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XML Semantic Cache Management
Based on Node-wise Access Statistics

DAEIL PARk'! and MoTomicHl Tovamat?

In this paper, we propose a novel semantic cache management method Se-
mantic caches are both semantic descriptions and results of previously cached
queries. Applying this method on a cache of XML data server, the cache hit
ratio becomes higher than that of any other conventional method. Therefore,
we get an improved query response time and high quality of reuse to cache
space. To manage the space of the cache, traditional replacement strategies
remove a complete cached query and the result data when space needs to be
freed. This coarse granularity method however does not have good performance
because new queries often have containment relationship with cached queries.

The proposed Semantic Cache accumulates semantics - user access statistics -
for elements that compose the XML data in each node. They present meta data
about semantic regions - partial tree of the XML data - in the cache. These
are used to reassemble the fragmented cache by intergrating and reorganizing
the segments used as units in the esatablishment of the cache. We expect the
proposed method to achieve better performence than any other conventional
method. We also present experimental results showing the effectiveness of our
proposal.
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/<?me version="1.0" standalone="yes"?>

<site>
<regions>
<africa>
<item id="item0">
<location>
United States
</location>
<quantity>
1
</quantity>
<name>
duteous nine eighteen
</name>
<payment>
Creditcard
</payment>
<description>

/<?me version="1.0" standalone="yes"?>

<site uid = “1">
<regions uid =2">
<africa uid = “3">

<item uid = “4” id="item0">
<location uid = “5">
United States
</location>
<quantity uid="6">
1
</quantity>
<name uid="7">
duteous nine eighteen
</name>
<payment uid="8">
Creditcard
</payment>
<description uid="9 “>

<parlist> <parlist uid=“10">
<listitem> <listitem uid="11">
</site> </site>
REARXMLT—% RTLEHOXMLT—4

01 XMLOOO
Fig.1 XML data.

ACCESSLOG

(UID int, ACOUNT int, SIZE int, PID int, CHILDCNT int, NODENAME
varchar(50), SAC double)

0O 2 ACCESSLOG 000000000
Fig.2 ACCESSLOG table schema.
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XMLDATA

(FILENAME varchar(50), DOC xml)

03 XMLDATAOOOOOOODOD
Fig.3 XMLDATA table schema.
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CACHE

(Cld int, QUERY varchar(200), SIZE int, RESULT xml, ACCESSTIME
timestamp, SAC double, ACOUNT int)

PREFIX

(PREFIXID int, PREFIX varchar(200))

PREDICATE

(CID int, PREFIXID int, PREDS varchar(200), ALLPREDS varchar(200))

04 O00O0O0DOOOOODODOOOO
Fig.4 Schema of concerned cache.
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Algorithm cachelLookUp(Uquery)

Input: a user query Uquery

output: an XML partial tree Pxml

rcomplete match

01: Pxml = executeQuery(select C.result

02: from CACHE C

03: where C.query = Uquery)
04: if (Pxml != null)

05: Return Pxml

ranswerability check
07: else if (Pxml == null)

08: <C.result, P.prefix> = executeQuery( select C.result, P.prefix

09: from CACHE C, PREFIX P, PREDICATE D

10: where P.prefix = Prefix(Uquery, k) and

11: P. prefixld = D. prefixld and

12: (D.preds in NULL or D.preds in (ConPreds(Uquery, k)))
13: D.cld = C.cld

14: reWriQuery = getQueryRewriter(Uquery, P.preifix)

15: Pxml = executeQuery(XQuery db2-fn:xmlcolumn(C.result) + reWriQuery)
16: Return Pxml

17: end if

05 O000DOOOO0OODODOOODODO
Fig.5 Cache lookup algorithm.
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i) QUERY SIZE RESULT ACOUNT

/alblc . 1

i)  QUERY SIZE RESULT ACOUNT
lalblc 2

i) QUERY SIZE RESULT ACOUNT

lalblc .- 1

Jalblclg . 1

06 O0O0OO0ODOOOOOODOO
Fig.6 Example of cache table.

Aag a

07 XMLOOODOODOOODOOOOO
Fig.7 Tree structured XML data fragment.
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uID PID CHILDCNT SAC
1 0 2 0
2 1 3 0
3 2 3 0
4 3 0 0
5 3 0 0

