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Distributed Index System for Complex Objects
with On-line Modification

KeN HicucHi,t TATSUO TsuJit and TERUHISA HOCHIN'

This paper concerns a concurrency control scheme for distributed index systems for complex
objects. In our index system, an index of references between objects is made using the multi-
index technique. The index is divided and managed on a shared-nothing parallel computer,
and our system retrieves the final result along the specified retrieval path expression. By
processing queries in parallel, good response time would be expected. In the usual systems,
exclusive-locks on both an object and the corresponding index part are required at the same
time. Therefore, the locked index part tends to be large when an object is modified and the
number of running processes in parallel would be decreased. On the contrary, our system sep-
arates the exclusive-locks on an object from that of the corresponding index part in processing
a modification query. In addition, the locked index part is reduced. Therefore, the parallelism
would not be significantly influenced. Moreover, in our system, the transaction aborting in
the concurrency control never occurs. From the retrieval and modification simulation result,
the performance of our scheme is proved to be better than the existing schemes.
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Fig.2 The set of objects of example 1 after modification.

goooooooooo
00000 Re(fos)) = 60 Re({or,08}) = {01}
JodobOooOoOo100b0o0ooobooobooooa
0000 2000000000000 o, 0000
000 os 00O os DODOOOOOODOODODOOOO
(05,07 0000 (05,0) 0000000000
{{01,04),{02,03), (04, 06), (05, 08), (06, 07) }
oogoo

3. Joooboooood

oobooooooooooooooooooooo
gooobooooooooboooooooooboobon
gooobooooooooooboooooobooobo
gooooooooooooooo

3.1 00000000000

ubooobooobooooooooocbooooo
gobooboooooooooooooooooooo
gboobooooobooooooooooobooo

orPEOOOOCOOOODOOOOODOOOOOOOO

gpopooOooooOoo0oo PEOOOOHOSTOOO
00o00ooooooopoooooo HoSToOoOo
g0ooooooooooooogo HoSToOOOO
oooooooooooooHOSTOOOOOOOO
gbobooooooooooooooooooooo
goboooooooooobooooooooboooooon
gbooooobooooooboOooooobooooo
gobooobooooooboobooobouoooobooo
o0o0oO0ooooooooooooHOSTOOOO
000000oo0o0O000000000000RIDOO
ooooooooooooo
RIDODOOO0O0000O00O0000000000O0
gooo0o0oooo0oRIDOOOOOODODOOOODOO



Vol. 43 No. SIG 12(TOD 16)

0000000000000000000RIDOODO
0000000O00000000RIDOOOOODO
000000000000 330000000000
00000000000000000000000
00000000000000000000000
0000000000 O0HOSTO 10000000
000000000HOSTO RIDOODOOOO0OO
O0DDOPEDOOOOOOOOODOODOOO
000D0D00000000000000000
000000000D00000000000000
0OPEDDOPEOOOOOODOPEDDOOO I
0000000000000
32 0000
31000000000000000000000
0000000D0D0/PO0OO0OOOPEOODOO
000000000000000000000000
00000000000000 1.050000000
ooo
1. HOSTOOODOOOO Ay 000000000
0000000000D0000PEOOOOOO
oooooooo
2. 000 PEDODOOOOOOOOOOOOOO
0000 O0ID0000000000000000
oooooooo
3. 2000000000000 ¢, 000000
00 OIDOO0 HOSTOOOOOOOOOOO
0000000000000000000000
0 OIDO0OOO0D0OO0 OIDODDODO0O0D00
000000000 PEODOODOO OIDOO
0000000000000000
4 DODPEOOOOODOOOOOOOD 203,
oooooo
5. 000000 PEDOOOOOOOHOSTOOO
0000000000000000000000
0000000000 1.0 3.000000000
00 PEDDOOOOODOOOODOOOOOOOO
000000000000000000000000
000000000000000000000000
000D00000D00000000D0D0D000000
000000000000000O0PEDDOOOOO
000D00000000000000 100000
(05,07) O (0s,07) 00000 PEOOODOOOODO
00000000000000000RP({or}) 00
0000000000 HOSTOOOODOOOO 20
000 PEODOOOOOOOOOOOOOOODOOO
00000000000000PEDOOOOOOO

oobooooooooobooOoooOboOoOoooOObOOOoOoOooooo 67

goooodoboooooooobobooooooboooo
goboooOoooooboooobooboooobooono
gbooooooooobooooooboboooon
gooooooooooooobooboooooboooo
gbooooooooooboboooobooooobooo
gooobooooooobooobooooboobooo
goboobooobooobboooooooobbooooo
gobooooooooooooboooooooood
gooooo pPEODOOOOOOOOOODOOOOO
goooooooooobooobooobooobooooon
goboobooooobooooocooooobooo
goboococooooobooooobooboooooooo
gbobooooooooooboooooooobooboo
oooogooo

