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Abstract
Peop le  use “ n a m e " in  gen era l to  re fe ren ce  th in g s  e a s ily . In  a d d it io n , on e  na m e  m ay 

re fe r to  v a rio u s  typ es o f  th in g s  o r  ob jects (o n e  nam e -  m a n y  ob jec ts ). F o r  e xa m p le , a 
co n ve n ie n c e  sto re  nam ed “ F a m ily  M a r t "  uses th is  s ing le  na m e  fo r  e v e ry  b ranch. 
S im ila r ly ,  nam es are a lso  im p o rta n t in  a l l  c o m p u te r c o m m u n ic a tio n . N a m e  services 
ha ve  been deve loped  to  m ap  lo g ic a l na m es to  p h y s ic a l resources . T ire  s tru c tu re  o f  the  
c u rre n t na m e  se rv ices is  h ie ra rc h ic a l fo r  s c a la b ility .  H o w e v e r, th is  l im i ts  one nam e 
m a p p in g  to  m a n y  ob jects. T h is  paper proposes th e  n e w  n a m in g  sys te m  c a lle d  the  
In te ll ig e n t N a m in g  S ys tem  th a t e m p lo ys  th e  concep t o f  sets and  trees. T h e  techn iq u e  
ca lled  O n e  N a m e  -  M a n y  O b je c ts  -  O ne  R e s u lt (O N M O O R )  is  p roposed to  en su re  tha t 
th e  re s u lt o f  th e  m a p p ing  is  th e  in tend ed  ob ject. F u rth e rm o re , the  proposed  s o lu t io n  has 
been p ro ved  b y  th e o re t ic a l an a lys is .

1. Introduction
A lth o u g h  th in g s  o r ob jects can be id e n tif ie d  in  se ve ra l w ays . “ N a m e ”  is  g lo b a lly  used to  
be an id e n t if ie r .  N a m e s  are a lso  im p o rta n t in  a l l  c o m p u te r system s. A  nam e se rv ice  is 
used to  m ap lo g ic a l nam es to  a n y  p h y s ic a l resources. S eve ra l nam e se rv ices ha ve  been 
d eve lop ed  fo r  d if fe re n t purposes.

G lo b a l N a m e  S e rv ic e  (G N S )  [41 is used in  an in te rn e tw o rk  w ith  a la rg e  n a m in g  
database th a t stores resource  lo c a tio n  and m a il address ing.

H a n d le  S ys te m  [11 j is  a genera l purpose na m e  se rv ic e  th a t a llo w s  a na m e  to  pers is t 
o v e r changes o f  lo c a tio n  and serve fo r  v e ry  la rg e  n u m b e r o f  en titie s .

N e tw o rk  In fo rm a t io n  S e rv ice  P lu s  ( N I S )  1101, d eve lop ed  by S u n S o ft e n g in e e rin g  
te a m , is  a n a m e  se rv ice  fo r  su p p o rtin g  m anag e m e n t o f  basic n e tw o rk  resources such as 
w o rk s ta t io n  addresses, s e c u rity  in fo rm a t io n ,  m a il in fo rm a t io n ,  etc.

N o v e ll  D ire c to ry  S e rv ic e  (N D S )  [2 , 6J is  a fu l l- fu n c t io n  d irec to ry ' se rv ic e  based on  the  
1988 X .5 0 0  standard and p ro v id e s  a s in g le , lo g ic a l tre e -s tru c tu re d  v ie w  o f  a l l  resources 
on the  n e tw o rk .

N IS  f  and N D S  are b o th  p ro p rie ta ry ' n a m e  se rv ice . T h e ir  ta rg e t sup p orts  w ith in  
o rg a n iz a tio n  and  m anag e m e n t o f  basic n e tw o rk  resources.

D o m a in  N a m e  Sy'stem  (D N S )  [7 , 8, 9J is  a n a m e  se rv ice  fo r  a w o r ld -w id e  c o m p u te r 
n e tw o rk  th a t m aps ho st n a m es to  IP  addresses. In  o th e r w o rd s , D N S  su p p orts  a v a r ie ty  
o f  hosts ru n n in g  on  v a r io u s  o p e ra tin g  system s and  m akes c o m m u n ic a tio n  s im p le r b y  
u s in g  h o s t na m es ins tead  o f  addresses.
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Th ese  nam e se rv ices ha ve  been s tru c tu red  h ie ra rc h ic a lly  fo r  s c a la b ility . H o w e v e r, w e  
fo u n d  som e fea tu re s  o f  each n a m e  se rv ice  as sh ow n  in  T a b le  1 and revea led  th a t m o s t o f  
th e  c u rre n t nam e services o b ta in  som e lim ita t io n s  and d raw b ack.

S h a rin g
u n iq u e
nam e

C h arac te r
S up p o rt

A n o n y m ity

G lo b a l N a m e  S e rv ice  
(G N S )

N o A S C I I N o

H a n d le  S ys tem Y e s U n ic o d e N o
N e tw o rk  In fo rm a t io n  
S e rv ic e  P lu s  ( N IS  r )

N o A S C I I N o

N o v e ll D ire c to ry  S e rv ic e  
(N D S )

N o A S C I I N o

D o m a in  N a m e  S ys tem  
(D N S )

N o {a -z , A -Z ,
« -9 . - r

N o

3 D N S  can use a n y  oc te ts , b u t th e  charac te rs used in  D N S  la b e ls  w h ic h  
are a-z . A - Z .  0 -9 , and  hyp hen  (- ) ,  fo rm  to  D N S  nam es.

T a b le  1 ะ Fea tu res  o f  c u rre n t nam e serv ices .

W e  c la s s ify  th e  l im ita t io n s  o f  a v a r ie ty  o f  n a m e  se rv ices in to  3 g roups: un iqueness, 
ch a rac te r sup p ort, and a n o n y m ity .
- U n iq u en ess

T h e  lo g ic a l s tru c tu re  o f  each na m e  se rv ic e  is  h ie ra rc h ic a l. T h e re fo re , each n a m e  in  a 
tree  m u s t be u n iq u e . T h e  fe a tu re  o f  s h a rin g  nam e is  l im ite d . T h is  m eans th a t each node 
in  th e  tre e  m u s t be nam ed d if fe re n t ly  and  p o in t to  in fo rm a t io n  o f  an  in d iv id u a l ob ject. 
P ra c tic a lly , u s in g  the  sam e n a m e  to  id e n tify ' m a n y  ob jec ts  o f fe n  (recurs.
- Charcu te r  s u p p o r t

M o s t o f  th e  e x is t in g  na m e  serv ices w e re  designed fo r  s u p p o rtin g  o n ly  A S C II-b a s e d  
charac te rs  w h ile  d ie  needs o f  those  u s in g  n o n -A S C l l  charac te rs  ha ve  increased.
- A n on ym ity

A n o n y m ity  is n o rm a lly  used to  p ro te c t the  p riva cy o f  th e  ob jects. T h e  nam e service 
s tru c tu re  is h ie ra rc h ic a l, so th a t it  is e a s ily  traced back to  its  ancestors in  th e  tree.

A lth o u g h , the re  are lim ita t io n s  as m e n tio n e d  above, th is  paper w i l l  m a in ly  focus on 
th e  l im ita t io n  o f  un iq ue ness in  the  na m e  o f  an o rg a n iz a tio n  th a t co ns is ts  o f  m a n y  
d iv is io n s . H ence w e  propose th e  n e w  n a m in g  system  ca lled  In te ll ig e n t  N a m in g  S ys tem  
( IN S ) .

T h e  IN S  is  e x p la in e d  in S e c tio n  2. S om e  exam p les  o f  th e  o u tp u t f ro m  the  s im u la tio n  
o f  IN S  are sh ow n  in  S e c tio n  3. in  S e c tio n  4, w e  p ro ve  th is  n e w  a rc h ite c tu re  b y  
m a th e m a tic a l th e o ry . W e  d iscuss o u r w o rk  in  S e c tio n  5 and  f in a lly ,  w e  g iv e  o u r 
c o n c lu s io n .
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T h e  m a in  purpose o f  d e s ig n in g  IN S ,  re fe rre d  as S N S  in  [5 , 3J. are ta rge ted  to  
o rg a n iz a tio n s  w ith  severa l fa c u lt ie s  o r d iv is io n s  and each d iv is io n s  is re q u ire d  to  share 
th e  nam es w h ic h  p e r fo rm  the sam e fu n c tio n s . T h e re fo re , o b ta in in g  one accura te re s u lt 
f ro m  m ap p ing  one nam e to  m a n y  ob jects  is considered .

W e  suppose th a t a u n iv e rs ity  n a m e  “ P ro to typ e  U n iv e rs ity ”  o r  P U  c o ns is ts  o f  4 
fa c u lt ie s : E n g in e e rin g , M e d ic in e , Science, and N u rs in g . T h e  s tru c tu re  o f  P U  w ith  4 
fa c u lt ie s  is  sh ow n  in  F ig u re  1. E a c h  fa c u lty  co ns is ts  o f  3 o ffic e s : A c a d e m ic  A f fa ir s  ( A A ), 
H u m a n  R esources (H R ) ,  and P la n n in g  &  F in a n c e  (P F ) .  T h o u g h  these o ffic e s  have  the  
sam e nam e, th e ir  fa c u lt ie s  are d iffe re n t. Each o ff ic e  o f  e v e ry  fa c u lty  p e r fo rm s  the  same 
tasks. F o r  e x a m p le , the  o ff ic e  o f  H u m a n  Resources a t F a c u lty  o f  Sc ience p e r fo rm s  the  
sam e fu n c tio n s  as the  o f f ic e  o f  H u m a n  R esources o f  o th e r th re e  fa c u ltie s . I f  w e  can re fe r  
to  th e  n a m e  “ H u m a n  R esources”  fo r  e v e ry  fa c u lty , i t  is  c le a r ly  un d ers tan d  and  easy to  
re m e m b e r fo r  eve ryo ne . F u rth e rm o re , u s in g  a s in g le  na m e  fo r  the  sam e ta sk  in  d if fe re n t 
fa c u lty  he lp s  the  o rg a n iz a tio n  m a in ta in s  its  u n ity .

2. Intelligent Naming System

F ig u re  ! : P ro to ty p e  U n iv e rs ity ' and  fa c u ltie s .

2.1 The Structure of INS
T h e  IN S  s tru c tu re  [5. 3 1 has been designed  under the  m a in  c o n s id e ra tio n  o f  each na m e  is 
ab ic to  be shared . I l l  su m m a ry , th e  g lob a l nam e space is  a h ie ra rc h ic a l s tru c tu re  w ith  a 
s in g le  ro o t a t th e  top . T h e  s tru c tu re  o f  th e  IN S  em ploy's th e  concept o f  sets and trees. A  
g lo b a l na m e  space can be rep resented  as labeled nodes. A  g lob a l nam e may' lo g ic a lly  
id e n tify ' n o t o n ly  a s ing le  n ix ie , b u t se ve ra l nodes in th e  tree . E ach  g lob a l na m e  is  a path 
in  an in v e rte d  tree  and m a y  p o in t  to  in fo rm a t io n  o f  in d iv id u a l ob ject, o r  a set o f  
in fo rm a t io n  o f  in d iv id u a l ob jects. F ig u re  2 illu s tra te s  the  lo g ic a l o rg a n iz a tio n  o f  the  IN S  
in  th e  sense o f  a g lo b a l n a m e  ab le  to  be shared. A  s in g le  ro o t at th e  top  is  nam ed  as 
“ P U ”  and o th e r g lo b a l n a m e s  are  the  path in  an in v e rte d  tree. F o r  e x a m p le , “ h r .p u ”  and 
“ m a ths .sc .p u”  a re  th e  g lob a l nam es. In  F ig u re  2, d ie  n e w  s tru c tu re  p ro v id e s  a sharab le 
n a m e  such as h r.p u  f ro m  th e  le f t  b ranch  w o u ld  m ap h u m a n -re so u rc e  o b je c t a t Fa cu lty ' o f  
N u rs in g  (ob j 1 ) and h r.pu  a t the  r ig h t  branch m aps h u m a n -re so u rc e  o b je c t a t Facu lty ' o f  
Sc ience (o b j2 ). T h e re fo re , i f  w e  c a ll h r .p u , the  re s u lt  p ro v id e s  a set o f  ob jec ts : { o b j 1. 
o b j2  j . T h is  m eans th a t th e  IN S  m aps each g lo b a l na m e  to  a set o f  ob jects . In  a d d itio n , 
th e  ob jec ts  can be re fe rre d  b y  u s in g  g lob a l nam es in  3 d iffe re n t m anne rs  as fo llo w s :

1. F u l l  na m e  is  a path  ท่า th e  in v e rte d  tree  such as h r.pu .

Ladda Preechaveerakiil and Pattarasmee Bhattarakosol 94



F ig u re  2: T i le  o rg a n iz a tio n  o f  IN S .
2. C o m b in a tio n  o f  g lob a l nam es is  a c o m b in a tio n  o f  so m e  p a ths  ๒  the  tree  such as 

h r.p u : h r .sc .p u . N o rm a lly ,  it is su pported  to  a g iob a i nam e w h ic h  has m apped the 
o b je c t f ro m  one path  in  the  tre e  and  re q u ire d  to  re fe r to  o th e r g lob a l nam e. F o r  
e x a m p le , h r .sc .p u  is a g io b a i na m e  th a t m aps th e  ob jec t (O h j,,) and  fo r  e a s ily  
re m e m b e rin g . O h/., m aps to  h r.pu . H ence, b o th  g lob a l n a m es m ap the  same 
ob ject.

3. G lo b a l nam es w ith  a k e y w o rd  are a g lo b a l nam e fo l lo w in g  b y  a k e y w o rd  such as 
loc  fo r  lo c a tio n . F o r  e xa m p le , h r.p u : Ioc (a -sc ien ce  is  a g lob a l n a m e  located  โท 
F a c u lty  o f  Science.

A d d it io n a lly ,  the  q u e ry  na m e , w h ic h  is a g lo b a l nam e, has been d e fined  in [5, 3 ] to  
su p p ort b o th  A S C I I  and n o n -A S C I I  characters. T h e re fo re , the  l im ita t io n  o f  charac te r 
su p p o rt m e n tio n e d  in  S ec tion  I has been so lved .

2.2 Active Components
IN S  is  a c lien t-'se rve r m od e l. F ig u re  3 show s th e  IN S  p ro to c o l des ign. T h e re  are 3 
s ig n if ic a n t co m p on en ts : IN S  c lie n t, IN S  se rve r and IN S  c o m m u n ic a tio n .

F ig u re  3: T h e  IN S  p ro to c o l design.
1. IN S  c lie n t consis ts  o f  an a p p lic a tio n  and IN S  re s o lv e r ( IN S R ) .  1N SR  is  a fu n c tio n  

th a t accesses th e  IN S  se rve r to  q u e ry  a na m e  to r tra n s la tio n . N o rm a lly ,  th e  IN S R  
is  a part o f  th e  a p p lic a tio n .
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2. IN S  se rver c o n ta in s  an IN S  m ap p ing  process (T N S M P ). T h e  IN S M P  is  a process 
w ith  a f i l te r in g  m echa n ism  to  d e te rm in e  a m a p p ing  f ro m  a que ry nam e to  an 
ob ject.

3 . IN S  c o m m u n ic a tio n  is  an  IN S  message (L N S M ) w h ic h  tra n s m its  que ries  and 
responses be tw een c lie n t and se rve r u s in g  T C P .  T h e  IN S M  proposed in  [5 . 3] 
u s in g  T C P  is  guaranteed th a t packets w a ll be d e live re d  to  th e  d e s tin a tio n  in  the  
p ro p e r order. T h u s , t ra n s m it t in g  data is  re lia b le . T h e  d e ta il o f  IN S M  can be found  
in  [5 , 3J re fe rre d  as S N S M .

T h e  IN S M P  w ith  f i l te r in g  m e cha n ism  ensures th a t the  re s u lt  to  a c lie n t  w o u ld  be the  
r ig h t  u n iq u e  object. T h is  te c h n iq u e  is c a lle d  O ne  N a m e  -  M a n y  O b je c ts  -  O ne  R e s u lt 
(O N M O O R ).

2.3 One Name -  Many Objects -  One Result (ONMOOR) Technique
2.3.1 Global Name Properties (GNP)
T h e  G N P  is  c lo s e ly  re la te d  to  th e  f i l te r in g  m echa n ism . T h e re fo re , w e  d e fin e d  a g loba l 
c lass (G c la ss ) and user class (บ c lass ) in  [5, 3 ]. G c lass  s to res th e  in fo rm a t io n  o f  each 
g lo b a l ob ject. Each g lo b a l ob jec t c o n ta in s  6 a ttr ib u te s : < G n a m e , G o b j, G lo c a li ty .  
G c r D a le . G co u n t , G ty p e > . G n a m e  is  a g lo b a l nam e. G o b j  is  an ob ject w h ic h  re la te s  to  a 
g lo b a l na m e . G lo ca lity ’ is  a lo c a tio n  th a t stores th e  ob jec t. G c r D a te  is  a c re a tio n  date o f  
the  o b je c t. G co u n t is  a to ta l n u m b e r o f  th e  g lob a l nam e q ue ried . G  ty p e  is a typ e  o f  the  
g lo b a l na m e  w h e th e r b e ing  a le a f  o r  a D ix ie . U c lass  stores som e in fo rm a t io n  such as 
lo c a tio n . T h e  re la tio n s h ip  betw een the  g lo b a l c lass and  th e  user class is  sh o w n  in  F ig u re  
4 [ 5 , 3 j .

Uclass query ►
Gclass
Gname 

Gobj 
Glocality 
GcrDate 
Gcount 
G type

Uohj
Ulocality

1 1..*

F ig u re  4: C lass  d iag ra m  o f  U se r and G lo b a l and th e ir  re la tio n s h ip .
T i le  e xa m p le  b e lo w  re fe rs  to  F ig u re  2.

E x a m p le  : A  loca l nam e se rver is  "p u ”  and stores G class.
Suppose th a t G c lass  c o n ta in s  s ix  a ttr ib u te s : < G n a m e , G o b j , G lo c a li ty . G c r D a le .  

