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AR USE IR & K & Sk st A AN

At
T ok K H IR AT R AT
ERAM ~ BROAR - HER
P REHEFEEZR

i %

LEIAABAELEERNEL  ADERFHRREBETRNAE  BRAHKYBL
MABEHEE c KX ERZESETFERILNFOOF ZIMB B A REEFEH > £
J& b i & Tree-Based # %t 54 #b & #4514 8978 B 7% — SPT ( Sequence of Performance
Trees ) o #+#F KT 71 B A M A RBMA B TF R B E5 R Aoy SPTREE > 7T
HHRGEEE BB EITIER > REGMBRANTAT D A GEEERKEY
AHGARER PR EBEROAL > BRTRERTBRAR LB LTI BEETAR
TARMAKRETEEAR ARG ~ B IL43%  WBAGHE  ELER 54 EE D b
FEERTE -

AXF SPTHREXRALESCEZRRNARSN L TRAFTHAKREZAELZ LIRS
HERZNBHHAA R E G2 REORE (patterns ) -

RASET @ EWAHIEAR - BURFZIEH - MBRA - SEAGMATE -
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Mining Enterprise System Monitoring Trees with
Sequences

 YenLin
Department of Information Management, National Central University
Chun-Chung Wei, Ming-Sung Chen, Ping-Yu Hsu
Department of Business Administration, National Central University

Abstract

For enterprises implementing enterprise systems, the systems become the main pipeline
where information flows integrated. If the pipelines get clogged, the whole enterprises can grind
to a stall. Therefore, maintaining the stability and availability of enterprise systems become one
of the most important duties of MIS department. To properly maintain the systems, not only do
system administrators need to react to problems but also need to predict the patterns of system
performance and act proactively.

The paper proposes to find the patterns with SPT, Sequences of Performance Trees. The
patterns and underlying data are represented as sequences of monitoring trees. A tree is a
collection of system performance indicators in a particular moment. Trees are organized to
sequences to keep system performance in a consecutive time intervals. Since a system
administrator may not be interested in the evolution patterns of entire trees, the paper also
proposes an interest vector to pick interested subtrees and perform association rule mining on
those subtrees. With the addition of the interest vector, the definitions of support and sequence
equivalence are all modified. A demo system is also shown in the paper.

Keywords: Data Mining, Tree-based structure, association rules, enterprise system,
Performance Pattern.
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£ %

MR HFELELHHEA KR ¥ Z % (Enterprise System » XA F 55 ES) » 4o >
¥ % B2 % % (Enterprise Resource Planning » VA T ##% ERP £ %4 ) kB o0 ¥EHhE
o AFHRELERERHNERARIA ORAXBAHETHALTY ) —LHAMAE
AN > e ROEZIRMNBL > B AGZWBEMETER - AHEEERH
LA ERAGYES S THEAREARORGEY > AERAGTEH T RES
T B AR T % BER D EyES -

UK AGUETENEZETS > ZHEREHRETHRAGNKE  TUHA RS
REGEHFTA BRIATUKEZAKEOETN  —BRABEAFTRAERATALETR
FHoORFTFwARBLEEEY R THRAZARELETH — 28 LR
T A EHEREEAMNG TR

HEZGARPMGDEAALT BREH LR RS HF - #l4e > data buffer R &
54 24 B4 CPU R % -k 2, program buffer 7 A € £ = i@ H 2 ¥ swap &% 7+
B REAHEGAREE CAMRMGER -

A B RN TREEAZERARRGOEFRE PEE RS TH > Ewk
I~ 3k~ ERAIPAEIR A a0 R Al Fedeilk o AR I AR A AR AR e 4T
HAGRARBITESRTAR > BRI BRI LB ENBHRD - SN MBRAT
NEBHRAKRERETHRAGBEMBORBRARG > EARARAGYEE  F4ELY
WHEABALRGELHEZH -

RAKBHKNCTEFR G BIRRNAEZ TR — RO ERGHT AR SRR
B A SRy b - 2B R AF M 60 £ 0 08k B F R I 0y R B nd R A 09 B4R -
AP — FRGEMEET & 0B R R SARRIT -

J£ SAP 2 #8%9 ERP A% ¥ » #— 5 A G T H % TR — Bk s sk & =[21] 0 3%
RS BRSO ERABARN  SABMRLRAREWEIEATE R S B AR £
B JRSE LA BRI LA 0 B o BlherB Bt R~ AR AEF > M FRE LB AL
B BRI G TUF 0 AR AR A0 AR R R B O A S0 AR I Htm e i AT
HEFF M o

B R AR AR M 00 A AR B AR B - K3 X4 51331 7 SPT (mining in Sequences of
Performance Trees) iR B ik o Wi B A B A B M AGHMR TR AGTE LG
SHEREMEER > BB E MR R G GEY > AT 0 BB 5 B AR S
— AR - REBEBBHHE A BERBTE > BATHEROBARFHFT S
BRI HRASER c AEXBDELERAGT  RAMFTERK L TLHARBHRLES
T EA EAGY o R XL LI T42ke) mask > R ALK T LB R SPT R4H A=
ARy oY SPT MU B A 09 3% F -

AXARBSEZFH 6y SAPR/3 = ERP %445 » 44 H SAP R/3 + ABAP
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( Advanced Business Application Programming ) (Will 1999)#= BAPIs ( Business Application
Programming Interfaces) (SAP 1999)44 75 5% » TiF A& & R WF 09 2 s &4 » A4 M SPT
BHERRE A GARIA RE A B -

