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Distributed Location Reference Service

TAKESHI SAGARA,t MASATOSHI ARIKAWAT and MASAO SAKAUCHIft

There are two ways to express geographical locations: indirect location reference and direct
location reference. The former is understandable for ordinary people; the latter is suitable
for computer systems to manage. Location reference services are required in order to convert
indirect location references into direct ones. Since existing location reference systems man-
age and update location reference data intensively, their high cost is a severe problem. This
paper explains the way to implement a location reference algorithm into a distributed service
on computer networks. The service runs on distributed servers, thus location reference data
can be maintained on each server. We also present experimental results to show that the
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distributed system is efficient and stable.
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Fig. 1 Locat1on names hierarchy tree structure.
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Fig.3 Division of location names tree structure.

# spat. conf
# configuration file for DAMS,
# Distributed Address Matching System

# Lines beginning with "# are comments
# Each columns must separated with TAB

# null lines will be skipped

# Sub systems

Jti#EiE  spat. csis. u-tokyo. ac. jp 8601
E#HE  spat.csis. u-tokyo. ac. jp 8602
AFR spat. csis. u-tokyo. ac. jp 8603
K98  spat. csis. u-tokyo. ac. jp 8644
EIFE  spat. csis. u-tokyo. ac. jp 8645
BB E®spat. csis. u-tokyo. ac. jp 8646
h#BE  spat. csis. u-tokyo. ac. jp 8647

per systems
means supersystem )
spat. csis. u-tokyo. ac. jp 8651
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Fig.4 Routing table.
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sagara@fifit:~ % telnet spat.csis.u-tokyo.ac. jp 8613

Trying H#H#. ##. ##. $##H. ..
Connected to spat.
Escape character is "]’ .

ARMEARRENGA—6—1
BEGIN

DONE

exit

Connection closed by foreign host.

SPATial reference system(Ver. 2.30) port=8613

HITS: 1, SCORE: 5, MATCH: 30 CHARACTERS
RESULT: BRAUHR/H BX/B45/4 TH/ 6%/ 1% (139. 680603, 35. 659592)

05 SPATOOOOOOOO
Fig.5 Communication protocol of SPAT.
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Fig.6 Processing time for location reference.
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Fig.7 Cumulative frequency distribution of response
time on distributed system.
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Fig.8 Structure of three layered distributed system.
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Fig.9 Average response time for prefectures.
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of brother nodes.
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Cumulative frequency distribution of number of brother nodes
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Fig.11 Cumulative frequency distribution of number of
brother nodes in 4 prefectures.
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Fig. 12 Map retrieve service using location reference.
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Fig.14 Output sample of geo-coding service.
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A.000000DODOOO
function location_reference(Giree, Gindex, StT)
/¥0000000000000000000OOO
O0oDooooooooo*/
GuecOOOOOO
Ginaex0 00000000
strO0000gonog

/00 10o0ooooooooox/
/0000000000 str 000000000
ooooooooog */

(p, @) = match_index(proot, StT)

/00 2000000000000%

/¥ 000000000000000000000
ooooo

N = linked_nodes(p)

/40030000000000%
/¥000000000000000000DOOO
oooooooOoooooooooooo ¥/
m = size(N)
k = length(str)
for i = 1..size(N) {

(M3, Briy)

= match_tree(NN[;, substring(str, o + 1, k)

}

/¥00400000000000%/
/¥ Py 00000000000 M:O00O0OO000
OoooOoooooooog *
R=¢
for i = 1..size(N) {
if (B = max(B..m))) {

for j = 1..size(M1) {

R = R U get_referenceinfo(Mi(;))

}

}

for every r € R {
r.matchlength = max(81..m))

}

return R
}
match_index(p, str) 0000000000 pOO
Oo0bOOo0ooooOOoDooO strogoogooo

oooooooood 2937

oooooooooboooo B-1o

match_tree(n,str)0 00000 nO00O0O0OOO
oboooono serobobonoooooobooboo
0ob0o0ooog B-20

linked nodes(p)0 DO 0O O0OODO0OO pOOODO
goooboooboboobobooobooboo

get_referenceinfo(n)D 00000 nO00O000O0O
oooooooooooono B-30

max(S)OOOOO SOOO0O0OO0OOOOO

size(N)OOOUO OO NOOODOOOOOO

length(str) D000 str O0DO0O0OODODO

substring(str,a,))0 000 str 0 « OO0O00O0O b
gobooooooobooooooo

Prootl Gindex 10 0O 0DOO

pOUO00000000O00O0O0000O0

NOpOODOOOOOOOOOOOOD

Mi{O N, OOOooOoooooooooooooo
oobooooood

a0 O0O00O0O0

ByOOO0O0O00

rROODODODOOOOOOOOOOOCOOOOOOO
gobooooooooo

r.amatchlengthO OO 0O000 0000000

B.OOOOOOOOOOOOOO
B-1. 0000O0O0O0O0O0DODO

function match_index (p, str)
/¥000000000 pO00000O0ODODOOO

00 ser000000000000000O000OD
oooooodoooooopbOOOOOOnddstr
oobooooooboooooooooooooo
Ooo0oooooooooooooooooX
pUd000000000CcOObOObn
strO0000000000

a=0
if (length(str) = 0) {return (p, 0)}
for = 1..number_of_children(p) {
if (child(p, i).value = strpy)) {
(p,a) =
match_index (child(p, i),
substring(str, 2, length(str)))
return (p,a+ 1)