G co u n t. G ty p e > . T h e  fo l lo w in g  tab le  sh ow s  the  data  s tored  in  G class

i G n a m e G o b j G lo c a li ty G c r D a le G c o u n t G ty p e
Ihr.pu o b j 1 N u rs in g 2 0 0 2 -0 1 -1 2 5 L f
ih r.p u ob j2 Sc ience 2 0 0 1 -0 6 -2 8 2 L f
jS c .p u ob j3 Sc ience 1999-08-11 8 N d

i
1j
!

jnurse.pu o b jx N u rs in g 2 0 0 0 -0 9 -0 7 >6 N d
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เท a d d it io n . U c lass c o n ta in s  tw o  a ttr ib u te s : < U o h j. U lo ca liry>  and the  e xa m p le  is 
sh o w n  b e low :

U o b j บ lo ca lity
U o b jl ________________________ :

2.3.2 The FNS Mapping Process
T h e  re s p o n s ib il ity  o f  the  1 N S M P  is to  f in d  th e  s o lu t io n . T h is  can be a u n iq u e  ob ject, o r  a 
set o f  ob jec ts . W h e n  a c lie n t  q ue ries  a g lo b a l na m e  (g i'g y . ■ ■ -■ gk) a t a lo c a l nam e se rver 
(A -), and X docs n o t k n o w  th e  an sw er, a process to  decom pose th e  q u e ry  in to  subqueries 
( i g l ,  g 2 , t ; t l )  is  in vo k e d . T h e n , A 'a s k s  these  subqueries to  a ro o t  na m e  se rve r (7 ) .  T  
re fe rs  to  its  c h ild  fo r  each subquery, o r  each nam e se rve r w h ic h  has been delegated. T h e  
n a m e  se rvers are q ue ried  to  d e te rm in e  a m ap p ing  f ro m  each sub q uery n a m e  to  a set o f  
ob jec ts . W h e n  each su b q uery  re ru m s , a process to  in te rse c t a l l  sub q ueries  is  in v o k e d , 
and  g ives  th e  a n sw er (ANS).

T h e  a lg o r ith m  to  o b ta in  the  s o lu t io n  is  e lab ora ted  as fo llo w s , and  illu s tra te d  ๒  F ig u re  
5.

F ig u re  5: T h e  IN S  m a p p ing  process ( IN S M P ) .

Algorithm of INSMP
L e t A ' he a lo c a l n a m e  se rve r w h ic h  is  loca ted  ne a rb y  th e  c lie n t  c.
L e t F b c  a C ’ s lo c a tio n . F  o b ta in s  f ro m  A 's  lo c a tio n .
L e t T  be a  ro o t nam e se rve r w h ic h  s to res in fo rm a t io n  o f  o th e r na m e  se rve r been 
delegated.
1. c  que ries  a g lob a l na m e  (g i'gj'- ...:gi) *0 X. W h ile  A’ re ce ives  a message f ro m  c .  A 'a ls o  

stores Y.
2. A’ decom poses th e  q u e ry  and  fo rw a rd s  each su b q uery  g  I. g 2 , . . . .  gk to  T.
3. T  re tu rn s  a nam e se rver, บ 1, fo r  each g, to  X .
4. A  q ue ries  g j .  g '  , g; to  n a m e  se rve rs : U i. บ 2 .  , Uk- re sp e c tive ly .
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5. บ , re so lve s  g , by e ith e r re tu rn in g  data h e ld  ot) บ, o r q u e ry in g  th e  set o f  n a m e  servers 
th a t has been de legated . A d d it io n a lly ,  each บ, re tu rn s  th e  sets o f  ob je c ts  fo u n d  (a n s,)  
to  X .

6. A N S  is  the  in te rse c tio n  o f  a l l  sets o f  ob jects {a n s  I, a n s 2 , . . . .  ansa).
I f  {A N S  =  j O b ji ,  O b i2 ,  O bj,,}  then

C a ll F i l te r  Process 
F.lse i f  A N 'S  is  a u n iq u e  ob ject then  

A ’ re tu rn s  A N S  to  c  
F.lse A 're tu rn s  "n o  re s u lt”  to  c .

Algorithm of FilterProcess
1. Use Q u ic k s o rt a lg o r ith m  to  s o rt A N S  ( { O b j  1, O h j2, . . . .  O bj„  J ) based on c o u n tin g  

fac to rs : lo c a tio n  and c re a tio n  date, re sp e c tive ly .
2. A ’ ta ke s  F  c o m p a rin g  to  O bj, in  so rted  A N S  (sA N S).
3. I f  one ob jec t (O b j:)  in  sA N S  has a lo c a tio n  as Y  then

R e tu rn  O bji to  c
E lse  i f  n o  ob jec t in  sA N S  has a lo c a tio n  as F  then  

F o r  each ob jec t in  sA N S
F in d  Obj: w ith  a la test c re a tio n  date 

R e ru m  Objj to  c.
U s in g  Q u ic k s o rt in  F ilte rP ro c e ss  a lg o r ith m  re ve a ls  tha t the  expected t im e  o f  s o rt in g  ท 

e le m e n ts  is  0 ( n  lo g  ท) [ I ] ,  and the  c o m p a riso n  betw een th e  lo c a tio n  o r  la te s t c rea tio n  
dare and A  N S  is  o  (ท). T h u s , th is  a lg o r ith m  re q u ire s  the  expected t im e  in  0 ( n  + ท lo g  ท). 
S o . th e  c o m p le x ity  is  0 ( n  lo g  ท). T h e  reason fo r  c h o o s in g  ob jec t w i th  th e  la te s t c rea tio n  
date  is  based on o b ta in in g  the n e w  and  u p -to -d a te  ob ject. H o w e v e r, i f  the  a n sw e r a fte r 
f i l te r in g  does n o t s a tis fy  th e  c lie n t, the  w h o le  an sw er l is t  on  th e  basis o f  th e  n u m b e r o f  
accessing  each g lo b a l nam e, can be presented. W e  d e fin e  I D T  to  he the  fre q u e n c y  o f  
accessing  each g lo b a l nam e. T h e  H I T  com es fr o m  the  G co u n t a ttr ib u te  in  G class. T h e n , 
th e  h ig h e r th e  va lu e  of G co u n t  IS, the  m o re  ob jects  are que ried .

U s in g  the  exa m p le  o f  G c lass and U ciass described ๒  S e c tio n  2.3.1,  th e  above 
a lg o r ith m  gaiDS th e  fo l lo w in g  re su lts :

E x a m p le  / :  Suppose a c lie n t  a t pu q ue ries  " h r . pu”  to  its  lo c a l nam e se rve r "p u " ,  the  ANS 
re tu rn s  {obji. obj2 1. T h e re fo re , th e  F ilte rP ro c e ss  is in v o k e d  and the  f in a l re s u lt  is o h j l  
because n o  o b je c t in  A N S  has the  sam e lo c a tio n  as the  c lie n t. T h e n , th e  a lg o r ith m  
chooses th e  la test c re a tio n  date o f  t i le  ob ject in  A N S  and re tu rn s  o n ly  one ob jec t hack TO 
th e  c lie n t.

E x a m p le  2 : Suppose a c lie n t at F a c u lty  o f  Science que ries  " h r . pu”  to  Its  lo c a l nam e 
s e rre r  “ sc.pu” , th e  A N S  re tu rn s  \ o b j l .  o b j2 ) .  T h e re fo re , th e  F ilte rP ro c e s s  is  in v o k e d  and 
the  f in a l re s u lt  is  o b j2  because o b j i  has the  sam e lo c a tio n  as the  c lie n t. 3

3. Implementation
W e  h a ve  s im u la te d  a c lienU se rve r p ro g ra m  as a p ro to typ e  o f  IN S  and  sh o w  th a t IN S  can 
be w o rk e d  p ro p e r ly . W e  h a ve  w r it te n  an IN S  f in d e r  p ro g ra m  used to  re s o lv e  que ries. 
Suppose th a t  " p u "  and “ sc .pu”  are nam e se rvers T h e  fo l lo w in g  e xa m p le s  sh o w  th a t th e  
g lo b a l na m es m ap th e  d ocum ented  f ile fs ) .

Ladda Preechaveerakui and Pattarasioee Bhattarakosol 98



1 ) A  c lie n t  requests  a q u e ry  n a m e  th a t a lo c a l na m e  serr e r “ p u ”  can re so lve  it.
W h e n  a user o r  c lie n t requests a query : " h r .p u '\  th e  user can choose w h e th e r 
“ R e s u lt”  o r  " A l l  R e s u lts ”  b u tto n  to  get th e  re su lt. I f  the  user chooses “ R e s u lt” , 
th e  o u tp u t w i l l  be o n ly  on e  re s u lt  as sh ow n  in F ig u re  6. I f  the  u se r chooses “ A l l  
R e s u lts ” , th e  o u tp u t w i l l  he a l is t  o f  re s u lts  as sh ow n  in  F ig u re  7.

Query hr .pu ▼ ResuB All Results

; tpu\human_โesource doc@pu -

F ig u re  6: A  s in g le  re s u lt  o f “ h r .p u ” .

Query hr.pu ▼ Result AH Results

lputhuman_resource.doc@pu

นาบโรê ïû jm a ก j e source doc @nürse
thrthuman_resource.doc@science____________________________________________

F ig u re  7: T h e  m u lt ip le  re s u lts  o f  “ h r.p u ” .

2 ) A  c lie n t requests a que ry  n a m e  th a t a lo c a l nam e se rve r “ p u ”  ca nno t re so lve  it. 
T h e n  a lo c a l n a m e  se rve r sends th is  query' to  o th e r re la ted  n a m e  se rve r th a t bas 
been delegated. T h e  re s u lt  sh ow s in  F ig u re  8.

} Query maths.sc.pu Result M  Results

I  tm 3 th s \m a t t i_ c u r f ic u iu m  d o c @ s c ie n c e  ”

F ig u re  8: T h e  re s u lt o f  “ m a ths .sc .pu”  located  at F a c u lty  o f  Science.

3 ) A  c lie n t requests a q u e ry  n a m e  w i t h  sp e c ific  lo c a tio n  and the  o u tp u t show s in  
F ig u re  9. 4

รน•พ ุ]^^ร^ร£ ^ : ! ร ® ^ ^ ฒ ร ร ุฒ ! L i J I J
Query hr.puiocittnurse »- Result AH Results

t«urse\hunian_resource.doc@nurse

F ig u re  9: T h e  re s u lt  o f  a sp e c ific  lo c a tio n .

4 )  A  c lie n t  requests a q u e ry  n a m e  w ith  a c o m b in a tio n  o f  g lo b a l nam es and the  
re s u lt  show s in  F ig u re  10
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พ }
r Query hr.pu:hr.sc.puf Result Atl Results

1 'htVilimanresource doc@science
l ....... . . ..................  . - .

*■

F ig u re  10: T h e  re s u lt o f  a c o m b in a tio n  o f  g lo b a l nam es.

4. Theoretical Analysis
A s  w e  proposed  IN S  to  p ro v id e  the  sharab le  na m e  p ro p e rty , w e  a lso  p ro se  th is  new  
n a m in g  sys te m  th a t can be im p lie d  th e o re t ic a lly . T h e  s tru c tu re  o f  IN S  is  e x p la in e d  b y  
th e  fo l lo w in g  d e fin it io n s .

D F .F IN IT IO N  4.1 L e t a  be a set o f  charac te rs  and  r  is a s tr in g  d e fin e d  by

T =  a “ . ๆ  .

D E F I N IT IO N  4 .2  L e t /N a m e  (a specia l no d e ) be the  to p  o f  th e  tree  and le t vN a m e  be 
a n y  nodes labe led  b y  T. L e t N  be a h ie ra rc h ic a l na m e  space c o n s is t in g  o f  tN a m e  and 
v N a m e  as sh o w n  in  F ig u re  11.

vN a m e

F ig u re  1 ! : A  N a m e  space ,v.

D E F I N IT IO N  4 .3  A  g lo b a l na m e  g  is  a p a th  in  a na m e  space N  such tha t
g  -  < v.N am e„>  < d !>  < \ ’N a m e  !> < d l > ... < tN a m e > < ( iI >

w h e re  l.Xiune is  the  top o f  th e  tree,
vN a m e, is  a n y  node in  ,v  ( 1 < i  < n .  n  e  /  ),
Y S a m e•1, is  a le a f  node in ,Y, 
tl i  is  a d e lim ite r  character

D E F I N IT IO N  4 .4  L e t f .  be a fu n c t io n  o f  O' XI  in to  o  and le t  T h e  a subset o f  G ’ L 
and J,{ T) c a lle d  " j ]  o f  T  is  d e fin e d  to  be the  set o f  im a g e  o f  e le m e n ts  in  T. In  o th e r

m  = it I X =//g. 0. te 0 6 C*L. X  6  O}
D E F I N IT IO N  4 .5  L e t f d be a f im e t io n  o f  G  X-D in to  o and le t V  be a subset o f  G  y  D  

and f J X )  ca lled  “  f,j o f  V  ", is  d e fin e d  to  be th e  set o f  im age o f  e le m e n ts  in  V. In  o th e r

f I  V) " |x  I X - / / g .  d\. (g. d) e  G  X ท, X e  o ;
R e m a rk : I t  is  o b v io u s  th a t f:<T). f j V )  Ç o.
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D E F I N IT IO N  4 .6  L e t ร ุ-  (รุV. G. O . /,. D . Z ) he a n a m in g  system  
W h e re  N  is a nam e space,

G  is  a set o f  g lob a l nam es: [g i. g .... e „ ).
O i s a  set o f  ob  jects: { O h ji. O h j; ....... O bjm ).
L  is  a set o f  lo c a tio n s : {/ / .  12 ......../ „ } ,
D  is  a set o f  c re a tio n  date  o f  th e  ob jects: \ ป;. ป?........ป1, ร,
z is  a set o f  fu n c t io n  o f  T  in to  o  o r  a set o f  fu n c tio n  o f  I ' in to  o  
denoted  by

z - / A T )  S J / X  10-

R e m a rk : I f  5  ป 0 ,  then z f Q
DEFINITION 4.7 L e t o  be a c o m b in a tio n  o f  g lob a l na m es (g,-: g: ... .gi ) and

D c — ( g i. g : ....... g i )  is  a set o f  g lob a l nam es. D r c  G.
D E F IN IT IO N  4 .8  Le t r  be a re q u ire d  o b je c t o f  the  user i f  and o n ly  i f  r  -  f i g .  / )  o r 

r = U g .  d ) .

T H E O R E M  4.1 Le t r  be the re q u ire d  ob jec t o f  th e  user. T h e n  r t Z .
P r o o f  L e t r  be the  re q u ire d  ob ject o f  th e  user, 

then  r  —f i g .  A  o r r  - f i g .  ป).
3(g . / )  6 T  o r 3(g. ป) fc K  
A ss u m e  th a t r  £  z  then
case 1. i t  does n o t e x is t (ร'. I )  e  T  such r iia t  r  - f i g .  A-
H ence, r  is  n o t the  re q u ire d  ob ject.
case 2. i t  does n o t e x is t (g. ป) e  V  such th a t r  — f f g .  ป).
H ence, r  is n o t the  re q u ire d  ob ject.
T h u s  /• 6  z .

T H E O R E M  4 .2  L e t R be a set o f  th e  re q u ire d  ob jects. L e t /รุ)... -  {g, 1 < i  < k f .
/รุ), e  G.  I f  there  e x is ts  g, 6 ร ุ,  then  R ป 0 .

Proof L e t R  be a set o f  re q u ire d  ob jects.
L e t ท,  -  >1 g,  1 < / < * } •  ท.  e  G.
G iv e n  ร '€ ร ุ,  then 3 r  6 7.
such th a t c -  fig . A or ะ - f i g .  ป).
then  c is  a re q u ired  ob ject.
B y  theo rem  4.1.  w e  have ะ e  R.

T h e o re m  4 . 1 show s th a t a re q u ire d  ob jec t m u s t be in  a set fu n c tio n  (Z ). T h is  m eans 
th a t i f  w e  request a g lo b a l na m e  (g ) w ith  a lo c a tio n  (A  o r c re a tio n  date (ป)  in  a n a m in g  
system  ( ร ุ) ,  W'e w i l l  ob ta in  the  ob ject. 5

5. Discussion
T h e  IN S  p ro v id e s  a fa c i li ty  fo r  m a p p ing  a s in g le  nam e to  m a n y  ob jects . T h is  fe a tu re  
f u l f i l l s  a need o f  m a n y  o rg a n iz a tio n s  w ith  a n y  d iv is io n s  to  m a in ta in  th e  u n ity  o f  th e ir  
o rg a n iz a tio n  and ease a n yone  to  re m e m b e r o n e  nam e regard less o f  w h a t the  ob jects  are.

T h e  IN S  s tru c tu re  e m p lo ys  b o th  sets and  trees. T h e  p ro p e rty  o f  tree  he lp s the  
o rg a n iz a tio n  to  re m a in  s c a la b ility . T h is  m eans th a t even as the  n u m b e r o f  ob jects
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increases, the  p ro to c o l re m a in s  e ffe c tiv e . A d d it io n a lly ,  th e  p ro p e r ty  o f  th e  set p ro v id e s  
on e  nam e is  a h lc  to  re fe r to  m a n y  ob jects.

IN S  uses a c lie n t/s e rv e r m o d e l. G e n e ra lly , messages sent and re ce ived  b e tw een a 
c l ie n t  and a se rve r can be T C P  o r U D P . U D P  does n o t gua ran tee  th a t messages reach to  
th e  f in a l d e s tin a tio n  in  p ro p er order. T C P .  on th e  o th e r hand, is  a s tream  c o m m u n ic a tio n  
s ince  th e  u n it  o f  data tran s fe rred  is  a sequence o f  bytes. W h e n  each c lie n t connec ts to  a 
se rve r and th e  co nn e c tio n  is  es tab lished , a n e w  th re a d  is  created. U s in g  separate th read  
fo r  each c lie n t,  the  se rver can b lo c k  w ith o u t  d e la y in g  o th e r c lie n ts . T h e  fN S M  needs the  
data sent and rece ived  fo r  a p p lic a tio n s  to  be re lia b le . T h e  unp red ic tab le  le n g th  o f  data  is  
im p o rta n t. W ith o u t  u s in g  T C P .  a m o d u le  to  p ro v id e  r e lia b i l i t y  m u s t be p ro v id e d . U s in g  
T C P  w h ic h  is  a standard  tra n sp o rt la y e r p ro to c o l w i l l  take  less ove rhe ad  than  ad d ing  a 
n e w  r e l ia b i l i t y  m o d u le . T h e re fo re , th e  IN S M  นๆth T C P  packets guaran tees th a t th e  data 
d e live re d  b e tw een c lie n t and se rve r w i l l  n o t be lo s t, e s p e c ia lly  the  IN S  response data.