AR AT ¢ R8N B TR T E A BBR % F 5 7 X eh o A e
AR EHBARARE > AR THIERINTRAE R AR RS LZAAMAR - £ =
B3t B do e R AT R4 R GOBHR TR B AR ATHRERAFER - £ w ey
18 SPT mH %k - FathAd SPTIRAZLEHAMMEFBEOERRZK » BAF X P
ERP F & 469 SAPR/3 £ 4P & A B FHEL SR - BB LEEHARIHE
o

A\ AR

Ay SPTIEE XA AL A G A4 A5 2 BT A & 2 o &AM ABHK
SR FIIRTRGRATH > RIS T KA RE T > o R BB M8 KRR
EMEAT AAH T KROAHHRIH FEE B HARM—EH -

— ~ EZiRFSIEBRE A

E—BEER L ERT ARERMNFELRE - RBEEZHBEWRGDER L flde
H—BBEETHRERE T TARZIE  BERTAIBEFABE - ERPERBBRER
REFR -8R &% F > mAAWNEWGHR SRk SHREBRBZEEEAIER

( Mining Sequential Patterns ) (Agrawal & Srikant 1995) - 7] X, 693538 7T 2% 5 185 55
(Agrawal & Srikant 1995) : Sort Phase - litemset Phase ~ Transformation Phase ~ Sequence
Phase » Maximal Phase °

AprioriAll /g k4w & 1 » 4 —18 pass F 4% 1 47 — pass 4y large sequences > | i
% &Y Apriori-gen & #t (Agrawal & Srikant 1994)H 1% 2 3F large (k-1) - sequences &4 & &%
%% & % candidate sequences> K44 3t J & 411 89 support- 4% B8 candidate sequences &4 support
% & 5 large sequences °

< 1 : AprioriAll JEE % » I8 JE(Agrawal & Srikant 1995)

1)L; = {large 1-sequences} ; // Result of litemset phase

Dfor (k=2 ; L1705 k++) do

3) begin

4) Cx = New Candidates generated from Ly,

5) foreach customer-sequence ¢ in the database do

6) Increment the count of all candidates in Cy that are contained in c.
7) Ly = Candidates in Cy with minimum support.

8) end

9 Answer = Maximal Sequences in ULy ;
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— - ZiE-RENS R ERNEERA

Chenetal.(1996)42 2] F #1 & F th E ot 1@ % 02 4B 4& (conceptlevel ) & 4m
W E M KB FTHFEME L - X ELHEBSIL B EMNERTR—ARZOBEE
#. - Srikant & Agrawal (1995)42 2] 3F % A ey I F I A AR BHWOMAER > Lprit ey
— &b ey B3R B (generalized association rule) » 4% & Jf k4 i B0 & F oy Fobh 48—
Fx AL 77 A 64 B -

B —38% PR e ITE A A (multiple-level association rule ) (Han & Fu 1999) » & F &
WM R EEAE R GA R MMM lde ERWAB - af B rE R
MOLEFE—BMABE  BANFMESE BARRE > KRNFELBRETEBMARRWER
BORBEARA > de “65% I B EMELEN  LABEI RN FIB o R (Yen & Chen
1996)%F - #r KB R & F e & 4 B oy MM B AT A graph-based J5 % > AR — %
1tFe % 1% oy B A1 R (Yen & Chen 2001) » R B #1% & 98 #E B 4£ &-(crisp-set) 353k 6 %
i » Hong et al. (2003)4% /A 41 & &(fuzzy-set) 09 & » 3230 1 2 r5 B AL BB R A -

EAER S R MR HaST XRREE 1 &8 ~ & SIER HIE A& level
1 % % W8 & o= Milk f= Bread » R 7] 5B /7 4 9% Milk % 1 » Bread % 2 ; level 2 F 847 &%
T %% Milk #= Bread ##8 » # Milk #» Bread #9# AR B LAB 255 > L F 2% Milk
& Milk 7 % — 8% % > Frd 2%e9 4355 1 - white Bread % Bread Mt &M/ F % —EH
5% 0 # A 1 &7 white ; level 3 89445 5 X B] £ o #l4w © level 3 ¥ 44 Dairyland & 2% &
MR b6 5 — B S 0 2% Milk AT B F 5% — 187 & 0 ¥ Dairyland %45 % { 111} -
Fl32 » Wonder 4 #5m& {212} > % - MERFE B WS EA BREXHEHGH > &
& BB R E k4 AP & Level-1 ~ Level-2 ~ Level-3 ¢4 % s 32 5314 4,3,
30 B4t E — & Kb Level-1 large 1-itemsets {1**}Fu {2%*} » RIBIIEKRZA R £44)
W T3] (£ 2) #MER» BERT] (X3 ARV EEMBFHBORL R #
247 & 124 Level-1 large 1-itemsets 69 B B B > LK i Level-1 large 2-itemsets {1**, 2%*} »
2(a) - VAR 89 Fik$k i Level-2 ~ Level-3 &4 FF # large itemsets > & 2 (b) (¢) »

Level-l oo Milk }d\
Level-2 ---w-mmmmeme 2% . . . chocolate white R /Whl<
Level-3 --- Dairyland - - Foremost Old Mills Wonder

1: SR ESR - 3R(Han & Fu 1999)
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& 2 EERBRAERE T3] - KIR(Yen & Chen 2001)

TID Itemset

100 {111, 121, 211, 221}

200 {111, 211, 222, 323}

300 {112, 122, 221,411}

400 {111, 121}

500 {111, 122,211, 221, 413}
600 {211, 323, 524}

700 {323, 411, 524, 713}

# 3 : BRI Ea9IE BRAFERER T[1] » 2KE(Yen & Chen 2001)

TID .- ’ Items’et
100 {111, 121, 211, 221}
200 {111, 211, 222}
300 {112, 122,221}
400 {111, 121}
500 {111, 122, 211, 221}
600 {211}
%% 11%* 111
12* 22%
gk 21% 211

