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ABSTRACT : The "Map Algebra", beeing recognized as a viable theoretical framework for GIS
(Geographica Information System), models map layers as "operands" which are the basic unit of
geo-processing, and a variety of GIS commands as "operators." In this paper, we attempt at lifting
some limitations of map algebras proposed in GIS literature. First, we model map layer as
"function" such that we may employ the notion of meta operator (or, higher-order funtion) available
in the functional programming paradigm. This approach provides map algebraic language with
"programmability" needed in GIS user language. Second, we extend the semantics of, and improve
on the sytactic structure of map algebraic language. After the data model and language associated
with map algebra are formalized, we proceed to design and implement a prototype of map
algebraic processor. The parser of the language in our prototype plays the role of transforming the

native and heterogeneous user language of current GISs into a canonical map algebraic language.
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The prototype, named "MapSee" is a proof-of-concept system for the ideas we propsed in this
paper. We believe that the uniform interface based on the map algebraic language will make

promising infrastructure to support "Internet GIS." This is because the uniform but powerful

interface through the Web clients allow access to both geo-data and geo-processing resources

distributed over the network.
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Athe Holtk olE fsiMe UEYIYNM 2
ZO|PE-ME Ao FH&o] 7b5EEE RPC-
wrapper®] v]E]o] API7} ¥a3ict

(3) GIS AolEH9]

GISAl|Edole AAE FAFEE(Communic-
ation Port)ell TCP/IPH%E vi7}8)3+= Daemon
Z2ALE FH0E FAEH, R RE ] Ay
2879 Aejdw7t RPC 9 8l Backend
2 Hdo] "ok
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NELH=210{(Map Algebraic Command Language)

MapSeed] Aztigdols HE§ Tomling
AAAAE Edlz & 70NN 4T ¥} &
Y AAE etk

(1) %9 (Concrete Syntax)

Azoigdiele] £ 571 QiR R¥ds
olgis} Fol Fojdnk 7| o|dYMz BHEL
REL2 ARt WAlERe AR dlolojd] IDY 7
el oiZlY4E Jehlli, and, at, by, in, on ¥
& Azdigdeje] AA|Adirective)ol] sHFh=
lexical tokeng Yehdtk EF [9} ] 715 Y
#(optional)Q] FEolm, *& 0 ole) WHE- 1}
ehdct

- NewMap = LocalFunction of FristMap

[and NextMap]*
- NewMap = FocalFunction of FristMap
[at Distance)
[by Direction]
[Spreading
[in FrictionMap)
{on SurfaceMap]
[through NetworkMap)
[radiating
fon SurfaceMap)
[through ObstructionMap]
[to ReceptionMap]
- NewMap = IncrementalFunction of
FristMap
{fon SurfaceMap)
- NewMap = ZonalFunction of FristMap
[within SecondMap]
- NewMap = GlobalFunction of
FristMap
[and NextMap]*

J23HAD|(Map Algebralic Language Parser)

87| &
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TEHY7E ARAP) 483 Axdiee] 5§
Tl thEpy EYe]l A ARE BAlE,
A Sudiz A% #oloje] Mg AT A
3 AdE AX HF AAEE W& 840
TFEA7]E Lexical Analyzer, Service Dispa-
tcher, Semantic Translator$9] 4T Egolg 7
4€t.

(1) F-5-A)) 7] (Service Dispatcher)
FEAE7IE sME AAE 5EE9 Ax
#lolole] XHelE FUEE AAlRhs sie|th

(2) Target GIS o]2] ¥97] (Semantic Tran-

slator)

MapSee AAIZHE B3 HFE Mde @
Edhe NAPRAIZHE 9 43840 %
Aol AEAFAIE Folod 4B 4 Urhe
Holth. oL Azke] MRRAAHOIN g5}
T3k RS AR QolET AEdisdel 2
o} ojejel7lehe DlESlolE E8 o)l ATk

8 JIOIESI0l (Web Gateway)

MapSee®] ZAEtl4He]7]& Stand- alone™2
oz PFY % AR Y AlEdlE F3
A JEide] durlgAZt ¥ BEAHE FE
A AHES £ s AAHJT olHe Axy
& A7 HE o2 RAHL de AEd
AjPHA| 250l FEIOZEMY FhedE B
M3l7] $gtoltt

{4 Ale)Esol= MapSee] HTTP AHE o]
g3l 4 BLAE B3 Eolew AR 87
€ CGl Z2aydd daske 715¢ gtk

(1) AHA 82l (User Verification)