T h e  IN S M P  w ith  f i l te r in g  m echa n ism  a llo w s  users to  ob ta in  the  c o rre c t ob jects. T h e  
t im e  c o m p le x ity  o f  th e  f i l te r in g  a lg o r ith m  is  O fn  lo g  ท). T h e  a lg o r ith m  a llo w e d  s h o w in g  
the  w h o le  an sw e r l is t  on the  basis o f  H I T  fo r  m a k in g  the IN S  m o re  f le x ib le .  T h e  
im p le m e n ta t io n  o f  th e  IN S  p ro to typ e  sh ow s th a t IN S  can be w o rke d  p ro p e r ly . F in a lly ,  
th e  d e f in it io n s  and  th e o re m  en sure  th a t IN S  can iù n c t io n  as designed.

6. Conclusion
N a m e s  are used to  re fe r ob jec ts  and  na m e  se rv ices are fu n d a m e n ta l sendees o f  a ll 
c o m p u te r n e tw o rk s . V a r io u s  n a m in g  system s h a ve  been designed. M o s t o f  th e ir  
s tru c tu re s  a re  h ie ra rc h ic a l w h e re  each n a m e  m aps to  on e  ob ject. T h is  paper p roposes th e  
new  n a m in g  system  ca lled  In te ll ig e n t  N a m in g  S ys tem  ( IN S ) .  T h e  IN S  a rc h ite c tu re  
fa c ilita te s  a s in g le  nam e m a p p ing  m a n y  ob jects  w h i le  s t i l l  o b ta in in g  one  re su lt.

T h e  a s su m p tio n  is  tha t an o rg a n iz a tio n  w ith  m a n y  d iv is io n s  and each d iv is io n  uses the  
sam e nam e fo r  th e  same ta s k  to  m a in ta in  u n ity . T h e  c u rre n t na m e  se rv ices are 
im p le m e n te d  in  a h ie ra rc h ic a l s tru c tu re . T h is  s tru c tu re  co n ta in s  a s im p le  p a re n t-c h ild  
re la tio n s h ip  w h ic h  p ro v id es a u n iq u e  na m e . T h e  re s tr ic t io n  assures th a t a na m e  u n iq u e ly  
id e n t if ie s  a s in g le  le a f  in  the  tree . N am es at the  le a f  nodes o f  the  tree  rep resen t in d iv id u a l 
ob jects . T h u s , i t  l im i ts  nam es to  be shared.

T h e  new sn u c tu re . on th e  o th e r band, e m p lo ys  both  the  concepts o f  sets and  trees. 
H ence, nam es at the  le a f  nodes m a y  n o t re p resen t in d iv id u a l ob jects but a set o f  ob jects. 
T h e  s tru c tu re  a llo w s  fo r  one  n a m e  to  be shared. H o w e v e r, m echa n ism s e x is t so th e  
c o rre c t ob ject is  re tu rn e d  to  the  c lie n t- T h e  IN S M P  w ith  a f i l te r in g  m echa n ism  based on 
user lo c a tio n  o r c rea tio n  date  and I I lT s .  has been proposed to  f in d  the  re q u ire d  ob ject. 
T h e  im p le m e n ta t io n  ensures tha t the  n e w  n a m in g  system  can he w o rk e d . F u rth e rm o re , 
th e  th e o re tic a l p ro o f  o f  the  IN S ' fu n c tio n  has been presented.
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How to Use One Name for Many Sites?

A B S T R A C T

“'Naine'’ is an important identifier that is used globally. Without 
names, people cannot indicate things easily. However, m the 
real world, people ma) warn to use the same nam e to identity 
m ain object* such a* a university uses the same university name 
for every campus. l Li fortunately ปไท’ this need does not fully 
support ๒ «lie existing naming system in die Computer world, i f  
we consider seriously, we will find mat there are three 
limitation.' and drawback o f  the current naming system: 
uniqueness, scalability, and anonymity has been occurred. 
Therefore. this paper proposed a new arch itecture o f  the naming 
system called Saarabk’ Name System (SNS) that, solves ail 
limitations of the current naming system, supports and 
maintains die imhy o f  the organisations Using one name for 
various objects. T h u s , using this architecture tile limitation for 
setting names win be eliminated.

Keywords; Naming Sy stem and Unity.

1. INTRODUCTION
' Name" is ÔLT? important identifier that is u>ed globally. Names 
are used to share ะ e sources. to uniquely idetriiy entitle*. to refer 
ไง locations, and so น่ท fl ? j. bi th e  computer world, a vast 
interconnected coikcnon of li»>รใ v-omputepi called Internet, 
needs ไ}.-เท;Vร to refer ท» the addresses. An open prm tvoi 
standard.-,. T O ’-IP protocols are comforted machines from 
anywhere to com m unkaie Standard and non-Stan da id 
application protocols have been developed tor service* 
especially, name service which is a fundamental service to all 
computer networks. We describe a variety o f  nam e service in 
section 2 and conclude limitations and drawback o f them in 
section 3. We propose the new naming system called Sharable 
Name System <SNS' which address the limitations and 
drawback o f current name services. This paper contributes for 
the name service that can be shared; one name to many 
objects, bi section 5, we discuss CHIT work. Finally, we give our 
conclusion.

2. RELATED WORK
2.1 T C P / I P  P ro to c o l
The TCP IP protocols [6 ; i 41 are the open protocol standards, 
freely available and developed independently from any specific

computer hardware or operating system. It provides the 
technology that glues internet loge h e r. TCP-IP protocols arc 
facilitated machines from anywhere communicated. Standard 
and non-standaid application protocols have been developed. 
TCP IP protocol suite contains the standard application protocol 
for services like file transfer, remote login, Slid electronic mail. 
F ir  example, a file transfer client uses the standard FTP 
protocol to  transfer files between 2 machines, a remote login 
client uses the standard TELNET protocol, and an electronic 
mail client uses Lite standard SMTP or POP protocol to transfer 
or access email. Most network managers choose standard 
application protocols when the existing protocols Suffice.

2 .2  A  Variety of Name S erv ices
Name Service, a fundamental service to all computer networks, 
is used to map physical resources so logical names. Several 
nam e services have been developed.
2.2.1 G 1๗? a I Nam e Service (CMS)
In 1986, Global Name Service (GNS) have been designed at the 
DEC system Research Center โ'7 ]  to pro V  kies facilities for 
resource k>ea!k>n. 3*ai! addressing and auîhenticaTior». It was 
designed on the basis o f Grapevine [3] and Xerox 
ckaring heu se  [12] including these requirements such as large 
>Y/C. long life, high availability, fault isolation and tcknance of 
mistrust. The naming database in GNS composes of a tree o f 
direcrories holding names and values. Each directory is 
assigned d-ไ integer value, which semes a* a unique directory 
identifier (D n. GNS successfully addresses the need for 
scalability and re-confeirab ilhv  w ith the exception o f  the 
solution adopted for merging and moving directory Trees |4 , 16]. 
For example, tw o previouslv separated GNS services may be 
integrated with the introduction of a new root above die two 
existing roots. The w ell-known directory' tables aie used to store 
tile previous directory identifiers and remap to the curreni real 
root directory o f  the naming database. W henever the real root 
o f  the naming database was changed, a!! GNS servers are 
in termed o f  the new location o f  the real root. In a large-scale 
network, reconfigurât km may occur at any levels. This makes 
the Table grow rapidly, ecu flirts พ rib the scalability goai
2 .2 .2  H andle  System
Handle System [ 16]. a general-purpose global name service and 
developed by CNR1 (http ://u 'w \v.cnrijesina.\a.us), allows 
secured nam e resolution and administration over the Internet. It 
is a persistent nam e service such dial the system allow ร a nam e
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LO persist over changes ot location, oumership, and Other 
network state conditions. Additionally. it serves for very large 
number o f  entities and allow administration at dît* name level., 
hs structure is hksaix&R'dl. The disadv an rage o f  this system [2] 
is the effective use requires users install the special browser 
SOÜVS are.
2.225 Network Inform ation Service Plus (N1S+)
The Network information Service Plus iNLS • ) [13], a 
proprietary nam e service and targeted within organization, war. 
developed by the SunSoft engineering lean t It stores 
๒ fonnatton about workstation addresses, security ๒formation, 
mail ๒ formation, Ethernet interface. and network services m  
central locations where aO workstations « I  a network can access 
It. The name space is hierarchical and able to divide into 
multiple domains. N1S-* focuses on making network 
arfiiiini&ration more manageable over a variety o f network 
information.
2.2.4 Novcll D irector) Service ( NUS )
Novell Director) Service (NDS) [L  8] was rutraduced tn 1993 
ะIS a method o f  managing Netware networks. It supports 
management o f  bask’ network resources including applications, 
services, and other information concerning the network. NDS is 
a fuB-functksi directory service based on the 19-รร X.500 
standard and provides a single, logical tree-structure view o f  all 
resources on die network. 'Toe protocols used ia NDS aie 
primarily proprietary.
2.2.5 Dom ain Nam e System (DNS)
Domain Name System (DNS) was designed in 1984 and 
specified O'. [9. น '' j 1]. DNS is a distributed database biased on 
the TCP IP protocol. DNS maps human-readable best nam es น» 
numerical lp-addresses. The database structure is strictJy 
hierarchical. A nam e such as sc.chula.ac.m has a structure as 
shown CÎ Figure ใ.
As the variety o f naming systems referred above, we summarize 
die features o f each name service in T able 1 and found then 
iirnküiions.

3 .  ! I M I T A T I O N S  A M )  D R A W B A C K  O F  
V A R I O U S  N A M E  S E R V I C E S

Since the structure o f  each name service referred in section 2 is 
hierarchical. o f then» have the limitai ions and drawback
h a t we categorize into 3 groups: uniqueness, scalability and 
anonymity.
/ t iù ju e u e s s :  The structure o f each name service is hierarchical, 
therefore each name in a tree must be unique.

S e a  la b  B in -  Most o f the existing naming system was designed 
for people from a single language (English), not other 
languages.
A n o n y m i ty .  It is sometimes necessary to say things 
anonymously 15]. Die nam e service structure is hierarchical so 
tha? it is easily traced back น', its ancestors o  the tree.
In order to solve these limitations and drawback, hence we 
propi>se the new naming system called SharaMc Name System 
is NS).

4 .  T H E  N E W  N A M I N G  S Y S T E M

O ur main purposes for this new naming system are Targeted in 
and between organization and die prototype maps names TO 
objects. Additionally, each name is able to be shared.
4.1 S ys te m  E o v ir o o m e n t
Our system environment is considered based oo the real world 
organizations with more than one office locations. fo r  
example, the company o f  Thai Airw ays Internationa} has offices 
around the world under the same name mat is ''T hai /Vins3 )ร 
๒pemationaT. The other example is an academic organization. 
Prince o f  Songkla University (PSU). this university has 5 
campuses located in different provinces that are HatVai. Pan an i. 
Phuket, Suranani. and Trans. Figure 2 presents trie structure of 
PSU which shows that each locatioti consists o f  5 divisions: 
Storehi'ni'^e (Si. Administration (A), and Pi urn an Resource (UR) 
division's- Although these di'.îMons have the same name hut 
their location ร aie differeuî. Each division o f every irvaîนพฺ; 
pedum  K the same tasks.. For example. the A rim frustration 
division ai Ha: Y ai has Lite same functions as Adm ini รไ! at ion 
div is ions o? other bail campuses Thus, everybody cart clearly 
understand and easy น'* remember. I.C: น.ร consider documents 
flow around every campus, o f  PSU. If Hat Y ai campus calls the 
student ininrmahon system as Student File while Pal un», 
campus calls the same system as Student Infor, the confusions 
can occur for outsiders o f  These organizationร. Therefore, TO 
avoid ibis confusion, every documents o f the same type of 
mfoimation should use the same document name. Thus. using

Table 1 Features of the existing name service.

S h a rin g  u n iq u e  nam e S c a la b ility A n o n y m ity
G lo b a l N am e S e rv ice  (G N S ) N o Y e s /N o * N o
H and le  Sys tem A c s Y e s N o
N e tw o rk  In fo rm a t io n  S erv ice  P h is  (N 1S - ) N o N o N o
N o v e l! D ire c to ry  S e rv ic e  ( N D S  1 N o N o N o
D o m a in  N a m e  S ys tem  (D N S ) N o Y e s N o

1 N o t sca lab le  in  large-scale n e tw o rk  w h e n  m erg ing  and m o v in g  d ire c to ry  tree
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Figure 2 Prince o f Songkla Un ive rs ity  and cam puses.
the same name for the same ‘.ask or the same <*bjecî helps P S i1 
main tains unity o f  its organizations.
Therefore. the system environment mat will be taken into the 
consideration o f this research i< an organization Lhar consists of 
many branches with the same name and every same type of 
vkH-umen? uses the same diX'umen! D a in e  as well. This situation 
is calk’d "one nam e - many objects - one ท.1รน!-" (ONM('KjR).
4.2 P rob lem  S ta tement
Considering tile situ alien o f  a person who wants to contact a HR 
division o f PSน or looking for a student information o f  PSU. 
the problem thaï arises is "which location (or document) is die 
right place {or do*cu!iient) for thaï perscaT’. Us ill g 3 computer 
searching system like google.con'.. the user Will obtain more 
than one answers a? a search result- and the user may not be 
saüstlëd according to tone ansunttD g in searching for die right 
« 10 . Therefore, solving tile problem of "one name -  many 
objects otic •พ.ไ-)น?ion'’ *o serve the use: need ' is a challenging 
problem.
Since there are many naming systems ill the IT world, those 
systems normally implemented hi the hierarchical structure and 
each !><vdc must be named d if'erem h Therefore all existing 
naming systems Cannot solve 'he problem stated above.
4.3 P r in c ip le  D e s ig n  concepts
Nopually. Cat'll organization would have a standard w hich leads 

ะh e  questions. We fvXi.'id ป] j; ปน, CAi'ttng ทน:ท0 sers ices aie 
วง! able if* solve them- {"Uereforc. v-.c propose a new name 
'ร.'ไ'V wc ba•ร?d on j  ciiv-nt 'ร.'ท.or model Called 5 h arable Name 
>erv ice 5 SNS). โ;]!C SNS IS designed on the bav.s o f DNS and 
requires the server hold.
I- Ncalability: i* will 'em-.!in effective when there is a 

significant increase เฑ lhe number of resources and the 
number o f  users.

2. Decentralize administration via delegation a domain can 
divide into subdomain. Each subdomain or delegation is 
responsible for maintaining all the data

3. Opacity: the u>e o f 3 name conceals from die user location 
m objects. Location opacity enables resources to be 
accessed without requiring knowledge o f  their location.

4- Efficiency: r. is a distributed database with hierarchical 
structure that allows different pans o f  the naming database 
io  be maintained by different entities. Additionally, 
each mg obviates the query that cannot answer locally and 
need to query other servers.

4 .4  T h e  S t r u c tu r e  o f  S N S

The global name space is a hierarchical structure with a single 
root at the top. Each name IS น path m the global name space. 
The objects are the global names that plaint to  information about 
individual objects. A hierarchical structure o f  the SNS employ s 
the concept o f  sets. Figure 3 illustrates the logic organization of 
the SNS C l the sense o f a global name able so be shared. Â 
single root at the top in Figure 3 is named as '"PSU" and other 
IIode?: in the tree are global names. A global name may logically 
identify not only a single node, but ทodes ๒ the tree. Each 
global name may point to information about individual object or 
a set o f  information about ทใ dividual object. This meaus dial the 
SNS maps each global name to a set o f  objects. For example, in 
Figure 4. the new structure provides a sharabie name such a 
s io r & p s î t  from the left branch would map storehouse a: HatYai 
(nb jl) and s f r r v .p s u  at the right branch maps storehouse at 
Rattan i iobj2). However, if w e call รน)ท’. p s i l ,  the resuh provides 
a set o f  objects: {obj i . o b jl1 .

Figure 3 The o rgan iza tion  o f SNS.
4 ร  T h e  S N S  M essa g e P ro to c o l
TCP TP protocol suivc contains standard application protocols 
for se rv ie s . However, the existing standard protocols do not 
Serve น need for sharing names. Therefore, we have designed a 
new ptoTocoi called SNS message protocol. The SNS queries 
and responses, are often contained within TCP packets 
Communication m-adc the SNS protocol is carried hi a single 
format called an SNS message. AH messages - both queries 
and responses arc divided into ? sections: Header. Question, 
and /Answ er section as show ท in Figure 4.
1 he header .section contains fie ld s specified whether a message 
is a query or response. and also specified which o f the 
remainLig sections are presented. The ID field IS an  S-bii 
idennficr. The fg >s a i-bii field til at Specifies whether this 
message is a query Hi) or a response {: ). The Opcode is a 3 -bit 
field that ร»v e illes a kind of query ๒ this message.

The RCODE is. 3 -4-bit field with the return code. The values 
have the follow in g interpretation
0 No error condition
1 Format error name server cannot interpret the query.
2 Server failure -  nam e server cannot process die query.
3 No! implemented -  name server does not support the 

requested query type.
4-15 Reserved for future use
The next two 16-bit fields specify the number o f  questions and 
the number o f answers respectively. For a query. the number o f 
question is normally 1 and the other field is 0 . For a reply, the 
number o f answer is a? leas? i .
The forma? o f  the question section is a query' name. The query 
name is a global name being look up. It i> a sequence o f  one or 
more ๒bels. The query nam e field (QNatne) LS stored in 
Unicode. Each Unicode character is encoded in UTE-8 (UCS 
Transformation Formas). Each label is a length and a number of
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Header

Question

Answer

byte per character followed by the number o f  characters. T he 
name terminated with à byte o f  0. The follow mg examples of
global names show how they are stored.

The SNSDATA is a variable length suing that describe the 
global name varies according to a set o f objects me ๒ del g The 
two important attributes: location and created Date.

A global name “ store.pรน" is. Stored as follow:
5 1

ฯ  r e 3 1 p ร  ■ น 0

The other global name is ■ รนภ.ftอ>i stored as follow:

43 1 ส น ก 3.3 ค อ ม 0

The ias: example shows a Thai global name which Uses non- 
ASCII characters.
The globai name ilia: is able to stored in Unicode expands to 
encompass various languages not only T.nglish. Therefore, the 
limitation* o f  \Cฟ ability as we mentioned previously has been 
solved.