(a) Level-1 association  (b) Level-2 association  (c) Level-3 association

1 1 1

2 : GERE - FIJE(Yen & Chen 2001)

B 3iiE s Apriori P B AR R P 0 B — level 3 A — 28y & F ¥ E (minimum
support) » 53 i large itemsets, Wang et al. (2003)42 i Adaptive Apriori , 7 F — level

% B & B2 T RIBERA LA -
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= - BiRSERABHERL

BAABMARRNZ ARG B EFN > EFEREHERRCARENHE > LA
A RO ARG BA A > T BRM—FRE - — T REBME WS HREL
18 [& B B 43T - Srikant & Agrawal (1996)3% th 4o {73530 B B 12 MR A 04 7 ik #F
ABEBYE > FHBERLHEIREN > B Hkz G ¥R X BRTAY>E B4
BBk S Em SRR FEERBRLE - BEERR M BEE > B EE
8 [ 3k 2] 2 4F 00 B o AF B B M i He A BB 7B 0 1B T 4 Apriori SR Bk ed R > 17
B BAARTEARE -

— MR KA FRA LR ERMLEIE A 449 T A (monitoring tool ) » F i T A&
B AS BRGEFTHEMNAATHVBEERE RMELANKELGI AN TSAALTR

FHERLM RS —FE o XEEARTRR CEA RSB T ASGKEY
BREXREEFRKIEL  EHRKLITEANAAT — S THOKRE - RN LA RHREL
XARB > EARFEEBEAARBLEZROKEMPAANZIZE > BAFRERARE
Fragmgz o E o HHRA L ERA LM RBRBEEAHMZ MMM ETARMAKT
—FTREAZKE  FEEERERNERTFEGLEARARE  EaRBEAKEESR
PRAGZSF > B RGP AREE Rk -

)
Z8

2. B )
%~ AFHEMH
— ~ BB
AHFRETSHEHRAADEAGNEERR > O BERAKBEHY LB
T BB M A A B P B 6448 0 Bl4e 12000 £ 2 A 1 B 01:00 - CPU #4948 B & & 30% -
CPU 3 load % 20 ~ swap F| 4k % Rl & 23.75mbytes ~sap 4 I £ % 12~ SQL 4538 £ % 5 >
HEAFH>RABMEIRREA > WRAETHET Wk 6 FFF c AFEAa K 45
HEEFS mAERIFE ERRE4F TR
x4 FIREHR

H#E HERE | CPU BEFIE | CPU S245 load | Swap FSRZEM] | Swap fEFEER | SQL #5383
20000201 | 01:00 30 20 23.75 12 5
20000201 | 02:00 30 20 24 12 5
20000201 | 03:00 42 30 26 14 7
20000201 | 04:00 30 10 18 12 5
20000201 | 05:00 30 14 23 12 7
20000331 | 23:00 42 20 20 30 6
20000201 | 06:00 30 14 23.5 12 2
20000201 | 07:00 30 14 20 16 5
20000331 | 23:00 42 20 20 30 6
20000331 | 00:00 30 13 22 10 8
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= BHRERER

FAHBER—BRABERZBRLME  BELEETHET BFTPELAGARNERT
BA T o309 B B1% » fldw : Swap BA &R Efeflth M2 W AR » CPU A4 -F
¥ AR EERE B 5 CPU o Swap #7 & BS #9704 » # SQL &R F A BT H &
FHAGRYE T 5T RTBEMGBE MG AR S B THSAERE— B
BAFH K o BRI A AR (rooted tree) ey FktaEME (B 3) RER - #HFIEEH
Bh 64 B8 B R ARE R T AR EE G BLRIMAST L M AT - Hlde e SAPR/3 W 0 BT At H L
PR BRI IR PR ~ B BB FEL - RBENAM  c ERSEAGEASREOR
AEMET  AOGBal g THEMERARX AL - R EE_HBpiqgq<p %
Tqhp FeosE:  Blp W ERES

1. if3q, q <p and value(q) = “BRrEEE 5" then value(p) = “BREEE”

2. if Vq, q < p value(q) != “BxEE 45 and 3q, q < p, value(q) = “E45” then value(p) = “&
Ry
=

3. if Vq, q <p value(q) = “IEH” then value(p) = “IEH”
4. if there is no q < p then value(p) is decided by users according to the measured

performance.
ES
CPU@""// » Swap@ Dafé&ﬁé"@
AN N 3
/ ’ S ,/// \\ . i
) L) o () O
CPUfEFSR  CPUSEIYload SwapRRRZZE  Swap AR SQL gk

3 : RipEEE B LI EERT

AW XFE BB A TAEMELY  EAFEF R LA FALBAELFENE
Bs 0 ABAT Y SAP R/3 3 F k£ A E N AR e AT £ RO ERAEA -
(R k| aaemin—ARE > ANEHRERSH — 188 GRS K3 AT 0B -

R BHRSBRET AGRE MR X > B o2 RE A H T R A Bl ey P
B JCBATIER - Bdn R G B HE TR TR T AR A S AR M B > R0 4w i CPU (£ 89
W% Swap 49 BEF > S RIAL4HH CPU F= Swap & W {8-F4# (subtrees) 47
3B o 42 SPT F > BIEIM o) T BT Pl — 158 ELPT 540 60 FLR) T35 A0 5 AR A AL A o
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= RSSO RE-RERE

HESBHREB BTN ERE S » Bib— Rk » B4 HBE G EH
BAT AT o de(Will 1999)F » HABHRAE B LA LA ER L EE - ROV EHS
LI -ETRASHNEHEBE 11~ RASGHBE 12 403k - WBBEFRXIEXFE
HE BN A MR BHGBEBEGFBRLE TR BREFAFME -
AX PG HBAEF BRASEFEMHERNETFREAKT > BT ERA B BIEGE
MEEFRNBEITHBIER - A FHIEFHERNME > KRXERAKXETE -