oobooboobobooooooooooobocooon
goooooooooooooooooboobboooDDn

33 0000

00 1501800031 000000000 3.20
gboboooooooooooboooooooood
gooooooooooobooooooooooooo
oooooooooooolbobooooooooo
Oo0ooOooooOooHOSTOOOOOOOOOO
gooobooooooobooooboooooobooooo
go0ooHOSTOOOOODOOOOOODODOD
gboboooooooooooooooooooooo
0000 10800000 o00o0o0ooonoon
gobooooooobooooooooooooooo
OpPEOOOOOOOOOOOCOOODOOODOOOO
goooooooooooooboooooooooo
gooooooooobooboobobooboOoooooao
DETECTOROUOOODO PEOOOOOOOOODO
gooooo

oooobo pODOOOOCOODOOD IRODOOO
gbooooooOoooooobobooonoo21d
goboooooobooooobbooooooD IR
oOooopooOooooOoOooooogooooibo
gooooooOgo HOSTOOOOOOOOOoOooo
goooooooo IPnO0O0O0O0ODDOODOO
gbooooobooooooooooO IPyOOODDO
gooooooooooooo /00000000
ooooooooooo I, 00000000000
0O Cc,00ID0000000O00OOoO HOSTOO
oo0000o IPvy 00 IR, 000000000
oo0O0O0O0oD [pO00000D000DODODOIR
gooooooobo 1R 000000¢=N+10
OO0 HOSTOOODOOOOOOOOOOIRODODOO



68 gooooooooooooooo

00000 IP, 0000004=2000 HOST
000000000000000000000000
0000000000 /P, 000000000000
ooooooog
00000000000000000 PEO IR O
0000000000000 00000000 PE pe;
0O/p0 IP,00000000000000000
O0O0pe; 00000 pel0ped 0 20000000
OO0pe2 0 IP,000000Opel 0 IPs 0000
000000000000000000000000
00000 PEOOO PEOOOOOOOOODOOO
IP, 0000000 PEOOOO PESUIP)OOO
0000000000 PEO 100 IR, 00000
000000000000000000000000
000000000000000000000000
000O00O0OHOSTOOO PEOOOODOOO PE
000000000000000000000000
000000000000000
10000000000 [P 000000000
OOPES(IP)00D000O00O0OODOOOOOO
000000000000 000000000000
0000000 20000000000000000
o0ooooooDo
U10PES(UIP)0i=N+100 HOSTOO OO
0000000000 0000000000
020PES(IP)04 = N +1 00 HOSTOOO
PES(IP,) 000000000D0O0000OO
000 PES(IP)0000000DDOOOOD
oooooooog
O00OO0OPES(IP,)di=N+100 HOSTOOO
PES(IP)00000C0O0DOOOOODOOOODN
PES(IP,,) 0000000000000 PES(IP)
0000000000000 000000PESUP)
000000000 D000000o00 PESIP) OO0
000000000000100000 PES(IPiy1)
0000 HOSTOOODOOODOOOODOOOOOO
OOPES(IP,,)00 PES(IP)000DO0OOO
00000000000000000PES(IP;41)0
0000000000000 00000000000
PES(IP) 00D0000D00OOOOOOOOD
U0OOUOOPES(IP) 0D000DO0O0OOOO
00000000000 0D00000O0DO0On
0200000 PESIP)00OOOOODOOODOO
0 PES(IP)U0000D000O0O0OOOOOO
O0O0O0OPES(IP)DO000OOOOOOOOOO
00000000000 0000000000000

Dec. 2002

0000000000000 PESUP)DO00O00O
0000000000000000PESUIP,) 00
000000000PES(IR,)0000000000
0 HOSTOOOOOOOODOOOOOO0O00000
000000 HOSTOOOOOODOOOO0O0000O
000000000000000000000000
0000000000000 IR, 0000 DETEC-
TOROOOOO PEDOOODOOOOOODOO
000000D00000RIDOOOOOODDO0
0/p,000000000000000000000
O000D0/P 0000000000 DETECTOR O
D, 0000
D;000RIDOOO 3000000000000
000000000000000000000000
ooo
e PES(IP)00000D00D0DOO0O0
e PES(IP)D000000OO0DOO
e PES(IP)D0D000D0OODOO
000OHOSTOO OO PEDOO DETECTORD 00O
00000000
e HOSTOOOOOOOOOODN,;, 00000
0000000000000
e 000 PEOONOOODOOOOOOODOODO
0000000000000000000000
DETECTOROOOOOO
e 0 DETECTORO OO PEOOOOOOOOO
00000000000000
e D,00D0OPES(IP)000D0OOODO
000 PES(IP)00000000000000
000D00000000000000 PESP)
0000D00000000000D; s0i=20
000 HOSTOO PES(IP) 00000000
oooooooo
e D;0 D;;; 000 HOSTOODOOOODOOODO
000000000000 PES(IP) 0000
0000000000000
e HOSTO D, 0000000 HOSTOOOODO
000000000000
e HOSTOOOOOOOOOOODODOOOOO
0000000000000000000000
ooooooo
0000000000000000000 DETEC-
TORODDOOOODOODODOO0O0ODOOODOOOOOO
000000000000 /P 000000000
000000000000000
00000000000000000000001



