloat |
RepDouble | RepString |
RepBoolean | RepPoint |
RepLine | Replines |
RepTriangle | RepRectangle |
RepCircle | RepPolygon:
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DMLStmt i= SelectStmt | InsertStmt |
DeleteStmt | UpdateStmt;

DMLStmt =>  syn fromClause @ FromClauseORvoid,
syn_validClause :@ ValidClauseORvoid,
syn_whereClause :  WhereClauseORvoid,
syn_whenClause :  WhenClauseORvoid;

FromClauseORvoid =  FromClause | void;

FromClause =>  syn_tables : Seq Of TableList;

ValidClauseORvoid ==  ValidClause | voids

ValidClause => synvalidExpr : TemporalExpr;

WhereClauseORvoid =  WhereClause | void;

WhereClause =>  syn_whereExpr . WhereExpr;

WhenClauseORvoid =  WhenClause | void:

‘WhenClause => syn_whenExpr @ TemporalExpr:
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Roots => syn_tables © Seq Of Existing;
Existing => syn_where : Location,
syn_description : Table,
syn_descendents : Set Of Descendentlnfo;
Node = DisplayNode | NonterminalNode;
Node => syn_nodeld ¢ Integer,
syn_leftlnputArc  : DescendentInfo:
NonterminalNode = UnaryNode | BinaryNode;
NonterminalNode => syn_descendents : Set Of Descendentinfo;
UnaryNode = SelectNode | TemporalNode |
SpatialNode | ProjectNode |
StoreNode | ValidNode;
SelectNode => syn_whereExpr | WhereExpr,
TemporalNode => syn_domainPtrs : Seq Of DomainPtr,

syn_temporalExpr © TemporalExpr:

i : Seq Of DomainPtr,
syn_temporalExpr © TemporalExpr;

ProjectNode => syn_targetelements: Seq Of TargetElem,
syn_allTargetRef :  Boolean;

i  Seq Of AttributeRef,

StoreNode => syn_addToDB * Boolean,
syn_targetTable : TableRef:
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Command =  Initialize | Propagate | Update;
Command =>  syn_relationRef : Table;

Initialize =>;

Propagate  =>;

Update =>  syn_updateSpec * Seq Of TuplePair;
TuplePair  =>  syn beforelmage :  Tuple,
syn_afterlmage © Tuple:

Node =>  synleftTransFunc : TransFunction,
syn left Tuples t Seq Of Tuple
BinaryNode =>  syn_rightTransFunc : TransFunction,
syn_right Tuples : Seq Of Tuple;
DisplayNode =>  syn_displayTuples :@ Seg Of DisplayTuple,
syn_displayFile > FilePur:
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A F3E ol #47)(spatiotemporal semantic ana-
lyzer)e Y9€ Fo9 4 Eglel Ao die] He
doleuo]2o iyt PYRE YPwo} Ar} AFP
A8 ZATY F4ol Aoy AR P Eiol B £4
o] 27|v} Fxo) 7|Ed $A45H A=A 4%
g &7 dioleidlol 28 Atgs A s £49 Y
AAg 23 4¥E A7t NFW A A9
Z9c deld AHojd BAEY £¥ Az g
o] #Rdx Az} AE Eof, HlojEE A4
Ao)7t & A4 HF elojEy £43 Eo]
TAEE 49 8 a8 AdHA AR
L 7] £4 A9 §& &9 dolgulojad Hojg

e g o M Mo oofn
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5.2.2 N3 3= A4

A 2= 24 7|(spatiotemporal code generator)
T J¥E A9 gt dlejgjufolx A Az
7] 48 Edd HIFsis A deEA FASHE
AFE Y ERE A4 F, AT 4y Ede
ded Hoo vzt Aoz A sted Pz
Biglo] g ¥ oA dER FAHHTH, 43 Ed
Aol &A= wZolE Existing == 2% € Display
& 5o| gt} Existing ==+t A4 7|£@ H
o8& doEHo|A2R2RE 7] A% HHE i,
Select ==& Fo]9 WHEREHHAM 7|¢d 9wt =
d 2 37 2dE At Temporal =S¢ Valid
=% 77} WHENA VALIDAEAA 7l¢d A7t =
ﬂ 9 AL A gd 9@ Project REE 2§

target lisell 4 Maed £ wgdoer 2
|°l & AAse e @ D}ZIE}EE Dis-
play =% EE Store ==t 499 Project %9
T3 ZAFPE FHoE FYHIHAY AZEE HolEZ A
Fahe 715 Fgsh (2Y 8dME de€d 29
d tad AFZ A ELE YA AFL 2=
A471e A5AAE BAFE

.\,'__“_-‘.