MapSee= AMEAl A& Instance' 2 MapSee
o] WiE #olo] dlojejulolag ¥ ol
AHgA7F MapSeeo]| A=ui4-g o]83jo] A3}



o 7l XSG Ha2lolof Bt 97

€ A= HolojE At wejdly] 9% Hos
AER) Hibel ZA olx AR} A Aol
bt 3% dolo} dolgulo)lxel TR
ojgig 3% dHolEMolas FAY T Iy
qE2 AP A4EA =, wloleuo]2e)
Ao} e #ololEL ¢]71H-8(Read-only) o
2 ARt 3o BrlsEteE Maso] Qi
AHAtE B4 dlojeidlolad) FaEy) 98 Al
€7t DS} HAY=g sl 528 4 o
<71¥ 2-a>E MapSee F&9] 27|30 E Mz
o Z7|3deA ALgRte] E-mail 48 st
Al =¥ MapSee= SMIP TZEZL o)8slq
AA 78 /AP F <Y 2b>9 e Entry
PointE A}F3ich

(38 2-a. MapSee Z7|8}5i)

(33 2-b. AL} sfel)
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(2) Logging/Cookie

ARARE 9 EeloldEE B8 MapSee AH|
o 7] A43e HYolH HTTPD CookieE 2
o W3 o] Fo] BE AMulA Request A& Alo]
°] Cookieg AFHoz HR&A ©t ojg §
3l MapSee A AM8Alel ¥IFE A% olg
#lol& 9 xe|o)¥(Transaction History)e] Fu
HYS & 5 A ¥

(3) HTML @) 7]4hgt A4 <lejsfo)x

¥ 7]4F MapSeet= ¥yt HTMLS4|3} o)njz)
WE o183 AeiHo|AE 1 U} <ay >e
MapSee®] o4 Mulx Qlgiside] ojojch
39 F8 FHLAE (1) Axdid FEY Y
Hwindow)# (2) ARSAL7E A& dlojg o)~
g Az Fojo] BE, 13 3) S AN
e ¥y EEort

<3¥ & AZds 7R HYARE A
28 Adde] ojsf sEAe] 2P e mol)
o] d%ABL onlx wWeo=z AIFHY Zoom
In/Out, Panning 753 vl¢x Y@ 9zl
SR AE 31 5 ATk E=F My x)
= #olole] seyR (199, 9, AT 7
R HE £ F)ol s Hae) bt
g 5).



MapSee Request Form

Encer flapline Statermetat

m jolobaiDisplay of roads and railroads and landuse
b chaw FPeal Mg

o Sew Uagnay?

NULL (SCALAR_MAP_of_NULL) »

Chy pm g % RIS v stde for adaltatils Liapd aned

(EREDIEN

(38 4. X=ths X2iE@np)
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W olgt XToi Xa|7|of B A7

(28 5. Xix 2fjojo] olEPY R ZHAY)

- | B

Azt oj&e] o} Wiekgt A|2PRA|LY
o 434 4 Ed2 1 J1%E B A4H
o2 oY # U= B ATV F B 47
oM AAR Az Helold §H =Y ved
AZE 53 SR AxdeAAe APRAS
d9] dx Z4E Bo FAFeE WINYD £
A 7127t € Aold EF Axdedole] &
A3 Rekg F3 71EY AzdiFAAZ te A
¥& FE3NLH, A=ds A7) 4 Qe
olaE ¥AHY AAFRAIAY Ze AU A2
AEALRE A% Jile] Axds AASIAN
7FedE B FAUok

MapSee AlgAI2dE B3 AFE 7M€ &
Edhs AARALSHAE o] B8] TF
Aol Axdisdolz And ¢ Uvke Aotk
ol AL Az AAFRAAAN HEIL U

IR AR QET Axuido] e ofe
Wqrieghs vENAE B3 olFo ok

¥ 7]Nke] MapSee= GRASSLinks¢} 22 7]
&9 4 UEsolxe} ZEHo 2 o7} Ytk
%, GRASSLinks¢} e AlAgle vlg] sz
2 A9 AHBRA ZIS(AER FH D
HTMLE2E 3l 323 €k deiy 98
B3 H&she ARAlIA NAlY HEsE A
FE7198ME NSl ¥He] mig] ulds oo}
&3 E¢ Z2 x| CGl 3ol ¥asdiA €
o} olo] Wkl MapSeew 919l Axdly FE
& 488 F A olHo] it FHE of93f
M71& B3 HBck 1EE oY HRyx=E
AgE A RAIARe] ofE Zold a3e] A
T8 e BE 7Ie0] 273 AREAA €&
3 APssA =e Aotk

Ao}t FHE Ro R ATFHAEA A%
4 dol§ CORBAYIWH] IDLE o|4)3ta A
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&F 4 UEYIPIA Open GIS9] "z
HS® = Ae Aoz Aol Bay ey
Folot.

=G 330 T4 Axd AR AE w0
&8 JY Ao (Visual Language)& S 9
Eislo]2r} 7Fs8 MVP(Map Visual Progra-
mming)oll #JE A7 FF FAF 3hio)
ck

A
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