A BROTE—BERFERI] > AT HADGE AT — B A 280 Rl - B
Pl oA BEE AASA — B %5 > Lamhdy 0 BB ks -

AX PIHRA HFE P F A6 postorder B85 AR 2 AR EFTLE
Bp o — BB BB T A THEER BB HEEFLAEASERANS
#% o Postorder 445 % H k4 T

Algorithm Postorder

Input: p — ZHERS LR
Code ~ A] FI#wHS

Output: & IR

For each child of p, from left to right ,q, do
Newcode = postorder(q, newcode + 1)

End loop

p-code = newocode+1

return p.code

e RH — B AR AR B A 1, B AL AR B PT A 85 25 89 postorder T KA 4E
postorder(r,0)/F %] - 4 B8 postorder » B 3 L&y A BLARE —EXRER T > B 4 Rt
BB OB A AR B OB E b 6B 1 0B ARRE 1 EEE F o Abfadk -

20 (5 70
N ~ " //' g .“’\ i

o) o o o o

(0) (1) (3) (4) (6)

4 : {EBIRIRA RN EEE R

Bk BRAEHBETEEAL—BERAEHE  AFHE—EFHAARGHE - 7
P F e Ak A T — AR 0 RIS T A7) id Sh e BT A AR
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R A BN ERZ R LT -

TA=
I ~EAFEX—%5 BMoyinsk -
2. ~EAFIAG R BRI BHRNAFTEAR - EAXT > ARHAFIIEFEHEZ -
S —ERFIteE i EAESL ]
4.t [i] ctelj]l 2R t, t: BEH HVaa s t1 BM—>if ti[i].a!=0then ti[i]. a

= t2[j].a

5. tili] = telj] #BBZEt, t: HFAE 4[i] < te[j] B tli] 2 t[j]
6.t =t FHBF t, te AFFAR|U] = [t/ @AV tli] = t[i]

7.t1re te deFt, t: BAEFAIVI ti[i] = to[kt+i]

IEREEMERREREM

BRAGIHMEES  FEBMTFEEAE  CAKXENHE » A4 B AMRNL
EBABAE TAHABREBEOREZ T AR e BABM > ARLBEEMBERITE 4
HBEAMRAARA M i#E o B RAREEE LR e CPU M A #3512 60% A LB A&
BREEL  ZHACBET  40% ~ 60%B 24 @R EEL > AHUATHET aHA
40% A T Bl R SRS IERET > SREEH AR ERMEBMAERL AR B o Aol
SR HRB L EEMAE > B2 E A E MR @ g R M — B TR KR
YRR R MR o

TBRARIER 4 F — AR FOAAT > BAE 0BT % 30 % CPUER £
A 30% % 1/870E 20 K& CPU 34 load & 20 » 4853k - R340 H & 4 a9 sb st 3k
EHmBatE AT

CPU CPU fFH=R CPU 13 load
(&%) < 40% <15
20 ) < 60% < 40
1(48) o/w (otherwise) o/w
SWAP SWAP FfzfH SWAP fE ==
(&%) <20 <12
2052 %) <50 <18
1) o/w o/w
Database SQL gEER=R

(&) <6

20 %) <10

1) o/w
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A BB E=min(& FEIE5)
IREEE ES = min(CPU, SWAP, Database)

AR AFHEELHRTHRE R SHHRARGE o K 6 7o) B RMAEIFHRGEERAR
WEFAEF S F AT F] id -

=5 FURE RN NERE

7 id F AR

1 [3,2,2,2,2,2,3,3,2]
2 [3,2,2,2,2,2,3,3,2]
3 [2,2,2,2,2,2,2,2,2]
4 [3,3,3,3,2,2,3,3,2]
5 [3,3,3,2,2,2,2,2,2]
6 [3,3,3,2,2,2,3,3,2]
7 [3,3,3,2,2,2,3,3,2]

[2,2,2,2,1,1,2,2, 1]

[3,3,3,2,3,2,2,2,2]

HEHE  RAPHEETRRHMHY L LLEBELAGHENE L BETHEMNXZ
MBS > & THREAKR T L TH AR ME BTIEE » KR SPTEE T
SHET AR & F by £ 8T8 (subtrees ) siAE & — 1B 8 B BATIELR ©

— - BiBERE

—ERENDEAGTRERN KNS TS 2 L EME > ARFNBAINF - TH
REAFHRIEELZTM ey > Bk THRBEZAEESETHH B ARG R X B ET
#HE - RMAEBENERRTRAAET A BAABGIE G R - FABE G E[b by - -
ba] » H by REBHREHE ESAETH FHIESL 0605 R > b XEAHKIKS 1 095 S
dopb A 0 BE ES M EFRA n B -  wREEHBHRAGER I DT LA ARY -
BB EFPRATENRBMLENESL 1 TRE 0 KEESHEESHAETH  FloihFR
A BHby & CPU Fe Memory i fB TR M9 M (B SRy ) EREaga[l1
1111000]; XdnR A%E A HAe) A& CPU F» Memory iz F {8 & 85 » B S8 &
¥4[001001000]- REFEBEBEGE AHEEETREHEE~BRS EAH R EME -
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FE=H

CPU B Q - level 0
/ - N '// s \ e
K4 (g oY X ) level 1
/ - \ 7 N
/ / \ / / \ :
I ‘ LA \
! O Ot @ @) o) level 2
A% .~ PN .
NN SN,
Memory