4 S A  Query and  Response exam ple
The following query' and response illustrates nam e server 
behavior. When a client queries a global narnc^sแ?.c.psu" to a 
name server, the question section is stored store. p*u. The query 
message format may look like:

Header Opcode -  querv
Question QName -  store, p su
Answer <empt>>

The response may be:
H trader QR -  Response. Opcode -  query
Question QName -  stare.psu
Answ cr stare.psu 86400  17 objj. Ha! Y at 130 i2 (X H  

store.psu 86400  IS ob j2  Paîtani G5G320G2 !
The answer section may contain ร one o f  more records called the 
SNS records. โไiC number o f  records is specified in the 
corresponding field in the header section. Taeh SNS record 
contain* name, time-to-live. SNS data length and SNS DAT À 
field Figure 5 describes format o f  an SNS record.

The name field is a global name which SNSDATA 
correspond*. The ท.line field has a same format à> described ๒ 
query name field.

Tile time-to-live held f lT L i  is die 16-bit field that 
spécifie* the time inter.a  l 'ไท seconds) that rise SNS reeved may 
be cached before it ร}น»น id be discorded.

7
N a m e

,

T im e - to - liv e
S N S  data leng th

7
S N S D A T A

Figure  ร Form at o f SNS record.
The SNS data length specifies die amount o f SNS dat3.

4 .6  A c tiv  e C o m p o n e n ts
SNS is a client.-server architecture; therefore f ile  active 

components are name servers and rev iv ers. Resolvers are the 
clients that access ÎU W  servers. Normally, a I t  sc* Ivor is a part 
id an applicative. A revolver queries a name servei to map 
naine* น? objects. T.he concepts o f *ets and trees arc provided for 
name to object tran>Liiicri. Fach tree contains node* which 
resolve น'. a set o f  objects or may refer to other servers. A path 
through die tree Terminates at a node. The *c: of objects 
combined Thai in the node 1* returned a* the result o f  the path. 
The querying type should be one o f die following types: h i::  
p a th  such Jร a global name: sîD te .psv  or a combination of 
global names: s to re p sv :w a re h ou se , ha tya i.p su . and some parts 
o f  the path such as ssom .psu :iodp i,ha ryc i. The path 
sto re , p s u  w a reh o u se . h a tya i.p su  is a set o f  paths.
Before we explain the resolution process, le t US take a closer 
look at Global Name Properties.
4 .7  G lo b a l N a m e  P ro p e r tie s
All objects usually use names to indicate what they are. The 
objects may refer as documented flics, linages, ad dresse*, and 
so on. Kach nam e has hs properties and ce da inly has an 
identity. O ur work proposes a sharable nam e for objects, so that 
identifying die right object is very important issue. Therefore, 
we define a global class (Gclassi ÎO stoic Lhc m format Rmi o f  
each global object. Additionally, user class { บ class) IS defined 
to store some in formation such as localation. We also show a
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relationship between the global clà>s and the น >er eias> hi 
Figure 7.

UcGsf q u ery  ►
(ท:๒รํร
(i name 
Gog 

G น»c ihty 
GcrDaic
CiCiî'iT:!G type

โ; obj 
โ.'U>oü;îv

i l . /

Figure 7 C lass c ^ g ra m  o f User and G lobal 
and th e ir re la tionsh ip .

I-class stores one o r  the important at;ribtites called ii local its 
which i>. a value of client location. Gclass stores Gname. Gobi. 
Glocality. Get Date. and Gtypc. Gname IS a global name. Gobj is 
an object lit a? related to Gîta me. GUvcah-y iv a value o f it elob.il 
object local ion. F. very time a global nam e i.s queried. Gcoijilt G 
herea-ed  by !. Gooum 'A ill be set Ii‘ 0 at the first time Gname is 
created or when nme-uvUve (TTL) LS บ or I. Gtype attribute 
specifies whether a global nam e is a leaf Dixie t Lf) or a node 
(Ndi in the global name space. Normally. a บ:locality attribute 
in t.*class cornes ta rn  a localk'u of a local name server that a 
Client queries a global name. Each name server will store 
database o f  Gelais. F very Time a new object is created, its 
tn forma? it *3 will be stored a lter registrar ion process 

Hie example below refer to Figure 3.
E x a m p le  à local name serv er LS psu and store.'. Gcia>รุ

Supplée that Go lass Conrans SIN attributes: •sGnamc, 
Gobi- G locality. createDaie. GeouiiL Glype>. The to How big 
Uibie show ร the data stored in Geld-."

4. Name server .Vqueries a - . Çj. Q i...... o c to name servers C {.O' c *.... cv
5. FadI name server (C j. Cj. C i,  .... C M) resolves its subquery 

by either returning data held oil the name server or query ing 
the Set o f  name servers that has been delegated. Each server 
returns die sets o f  objects found (เฬ .«2) to name server/.*.

6. ANS is the intersection o f  all SCI o f  objects { a m  •1. ทน;ร:......
Li/': ร,,',.
If .ANS is a act o f  objects { O h j  .1 O h E ...... O b j,:;  then

Call FiheimgProeeรรุ 
E ke if  ANS is a unique object

Name server A returns ANS to à  ciierr
Else

Name server.V returns " n o  result** to a client.

Gname Gobi G!e-iali:y GerDaie Gcoun: e»t>pe ‘
s to re -P  >11 eb,l Ha: Y ai 13-01 -2001 B i ; i
store. psu i»hi2 Pattaui 05 -03-2002 i t  :
hjTyai.ps น obj: HdtVai :ะ .; : N  ■ * N d ;

[phiikei.psii i b j \  Phuket E iNd

hi addition. i - dew  contain >. ;\‘-o J'tribute รุ -Gob;. 
( ucaii;y and the example G shown below * I

■ Fob) UkvCyhty
i Uohj:___________________j ikt-.Vai_________________j

4.8 R  voulut ion  P ro ce ss
Tae resolution process in Figure 8 gives the ANS returned so a 
resolver either a unique object or a set o f  objects. Ultra.*foie, a 
local ภame server invokes a fd terbg  mechanism to guarantee a 
client to receive the right unique object on the basi.v o f location 
or created date. The resolution process explains as follow: 

l et Name server X be a local nam e server.
I A client requests a query to name server .V.

While name server X  gets a message from a client, name 
serve* A also gel ร and stores a client information such a 
locution.

2. Name serve] A decompose each รุ่น bquerv q 1. flx ......  -.j,. to
nam e se rve r B

3. N ame serv er 3  returns other name serv er o f  each subquery 
น) X.

T h e  a lgo rithm  o f  F ilteringP rooess d escribes below :
Use Quicksort algorithm to sort ANS ç û b j ; .  O b j y .........
O b f ‘J )  based on counting factors: location and created date, 
respective Sy.
Name server A iake> a client location comparing to the 
toediioa of each object in sorted ANS 
I feme object { O h j j  in sorted ANS has a same location 

as a client then
return Obj. to a client

Fisc if there are a set of objects iy U h ji. O b j .......
O b j J )  or no object in sorted ANS has d same 
location as a client 

ihcii
To: each object in sorted ANS

Find obj.. with 3 latest created date 
Return obj; to 3 client

T his algorithm requires the expected time in Ofn -f ท log ท) 
that. the complexity is Ofn log ท). The reason for choosing 
latest created dale object is based on the human nature 
loves น) get the new and up-to-date object. However, if 
answer after filtering does not satisfy the client, the user can 
for the whole answer list on  a basis o f  hit. In this case, ou 
comes from the G count attribute ๒ Gclass. The more value in 
(icouat is. the more that object is queried
Using the example o f  G cbss and บclass described in section 
4.7. the above algorithm gams the follow ing results:
E x a m p le  / :  Suppose a clicm at p-บเ queries store psu to US l»>câl 
nam e server ^pร ุน ' ' .  the ANS returnรุ่ lo b ji . ob»2 J. Therefore, the 
FiltenngProcess is invoked and the final result is ob j2 because 
no object hi ANS has the same locatif) as the client and the
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algorithm chooses the laies created date o f  the objets in ANS 
and returns only one object back น' the client.
t i x a m p lc  2: Suppose a client at HatVai queries store, psu น* ns 
kva! nam e server “liaîyai.psu**. the ANS returns !o b j i . obj 2 ;. 
Therefore. the FiheviugPnxv รัร is invoked and the tria l result ts 
«h jl because obji has the 3ante location as the client.

5. DISCUSSION

The SNS LS based on ไ ( p IP protocol and provides facility for 
mapping one name to many ob i ce 15. This feature fulfils a need 
of mans Oigan valions whh many branches to maintain the unity 
of its organkarion and case anyone ro remember one name 
regardless o f  พ! I at Ihe objects are. As a  result, we expect that 
'.lie SNS can be implied to use not only in any organisations, but 
also G1 hammer such a referring 10 any web pages that may use 
the same name but different locations an<i FTP applications.
The structure o f  SNS employs both so* ร and trees. The p ro per; 
o f tree helps The organization remains, scalability. This ท)e-ails, 
the increasing o f  the number o f objects remains effective. 
Furthermore. the property o f  set provides one name can be 
refened to many objects.
The filtering mechanism guarantees users to obtain the right 
objects.. The time complexity o f the filtering algorithm is O ra 
log ท).
Die SNS message protocol the; uses Unicode characters เร่ 
desigiied โ<.ะ serve a need o f  naming objects both ASCII 
characters and non-A s c  il characters. This property expands to 
encompass various languages. The SNS queries and responses 
are con La Died Within ใ 'ท , packets TO guarantee that the data 
delivered between connection,** does not be lost. especially the 
SNS I espoused data.

6 .  C O N C L U S I O N

Name** are used gh'baily and name sër* ices are fii-.hia'neru.d 
"Or* ices ?0 all eem pi’.e! networks. Vai KMj*. naming systems 
hw.x beet's designed but moo of liiOi: S.tuietures a tv hierarchical 
where each, name maps to une object. This p.îjxr proposes SNS 
architecture TO iac.Mitnv one name mapping many objects and 
ob’ain.s one TCs*.?)*.
'A nb the assumption that an organization may have many 
bran*, he** and U'S the same •น:ทe for the same ะงร?. It; every 
branch mam นทร ทร ••ทนรุ. T ne current ใท:;ile services are 
im pienem cd Ci the: hierarchical structure, lu  is structure 
contains simple parent-child relationship w hkh provides a 
unique name. Inès lestnction guarantees that a aarne uniquely 
identifies a single leaf in The tree. Names at the leaf nodes o f  the 
tree represent individual objects Thus. ทํ limits names to he 
shared- The new structure. 07! the Other hand, employs bod) the 
concepts o f sets and frees. So, names at the leaf nodes may ท{V. 
represent individual objects bu! a ses o f  objects. The structure 
satisfies That one name can be shared. However, an exact objecr 
returns น' a client IS  considered. A résoluนon process including 
a filtering process based on user location or created date and 
hits, has been proposed to find a required object.
'น ่’ also consider to ID tensive ness o f die resolution process 
which will increases traffic. So. caches maintained 0Î the name 
servers Will be used to reduce ihe traffic. Finally, using the 
proposed SNS message protocol, all limitations and drawback 
that mentioned m section 3 has been completely solved.
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Is It P ossib le to Use O ne N am e for M an y Sites?
L .  P re e c h a v e e ra k u i

D e p a r tm e n t  o f  M a th e m a t ic s .  F a c u lty  o f  S c ie n c e  
C h u ia lo n g k o m  U n iv e r s i ty .  T h a ila n d  1 0 3 3 0

A b s t ra c t  -  S o m e s  p l a y  a n  i m p o r t a n t  r o l e  i n  a l l  

l O m p u i e r  s y s t e m s  t o  r e s o l v e  t h e  o b j e c t s .  A  n a m i n g  

s y s t e m  i s  n e c e s s i t y  t o  i m p l e m e n t .  A l t h o u g h  t h e  

e x i s t i n g  m i m i n g  ร ' , ร ท ’ ! ท  a r e  i m p  i n  m e n  l e d  h u h  i n  

d i s t r i b u t e d  a n d  n a n - d i s t r i b u t e d  ร ' , s t e m s ,  m o s t  o f  t h e i r  

s t r u c t u r e  a r e  i n  e x e r t  h r  a i  T h e  s t r u c t u r e  o b t a i n s  5  
l i m i t a s  i o n s  a n d  d r a w b a c k :  u n i q u e n e s s ,  s c a l a b i l i t y ,  a n d  

a n o n y m i t y .  I n  r e a l  w o r l d ,  t h e  o r g a n i z a t i o n s  w i t h  m a n y  

b r a n c h e s  s o m e t i m e s  r e q u i r e  t h e  s i t u a t i o n  c a l l e d  o n e  

n a m e  -  m a n y  o b j e c t s  —  o n e  r e s u l t  f o r  i t s  u n i t y .  

H o w e v e r ,  m o s s  a t  s h e  c u r r e n t  n a m i n g  s y s t e m s  J o  n o t  

S I ’ /VC  น .  T h e r e f o r e ,  t i l l s  ’ l a p e r  p r o p o s e s  a  t i e r ,  n a m i n g  

s y s t e m  . a i l e d  S h a m b l e  T a n  If S y s t e m  t h a t  r a n  h e  

s o l v e d  t h e  l i m i t a t i o n s  a n d  d r a w b a c k  a n d  m a i n t a i n s  

u n i r ,  o f  t h e  o r g a n i s a t i o n s .  W i t h  t h i s  p r o p o s e d  s o l u t i o n ,  

t h e  e x t e n s i o n  o f  n e t w o r k  s y s t e m s  w i l l  n o :  h e  l i m i t e d .

K ey  w o rd s  Distributed system, naming system

1. I n t r o d u c t io n
N am es have several purposes in a n y  v \ stem s. 

Ait im portant purpose is ใน facilitate referring the 
objects. Nam es are used to  share resources, to 
uniquely identify entities. ท' refer 'ท’ locations, 
and so on [12j. In the com puter world, a vast 
interconnected collection o f  h-,•'นุ com puters 
called Internet, needs nam es to re ier to the 
addresses. An open protocol standards. TCP. IP 
protocols [.ไ, น!] are com forted m achines from 
a n y w h e re  to  c o m m u n ic a te .  S ta n d a rd  an d  n o n -  
s ta n d a rd  a p p lic a t io n  p ro to c o ls  h a v e  b e e n  
d e v e lo p e d  f o r  s e rv ic e s  e s p e c ia lly ,  n a m e  s e rv ic e  
w h ic h  is  a fu n d a m e n ta l s e rv ic e  to  a l l  c o m p u te r  
n e tw o rk s .  A  v a r ie ty  o f  n a m e  s e rv ic e  has b e e n  
d e v e lo p e d  to  m a p  p h y s ic a l re s o u rc e s  to  lo g ic a l 
n a m e s . G lo b a l N a m e  S e rv ic e  ( G N S )  [ 4 L  H a n d le  
S y s te m  [ i s ] ,  N e tw o r k  In fo r m a t io n  S e rv ic e  P lu s  
( N I S + t  [91, N o v e l l  D ire c to ry  S e r v ie e fN D S l  [ ! ,  5 ]

p . B h a tta ra k o s o i
D e p a r tm e n t  o f  M a th e m a t ic s ,  F a c u l ty  o f  S c ie n c e  

C h u ia lo n g k o m  U n iv e r s i ty ,  T h a ila n d  [0 3 3 0

an d  D o m a in  N a m e  S y s te m  ( D N S )  [6 ,  7 , 8 ]  h a v e  
h ie ra rc h ic a l n a m e  space. W e  s u m m a r iz e  th e  
fe a tu re s  o f  e a ch  n a m e  s e rv ic e  in  Tab le  1 and  
fo u n d  th e ir  l im i ta t io n s .

W e  c o n c lu d e  l im i ta t io n s  a n d  d ra w b a c k  o f  
th e m  in  s e c tio n  2 .  W e  p ro p o s e  th e  n e w  n a m in g  
s y s te m  c a lle d  S h a ra b le  N a m e  S y s te m  f S N S )  
w h ic h  ad d ress  l im i ta t io n s  a n d  d ra w b a c k  o f  
c u r re n t  n a m e  s e rv ic e s  in  s e c tio n  3 . T h is  p a p e r 
c o n tr ib u te s  f o r  th e  n a m e  s e rv ic e  chat can  be 
sh a re d :- o n e  n a m e  to  m a n y  o b je c ts . In  s e c tio n  4 , 
w e  d is c u s s  o u r  w o r k .  F in a l l y ,  w e  g iv e  o u r  
c o n c lu s io n .

2. Limitations and Drawback of 
Various Name Services

Since the structure o f  each  n a m e  service 
referred in section 2 is h ierarchical M ost o f  them  
have the lim itations and draw back that we 
categorize into 3 groups: uniqueness, scalability 
and anonym ity.
! -t t i j i .eue  •ร

The structure o f  each nam e service is 
hierarchical: therefore each nam e in a tree m ust 
be unique 
Seaiahiuiy

M o s t  o f  th e  e x is t in g  n a m in g  s y s te m s  w e re  
d e s ig n e d  f o r  p e o p le  f ro m  a s in g le  la n g u a g e  
( E n g lis h ) ,  n o t  o th e r  la n g u a g e s .
A n o n y m ity

I t  is  s o m e tim e s  ne cessary  to  sa y  th in g s  
a n o n y m o u s ly  [2 ] .  T h e  n a m e  s e rv ic e  s tru c tu re  is  
h ie ra rc h ic a l s o  th a t  it  is  e a s ily  trac ed  b ac k to  its  
a n c e s to rs  in  th e  tre e .

In  o rd e r  to  s o lv e  th e se  l im i ta t io n s  a n d  
d ra w b a c k , h e nce  w e  p ro p o s e  live ne w  n a m in g  
s y s te m  c a lle d  S h a ra b le  N a m e  S y s te m  ( S N S i-
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TA BU : ! FEATURES OF THE EXISTING NAME SERVICES.