}
}

return (p, )



2938 goooooooo

}

number_of children(p)J 000000000 p0O
goooooooooo

pvalueD OO0 DOOODOODO pODODOCOOO

child(p,9)0 000000000 pO 000D
gooooooo

length(str)O str 00000

substring(str,a, )0 000 str 0 « 00000 b
goooooooooobbobo

B-2. 00000000
function match_ tree(n, str)
/0000000000 nODOODOUOOOUOOO
gobooogooboobobooooouooboo
goooboboooooboobooboooog
gooboboobooooooboobooooooo
oooo*
n0 000000000000
str0000000D00O0
{
if (length(str) = 0) { return (0, ¢)}
Bmax =0, N = ¢
for i = 1..(number_of_children(n)) {
name = child(n, 7).name
m = length(name)
if (name = substring(str, 1,m)) {
(B,n) =
match_max_tree(child(n, ),
substr(str,m + 1, length(str)))
B=p+m
if (8> Bmax) {
Prmax = B
N = {n}
} else if (8 = Bmax) {
N =NU{n}
}
}
}
return (Bmax, V)
}
number_of children(n) D0 00000 nO0O00O0O
gooooo
child(n,)000000 nO 000000000
ood
nnamed 00000 nOOO0O0O0OOO
length(str) D000 str 00000000
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substring(str,a,))0 000 str 0 « OO0O00O0O b
goboooooooboboooooo

B-3. 0000000DODO

function get_referenceinfo (n)

/00000 nO000000OO0OOOOODOUODOO
goooooboooboooobooobooobooo
goobooobooooooooooboooboooo
o0oo00oooooooooo*
nd0000000O0CO000O0

z = n.longitude
y = n.latitude
str ="
do {
str = concat (str, n.name)
n = parent(n)
} while (n # nroot)
return reference_info(str, 0, z,y)
}
concat (strl, str2)0 000 str10 str20000
ooo
nlongitudeD 00000 nOO0OOODOOO
nlatitudeD 00000 nOO00OOODOO
nnamed 00000 nO0O0O00O0O0OO
parent(n)J 00000 nO000O0O0OOOOO
noot 000000000000
reference_info(str, len,z,y)0 00000 str000
0000 lend000 2000 yOOODODOO
gooboobooog

Cc.0ooooooooo
function distributed_retrieval(T, str)
/0000000000 T000000O0OUOO
Oo0oUoooooo strDoooooo*/
Tooooooooooobooooooo
strO0000000000O000
{
m=0,R=¢
/¥00o00ooooo */
for i = 1..size(T) {
if (T};.name is_head_of(str)) {
/40000000 strO00D0%/
Rgup = call(T;.netinfo,
location_reference(str))
/400000000000 */
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/* Ry 0000 DO0O0OO0O00OOOOOOO
oooouoooooooooooo */
len = Rgyp[1).-matchlength
if (len > m) {
m =len
R = Rsub
} else if (len == m) {
R =RU Rsup
}
}

}
/¥0000000000 %/

do_retry = false
for i = 1..size(T) {
if (T};.name == SUPERSYSTEM) {
/¥000000000 str0oog*/
Rgup = call(T};).netinfo,
location_reference(str))
len = Rgypj1)-matchlength
if (len > m) {
m = len
R = Rsuwp
do_retry = true
} else if (len == m) {
R = RU Rqup
do_retry = true
}
}
}
if (do-retry == true)
/0000000000000 ROOOODO
oooOoUooooooooooooooox
for every r € R {
str = complete_locationname(r, str)
Rictry = distributed_retrieval(T, str)
len = Ricryp)-matchlength
if (len > m) {
m = len
R = Rretry
} else if (len == m) {
R = RU Rretry
}
}
}

return R

oooooooood 2939

SUPERSYSTEMO OOOOOOOOOOOOOO
gooocooo

tnamel 0 O00000O00O0O0O0OCO ¢t0OO0O0OO
ooboooooon

tnetinfo0 00O O0000000D00OODO ¢t000OO
ooooooooooooo

callln, /JUODODODOOOODOO nOO0O0OD fO0O
ogoood

location_reference(str) 0 0000000000 O
ODAOOO

ishead-of(str)D 000000 str DOOODODO
goooooobooboooooo

size(T)OOOUOODOODOOO TOOOOOODO
oooad

complete_locationname(r, str)0 000000 r 0O
ooooo0o0og str000oooobDoOBbo
ooooooooo

r.matchlengthO OO0 0O0O0O0O 00000000
oooooooooooo

rROOOOOOOOOOOOOOODOOOOOOO
gobooooooooooooo

oo oooooao
1993 000000000000

S e gbooo19s 0ooooaoan
g ' ooooooooocooooooon
- ob19980 6eonooooooon
“ oooooooocooooooaon

goocoooooobooboooboooobooooooo
oooooooooOoOoooG-XMLOOOOOOO
gobooobooooooooobooooDbo
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