STQP_CodeGenerator()
Input © Statement, Roots of tree, Node identifier, Tuple variables
?uqmiExewﬁonnee
Extract tuple variables from input statement;
Count a number of tuple variable;
if (total number of tuple equal to 1) (
Build Existing Node and then attach it to tree as a root;
Build Select_Node and then attach it to Existing Node as a child:
}
else {
Build Cartesian_Subtree and then attach it to tree as a root;
Build Select_Node arxd then attach it to Existing Node as a child;
}
Build Temporal_Node and then attach it to Select Node as a chikl
Build Valid Node and then attach it to Temporal Node as a child
Build Project_Node and then attach it to Valid_Node as a chikb

if (type of input statement is equal to Select statement)
Build Display_Node and then attach it to Project_Node as a child
else
Build Store_Node and then attach it to Project_Node as a child
)

(3% 8) AISZt = M4Y7| ynelE
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5.2.3 A3zt 487

AFN AY7E NFD 2E A7l o8 A4
d AEL Ay EBE FE =R Y =
72 a2 WU HF AdAE FEANA 2
A7AE oA &4 x=2 A APE B 3T
A7E Y@ AT 4Prle A3 2= A
717 ARG AL 49 Efe 4 =28 WEsAo
$F xxold HoE J4E 9 UF, FExE
Z A9 9 4 F 437 A%HE 71HE AR
o EF #%2 FE9 AR ARE BHE 75E
e, ANFT AYPrldA AgEe FHeRE
2E¥ & (stream processing) 24 2713 ©A 7
A gl agn A gAE AEsEd 49 k=
2RH A9 =22 Ao g Adyol AHF v
39 w52 AHolg Addn, ozg HFPo] FE
wERRE Ha 9 ==o o274 AR
e}

53 ALZAH H&7|

A EZE Ao He Alagore AgA FE7E
X-9x% REE Z2aPSE ALEEd (29 9% 2
o] FHSUCE F AL AlFI diolEHlojx A
3 44, A8z Ao A H HFE @Ak A
22 dog & HaAMe AFL A AY A
2do N Ay ARE &5t 3w oy Yo
g g7 e, iz side] ¥AsiH ook 3=
d, (2¥ 9)9 subWindows3lHellA HAAREE
&t

(@ A3 49 w8 v
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(b) A9l ] Aotk el Ap 232 AP =% 849 o5

(23 9) A3 &9 M| AlA=e] ARSI H&7| of
6. T4 olist I}

6.1 =Y of

ol#e] [of 1] Foid =2 Holddl AFd &4 &
Foll diste] I3 Sl distd F¢ #§5 LENGTHO
ot F& Alztel oig diAl PRECEDEE FAl9 ¥
% Feoln, (29 100X E AFT A9 He A
20N £8% AAZA (29 1b)dAME Fod &=
2EZRE HAYE 2PE UEF}E 529 “pNg"9)
HE Puato] P FPL & + AUk

(4 1] 22 do]82FE Zoj7t 1076& %334,
1995 649 1Y%-E 19963 129 31974 A
R olHe S#FY =2 E Y3l
select r.all
from road as r

where length(r.shape} > 100 meter
when valid(r) precede period (Jun 1 1995, Nov 31 1996)

(@ A3T JA%

(b) N33 J4E 49 A

(28 10) A3 He| A2l AlAHe] Y of

62 AlAH "It

A 7TEE AFL A9 Ay AN2de F9%
A A 71ME 7te2 AA AF3% dolg o)
X2 I=E F7ARA AW F A€
o] A& o}HAA AFZ vlolH Mol AE HF Y A
F A2 A77 YA R olfrollq v EE
2t A FEE AFT Z AY A2 Ay
Exo A Frhe dga go] Feld & et

o LYY A8A A UE At fia P2 A
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e AHgAL Hojrp vjuy 2 FRZ JYHW RE F
T AR FAAZANA APd F Q7] fE
TAAAY WE2] @ g oF DAY o
4 @dito] Bsta) o] HE + Yonz 9
o W¥ nest Yasich

o ¥ dojH9 FeE W Fuwg dFn )
WECl A4 AT 22 d2E AR Ae ¥
¥ A7l AFsor @t

gy @4 7Y AET 49 M7y A2do| o
2 742 AT @AM Ade AA7 deldEd =
E783, o3 dveld FAE dw g o
AEHA F vlolElg o]F AR AFo| WY o F
Welgoz Hxol AF AAE Ay Y A=
HogA of Foio oz A7 A@H JEL
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