5 : (EREREEFEE

% B &— 1B GEA 0 RAEH A
1) |Al=|B|
2) VbinB,b=0orb=1
R AE 4E nt] BBARGRB RALEE, A LA,
ﬁz;}z‘ B*A= [bo * ao..bn*an] °
B * AR &R LHCER AR IER B T

Z -~ SPT #@Ri%

SPTiE A A A L= BER2eSH - "Step 1| $1HAREHEE A LAY ERE > A
FLAR G B BRI F R0 B T RIEMFEAR Bl oY e sk 4T &0 33 B AL % 3 % (support );
WRIEAE R P e e PUAAE > Mirkdn K@@ P (A ey 28k > " Step 2 | ¥4 Apriori JE H ik %
Rt RARKOG AT T Step3 | A A L—F ey /705K 2 A RBHA] -

NRERGERENESLF o BB SPTEE Emk 6 -

Wt it H R — P AR ARA IV E T P 5 E— e B 7 A3 E 2
Al - 2 e SPT b2 @Bt B4t > KB THA 00 Bibx4E B3 EEHE

PHE VR AH LR BERHKE -
Folu e P8 H R, T, # 64 SPT 248 = |{t|tictand te T}

#< 6 : SPTHEX

Algorithm SPT
Input:

T: &tk dRegs
IV : 888 6E
Threshold * 4 il & & & 84 % 45 Z FI#{E
Minconf : 4 A # & & 6915 & P
Output:
Bl 6 AR B
// Step 1
CSS1 = {}
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For Eachte Tand |t| =1
{

}
18 AR B 04 347 A4 0 3 R 3t 3 support

LSS, = { css; | cssy in CSS; and support of ¢ss; >= Threshold }
// Step 2

i=2

Terminate = FALSE

While (Terminate = FALSE)

cssy T=t* IV //4H¥ B EARGY PG R R BE B ATIEAR

CSS;=LSS;.; join LSS;
if (CSS;== 2% 4)
Terminate = TRUE
}

LSS; = { css; | css; in CSS; and support >= Threshold }

if (LSS; == Z£4&)
Terminate = TRUE

// Step 3

For all 1ss;.; In LSS;

{
Conf=(support of Iss;.;} / (support of Iss;.,)
if (Conf >= Minconf)

JE % B IR A

BRERFERNET

Ak TOEF B VIRY 0 RGBT F 09 B G T A 45 T B R BE R Sk pb ek
R BB BRREEEH YRR & level | ¥ 84 CPU fo Swap @@ T4 (B 6 ¥ 1%
B BAESEIV[111111000] &% > BFERTRAKBKRROBMAGE[2
12323223] $t#H A HFHEB AR H R LS EQBRBAGEAR ([212323
223]*%[111111000]=[212323000]) #@E#rEEeyEF (Database F# & %
TEMBMAGHRGE ) EAHETEFLELBBEE  TIMEBRA N LGS HE—
8> B3t £3% (support) s #ilde © FHEF[212323223]9[212323122] &
BRI ETEZATRREAOELH[212323000] FRHEMEANLEFLE  TEHZIE
B3t R RS AL Rk 84 & 9 &A1 2] CSS)( Candidate Set of Sequence
1) EEL—REFFIESL BT HREGHEE  RMAS—E TR EMEREIK
BFHAR R R BEEF o BB R EZ LML 10 LSS; & CSS; 18187
BMEGF I ESPTHEA > LSS 898 RIIAEK 10 -
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E=

R 7 : ES RIFAER

ERTERERNERRA

RecordID RGN
001 [212323223]
002 [333233555]
003 [424425344]
015 [133144124]
016 [212323122]
017 [333434555]
018 [424425344]
026 [424323344]
027 [333434555]
028 [334434235]
029 [334434235]
level 0
/,CP/U' ’é‘“{“’\\ . ’Sﬁ’a/f; Q ( ‘\5.9\ T\ni—;hae;: 0 ( 7 ) level 1
,"/ O O\' ,/ O € O level 2
CRUBEFESE  CPUEfoad Swp SRZERT  Swap fizfpse SQL gEERsR
Cox._ (1) (34 (6)
6 : & 7 PRIAMEEAR T B BIHAFETE
&8 METEERF  aHERENZEE
F SRR R | EL5 24
[212323000] 213
[333233000] 120

[424425000] 60
[133144000] 40
[111424000] 40
[212325000] 6
[515424000] 9

35

[123225000]
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% 9:CSS,
A BRI EX;7:3

A[212323000] 213
| B[333233000] | 120 B
| C[424425000] ' 60 i
| D[133144000] 1 40 y
| E[111424000] 1 40 |
| F[212325000] | 6 J
i G[515424000] | 9 |
[ H[123225000] { 35
| | |

% 10 : LSS,
R BRI EZ; )8

A[212323000] 213
| B[333233000] ] 120 ]
i C[424425000] | 60 ‘
] D[133144000] | 40 ]
i E[111424000] ] 40 ]
| H[123225000] 1 35 l
L 1 Il

HB S TR0 R R E S F 5]

f Step | REFTE AWK 10 EHEAFTREBYBMEER LA IHELFE
BERGFEME  BHRIGELE T —ENEERF -2 EA T 2892857 CSSksbh
¥ 8y LSS join LSSy » 1 join 6944 % 38 1B 5 F1 /A A TAB R4 B 7Y o BP0 32
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BTN F AR ERE—ELEFEGTRAERAS AR EREE-BLENTH
7| » 3% #1 Agrawal & Srikant (1995)4% | 48 B} 64 join F ik o £ £4eF *

insert into CSSy
select p[1] p[2]..plk-1]q[k]
from LSSy p » LSSk q

where p/2] = q[1].p[k] = q[k-1]