S h a rin g  un iq ue  nam e S c a la b ility A n o n y m ity
G lo b a l N am e S e rv ice  (G N S i N o Y e s  N o N o
! k in d le  Sys tem Y e s Y es N o
N e tw o rk  In fo rm a tio n  S e rv ice  P lus f N IS -  ) N o N o N o
N o v e ll D ire c to ry  Serv ice (N D S r N o _ _  ร N o N o
D o m a in  N a m e  S ys tem  (D N S ) N o .. Y e s N o

3. T h e  N ew  N a m in g  S y s te m  
3.1 System E nvironm ent

W e  c o n s id e r  th e  s y s te m  e n v ir o n m e n t  b ased  
o n  m o s t  o f  o rg a n iz a t io n s  th a t  h a v e  m o re  th a n  
o n e  o f f ic e  lo c a t io n s .  F o r  e x a m p le . P r in c e  o f  
S o n g k la  U n iv e r s i ty  ( P S U )  has 5 c a m p u s e s  
lo c a te d  i l l  d if fe r e n t  p ro v in c e s  th a t a re  H a tY 'a t.  
P a t ta n i.  P h u k e t ,  S u r a ita n i.  a n d  T r a n e .  F igure  1 
p re s e n ts  th e  s t ru c tu re  o f  P S U  a n d  s h o w s  th a t  
e a ch  lo c a t io n  c o n s is ts  o f  3 d iv is io n s :  S to re h o u s e  
( ร } ,  A d m in is t r a t io n  ( A ) ,  a n d  H u m a n  R e s o u rc e  
< H R ) d iv is io n s .  A l th o u g h  th e s e  d iv is io n s  h a v e  
th e  sa m e  n a m e , t h e i r  lo c a t io n s  a re  d i f fe r e n t .  
E a c h  d iv is io n  o f  e v e ry  lo c a t io n  p e r fo rm s  th e  
sa m e  ta s k s . F o r  e x a m p le ,  th e  A d m in is t r a t io n  
d iv is io n  a t H a iY a t  h a s  th e  sa m e  fu n c t io n s  as 
A d m in is t r a t io n  d iv is io n s  o f  o th e r  4 c a m p u s e s . 
U s in g  th e  sa m e  n a m e  f o r  th e  sa m e  ta s k  h e lp s  
e v e ry o n e  c le a r ly  u n d e rs ta n d  an d  e a s ily  
re m e m b e r in g ,  a n d  a ls o  h e lp s  P S U  m a in ta in s  
u n it y  o f  i ts  o rg a n iz a t io n s .  T h e re fo r e ,  th e  s y s te m  
e n v ir o n m e n t  th a t w i l l  he  ta k e n  in to  th e  
c o n s id e ra t io n  o f  th is  re s e a rc h  IS an o r g a n iz a t io n  
th a t c o n s is ts  o f  m a n y  b ra n c h e s  w ith  th e  s a m e  
n a m e  and  e v e ry  sa m e  ty p e  o f  d o c u m e n t uses th e  
sa m e  d o c u m e n t n a m e  as '.v e il. T h is  s itu a t io n  is 
c a lle d  " o n e  n a m e  -  m a n y  o b je c ts  o n e  re s u lt  "  
(O N M O O R .V

3-2 Problem  S tatem ent
S o lv in g  th e  p ro b le m  o f  “ o n e  n a m e  - m a n y  

o b je c ts  -  o n e  re s u lt ”  to  s e rv e  th e  u s e r n e ed s is  a 
c h a lle n g in g  p ro b le m . C o n s id e r in g  th e  s itu a t io n  
o f  a p e rs o n  w h o  n e e d  to  c o n ta c t a H R  d iv is io n  o f  
P S U  o r  lo o k in g  f o r  a s tu d e n t in fo r m a t io n  o f  
P S U .  th e  p ro b le m  o c c u rre d  is  “ w h ic h  lo c a t io n

Figure 1 P rince o f  Songkla  U n ive rs ity  and cam puses.

( o r  d o c u m e n t)  is  th e  r ig h t  p la c e  ( o r  d o c u m e n t)  
f o r  th a t  p e rs o n -1" .  U s in g  a c o m p u te r  s e a rc h in g  
s y s te m  l ik e  g o o g le .c o m , th e  u s e r w i l l  o b ta in  
m o re  th a n  o n e  a n s w e rs  a t  a  se a rch  re s u lt ,  a n d  th e  
u s e r m a y  n o t  b e  s a tis f ie d  a c c o rd in g  to  t im e  
c o n s u m in g  in  s e a rc h in g  f o r  th e  r ig h t  o n e .

B e c a u se  o f  m a n y  n a m in g  s y s te m s  a re  
h ie ra rc h ic a l s tru c tu re  a n d  e a c h  n o d e  m u s t  be 
n a m e d  d i f f e r e n t ly .  T h e re fo r e  a i l  e x is t in g  n a m in g  
sy s te m s  c a n n o t s o lv e  th e  p ro b le m  s ta te d  a b o v e .

3 3  T he S tru c tu re  o f SNS
T h e  g lo b a l n a m e  sp a ce  is  a h ie ra rc h ic a l 

s t ru c tu re  w i th  a s in g le  ro o t  a t  th e  to p . E a c h  
n a m e  is  a p a th  in  th e  g lo b a l n a m e  sp a ce . T h e  
o b je c ts  a rc  th e  g lo b a l n a m e s  th a t p o in t  to  
in fo r m a t io n  a b o u t in d iv id u a l  o b je c ts . A  
h ie ra rc h ic a l s tru c tu re  o f  th e  S N S  e m p lo y s  th e  
c o n c e p t o f  se ts . F ig u re  2  i l lu s t ra te s  th e  lo g ic  
o rg a n iz a t io n  o f  th e  S N S  in  the  sense o f  a g lo b a l 
n a m e  a b le  to  be s h a re d . A  s in g le  ro o t  a t th e  to p  
in  F ig u re  2 is  n a m e d  as  " P S U "  an d  o th e r  n o d e s  in  
th e  tre e  a re  g lo b a l n a m e s . A  g lo b a l n a m e  m a y  
lo g ic a l ly  id e n t ity  n o t  o n ly  a s in g le  n o d e , b u t  
n o d e s  in  th e  tre e . E a c h  g lo b a l n a m e  m a y  p o in t  to  
in fo r m a t io n  a b o u t in d iv id u a l  o b je c t o r  a se t o f

1 N o t sca lab le  in  lar ge scale n e tw o rk  w h e n  m erg ing  and mov in g  d irec to ry  tree
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in fo r m a t io n  a b o u t in d iv id u a l  o b je c t.  T h is  m e a n s  
th a t th e  S N S  m a p s  each g lo b a l n a m e  น ' a se t o f  
o b je c ts . F o r  e x a m p le , in  F ig ure  2. th e  n e w  
s t ru c tu re  p ro v id e s  a s h a ra h le  n a m e  su c h  a 
s to r e .p s u  f r o m  th e  le f t  b ra n c h  w o u ld  m a p  
s to re h o u s e  a t H a t V a  i ( o b j i  ; and  s t o r e  ̂ tsu  a t th e  
r ig h t  b ra n c h  m ap s  s to re h o u s e  a t P a u a n i (o h jZ ) .  
H o w  e v e r ,  i f  w e  c a ii  s t o r e  p u t .  th e  re s u lt  
p ro v  id e s  a se t o f  o b je c ts : j o b j 1, o b j2 1.

\y?
Figure 2- The o rgan iza tion  o f SNS.

3.4 The SNS M essage Protocol
T C P .  IP  p ro to c o l s u ite  c o n ta in s  s ta n d a rd  

a p p lic a t io n  p ro to c o ls  f o r  se rv ic e s . H o w e v e r ,  th e  
e x is t in g  s ta n d a rd  p ro to c o ls  d o  n o t  s e rv e  a need  
fo r  s h a r in g  n a m e s . T h e re fo r e ,  w e  h a v e  d e s ig n e d  
a ne w  p ro to c o l c a lle d  S N S  m e ssa g e  p ro to c o l.  
T h e  S N S  q u e rie s  an d  re s p o n s e s  a rc  o f te n  
c o n ta in e d  w i th in  T C P  p a c k e ts . C o m m u n ic a t io n  
in s id e  th e  S N S  p ro to c o l  is c a rr ie d  in  a s in g le  
fo rm a t  c a lle d  an S N S  m e ssa g e . A i l  m essa g es 
b o th  q u e r ie s  an d  re s p o n s e s  a re  d iv id e d  in to  3 
s e c tio n s : H e a d e r. Q u e s t io n ,  an d  A n s w e r  s e c tio n  
as s h o w n  in  F ig ure  3.

T h e  h e a d e r s e c tio n  c o n ta in s  f ie ld s  s p e c if ie d  
w h e th e r  a m essa g e  IS a q u e ry  o r  re s p o n s e , and  
a ls o  s p e c if ie d  w h ic h  o f  th e  re m a in in g  s e c tio n s  
a rc  p re se n te d . T h e  I D  f ie ld  is  an  S -b it  id e n t if ie r .  
T h e  fg  is  a 1 -b it  f ie ld  th a t s p e c if ic s  w h e th e r  th is  
m e ssa g e  is  a q u e ry  (O') o r  a re s p o n s e  น ) .  T h e  
O p c o d e  is  a 3 -b it  f ie ld  th a t  s p e c if ie s  a k in d  o f  
q u e ry  in  t h is  m e ssa g e .

T h e  R C O D Ï Ï  is  a 4 -b it  f ie ld  w i th  th e  re tu rn  
c o d e .T h e  v a lu e s  h a v e  th e  f o l lo w in g  
in te rp re ta t io n :
0  N o  e r r o r  c o n d it io n
1 F o rm a t  e r ro r  n a m e  s e rv e r  c a n n o t in te rp re t  

th e  q u e ry .
2  S e rv e r  fa i lu r e  n a m e  s e rv e r  c a n n o t p ro c e s s  

th e  q u e ry .

3 N o t  im p le m e n te d  -  n a m e  s e rv e r  d oes n o t 
s u p p o rt th e  re q u e s te d  q u e ry  ty p e .

4 -1 5  R e s e rv e d  f o r  fu tu re  use.
T h e  n e x t  tw o  1 6 -b it  f ie ld s  s p e c ify  the  

n u m b e r  o f  q u e s tio n s  a n d  th e  n u m b e r  o f  a n s w e rs  
re s p e c tiv e ly .  F o r  a q u e ry ,  th e  n u m b e r  o f  
q u e s tio n  is  n o r m a l ly  l  a n d  th e  o th e r  f ie ld  Ls 0 . 
F o r  a re p ly .  th e  n u m b e r  o f  a n sw  e r is  a t  le a s t Ï .

T h e  fo rm a t  o f  th e  q u e s tio n  s e c tio n  is a 
q u e ry  n a m e . T h e  q u e ry  n a m e  is  a g lo b a l n a m e  
b e in g  lo o k  up . i t  is  a se q u e n c e  o f  o n e  o r  m o re  
la b e ls . T h e  q u e ry  n a m e  f ie ld  (Q N a m e )  is  s to re d  
in U n ic o d e . E a c h  U n ic o d e  c h a ra c te r  is  en cod ed  
in  L T F - f j  ( U C S  T r a n s fo r m a t io n  F o rm a t ) .  E ac h  
la b e l is  a le n g th  a n d  น n u m b e r  o f  b y te  p e r 
c h a ra c te r f o l lo w e d  b y  th e  n u m b e r  o f  c h a ra c te rs . 
T h e  n a m e  te rm in a te d  w i th  a b y te  o f  0 . T h e  
fo l lo w in g  e x a m p le s  o f  g lo b a l n a m e s  sh o w  h o w  
th e y  a re  s to re d .

A  g lo b a l n a m e  “ s to re .p s u ”  is  s to re d  as 
f o l lo w :

5.1 s j I j O j r  I c  J 3.1 { p  : ร  I น I 0  j

T h e  m ite r  g lo b a l n a m e  is  ฟ้นุก.?■ รุม s to re d  as 
f o l lo w '
4 .3 3 น  ! • 6 ! 3 .3• » ม 0

T h e  la s t e x a m p le  s h o w s  a T h a i  g lo b a l na m e  
w h ic h  u s e s  n o n - A S C I I  c h a ra c te rs .

T h e  g lo b a l n a m e  th a t  is  a b le  ท) s to re d  in  
U n ic o d e  e x p a n d s  to  e n c o m p a s s  v a r io u s  
la n g u a g e s  n o t o n ly  E n g lis h .  T h e re fo r e ,  the  
l im i ta t io n s  o f  s c a la b il i ty  as w e  m e n t io n e d  
p re v io u s ly  h a s  b een  s o lv e d .

T h e  a n s w e r s e c tio n  m a y  c o n ta in  o n e  o r  m o re  
re c o rd s  c a lle d  th e  S N S  re c o rd s . T h e  n u m b e r  o f  
re c o rd s  is  s p e c if ie d  in  th e  c o rre s p o n d in g  f ie ld  in 
th e  h e a d e r s e c tio n . E a c h  S N S  re c o rd  c o n ta in s  
n a m e , t im e - to -U v e .  S N S  d a ta  le n g th  and  
S N S D A T A  f ie ld .  Figure 4 d e s c rib e s  fo rm a t  o f  an 
S N S  re c o rd .

T h e  n a m e  f ie ld  is  a g lo b a l n a m e  w h ic h  
S N S D A T A  c o rre s p o n d s . T h e  n a m e  f ie ld  has a 
sa m e  fo r m a t  as d e s c rib e d  in  q u e ry  n a m e  f ie ld .

T h e  t im e - 10 - l i v e  f ie ld  i T T L )  is  a 1 6 -b it  f ie ld  
th a t s p e c if ie s  th e  t im e  in te r v a l  ( in  se c o n d s ) th a t  
th e  S N S  re c o rd  m a y  b e  c a ched  b e fo re  i t  s h o u ld
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N u m b e r o f  questions 
N u m b e r o f  answ er S N S  records

H eader

Q ues tion

A n s w e r

Figure 3 The SNS Message Format

b e  d isc a rd e d . T h e  S N S  d a ta  le n g th  s p e c if ic s  th e  
a m o u n t o f  S N S  d a ta .

T h e  S N S  D A T A  is  a v a r ia b le  le n g th  s t r in g  th a t  
d e s c rib e s  th e  g lo b a l l ia n te  v a r ie s  a c c o rd in g  to  a 
se t o f  o b je c ts  in c lu d in g  th e  tw o  im p o r ta n t  
a t t r ib u te s :  lo c a t io n  a n d  c re a te d  D a te .

3.5 Q uery and Response exam ple
T h e  fo l lo w  in g  query and response illustrates 

n a m e  s e rv e r  b e h a v io r .  W h e n  a c lie n t  q u e r ie s  it 
g lo b a l n a m e  "Store.psu" to  a n a m e  server, th e  
q u e s tio n  s e c tio n  is  s to re d  s to re .p s u . T h e  q u e ry  
m essa g e  fo rm a t  m a y  lo o k  l ik e :

Header ! O pcode -- q u e ry
: Q u e s tio n 1 Q N a m e  -  store.psu

A n s w e r 1 <empiy>

T h e  re s p o n s e  m a y  be:
■ H eader Q R  -  Response. O pcode = query

Q u e s tio n Q N a m e  -  store.psu
A n s w e r store.psu 8 6 400  I S o b j l  H a iY a i 13012001 

store  psu X 64 00  ! 0 ob j2  Partan i 0 5 0 3 2 0 0 2

3.6 Active Com ponents
S N S  is  a c l ie n t /s e rv e r  m o d e l.  T h e  a c tiv e  

c o m p o n e n ts  a re  n a m e  s e rv e rs  a n d  re s o lv e rs .  
R e s o lv e rs  a re  th e  c lie n ts  th a t access n a m e  s e rv e rs . 
N o r m a l ly ,  a re s o lv e r  is  a p a r t o f  an  a p p lic a t io n .  A  
re s o lv e r  q u e r ie s  a n a m e  s e rv e r  to  m a p  n a m e s  to  
o b je c ts . T h e  c o n c e p ts  o f  se ts  a n d  tree s  a re  
p ro v id e d  fo r  n a m e  to  o b je c t  t ra n s la t io n .  E a c h  tre e  
c o n ta in s  n o d e s  w h ic h  re s o lv e  to  a se t o f  o b je c ts  
o r  m a y  r e fe r  to  o th e r  s e rv e rs . A  path, th ro u g h  t ile  
t re e  te rm in a te s  a t a n o d e . T h e  se t o f  o b je c ts  
c o n ta in e d  th a t in  th e  n o d e  is  re lu m e d  as th e  re s u lt  
o f  th e  p a th . T h e  q u e ry  in g  ty pe  s h o u ld  b e  o n e  o f  
th e  f o l lo w in g  ty p e s : fu l l  p a th  such  as  a g lo b a l 
n a m e ; S iu r e .p s u  o r  a c o m b in a t io n  o f  g lo b a l 
n a m e s : s t t> r t \p s u :w < jfv h o u .y e .k i i iy a L p s i i .  an d
s o m e  p a n s  o f  th e  p a th  su c h  as M o r e .p s u :  
io cC ù -ln u yu i. T h e  p a th  s to r e .p s u ' .w a r e h o u s e ,  
im ty a i .p s u  is  a se t o f  p a th s .

B e fo re  w e  d e s c rib e  th e  m e c h a n is m  o f  
resolution process, let US lake a closer look at the 
global n a m e  p ro p e r tie s .

3.7 G lobal N am e Properties
W e  use  n a m e s  to  in d ic a te  th e  o b je c ts ,  an d  

m a y  re fe r  as d o c u m e n te d  f i le s ,  im a g e s , ad d resses, 
e tc . E a c h  n a m e  ha s i ts  p ro p e r t ie s  a n d  c e r ta in ly  
has an  id e n t ity .  O u r  w o r k  p ro p o s e s  a s h a ra b ie  
n a m e  f o r  o b je c ts , s o  th a t  id e n t i f y in g  th e  r ig h t  
o b je c t is  v e ry  im p o r ta n t  is su e . T h e re fo r e ,  w e  
d e f in e  a g lo b a l c la ss  (G e ia s s )  to  s to re  the  
in fo r m a t io n  o f  e a c h  g lo b a l o b je c t.  A d d i t io n a l ly ,  
U ser c la s s  (U c ia s s )  is  d e f in e d  to  s to re  so m e
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in fo rm a t io n  in c h  a> lo c a t io n .  W e  a ls o  >l)ovv a 
re la t io n s h ip  b e tw e e n  th e  g lo b a l c la ss  a n d  th e  u se r 
c la ss  in  Figure ริ.