08 070000 ACCESSLOGOOOO
Fig.8 ACCESSLOG table about Fig. 7.
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Algorithm updateParentSAC(uid) uiD PID CHILDCNT SAC
input: an accessed node’s id uid 1 0 2 0.06
01: pid = executeQuery(select PID from ACCESSLOG where UID = uid) 2 1 3 0.11
02: if (pid I= 0)

03:  cont = executeQuery(select CHILDCNT from ACCESSLOG where UID = pid) 3 2 3 033
04: sac = 1/cnt 4 3 0 1
05: executeUpdate(update ACCESSLOG set SAC = SAC + sac where UID = pid) 5 3 0 0
06: updateParentSAC(pid)

07: end if

08: Return

QUERY SAC ACOUNT
/alblclg 1 1

0 9 ACCESSLOG OO SACOO0OODODODOD
Fig.9 Update SAC algorithm at ACCESSLOG.

011 /a/b/c/g00D0000000
Fig.11 CACHE and ACCESSLOG table state after /a/b/c/g inserted.

Algorithm updateCacheSAC(query)
input a query

uiD PID CHILDCNT SAC
01: result = executeQuery(select RESULT from CACHE 1 0 2 012
02: where QUERY = query) -
03: uid = getUid(result) 2 1 3 0.22
04: sac = executeQuery(select SAC from ACCESSLOG where UID = uid) 3 2 3 0.66
05 executeUpdate(update CACHE set SAC = sac where QUERY = query) 4 3 0 2
0 10 CACHE 0O SACOO00DO00O0 5 8 0 0
Fig. 10 Update SAC algorithm at CACHE.
QUERY SAC ACOUNT
/alblclg 2 2

00000o0ooo0oooOooo 70000000 /a/b/e/gO00DOOODOOODOOO
gO0O0OO0O0OO0O0OOXMLOOOOOOODODODOO UIDODODOOOOOOO UIbO40
O0D0000000000000 ACCESSLOGOOO0OOOOO0OOOoooOO CACHE

012 2000/a/b/c/g00000D0000
Fig.12 CACHE and ACCESSLOG table state after 2nd /a/b/c/g.

Oo0000 ACCESSLOGOUOO0O0OO0OCO 11 oooopooooooooooooooooo uID PID | CHILDCNT | SAC
ooooo 1 0 2 0.18

2 1 3 0.33
‘/a/b/c/g 0000000 DOD0O0ODOOOOONDODOOOOOOOOOOODDOOOO 3 > 3 0.99
o000 sSACOOOOoOoOoOoOooooon 4 3 0 2
0000a/b/c/g’ 0000 SACODODO S 3 0 !
(1) /a/b/c (UID = 3), A\gg =1, Aey =1/ (1414+1) * 1 = 0.33

(2) /a/b (UID = 2), Apy = 1 / (14+1+1) * 0.33 = 0.11 ‘f‘jbE/FjY 3‘2‘0 ACOZUNT
alblclg
(3) /a (UID = 1) Aoy = 1/(141)* 0.11 = 0.06 Talbloih 1 y
00o0o0o0oooo/a/b/c/g0000000O0ODOOLOOOOOUOOOO 120000 013 /a/b/c/h 000000000
000000 /a/b/c/h00000O0OUID =500000000000 SACOO Agg Fig.13 CACHE and ACCESSLOG table state after /a/b/c/h inserted.
0 /a/b/c/h Aegd /a/b/c A0 /a/bO N, 0 /a0 000000000 13000000
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uiD PID CHILDCNT SAC
1 0 2 0.34
2 1 3 0.66
3 2 3 1.99
4 3 0 2
5 3 0 1

QUERY SAC ACOUNT
/alblclg 2 2
/alblc/n 1 1
lalblc 1.99 1

014 /a/b/c00000000C
Fig.14 CACHE and ACCESSLOG table state after /a/b/c inserted.
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Algorithm Cache Replacement Algorithm

-cacheLookUp / searchDB
01: if completeMatch

02:  return(query, result)

03: else if answerability

04: return(query, result)

05: insertCache(query, result)
06: else if searchDB

07: return(query, result)

08: insertCache(query, result)
09: else return null
rinsertCache

/I n is cache table count, C is record at cache, rSize is remain cache size
11: if result.size < rSize

12:  input(query, result)

13: else for (i=0;i<n;i++)

14: // order by sac asce

15: if (result.sac > Ci.sac)

16: if (result.size < Ci.size)
17: delete Ci

18: input(query, resultXmlIData)
19: return

20: else

21: rSize = rSize + Ci.size
22: if(result.size < rSize )
23: for(G=i;j<0;j-)
24: delete Ci