E 1069 A&H > BT A ART —EEEF 7] B 47 join» ARtk 114§
%—F AAf ABWERFIES > e IHEELRATHET TSR BRANE
BB R EEE CSS2 A A B BTRAIMAKAFIBMENESFFIER
WA A LSSe o EERF| £ K 12 CSSs 2 LSS2join LSS24% & 4 » ¥4k 12 49 AB #= BH
B TAEE ABH W REF IR RERFIE R 13- kb Fik  BE R — AT
NERFEWESRT  BELEEABRBELSRIKXAKRESFF (Large Set of
Sequence ) » 18 Step 2 F &4k o

7 11 : CSS:
A S B RR IHE
A[212323000]
A[212323000] 40

A[212323000]
B[333233000] 20

A[212323000]
Cl[424425000] 4

A[212323000]
D[133144000] 6

B[333233000]
B[333233000] 60

B[333233000]
H[123225000] 30
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F12: LSS,
FRBAK I e RBRA
Af212323000]
Af212323000] 40

A[212323000]
B[333233000] 22

B[333233000]
B[333233000] 60

B[333233000]

H[123225000] 25
2% 13 : CSS;
ZBBABKR , X¥FHE

A[212323000]
A[212323000]
A[212323000] 40

A[212323000]
B[333233000]
B[333233000] 7

B[333233000]
B[333233000]
B[333233000] 21

A[212323000]
B[333233000]

H[123225000] 16
5= 14 : LSS
AL ARIKR XHE

A[212323000]
A[212323000]
A[212323000] 40
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B[333233000]
B[333233000]
B[333233000] 21

A[212323000]
B[333233000]
H[123225000] 16

A& A IR A

M T HR B 7T KA 4% Step 2 Fid% i 8 Large Set of Sequence I fF - LA AKX & X =Y »
X%Y%ﬂ%ﬁﬂ%AfPXﬁYﬁﬂﬁﬁﬂ%ﬁ o H B PR S e ML JE 8 (1) X+Y
FHFMABAORE > (2) AAAFHEE FEH R )ZE (minimum confidence) -

FAVAER 14 55 E R T ey LSS R BB E CSS:ATFEIKE L3 HELF
7] il A7) ABH » 5T & 4 6932815 AB = H > Ff 24 Confidence (AB = H) =
SUPPORT (ABH) / SUPPORT (AB) ¥ SUPPORT (ABH) &%t “"Tuifé%g 12 ¥ AB
W EHEREF BRMTHEFRABHEES (16/22) =723% < B EAHE
i%ﬁbﬁ&%SWW%W&MTM&ﬁ%%-?GM%Nmeaﬁ@%%%%A
BT HARREE R ABYEHE > CHEFHRA HBERGBESL 723% » L2
W& CPUA» Memory ¢ RSB LA T HEREY (WRIEA B LEERS A B):!

A[212323000]
B[333233000]
CERLTHERGBES 723%
H[123225000]

=3

EREBEAE > TAEERR ARG - BB T AR EEE R Gt @
ALEPRIE > ETARERBETFRAEXMHOET » AFRAATEH R IABGAZE - EEH
ALY AL IE Y A AR TERI L AR TR &4 £ W I -

B~ RHREHE

Rl STP IR H k4% > & T3 STP g ik ey T4714 » 4524 ERP R 448 S
SAP R/3 # % #3866 H & Bl VE B AR -

B 2% SAPR/3 65 ABAP A2 K, > #4500k k SAPR/3 £ —18 A &/ W e s st B
BH 0 Bie RSB A4 BiE AR AR SN AR R T o £RA STP I B i i53R AT
AR TRBRAETHRA > At 24— HBEEREEERELALTHRTYER » %
R P > EAAMEREN L REAHBAGE L LA ABNBE > B
BREFTEFEZNR T BEFREREL IO XESCAA ARBERERERIRKESRFT &
%A B -
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TG EZRE RB AGREBERE T REENIFA LM EEE  AHERE
y}%&i%?éﬁifi’i » HE BB AR IR PR ERTA PSR R T nE B

BT E R T -

WEREMBEFCIERE ZGF LA S BHERGRBEN (B 8) BBk ELE
TH o BAT RB RAGayBHRMAMA 4 ~ 7~ hZEHAE - RMFR 1 RE&HE 2
REFE 3RREBERETEF o9 - WERESE > RS THEBARE IIBR -

. FiE : SRR -0l x|

HOREEREM RS ERIEE:

ﬂ&ﬁ-' G-URQSIQ ﬂ

s,,,,_,m/nnng s;:; : ey
/N /\ /N
,?,f, Weilation - page la  phge_out f;::a utiliestion utilization
~Opersating Systam P 485 1B B B e e
f FiSystoms  Froospase ¢ Change from GREEN to YELLOW 1 ME Changs fom YVELLOWWREDfE  MB
Pewcent Ussd ¢ Change from GREEN 5 YELLOW[O5 %  Change from YELLOW 1o RED 0D %
¥ Paging PageIn: Chengs from GREEN to YELLOW 500 Pgh Change from YELLOW to RED[3000  Pgh
Page Out?  Change fom GREEN i YELLOWJISG00 . Pg/h Changs from YELLOW to REDJ20000 :Pe/h
% Swap_Space Freespace ! Change from GREEN to YELLOW|[TI00G00  MB  Chenge from YELLOW o RED[T120000  MB
Percent_Used ¢ Change from GREEN to YELLOW[#6 %  Chengs from YELLOW to RED [48] %
¥r CPU CPU_Utilization : Change from GREEN o YELLOW[IO %  Change fom YELLOW oRED[ID %