Figure 5 Class diagram of User and 
Global and their relationship.

U c la s s  s to re s  o n e  o f  d ie  im p o r ta n t  a t t r ib u te s  
c a lle d  L i lo c a l i ty  w h ic h  is  a v a lu e  o f  c lie n t  
lo c a t io n .  G c la s s  S to re s  G  n a m e , G o b i.  G lo c a i i ty .  
G c r D a ie .  an d  G ty p c .  G  n a m e  is  a g lo b a l n a m e . 
G o b ] is  an  o b je c t th a t  re la te d  to  G n a m e . G lo c a i i ty  
is  a v a lu e  o f  a g lo b a l o b je c t lo c a t io n .  E v e ry  t im e  
a g lo b a l n a m e  is  q u e r ie d . G c o u n t  is  in c re a se d  b y  
i . G c o u n t  w i l l  be se t to  0  a t  th e  f i r s t  t im e  G n a m e  
is c re a te d  o r  w h e n  t im e - to - l iv e  t ' T T L i  is  0  o r  1. 
G ty p e  a t t r ib u te  s p e c if ic s  w h e th e r  a g lo b a l n a m e  is  
a le a f  n o d e  ( L f !  o r  a n o d e  i.N d  ) in  th e  g lo b a l n a m e  
space. N o r m a l ly ,  a (.. 'lo c a lity  a t t r ib u te  in  U c la s s  
c o m e s  f ro m  a lo c a t io n  o f  a lo c a l n a m e  s e rv e r  th a t  
a d ie m  q u e r ie s  a g lo b a l n a m e . E a c h  n a m e  s e rv e r 
W ill s to re  d a ta b a s e  o f  G c la s s . E v e ry  t in te  a new  
o b je c t is  c re a te d . Us in fo r m a t io n  w i l l  he stored 
a lte r  re g is tra t io n  p ro c e s s .

T i le  e x a m p le  b e lo w  re fe r  to  F ig ure  :.
.’ใ ''.. ’ .’.,!p/c : a lo c a l n a m e  s e rv e r IS p รน an d  Stores 
G c la s s .

S u p p o s e  th a t  G c ’idss c o n ta in s  ร ;ร  a n n h u ic s :  
s 'G n a m e , G o b i.  G lo c a i i t y ,  c re a te  D a le . G c o u n t.  
G ’ y p e > . T h e  f o l lo w in g  ta b le  s h o w s  th e  d a ta  
s to re d  in  G c la s s

G nam e ; G o b i G lo c a iity G crD a te  S G counrG type j
store, p.ร่น job i i H a tY a i 13-01-2001 is L f
store.psu K->bj2 P anan i © 5 -0 3 -2 0 0 2  j2 L f
ha tva i.p su  |ob j3 H a tY a i l ’ - l l - W v i x  N d  j

i ̂! ๆๆ
p hu kc t.p su jo b jx  ’P h u ke t 30 -0 0 -2 0 0 0 1 6  N d

in  a d d it io n .  U c la s s  c o n ta in s  t w o  a t tr ib u te s :  
< U o b j.  u lo c a l i l  y  >  a n d  th e  e x a m p le  is  s h o w n  
b e lo w  :

U o h j Li lo c a l i ty
: U o b j l H a tY a i

3.8 Resolution Process
T o  f in d  th e  e x a c t o b je c t,  a re s o lu t io n  p rocess 

has b ee n  c o n s tru c te d . W h e n  a c l ie n t  q u e r ie s  a 
n a m e  fq  :q • . . . : q . } w h ic h  m a y  b e  o n e  o f  th e  
p re v io u s ly  q u e ry in g  ty p e s , a t น lo c a l n a m e  se rv e r, 
a n d  t i le  lo c a l n a m e  s e rv e r  d oe s n o t k n o w  the 
a n s w e r,  a p ro cess to  d e c o m p o s e  th e  q u e ry  in to  
s u b q u e r ie s  iq , .  q ร ฺ. . . . .  q . j  is  in v o k e d .  O th e r  n a m e  
s e rv e rs  a re  q u e r ie d  to  d e te rm in e  a m a p p in g  f ro m  
each  su b q u e ry  n a m e  to  a set o f  o b je c ts . W h e n  
each  s u b q u e ry  re tu rn s ,  a p ro c e s s  to  in te rs e c t a l l  
s u b q u e r ie s  is in v o k e d  an d  g iv e s  th e  a n s w e r 
( A N S  ) e ith e r  a u n iq u e  o b  jec t o r  3 se t o f  o b je c ts . I f  
A N S  is  a u n iq u e  o b je c t,  a lo c a l n a m e  s e rv e r  
re tu rn s  A N S  to  a c l ie n t .  I f  A N S  is  a set o f  ob  jec ts , 
a lo c a l n a m e  s e rv e r  in v o k e s  a f i l t e r in g  p ro cess to  
g u a ra n te e  a c lie n t  to  re c e iv e  th e  r ig h t  u n iq u e  
o b je c t b a s e d  o n  a lo c a t io n  o r  a la te s t c rea ted  d a le .

T h e  a lg o r ith m  o f  F i l te r in g P ro c e s s  d e s c rib e s  
b e lo w :
I U s e  Q u ic k s o r t  a lg o r ith m  to  s o r t  A N ’S  ( { O h j , ,

O h j : .........  O h j 1.') b ased  o n  c o u n t in g  fa c to rs :
lo c a t io n  a n d  c re a te d  d a le , re s p e c tiv e ly .

2. A  lo c a l n a m e  s e rv e r  ta k e s  a c l ie n t  lo c a t io n  
c o m p a r in g  to  th e  lo c a t io n  o f  each  o b je c t in  
s o rte d  A N S .

.' I f  o n e  o b je c t <O b i j  in  s o rte d  A N S  ha s a sam e 
lo c a t io n  as a  c l ie n t  
i hen

R e tu rn  O b i.  to  a c ite n t 
e ls e  i f  th e re  a re  a se t o f  o b je c ts  ( 1’O h j; . O h );,

. . O h jJ ) « T  n o  o b je c t m  s o rte d  A N S  
has a sa m e  lo c a t io n  as a c i te n t  
th e n

F o r  each  o b je c t m  s tirre d  A N S
F in d  o b j;  w i t h  a la te s t c re a te d  d a te  
R e tu rn  o b ji  to  a c l ie n t .

T h is  a lg o r ith m  re q u ire s  th e  e x p e c te d  t im e  in  
O tn  + ท lo g  ท ). S o  th a t,  t i le  c o m p le x i t y  is  0(11 lo g  
ก ). T h e  re a s o n  fo r  c h o o s in g  th e  la te s t c re a te d  d a te  
o b je c t is  b ased  o n  th e  h u m a n  n a tu re  th a t lo v e s  to  
g e t th e  n e w  and  u p - to -d a te  o b je c t. H o w e v e r ,  i f  
live a n s w e r a f te r  f i l t e r in g  d o e s  n o t s a t is fy  the  
c l ie n t ,  th e  u s e r c a n  a s k  f o r  th e  w h o le  a n s w e r  l is t  
o n  a  b as ts  o f  h it .  In  th is  ca se , o u r  h i t  c o m e s  f r o m  
th e  G c o u n t  a t t r ib u te  in  G c la s s . T h e  m o re  v a lu e  in  
G c o u n t  is , th e  m o re  th a t  o b je c t  is  q u e r ie d .
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U s in g  th e  e x a m p le  o f  G c ia s s  an d  U c la s s  
d e s c rib e d  in  s e c tio n  3 .7 ,  th e  a b o v e  a lg o r ith m  
g a in s  th e  fo l lo w in g  re s u lts :
E x a m p le :  S u p p o se  a c lie n t  a t p su  q u e r ie s
s to re .p s u  to  its  lo c a l n a m e  s e rv e r  “ p s u " .  th e  A N S  
re tu rn s  i o b j l ,  o b j2 j .  T h e re fo r e ,  the  
F i l te r in g P ro c e s s  is  in v o k e d  a n d  th e  f in a l  re s u lt  is  
o h j2  b e c a u se  n o  o b je c t in  A N S  h a s  th e  sa m e  
lo c a t io n  as th e  c l ie n t  a n d  th e  a lg o r ith m  c h o o se s  
th e  la te s t c rea ted  d a te  o f  th e  o b je c t in  A N S  and  
re tu rn s  o n ly  o n e  o b je c t b a c k  to  th e  c l ie n t .

4. D isc u s s io n
T h e  S N S  is  based  o n  T C P  IP  p ro to c o l a n d  

p ro v id e s  fa c i l i t y  f o r  m a p p in g  o n e  n a m e  to  m a n y  
o b je c ts . T h is  fe a tu re  f u l f i ls  a need  o f  m a n y  
o rg a n iz a t io n s  w ith  m a n y  b ra n c h e s  to  m a in ta in  th e  
u n ity  o f  its  o rg a n iz a t io n  a n d  ease a n y o n e  to  
re m e m b e r o n e  n a m e  re g a rd le s s  o f  w h a t  th e  
o b je c ts  a re . A s  a re s u lt ,  w e  e x p e c t th a t th e  S N S  
ca n  b e  im p lie d  to  use n o t o n ly  in  an y  
o rg a n iz a t io n s ,  b u t a ls o  in  In te rn e t  su c h  a re fe r r in g  
to  a n y  w e b  pages th a t  m a y  use  th e  s a m e  n a m e  b u t 
d i f fe r e n t  lo c a t io n s  a n d  F T P  a p p lic a t io n s .

T he structure o f  S N S  em ploys both sets and 
trees. The property  o f  tree helps the organization 
rem ains scalability . This m eans the increasing o f  
the num ber o f  objects rem ains effective. 
Furtherm ore, the property o f  set provides one 
nam e can be referred to  many objects. The 
tillering m echanism  guarantees users so obtain 
the right objects. T he tune  com plexity o f  the 
mienne algorithm  is G (n log ท). The SNS 
m essage protocol that uses U nicode characters is 
designed น! serve a need ol nam ing objects bom  
ASCII characters and non-A SCII characters. This 
property expands to encom pass 
la n g u a g e s . T h e  S N 'S  q u e r ie s  an d  re sp o n se s  a re  
c o n ta in e d  w i t h in  T C P  p a c k e ts  to  g u a ra n te e  th a t 
th e  d a ta  d e liv e re d  b e tw e e n  c o n n e c tio n s  d oe s n o t  
he  lo s t ,  e s p e c ia l ly  th e  S N S  re sp on d ed  d a ta .

5. C o n c lu s io n
T h e  c u rre n t n a m e  s e rv ic e s  a re  im p le m e n te d

in  h ie ra rc h ic a l s t ru c tu re .  T h is  s tru c tu re  c o n ta in s  a 
s im p le  p a re n t-c h ild  re la t io n s h ip  w h ic h  p ro v id e s  a 
u n iq u e  n a m e . N a m e s  a t th e  le a f  n o d e s  o f  th e  tre e  
re p re s e n t in d iv id u a l  o b je c ts . T h u s ,  i t  l im i ts  n a m e s  
to  b e  sh a re d . T h is  p a p e r p ro p o s e s  S N 'S

architecture to facilitate one name snapping many 
objects arid obtains one result.

The new structure, on the other hand, employs 
both the concepts of sets and trees. So. names at 
the leaf nodes may not represent individual 
objects but a set of objects. The structure 
satisfies that tine name can be shared. However, 
an exact object returns to a client is considered. A 
resolution process including a filtering process 
based on user location or created date and hits, 
has been proposed to find a required object.

We also consider to intensiveness of the 
resolution process which will increases traffic. 
So, caches maintained in the name sen LTs พ til be 
used to reduce the traffic. Finally, using the 
proposed SNS message protocol all limitations 
and drawback that mentioned in section 3 has 
been completely solved.
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One Name -  Many Objects -  One Result: A Possible Solution for Naming
System

Names a re  usua lly  used น) re fe rr in g  the objects. เท the com pu te r w orld , name se n  ices are  
fu n d a m e n ta l sendees to  a l l  co m p u te r networks. Severa l name sendees have been developed  
to  m ap p h y s ic a l resources to  lo g ic a l names. M ost o f  cu rre n t name se n  dees a re  h ie ra rc h ic a l 
struc tu re . Therefore, each name in  a  tree  must he unique. เท the re a l w o rld , sometimes we 
want to share  a name especia lly, in  the o rg a n iza tio n  w ith  m ore  than  one o ffic e  loca tions. This 
p a p e r p roposes a  new  n a m ing  system w h ich  suppo rts  the sh a m b le  name.

1. Introduction
Nam es have several purposes in any systems. An important purpose is to facilitate referring 
the objects. Name sendees arc fundamental services that map physical resources to logical 
names. There are several name services have been developed. Global Name Service (GNS) 
[1], Handle System [6], Network Information Service Plus (NIS+) [5], Novell Directory 
Sendee (NDS) [4] and Domain Name System (DNS) [2, 3] have hierarchical name space. A 
name is a path in a tree and the nodes with a same parent must have different names. The 
hierarchical structure with a simple parent-child relationship provides a unique name. This 
structure enables a system to grow indefinitely. However, it restricts each name to be unique.
We describe limitation and drawback o f th c  existing naming system in section 2. We propose 
the new naming system called "Sharable Name System " and discussion in section i  and 4. 
respectively. Finally, we give future work in section 5 and conclusion in section 6.

2. Limitation and Drawback of Various Naming Systems
We categorize the limitation and drawback into uniqueness and anonymity.
- Uniqueness', the structure o f  each naming system is hierarchical: therefore each name in a 
tree must be unique.
- A n o n ym ity : sometimes it is necessary to say things anonymously but the hierarchical 
structure o f  naming system is easily traced back to its ancestors in the tree.
Hence we propose the new naming system  called Sharable Name System (SNS).

3. Sharable Name System (SNS)
3.1 System Environment
We consider the system  environment based on most o f  organizations that have more than one 
office locations. For example. Prince o f  Songkla University (PSU) has 5 cam puses located in 
different provinces that are HatYai, Pattani, Phuket, Surattani, and Trang. Figure 1 presents 
the structure o f  PSU and shows that each location consists o f  3 divisions: Storehouse (ร), 
Administration (A), and Human Resource (HR) divisions. Although these divisions have the
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same name, their locations are different. Each division o f  every location perform s the same 
tasks. For exam ple, the Administration division at HatYai has the same functions as 
Adm inistration divisions o f  other 4 campuses. Using the same name for the same task or the 
same object helps everyone clearly understand and easily remembering, and also helps PSU 
m aintains unity o f  its organizations. Therefore, the system environment that will be taken into 
the consideration o f  this research is an organization that consists o f  many branches with the 
same name and every same type o f  docum ent uses the same document name as well. This 
situation is called “one name -  many objects -  one result ” (ONM OOR).

Figure 1 Prince of Songkla University and campuses.

3.2 Problem Statement
Solving the problem  o f  “one name -  many objects -  one result” to serve the user needs is a 
challenging problem. Considering the situation o f  a person who needs to contact a HR 
division o f  PSU or looking for student information o f  PSU, the problem occurred is “which 
location (or docum ent) is the right place (or document) for that person?”. Using a computer 
searching system like google.com, the user will obtain more than one answers at a search 
result, and the user may not be satisfied according to time consuming in searching for the 
right one.
Because o f  many naming systems arc hierarchical structure and each node must be named 
differently. Therefore all existing naming systems cannot solve the problem stated above.

3.3 Structure and Resolution Process of SNS
The SNS is a client/server architecture. The concepts o f  sets and trees are provided for name 
to object translation. A global name space is hierarchy. Each name is a path in the global 
name space. A path through the tree term inates at a node. Each node may resolve to a SCI o f  
objects or refer to other servers. The querying type should be one o f  the following types: f u l l  
p a th  such as a global name; store .psu  or a combination o f  global names; and some parts o f  
the path such as s to re .p su :lo c@ h a tva i. The path sto re .psu :w arehouse .ha tya i.psu  is a set o f  
paths. Figure 2 illustrates the logic organization o f SNS in the sense o f  a global name able to 
be shared. The new structure provides a sharable name such a store .psu  from the left branch 
would map storehouse at HatYai (ob jl) and store .psu  at the right branch maps storehouse at 
Pattani (obj2). However, if we call sto re .psu , the result provides a set o f  objects: {objl, 
obj2{.
To find the exact object, a resolution process has been constructed. When a client queries a 
name (qqq i: ... :q n) which may be one o f  the previously querying types, at a local name 
server, and the local name server docs not know the answer, a process to decompose the 
query into subqueries (qi, q : . ..., q„) is invoked. O ther name servers are queried to determine 
a mapping from each subquery name to a set o f  objects. W hen each subquery returns, a
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Figure 2 The organization of SNS.

process to intersect all subqueries is invoked and gives the answer (ANS) either a unique 
object or a set o f  objects. I f  ANS is a unique object, a local name server returns ANS to a 
client. I f  ANS is a set o f  objects, a local name server invokes a filtering process to guarantee 
a client to receive the right unique object based on a location or a latest created date.
Before we describe the algorithm o f  filtering process, we define a global class (Gclass) to 
store the information o f  each global object. Additionally, a user class (Uclass) is defined to 
store some information such as location. The relationship between Gclass and Uclass is 
shown in Figure 3.

Uclass query ► Gclass

Ulocation
Gname
Gobj

Glocation
GcreateDate

Figure 3 Class diagram of User and Global and their relationship.

The follow ing example refers 10 Figure 3.
Example', a local name server is psu and stores Gclass.

Suppose that Gclass contains 4 attributes: <Gnam e. Gobj. Glocalitv. GcreateDate>. The 
following table shows the data stored in Gclass.

Gname Gobj Glocation GcreateDate
store.psu objl HatYai 12-02-2000
store.psu obj2 Phuket 23-09-2001
hatvai.psu obj3 HatYai 01-10-2001

phuket.psu objx Phuket 30-04-2000

Additionally, Uclass contains two attributes: <Uobj, Ulocation> and the example is shown 
below:
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Uobj บ location
Uobjl HatYai

The algorithm o f  filtering process describes below:
1. Use Quicksort algorithm to sort ANS ( {O bji, Ohj:....... Objt}) based on counting factors:

location and created Date, respectively.
2. A local name server takes a client location comparing to the location o f  each object in 

sorted ANS.
3. If one object (Obji) in sorted ANS has a same location as a client 

Then
return Obji to a client

Else if there arc a set o f  objects ('O b ji, Ohj:......  O bji}) or no object in sorted ANS has a
same location as a client 

Then
For each object in sorted ANS

Find objj with a latest created date 
Return objj to a client.