Vol. 43 No. SIG 12(TOD 16)

ooooooO0oO00O00o PEODODOOODOODOOOO
ooooOooo00 [ O00000000oooon
ooooooooO0O00IR00000 PEOOO
goboobooooooboobooooboobooboooooo
gooboobooooooboooooooooooon
OODETECTOROOOOOOCOOPECOOOOO
goooooobooopPEOOOODOOOOODODOO
oorPEOOOOOOOOOOOCOOOOODOO PE
gooooooooobooooooobooooogn
ocoooOoOoO0OPEOODOO100 PEODOOOOO
coOpPEOOOODOOOOOOOOOOOOOCOO
gbooooooobooooboooocoooobooo
00000000 DETECTOROOOOOODOD
OpPEOODOOOOOOCDOOOOOOOOCOOODOOO
4200000000000

34 0J0000O0OOOOODODOOODOOOO
gobooooboooboooboooo 320000000
goooo3ilooboooooooooossnon
DETECTOROOOOOOOODOOOODOOOO
gbobooobodooooobooobooooooood
gbobooobooboooboobooobooooboooo
ooooooooo
1. 0O00O0000O00oo0ooooon
goobooooooooboo

oooooo

goooo

gooooo
gobooobooooooooooooobooooa
goooboooooooooooocboooooooo
gobooobobooooooooooboooooooooo
gooooboooooooboooboboobooon
goooooooooobooobobooooboooooon
gooooooboooooooooooooobooooo
goooobooooooooooooooobocoooon
goboooooooooooooboooooobobboo
goooooooboooooooobOooboboo
gooooboboooobOooobooOooobooooo
gooooo
1. DO00o0Ooooooooooon
2. 00OO0OO0OO
3. booUobooOooobOoooooooobooon
4. OOOOOO
ooooobOoooooooooobooooooobooo
gbooobooooooooooooooooobooobo
gooooooboooooooboooooooooon
ooo0ooooooo0oooooOooOo0oooDooo

AR ol S

oobooooooooobooOoooOboOoOoooOObOOOoOoOooooo 69

gboooooooooboooooooooobooooDo
gbooboooooooobooobobooobooooo
gboooooooooooobobooooobooooooo
gboboooboooooooooooooDo
gobobooooooooooboooooooooon
goooooooooooboooooboooDbOonoo
goobooooooooooooooobbooooo
gobooooooooooboooonoooooooo
gboboooooooobooobooooodooooa
gobooooooboooooobooooobooooooo
gobooooooooboboooobooobooooo
000 HOSTOOOOOOOOOOOOOoOoOoOoOo
gooooboooooobooooooooobooooo
gobOoooooooooooooooooboon
gbooooooooooobooooooooobooo
goobooboboooooo0oooooboooooooon
oooooooo
3.6 JO0OOoOooooooooooood
34000000000000000DOOOOO
goboodoooooooobobooooood
gboboooooooooobooocooobooOooooo
O0o0o0oooooooo HOSTOOOODOOOO
gobooboobooooboooboooooooooo
goooooOboooooobooobocobooooooon
gboooboooooobOooobooo 1o00o0o000
gooobooobooooobooooooboboooooo
gobooooooboooooobooboobooonoo
000000oo0oo0ooooooHOoSTOOOO
ooobooooooOooobo pEOOOCOOOODOOO
Oo00oooooo0oo IpO0000000D0O00O0
o0/, 00000000000000O0O0O0O0DCO
0000o0ooooooooo HOSTOOOOOOO
goooOoocooooboooooobooonoooo
goooooooobooooooooooobooooo
gooooooooooboooboooooooooo
gobooooooooobooobooooobbooo
goooobooooooooobboooboobooon
goooooooooobooobooooooboood
gooooooooooooboooobooooobooon
gbooobooooooooobooboooooboon
goooocooooboooooooo
i1obobo0obl1o000bo00coooboooon
0O pPOOO0OOOOODOODOOOCODOOOCOOOOO
00000 [p0000000000001000
OprPEOOOOOOCOOODDOOOOODOOOOS
0000 PEOpeiOpexUpes 00000 IP0IP0



70 gooooooooooooooo

03 0200000000000000
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