RO | mre | mEo |

B 7 : SRERMB THRPIEECER

m | = lﬂ#Fﬂ file_free | file veed | pagsin | paceowt | ewepfre | swspusd | cpu |l
| 1. 20010610; o) 2450 2@ 77 18903 1133720 4593096052521153] 2
1 20 . 20010610 1; 245! 26i 7138 21614! 1133717 45.9397483043541 18
13 oootosiel 20 a5l 26 1234; 25462 1133600] 459406066177873) 5%
J 4 oomoetg 3L a8l %6 33 20051 1133721 459395575680356 39
1 5 200106100 4 245! 261 152 1888/ 1133728| 45.9392237794783, 2
% 6 _200i06iol s 245j % 272 15619! 1133728' 4593922377947831 2
o7 o0010610° ' 345 26 240 1@99% 1133708 59392237?94783,,” 2
| 8l 20010610: 7% 45 % 51} 18654 1133728/ 459302237704783] 2
i 9| 20010610 8| 245] 26| 136i 1883 1133728| 45.03932377947831 2
do. 10 20010810 9 245 26 1390 17e8sl 1139728 4503022377047830 2,
i 11} 20010610° 10! 245! %6 118! 173341 1133728 45.93922277947631 2
| 12/ 20010610, 11 245! 2 134 15818! 1133728) 459392337794783 2
1oz mowsio 1z s 26 0w 54U 1133781 4503020377047831 2
i 14 20010610° 13| 245! 26! 18890 164041 11337981 45.0392237794783) 2
| 15/ 200106100 14! 245 26! 3758 20218) 11337231 45.9394621998764! 2
_j _ 160 200006100 15 24526 3897 219390 1133720) 45.9396052521153 2!
] 17. 200106100 16 245 3, 22672 29004] 1133655: 45.9427047172906! 3,
] 18 20010610 17! 245! 26! 1583 1820% 1133600} 45.94532734166981 2
4 19 20010610 18! 245 2% 14620 17517 1133603] 4594518426894308) 2
a0 aool08100 190 gd5t 26 28641 179711 1133500 4509453750257404 2
1 210 ooowoeiol  zoi o a4st 36 41 15601 . 1123502 45.9457088143068! 2
i 320 20010610° 2t 245! 61 75 19245 1133592 45.9457088143068! 2
| 23 20010610 22 M9 % 172, 17599; 1133592, 45.9457088143068 3
1 a4 200106100 23 245, 36 173 17987 1133507 45.0457088143068 2
_‘ 25 20010611 O 245; 6 701 203240 1132119 45.0150474635884 2

~m pnnenrad 4 L e an Anme AiAra 11AArAn Ir ALrRARAY dnarn

8 : R/3 RWIRRE R
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.1 333220333332
2133311333221
2333211333111

4133331133322
5333333333332
6333322333352
7 333302333332
8/333322333332
9333333333332

10:333322333332
111333322333352
13:333322333332
13 333322333332
14'333220333332
15:333111333331
16:333111333331
170333111333331
81333222333332
191333222333332

200333222333332
21 333322333332
92’ 333322333332
2% 333322333332

=] 9 HIERIERZ RI3B RAEE R

A E R TR B4 AT RIS IR 0GAEF > T 4H 38 1 B AR 04 86 BE AT ISR
14e %6 22 %48 B 4+ CPU 3318 8 B o 2518 pagmg% L EATIEIR (B 10)° 5F 4k > T2
HEEH GATMATIBARRMEE (B 10) > ZARRERAGPIBERR MEEE
AR E AR -

=]
BE LR B ER R A AT AT 8
Gperatingsystats
gyl';:l;‘g Poglog 55: :cpg P

/A SN SN

freo
epace

frea

{7
space wttfizatusn utikisstion

wilizanion page_in  puge_ouk

EL PN 3 F- W ) - —
% Pk B ]1 %

W
w R [ %

E© |

B 10 : ERIZIERIEE < EE|

B 1 #sh&REFaRN 0 AR ERELINRESRT > A XHEL6-
BB % 87%  HAEMEMREHIIEM (1%) > EAHSEFEES /Uﬂ”ﬁ’“éﬁ%@]%
Al o
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s LR
|| 600322000030

Q003222000030
T |000322000036 T |8 Bl

1 EEREMARAIZER

HB 1 RPTTIA G4 2 — AR - LR ik s =\ iF 5 24 o4 Page In 4730
5%.& % & ~ Page Out B4R 3355 4 & &f0 CPU B33t A4k 09 U €4 87%w# %
Je % vg ) B Page In LA A AR E RSB R EHIR T 0 AR E S THH Pagen
Z % & T R B Page Out 2 3% & 83 > 4o R W H 4849 AR 1 Page Out 2 3% &, 454, »
AlAE AR IR PageIn 2 % &% > Bk R FFHBAA B BRRAAETHZRER
FHEE—FHZBA DERGRAGLHMBLIZPE -

XADEZAGAEARENAREETH  FLLAKTHELALAK  RREFAY
AR AR ERREMIEBRO T RRXERGRATH T BRAGHK
ARG EEE TS RECEABAET —WHMBETRELZKRE s —HEAR
B TAR > AGEEFTHRAIBAZMBRAIN TR LREATHRE A ZE A mAHE
B FAGRARR AL ERHKImBRE -

E ~ BB RRIR T @

HEERGEMT > MANBHRETERY  BRR S AGHRBEEEHE 24
BERELFHEEALT S TG TRT DL R FALE o KRB T HIERED KW
By MIS A B2 3, £ ek se AL oy A -