The reason for choosing the latest created date object is based on the human nature that loves 
to get the new and up-to-date object. However, if the answer after filtering does not satisfy 
the client, the user can ask for the whole answ-er list on a basis o f  recent created date.

Using the exam ple o f Gclass and Uclass described previously, the above algorithm gives the 
results:
Example l \  Suppose a client at psu queries store.psu to its local name server “psu”, the ANS 
returns {obji, obj2{. Thus, the FilteringProcess is invoked and the final result is obj2 since 
no object in ANS has the same location as the client and the algorithm chooses the latest 
created date o f  the object in ANS and returns only one object back to the client.

Example 2: Suppose a client at HatYai queries store.psu to its local name server “halyai.psu'k 
the ANS returns {obji. obj2{. Thus, the FilteringProcess is invoked and the final result is 
o b ji the same location as the client.
4. Discussion
Based on TCP, IP protocol, the SNS provides facility for mapping one name to many objects. 
This property fulfils a need o f  each organization w ith many branches to maintain their unity 
and case anyone to remember one name regardless o f  what the objects are. Furthermore, the 
structure o f  SNS that employs both sets and trees helps the organization remain scalability. 
This means that the increasing o f the number o f  objects remains effective and the filtering 
process guarantees users to obtain the right objects.
5. Future Work
We are going to use mathematical theory' to prove this proposed solution and sim ulate the 
SNS client/server program.

6. Conclusion
With the assum ption that an organization has many branches and using the same name for 
the same task พ ith every branch makes the organization maintain its unity. The current name 
sendees are implemented in the hierarchical structure. This structure contains a simple
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parent-child relationship which provides a unique name. This restriction guarantees that a 
name uniquely identifies a single leaf in the tree. Names at the leaves o f  the tree represent 
individual objects. Therefore, it limits names to be shared. Sharable Name System (SNS), on 
the other hand, provides each name enable to be shared. SNS employs both sets and trees. 
The organization with many branches and using the same name for the objects located in 
different locations retains the unity o f  its organization. As a result, W'C expect that SNS can be 
implied to use not only in any organizations, but also in Internet especially for referring to 
any web pages that may use the same name but different locations and FTP applications.
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Abstract
T h e  In te rn e t  c u r re n tly  c o n n e c ts  m il l io n s  o f  h o s ts  a ro u n d  
th e  w o r ld . T h e  d o m a in  n a m e  sy s te m  (D N S ) t r a n s la te s  
n e a r ly  a ll  h u m a n - r e a d a b le  n a m e s  to  IP  a d d re s s e s .  S in c e  
its  s tru c tu re  w a s  d e s ig n e d  to  b e  h ie ra rc h ic a l ,  h o s t  n a m e s  
m u s t  b e  u n iq u e .  T h e  s iz e  a n d  n a tu re  o f  th e  In te rn e t  c o m 
m u n ity  h a s  c h a n g e d  f ro m  a  h o m o g e n o u s  c u ltu re  a n d  
c o m m o n  la n g u a g e  to  v a r io u s  l in g u is t ic , c u ltu ra l  a n d  e d 
u c a t io n a l  b a c k g ro u n d s .  S u p p le m e n ts  to  th e  e x is t in g  s o 
lu tio n s  d o  n o t  s o lv e  c y b e rs q u a tt in g  a n d  t r a d e  n a m e  is 
su e s . W e a d d re s s  s o m e  o f  th e  f a i l in g s  o f  th e  D N S  a n d  
o u tl in e  a  n e w  N a m in g  S y s te m  th a t  s o lv e s  s o m e  o f  th e  
p ro b le m s  o f  th e  e x is t in g  s y s tem .

1 Introduction
T h e  In te rn e t  c o n n e c ts  m il l io n s  o f  h o s t  c o m p u te rs  
a ro u n d  th e  w o r ld .  T h e  p ro v is io n  o f  a  n a m e  s e r v ic e  is 
a  fu n d a m e n ta l  s e n  ice  in a ll c o m p u te r  n e tw o rk s . S in c e  
c o m p u te rs  c o m m u n ic a te  w ith  e a c h  o th e r  o n  th e  b a s is  o f  
h o s t  a d d re s s e s ,  th e  w id e  v a rie ty  o f  n e tw o rk  a p p l ic a t io n s  
s u c h  a s  e le c tro n ic  m a il.  WWW. a n d  re m o te  lo g in  n e e d  
e a s i ly  r e m e m b e re d  n a m e s . T h u s ,  th e re  is a  n e e d  to  m a p  
n a m e s  to  a d d re s s e s  a n d  th e  a rc h ite c tu r e  c a l le d  D o m a in  
N a m e  S y s te m  (D N S )  fo r  n a m e  t ra n s la t io n  h a s  b e e n  c o n 
s tru c te d . T h is  p a p e r  s ta r ts  b y  ta k in g  a n  o v e rv ie w  o f  
th e  In te rn e t  D o m a in  N a m e  S y s te m  to  d e s c r ib e  th e  b a c k 
g ro u n d , th e  fu n c t io n a l i ty  a n d  ro le  o f  th e  D o m a in  N a m e  
S y s te m  in  th e  In te rn e t  11, 14]. T h e  l im ita t io n s  a n d  f a i l 
in g s  o f  D o m a in  N a m e  S y s te m  [4] a re  d is c u s se d . F i
n a lly , w e  p ro p o s e  a  n a m e  se rv ic e  w h ic h  a d d re s s e s  so m e  
o f  th e  fa i l in g s  o f  th e  D N S .

2 An Overview of the Internet Domain Name System
2.1 Historical Development
In  th e  la te  1 9 6 0 s, th e  U S  D e p a r tm e n t  o f  D e fe n s e 's  
A d v a n c e  R e s e a rc h  P ro je c ts  A g e n c y , A R P A  ( la te r  
D A R P A ), b e g a n  fu n d in g  an  e x p e r im e n ta l  w id e  a re a  
c o m p u te r  n e tw o rk  th a t  c o n n e c te d  im p o r ta n t  re s e a rc h  o r 
g a n iz a tio n s  in  th e  U S , c a l le d  th e  A R P A n c t. I ts  g o a l

con-.-' gov ( - J  o rv p  au 'T' a rp a '- '

C"r*U '  ' '  n-addr arjw

son: o

F ig u re  1 : T h e  o rg a n is a t io n  o f  th e  D N S

w a s  to  a llo w  g o v e r n m e n t  c o n t r a c to r s  to  s h a re  e x p e n 
s iv e  o r  sc a rc e  c o m p u t in g  r e s o u rc e s .  F ro m  th e  b e g in 
n in g . u s e rs  o f  th e  A R P A n c t u se d  th e  n e tw o rk  fo r  sh a r in g  
t ile s  a n d  s o f tw a re  a n d  e x c h a n g in g  e le c tro n ic  m a il,  th e n  
u s in g  s h a re d  re m o te  c o m p u te r s .  T h ro u g h  tile  19 7 0 s . tile  
hosts.IM file , m a p p e d  e v e ry  n a m e  to  a d d re s s  fo r  e v e ry  
h o s t c o n n e c te d  to  th e  A R P A n c t a n d  w a s  m a in ta in e d  by  
S R F  'ร N e tw o rk  In fo rm a t io n  C e n te r  (N IC ). T h e  s iz e  o f  
hosts.t.xl grew  in p ro p o r t io n  to  th e  g ro w th  ill th e  n u m b e r  
o f  A R P A n c t h o s ts . W h e n  th e  p o p u la t io n  o f  th e  n e tw o rk  
e x p lo d e d , th e  file  b a se d  hosts.t.xl m e c h a n ism  w a s  u n a b le  
to  c o p e  w ith  ra p id  a d d i t io n  o f  h o s ts , n a m e  c o ll is io n s ,  
a n d  c o n s is te n c y  o f  th e  n a m e  s p a c e . T h e s e  p ro b le m s  
show ' th a t  th e  hosts, txl m e c h a n is m  d i d n 't  s c a le  w e ll.

In  19 84  , th e  D o m a in  N a m e  S y s te m  w a s  d e s ig n e d  b y  
P au l M o c k a p e tr is  s u p e rs e d e d  hosts.txt.

2.2 Domain Name System
D o m a in  N a m e  S y s te m  (D N S )  is a  d is tr ib u te d  d a ta b a s e  
b a s e d  o n  th e  T C P /IP  p ro to c o l .  T h e  D N S  m a p s  h u m a n -  
re a d a b le  h o s t  n a m e s  to  n u m e r ic a l  1 P -a d d re s s e s . T h e  
d a ta b a s e  s tru c tu re  is  s tr ic t ly  h ie ra rc h ic a l .  A  n a m e  su c h  
a s  s e r c .rm it .e d u .a u  h a s  a  s tru c tu re  a s  sh o w n  in  f ig u re  1.

E a c h  d o m a in  n a m e  is  a  p a th  in  a  t re e ,  c a l le d  th e  d o 
m a in  n a m e  s p a c e . T h e  t re e  h a s  a  s in g le  ro o t  a t  th e  to p  
c a l le d  " th e  ro o t" . E v e ry  n o d e  h a s  a  la b e l  o f  u p  to  63
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1  ( 4 ) >  ,query Y  '
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answsr answer>

F ig u re  2: T h e  R e s o lu t io n  P ro c e s s

c h a r a c te r s  e x c e p t  th e  ro o t  a n d  m u s t  h av e  a  u n iq u e  d o 
m a in  n a m e . A  d o m a in  n a m e  th a t  e n d s  w ith  a  p e r io d  
is c a l le d  a n  a b s o lu te  d o m a in  n a m e  o r  a  fu l ly  q u a lif ie d  
d o m a in  n a m e  (F Q D N ) fo r  e x a m p le :  s c r c .rm it .e d u .a u .  

T h e  e x is t in g  d o m a in  n a m e  s p a c e  is c a te g o r iz e d  in to
2 ty p e s  o f  to p -le v e l  d o m a in  (T L D ): g e n e r ic  (g T L D ) an d  
g e o g r a p h ic  o r  c o u n try - c o d e  (e c T L D ). T h e  in fo rm a tio n  
a b o u t  th e  d o m a in  n a m e  s p a c e  is s to re d  in  p ro g ra m s  
c a lle d  n a m e  se rv e rs .

R e s o lv e rs  a re  l ib ra ry  ro u tin e s  c a l le d  b y  p ro g ra m s  to  
lo o k  u p  n a m e s . A  r e s o lv e r  p e r fo rm s  n a m e  r e s o lu tio n  o r  
a sk s  a  n a m e  s e rv e r  to  d o  it b y  q u e ry in g  n a m e  se rv e rs  
to  d e te rm in e  a  m a p p in g  f ro m  a n a m e  to  a n  a d d re s s . 
Q u e r ie s  m a y  b e  re c u rs iv e ,  in  w h ic h  c a s e  th e  s e rv e r  
m u s t  re tu rn  th e  r e s o lu tio n  re s p o n s e  in to  a  re s u lt ,  o r  l io n - 
re c u rs iv e .  in w h ic h  c a s e  th e  s e rv e r  re tu rn s  o n ly  th e  in 
fo rm a tio n  it k n o w s.

A g e n e r ic  re s o lu tio n  e x a m p le  is s h o w n  in l ig u re  2 
w ith  a  b r i e f  e x p la n a t io n

1. N a m e  s e rv e r  A re c e iv e s  a  q u e ry  f ro m  th e  re so lv e r .

2. N a m e  s e rv e r  A  q u e r ie s  N a m e  s e r v e r  B.

3. N a m e  s e rv e r  B re fe rs  n a m e  s e r v e r  A to  o th e r  n a m e  
se rv e rs , in c lu d in g  c .

4 . N a m e  s e rv e r  A  q u e r ie s  n a m e  s e rv e r  c .

5. N a m e  s e r v e r  c  re fe r s  n a m e  s e r v e r  A  to  o th e r  n a m e  
se rv e rs , in c lu d in g  D .

6 . N a m e  s e rv e r  A  q u e r ie s  n a m e  s e rv e r  D.

7. N a m e  s e rv e r  D  a n sw e rs .

8. N a m e  s e rv e r  A re tu rn s  a n s w e r  to  r e s o lv e r

3 Limitations and Failings of the Domain Name System
S in c e  th e  D N S  s tru c tu re  is h ie ra rc h ic a l ,  e a c h  h o s t  m a p 
p in g  to  e a c h  IP  a d d re s s  n e e d s  to  b e  u n iq u e  in  th e  n e e .

T h e re  a rc  3 g ro u p s  o f  l im ita t io n s  a n d  fa il in g s  in the  
D N S : u n iq u e n e s s ,  sca la b ility ' an d  a n o n y m ity .
Uniqueness
L eg a l a n d  so c ia l p ro b le m s  h a v e  o c c u r re d .  In te lle c tu a l 
p ro p e r ty  h a s  b e e n  d is p u te d .  In  th is  c a se , i f  th e  d o m a in  
n a m e s  c h o s e n  b y  a  p e rs o n  see m  re la te d  to  th e  trad e  
n a m e s  o r  a  c o m p a n y , th e  p e rs o n  m a y  n o t  b e  a b le  to 
u se  th e m  a t a il . T h e  h a d  fa ith  re g is t ra t io n  o f  a  d o m a in  
n a m e , c a l le d  c y b e rs q u a tt in g ,  a lso  o c c u r re d .  T h e  p o p 
u la r  a d d re s s  s p a c e  h a s  b e e n  e x h a u s te d  in a  ve ry  sh o rt 
t im e . T h e re  a re  m a n y  p ro d u c ts  a n d  c o m p a n ie s  th a t  le 
g i t im a te ly  u se  th e  s a m e  n a m e . T h e r e  is n o  sy s tem a tic  
w a y  to  g u e s s  th e  r e q u ire d  d o m a in  n a m e  a n d  th e re  is 
n o  p ra c tic a l  w a y  fo r  th e m  to  s h a re  a  n a m e . A lth o u g h  
s e a rc h  e n g in e s  c an  s o m e tim e s  a ss is t,  th e y  c a n n o t  so lve  
e v e ry  q u e ry . T h e  s e a rc h  e n g in e s  d o  n o t  c o v e r  th e  e n 
t ire  w eb . N ew , p o o r ly  re fe re n c e d  s ite s  m ig h t a s  w e ll  n o t 
e x is t  a n d  n o t all s e a rc h  e n g in e s  find  a ll  w e b  p a g e s .
Scalability
T h e  s iz e  an d  n a tu re  o f  th e  In te rn e t  c o m m u n ity  has  
c h a n g e d . O rig in a lly , it c o n s is te d  o f  p e o p le  f ro m  s im ila r  
c u ltu ra l  b a c k g ro u n d s  a n d  a  s in g le  la n g u a g e  (E n g lis h )  
a n d  h a s  e x p a n d e d  to  e n c o m p a s s  v a r io u s  l in g u is t ic , c u l 
tu ra l  a n d  e d u c a t io n a l  b a c k g ro u n d s  [6 ].
Anonymity
It is s o m e tim e s  n e c e s s a ry  to  sa y  th in g s  a n o n y m o u s ly . 
D o m a in  n a m e s  a re  e a s ily  t ra c e d  b a c k  to  s o m e o n e  h ig h e r  
in th e  tre e . T h u s , it is e s s e n t ia lly  im p o s s ib le  to  p ro te c t  
a  d o m a in  n a m e  f ro m  re tr ib u t io n  w h ile  s im u lta n e o u s ly  
a d v e r t is in g  Its e x is te n c e  to  p o te n tia l  c o rre s p o n d e n ts .

4 A Variety of Proposed Existing Solutions
W e c an  d iv id e  th e  e x is t in g  s o lu t io n s  in to  2 g ro u p s . 
T h o s e  th a t  s u p p le m e n t th e  e x is t in g  D N S  se rv ic e  an d  a l 
te rn a te  n a m e  s e rv ic e s .

4.! Supplementing the Existing DNS Service
S e v e ra l  a p p ro a c h e s  h a v e  b e e n  m a d e  to  s u p p le m e n t
in g  D N S . F irs t, th e  In te rn e t  C o rp o ra t io n  fo r  A ss ig n e d  
N a m e s  a n d  N u m b e rs  ( IC A N N ) h a d  a n  a g re e m e n t  to  in 
t ro d u c e  n e w  g T L D s  fo r  s u p p o r t in g  a  w id e  v a rie ty  o f  
u s e r  g ro u p s  [1 1 ], S e c o n d , s o m e  c o m p a n ie s  s u c h  as  
N a m e  S p a c e  o r  Im a g e  O n l in e  D e s ig n  h a v e  t r ie d  to  r e 
c o n f ig u re  e ith e r  D N S  s e rv e r s  o r  in d iv id u a l  P C s  to  e a s ily  
a c c e s s  m o re  T L D s  [2 ], A n e w  a p p ro a c h  c a lle d  R eal- 
N a m e s  h a s  b e e n  p ro p o s e d  to  h e lp  n o v ic e  u s e rs  av o id  
b o th  th e  D N S  an d  s e a rc h  e n g in e s  a lto g e th e r . H o w 
ev e r . n o n e  o f  th e s e  a p p ro a c h e s  re s o lv e  th e  u n d e r ly in g  
o f  u n iq u e n e s s  an d  p o s tp o n e  s c a la b i l i ty  issu e .