25: end for

26: input(query, result)
27: return

28: end if

29: end if

015 00000000000 000O0000000
Fig.15 Cache update algorithm by delete and insert.
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Algorithm Cache Reorganization algorithm

cacheTable1 = {ar,, ar,, ar;, ... ar,} orderby sac, query desc
cacheTable2 = {br,, br,, br;, ... br_} orderby sac, query desc

01:for(i=1;i<n;i++)

02: for(j=i+1;j<m;j++)

03: if(ari is answerable from br; )

04: if( ar.sac - 0.75*br.sac/A > 0)

05: pld = executeQuery( select D.prefixld

06: from PREDICATE D

07: where D.cld = brj.cld)

08: executeQuery(delete from PREDICATE D, CACHE C

09: where D.cld = brj.cld)

10: executeQuery(delete from PREFIX P where P.prefixld = pld)
11: executeQuery(delete from CACHE C where C.cld = brj.cld)
12: end if

13: else if(brj is answerable from ari)

14: end if

15:  end for

16: end for

016 00O0DOO0OOOO0OOOOOOO
Fig. 16 Cache reorganization algorithm.
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Fig. 17 Prototype XML cache system.
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Table 1 Compared system for experiment.
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Table 2 Unique path about auction data.
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Table 3 Query type for experiment.
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Fig. 18 Execution time about various data size (Non Cache vs. Prototype System).

0018000 CompI Cont D0ODO0ODOOOOOOOODO CompdContODBOOO
gooooooooooooooooooboooooboOobOoooooboOobboooobObooo
O000000o0ooooo0o0o0o0oo0oooooo0oog CACHEODOOOOO 10
0000 XMLDATAOOOOOOOOOOOODOOOOOOO0OO0OOO0oooooooo
0000000000000 000000000000000oo0o0oo0 XMLDATA
000000300 bocOooOiUiooOoUoooOooOOo bocoooooooooog
Oo0O0000pooooO0O00 XMLOOODOOXML regions index0O0OOO0O000OO
OO0 boCOOOODODOOUODOOOODOOOODOO0ODDOOUODODOOOXSCANODODODOO

000000000 0ooOooO0 Vol.3 No.1l 64-81 (Mar. 2010)

0000000000000 00000000000000000000OCacheLookUp O
0000000 500 complete matching O answerability check DO O0CACHE OO OO
O RESULTOO0O0O00O0O0ODODODOOOcomplete matching 0000 RESULT 0000
000000000 XMLOOOOOOOOOOO answerability check 00 00O RESULT
0000000000000 00000000000000XSCANODOODOOoOoOoo
O00000000000000000 XSCANODOOOOoOooooooooo XMLOO
0000000000000 0000000000000 Non CacheDDBOOOOOOO

O0OOcomplete 000000000 CACHEOOOOO QUERYOOOODOODOOO
0000000000000 0000Ocontainment 0000000000 OODODOODO
0 CACHEOO PREFIXODOOOO PREDICATEOOOODODOODOOODOOOO
CACHEOOOOO RESULTOOOOOOOO0O0OO000O00CompO ContOOOODO
000000000 0oooO0o0ooooooooooooo

5.2.2 00000O0OO0O0OOOOOOOOOOOO

O00oo0o0oo0o0oo00ooooo0o0ooo0oo0Do0o0o0ooO0g 52100
O0000000000070MBO AUCTIONOOOOAUCT000O00O0O0OOOAUCT00
0000000 ACCESSLOGUDOO0O0O0OO0OOOO 332MBOOOOOOOOOOOOO
0000 1oMBOOOO 5MBOOOOOOOOOO 7oMBOOOOODOOOOOOO
O0000oO0o0o0oo0oO0Oos1200000000000000000000000O MB
0 ¢/site/people/person’ 000000 30 000000000000 700 MBO ¢/site’ 00
00000oO0o000o0o0oo0o0ooO0o0ooOoU0oOo0ooooUoooUoooUoo
ooooooiloMBOOOODOOOODOOOODOOODOOOOOOOOOODOOODO 300

(© 2010 Information Processing Society of Japan



77 ODoOOO0O0OO0O0O0OO0OO00O0C0OOO0 XMLOOOOOOOOOOOoooo

04 0O0O0ODOO0OOOOODODO
Table 4 Query pattern.
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Fig.19 Hit rate about various cache size.
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