M e th o d s  s u c h  a s  th e  s in g le -p ro x y  m e th o d . O n io n  
R o u t in g  P ro to c o l  [8 ], C ro w d s  110] an d  H o rd e s  h a s  b e en  
c o n s id e r e d  to  s u p p o r t  th e  a n o n y m ity  issu e  [1 2 ],



4.2 Alternate Name Services
S e v e ra l  o th e r  n a m e  s e rv e rs  h av e  b e e n  d e v e lo p e d . In  
19 86 , L a m p s o n  a n d  h is  c o lle a q u e s  a t  th e  D E C  S y s te m s  
R e s e a rc h  C e n te r  h a v e  d e s ig n e d  a  g lo b a l  n a m e  s e rv ic e  
(G N S )  [7 ] fo r  u se  in  an  in te rn e tw o rk  w h ic h  s u p p o r ts  a  
n a m in g  d a ta b a s e  th a t  m a y  e x te n d  to  in c lu d e  m illio n s  o f  
h o s t  c o m p u te r s  a n d  e v e n tu a l ly  e -m a il  a d d re s s in g  fo r  b i l 
l io n s  o f  u se rs . A  n a m in g  d a ta b a s e  ๒ G N S  c o m p o s e  o f  
a  t re e  o f  d i re c to r ie s  h o ld in g  n a m e s  a n d  v a lu e s . E a c h  d i 
re c to ry  is  a s s ig n e d  an  in te g e r , w h ic h  s e rv e s  a s  a  u n iq u e  
d i r e c to ry  id e n tif ie r (D I) . G N S  s u c c e s s fu lly  a d d re s s e s  th e  
n e e d  fo r  s c a la b i li ty  a n d  re c o n f ig u ra b ili ty  w ith  th e  e x 
c e p t io n  o f  th e  s o lu t io n  a d o p te d  fo r  m e rg in g  a n d  m o v in g  
d ire c to ry  t re e s  [5 ]. F o r  e x a m p le , 2  p re v io u s ly  s e p e ra te  
G N S  s e rv ic e s  m a y  b e  in te g ra te d  w ith  th e  in n o d u c tio n  
o f  a  n e w  ro o t  a b o v e  th e  tw o  e x is t in g  ro o ts . T h e  w e ll-  
k n o w n  d ire c to ry  ta b le s  a re  u s e d  to  s to re  th e  p re v io u s  
d i r e c to ry  id e n ti f ie r s  a n d  re m a p  to  th e  c u r r e n t  re a l  ro o t  
d i re c to ry  o f  th e  n a m in g  d a ta b a s e . W h e n e v e r  th e  rea l 
ro o t  o f  th e  n a m in g  d a ta b a s e  c h a n g e s ,  a ll G N S  se rv e rs  
a re  in fo rm e d  o f  th e  n e w  lo c a tio n  o f  th e  re a l  ro o t. In  a  
la rg e -s c a le  n e tw o rk , re c o n f ig u ra t io n  m a y  o c c u r  a t  an y  
lev e l. T h is  m a k e s  th is  ta b le  g ro w  ra p id ly , c o n f l ic ts  w ith  
th e  s c a la b i l i ty  g o a l.

T h e  H a n d le  S y s te m  w a s  d e v e lo p e d  to  b e  a  p e rs is te n t  
n a m e  s e rv ic e  a n d  a llo w  s e c u re d  n a m e  re s o lu tio n  a n d  a d 
m in is tra t io n  o v e r  th e  In te rn e t  [1 3 ] , P e rs is te n t  n a m e  se r
v ic e  m e a n s  th a t  th e  s y s te m  a llo w s  n a m e  to  p e rs is t  o v e r  
c h a n g e s  o f  lo c a tio n , o w n e rs h ip ,  a n d  o th e r  n e tw o rk  s ta te  
c o n d i tio n s .

T h e  N e tw o rk  In fo rm a t io n  S e rv ic e  P lu s  ( N I S O  fro m  
th e  S u n S o ft e n g in e e r in g  te a m  19] a n d  N o v e ll D ire c to ry  
S e rv ic e  (N D S ) f ro m  N o v e ll,  In c . [3] a rc  b e in g  d e v e l
o p e d  th e i r  serv ice  n o t  o n ly  to  s u p p o r t  in lo ca l a re a  n e t 
w o rk  b u t a lso  s u p p le m e n t  a n d  c o m p u ta b il ity  o n  th e  In 
te rn e t .  T h e s e  s y s te m s  a re  a c t iv e ly  p e rs u in g  th e  s c a la b i l 
ity, b u t  a re  ty p ic a lly  ta rg e te d  w ith in  o rg a n is a tio n s .

T ab le  1 s u m m a r iz e s  v a r io u s  n a m in g  sy s te m  fe a tu re s .
F u r th e rm o re , w e  c o n c lu d e  e a c h  n a m e  s e rv ic e  an d  its 

ro le  an d  fu n c t io n a l i ty  in T ab le  2.
W ith  th e s e  p ro p o s e d  s o lu t io n s , w e  fo u n d  th a t  it 

c o u ld n 't  s o lv e  th e  fa i l in g s  o f  th e  e x is t in g  D N S . T ab le  
3 s u m m a r iz e  th e  f e a tu re s  o f  th e  e x is t in g  s o lu tio n s

5 The New Proposal
W e a re  p ro p o s in g  a  n a m e  s e rv ic e  w h ic h  a d d re s s e s  so m e  
o f  th e  fa i l in g  o f  D N S . W e re q u ire d  th a t  th e  s e r v e r  h a s :

1. S h a r in g  n a m e s :  th e  a b il i ty  to  s h a re  u n iq u e  n a m e  
e q u i ta b ly  a m o n g  m u ltip le  v a lid  c la im a n ts .

2 . S c a la b il ity :  it w ill  re m a in  e f fe c tiv e  w h e n  th e re  is a  
s ig n if ic a n t  in c re a s e  in  th e  n u m b e r  o f  r e s o u rc e s  a n d  
th e  n u m b e r  o f  u se rs .

3 . D e c e n tr a l iz e  a d m in is tr a t io n  v ia  d e le g a tio n :  a  d o 
m a in  c a n  d iv id e  in to  s u b d o m a in . E ac h  s u b d o m a in

p r .-O/  \
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F ig u re  3: T h e  o rg a n iz a t io n  o f  p ro p o s e d  D N S

o r  d e le g a tio n  is re s p o n s ib le  fo r  m a in ta in in g  a ll th e  
d a ta .

4 . E ff ic ie n c y : it is  a  d is tr ib u te d  d a ta b a s e  w ith  h ie r 
a rc h ic a l  s tru c tu re  th a t  a llo w s  d if f e r e n t  p a r ts  o f  th e  
n a m in g  d a ta b a s e  to  b e  m a in ta in  b y  d if fe re n t  e n 
t it ie s . A d d it io n a lly , c a c h in g  o b v ia te s  th e  q u e ry  
w h ic h  c a n ’t a n s w e r  lo c a lly  a n d  n e e d  to  qu ery ' o th e r  
se rv e rs .

5 . O p acity ': th e  u s e  o f  a  n a m e  c o n c e a ls  f ro m  th e  u s e r  
lo c a tio n  in IP -a d d re s s  c o m p o n e n ts  in a  d is tr ib u te d  
sy s te m . L o c a tio n  o p a c ity  e n a b le s  r e s o u rc e s  to  b e  
a c c e s s e d  w ith o u t  re q u ir in g  k n o w le d g e  o f  th e ir  lo 
c a tio n .

6 . L o c a l  c u s to m is a t io n :  p a r t ia l ly  s p e c if ie d  n a m e s  c an  
u s e  se n s ib le  d e fa u lts  b a s e d  o n  u s e r  p re fe re n c e s  a n d  
n e tw o rk  se tu p .

T h e  n e w  s e rv ic e  e m p lo y s  b o th  th e  c o n c e p ts  o f  se ts  an d  
n e e s  to  p ro v id e  n a m e  to  a d d re s s  tra n s la t io n .  E ac h  n e e  
c o n ta in s  n o d e s  w h ic h  m a y  r e fe r  to  o th e r  s e rv e r s  o r  r e 
s o lv e  to  a  se t  o f  h o s t  IP  a d d re s s e s .  A p a th  th ro u g h  th e  
t re e  te rm in a te s  a t a  n o d e . T h e  se t o f  h o s t  IP  a d d re s s e s  
c o n ta in e d  in  th e  n o d e  is re tu r n e d  a s  th e  re s u lt  o f  th e  
p a th . T h e  in te rs e c tio n  o f  th e  se ts  f ro m  m u lt ip le  p a th s  
y ie ld s  th e  n a m e  to  a d d re s s  tra n s la t io n .  F o r e x a m p le , th e  
p a th  m ark e t.A .v ic .a u . lo c  h a s  a  s tru c tu re  s im ila r  to  th e  
o r ig in a l  D N S  s tru c tu re . A  re s o lv a b le  d o m a in  n a m e  is 
a  se t  o f  p a th s  s u c h  a s  c o k e .tm :v ic .a u .lo c :s o f td r in k .p ro d . 
I ts  s tru c tu re  is  show 'n  in  f ig u re  3.

T h e  d a s h e d  lin e  re p re s e n ts  th e  c o m b in a t io n  o f  d o 
m a in  n a m e s  to  fo rm  a tra n s la t io n .  T o find  th e  e x a c t  
IP  a d d re s s , a  n e w  re s o lu tio n  m e c h a n is m  h a s  b e e n  c o n 
s tru c te d . W h e n  a  c l ie n t  q u e r ie s  n a m e  a t a  lo c a l  n a m e  
se rv e r , a s  sh o w n  in  f ig u re  4 , a n d  th e  lo ca l n a m e  s e rv e r  
d o e s  n o t  k n o w  th e  a n s w e r , a  p ro c e s s  to  d iv id e  th e  q u e ry  
in to  s u b q u e r ie s  is in v o k ed . O th e r  n a m e  s e rv e rs  a re  
q u e r ie d  to  d e te rm in e  a  m a p p in g  f ro m  e a c h  s u b q u e ry  
n a m e  to  a  se t  o f  IP  a d d re s s e s .  W h e n  e a c h  s u b q u e ry  r e 
tu rn s , th e  p ro c e s s  to  in te rs e c t  a ll s u b q u e r ie s  is  in v o k ed  
a n d  a n  a n s w e r  is  p ro v id e d  to  th e  c lie n t .  F ig u re  4  i l lu s 
t r a te s  th e  fu l l  r e s o lu tio n  p ro c e s s  w ith  a  b r i e f  e x p la n a 
tio n .

1 A c lie n t  n e e d  to  k n o w  th e  IP  a d d re s s  o f
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F e a tu re D N S G N S H a n d le  S y s te m N 1S + N D S
H u m a n -re a d a b le Y es Y es Y es Y es Y es

U n iq u e  O b je c t  Id e n tif ie r  (O ID ) N o Y es Y es N o N o
H ie ra rc h ic a l  n a m e  s p a ce Y es Y es Y es Y es Y es

L o c a t io n  T ra n s p a re n t Y es Y es Y es Y es Y es
S u p p o r t  to  In te rn e t Y es Y es Y es N o N o

S u p p o r t  to  s m a ll  n e tw o rk Y es Y es Y es Y es Y es
S u p p o r t  to  la rg e -s c a le  n e tw o rk Y es Y es Y es Y es Y es

S c a la b i l ity Y es Y e s /N o 2 Y es Y es Y es
S e c u r ity O r ig in a l ly  - N o  

S in c e  1 9 87  - Y es
Y es Y es Y es Y es

H ig h  A v a ila b il i ty Y es Y es Y es Y es Y es

T ab le  1 : F e a tu re s  o f  v a r io u s  n a m in g  sy s te m

N a m e  S e rv ic e R o le  a n d  F u n c tio n a lity
G lo b a l  N a m e  S e rv ic e  (G N S ) S u p p o r t  a  la rg e  n a m in g  d a ta b a s e  d is tr ib u te d  in  a n  in te rn e tw o rk .

H a n d le  S y s te m A  p e rs is te n t  n a m e  s e rv ic e  fo r  la rg e  n u m b e r  o f  e n ti t ie s  a n d  a llo w  e a c h  
e x is t in g  lo c a l  n a m e  s p a c e  jo in  th e  g lo b a l  h a n d le  n a m e  sp a ce .

N IS +  a n d  N D S S e rv ic e s  in  e a c h  o rg a n iz a t io n ,  s to re d  in fo rm a tio n  o f  a n y  r e s o u rc e s  w h e re  
a ll w o r k s ta t io n s  o n  n e tw o rk  c a n  a c c e s s  it.

T ab le  2: N a m e  s e r v ic e s  a n d  th e ir  ro le  an d  fu n c tio n a lity '

F ig u re  4 : T h e  new 1 re s o lu tio n  p ro c e s s

q i :q > :q 3 : . . . :q „ ,  th e n  it  c o n ta c ts  th e  lo c a l  n a m e  
s e r v e r  A

2 . N a m e  s e r v e r  A  ta k e s  e a c h  s u b q u e ry  (q i  1 q-2 , q 3 , ..., 
q „ )  to  n a m e  s e r v e r  B  ( ro o t  n a m e  se rv e r )

2. N a m e  s e r v e r  B  re tu rn s  th e  ro o t  n a m e  s e r v e r  o f  e a c h  
s u b q u e ry  to  A

4. N a m e  s e rv e r  A  q u e r ie s  q i . . „  to  n a m e  s e r v e r  C l, „

5. E a c h  n a m e  s e r v e r f C i . .ท) r e s o lv e s  i ts  s u b q u e ry  b y  
e i th e r  r e tu r n in g  d a ta  h e ld  o n  th e  n a m e  s e r v e r  o r  
q u e ry in g  th e  s e t  o f  n a m e  s e rv e r s  a  d e le g a tio n  h a s  
b e e n  m a d e  to . T h e  s e rv e r  re tu rn s  th e  u n io n  o f  th e  
se ts  o f  IP -a d d re s s e s  fo u n d

6. N a m e  server A  intersects anS], a n s 2 , ans,,

7. N a m e  s e r v e r  A  re tu rn s  a n s w e r  to  r e s o lv e r

6 Discussion
A  h ie ra rc h ic a l  s tru c tu re  w ith  a  s im p le  p a re n t-c h i ld  r e la 
t io n s h ip s  o f  th e  e x is t in g  D N S  p ro v id e s  a  u n iq u e  d o m a in  
n a m e . T h is  re s tr ic t io n  g u a ra n te e s  th a t  a  d o m a in  n a m e  
u n iq u e ly  id e n tif ie s  a  s in g le  l e a f  in  th e  t re e  a s  s h o w n  in 
f ig u re  1. D o m a in  n a m e s  a t th e  le a v e s  o f  th e  tre e  r e p r e 
s e n t  in d iv id u a l  h o s ts . A n  in te r io r  n o d e  o f  th e  tre e  c an  
n a m e  b o th  a h o s t  an d  p o in t  to  in fo rm a tio n  a b o u t  th e  d o 
m a in . T h is  s tru c tu re  l im its  th e  g ro w th  o f  th e  In te rn e t  
c o m m u n ity .

T h e  n e w  s tru c tu re , o n  th e  o th e r  h a n d , e m p lo y s  b o th  
th e  c o n c e p ts  o f  se ts  a n d  tre e s . T h u s ,  d o m a in  n a m e s  
a t  th e  le a v e s  o f  th e  t re e  m a y  n o t  r e p re s e n t  in d iv id u a l  
h o s ts  b u t a  se t  o f  h o s t  IP  a d d re s s e s .  T h e  f le x ib i li ty  o f  
th is  s tru c tu re  r e d u c e s  th e  p ro b le m s  o f  c y b e rs q u a tt in g  
a n d  t ra d e  n a m e s  issu es  a n d  s till  s c a le s . T h e  m e c h a n ism  
re d u c e s  c y b e rs q u a tt in g  a n d  t r a d e m a rk  p ro b le m s  b y  a l 
lo w in g  m a n y  o rg a n is a t io n s  to  s h a re  a  n a m e  - a s  is  th e  
c a s e  w ith  tr a d e m a rk s  - w h ic h  a re  d is t in g u is h e d  b y  c o n 
te x t. C y b e rs q u a tt in g  is im p ra c tic a l  w h e n  th e  m o n o p o ly  
e n jo y e d  b y  a  d o m a in  o w n e r  u n d e r  th e  e x is t in g  D N S  
is  re p la c e d  b y  a  s y s te m  w h e re  n a m e s  c a n  b e  sh a red .

2 not scalable in large-scale network when merging and moving 
directory tree
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; S h a r in g  u n iq u e  n a m e S c a la b il ity A n o n y m ity
A d d  n e w  g T L D N o N o N o

R e c o n f ig u re  D N S  s e r v e r  o r  P C s N o N o N o
R e a lN a m e s Y es N o N o

P ro x y  s e r v e r  o r  a n o n y m o u s  p ro to c o l N o N o Y es
G lo b a l  N a m e  S e rv ic e  (G N S ) N o Y es/N o - N o

H a n d le  S y s te m Y es N o N o
N e tw o rk  In fo rm a t io n  S e rv ic e  p lu s  (N 1 S + ) N o N o N o

N o v e ll  D irec to ry ' S e rv ic e  (N D S ) N o N o N o

T ab le  3 : F e a tu re s  o f  th e  E x is t in g  S o lu tio n s

H o w e v e r, th e  in te n s iv e n e s s  o f  th e  re s o lu tio n  p ro c e s s  in 
c re a s e s  tra ffic . C a c h e s  m a in ta in e d  in th e  n a m e  s e rv e rs  
w ill  b e  u s e d  to  re d u c e  th e  tra ffic .

7 Future Work
W e a re  c u r re n tly  w o r k in g  o n  s im u la tin g  th e  n e w  s y s te m . 
F o l lo w in g  th a t  w e  w ill  e x a m in e  so m e  p ro b le m s  w ith  th e  
s y s te m  s u c h  a s  m e rg in g  th e  h u g e  se ts  a s s o c ia te d  w ith  
g e o g r a p h ic a l  n a m e s  an d  th e  h a n d l in g  o f  la n g u a g e s  o th e r  
th a n  E n g lis h .

Conclusion
T h e  in c re a s in g  d e m a n d  fo r  a n  In te rn e t  is a f fe c t in g  th e  
p re s e n t  D N S  u s e d  to  m a p  h o s t  n a m e s  to  11’ a d d re s s e s . 
T h e  p o p u la r  n a m e s  a re  b e in g  e x h a u s te d  b y  n a d e m a rk  
h o ld e r s  an d  c y b e rs q u a tte r s .  D iffe re n t  m e th o d s  h a v e  
b e e n  d e v e lo p e d  to  s u p p le m e n t  th e  e x is t in g  D N S  b u t 
th e y  d o  n o t  s o lv e  th e  p ro b le m s  o f  in te lle c tu a l  p ro p erty ', 
c y b e rs q u a tt in g ,  a n d  n a m e  c o ll is io n s .  W c p ro p o s e  a  n ew  
n a m e  s e rv ic e  th a t  a d d re s s e s  s o m e  o f  th e  fa il in g s  o f  D N S  
b y  r e m a in in g  th e  u n iq u e n e s s  o f  n a m e  to  a d d re s s  m a p 
p in g s .
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