AXERZESTFIERBMFOFIINBR N EA BB THEHE  FRAES
Tree-Based % & 3% i A 4489 3% B 7= — SPT (Sequences of Performance Trees ) o 4+%#}
REFPIAFER  AERBEBEAHORERTTRAEGEL L THHAKLE LR R
B PERE BATIENR 0 KRB MARAAF B A AT EER K EH me) AT TR
HBRAAE 0 FRTAERBRAA RE TP B SR RATUAR AT EL 4
RGBS A FedG EARR - DAKEHE R AR -
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W AME B EAR S 0 2133 P H support 89 F A EA— T R MBRATIHES
AEMGTFEEGMGE - FH L et Rt W AEOBRETEAN F - /F7]
FHHE b A8 iR 4 89T A 7% F Rk 118 support {E °

KARGFRTET 408 ¢

LTTSEE®E 5 RFHAME  LERS R ARBRZES IR EZFT @Y
M aRGHE -

2. MRERMEBMEHBRLERMETHT TRABRMESESR A AEREE
Bey o REEFmEENBE -

3. EIEE/E— level sy BB B 0F » # =18 frequent (k-1)-itemsets & 2 k-itemsets
candidate B, # TR BAEHL T HME R AR M L ERBMES > BT EH
SRFRE -

BEZGHRRUBEIET S ERAARE T RUBRERRE T THRTRHEAHA
FEMF > & TR VIEESH TR A E  ER TRABREHOREH
R HRTIUEMHEEFE LS EFRE B2 REREE BIEXEECELF-
B FRSEREHRFR/ENBE  ARBKMTREEZTROHE EELTE -

I BRAEF, RE R, #FH “ERZIXERFEES AR, FRERERE LS

—#7.,2001
L OREF, FRA,RE R RTERFIBRALBERNZIAR K EHH,1997

3. AR, IR, FEA ATHIEREEE S BRAEFIXEHRNZHAE, TR
& B AR 3 X, 2000

4. E#E, RE R, “ DAG FIEE FRBHBAR, F XA E P L H X, 2000

5. Agrawal, R., Imielinski, T. and Swami, A.N. “Mining association rules between sets of
items in large database,” Proceedings of the 1993 ACM SIGMOD International
Conference on Management of Data, Washington, D.C., May 26-28, 1993

6. Agrawal, R. and Srikant, R. “Fast Algorithms for Mining Association Rules,” Proceedings
of 20th International Conference on Very Large Data Bases, September 12-15, 1994,
Santiago de Chile, Chile

7. Agrawal, R. and Srikant, R. “Mining Sequential Patterns,” Proceedings of the Eleventh
International Conference on Data Engineering, March 6-10, 1995, Taipei, Taiwan

8. Chen, M.S., Han, J. and Yu, P.S. “An Effective Hash Based Algorithm for Mining
Association Rules,” Proceedings of the 1995 ACM SIGMOD International Conference on
Management of Data, San Jose, California, May 22-25, 1995

9. Chen, M.S., Han,J. and Yu, P.S. “Data Mining : An Overview from a Database



DU R ZIZ B (R R IR A e AR R 177

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Perspective,” IEEE Transactions on Knowledge and Data engineering, 8(6), pp. 866-883,
1996.

Chen, M.S., Han, J. and Yu, P.S. “Efficient Data Mining for Path Traversal Patterns,” IEEE
Transactions on Knowledge and Data Engineering, Vol. 0, No. 2, pp. 209-221, 1998

Han, J. and Fu, Y. “Discovery of Multiple-Level Association Rules from large databases,”
IEEE Transactions on knowledge and Data Engineering, 11(5), 1999

Han, J. and Kamber, M. Simon Fraser University, Data Mining Concepts and Techniques,
2001

Hong, T-P.,, Lin, K-Y. and Chien, B-C. “Mining Fuzzy Multiple-Level Association Rules
from Quantitative Data, “Applied Intelligence, Volume 18, Issue 1, 2003

Jain, R. The Art of Computer Systems Performance Analysis: techniques for experimental
design, measurement, simulation, and modeling, 1991

Larocca, D. Sams Teach Yourself SAP R/3 in 24 Hours, Indianapolis, Ind.: Sams, June
1999

Lin, X., Liu, C., Zhang, Y. and Zhou, X. “Efficiently Computing Frequent Tree-Like
Topology Patterns in a Web Environment,” Technology of Object-Oriented Languages and
Systems, 1999. TOOLS 31. Proceedings, 1999, pp:440-447

Ling, C.X., Gao, J., Zang, H., Qian, W., and Zhang, H. “Mining Generalized Query
Patterns from Web logs,” Proceeding of the Thirty-Forth Hawaii International Conference
on System Science, HICSS-34, 2001

SAP AG, R/3 library - an online library of the entire R/3 documentation, 1999

SAP AG, System R/3 Technicale Consultant Training 1 - Administration, Release 4.0A
12-3, December 1998

Srikant, R. and Agrawal, R. “Mining Generalization Association Rules,”Proceedings of
21th International Conference on Very Large Data Bases, September 11-15, 1995, Zurich,
Switzerland 1995.

Srikant, R. and Agrawal, R. “Mining Quantitative Association Rules in Large Relational
Tables,”Proceedings of the 1996 ACM SIGMOD International Conference on
Management of Data, Montreal, Quebec, Canada, June 4-6, 1996

Verykos V.S., Houstis E.N., and Rice, J.R., ”"Mining the performance of complex systems,”
Information Intelligence and Systems,1999. Proceedings. 1999 International Conference
on, 1999, pp:606 -612

Wang, K., He, Y. and Han, J. “Pushing Support Constraints into Association Rules
Mining,” IEEE Transactions on knowledge and Data Engineering, 2003,pp:642-657
Will, L. SAP R/3 System Administration : The Official SAP Guide, San Francisco : Sybex,
1999

Yen, S.J. and Chen, A.L. “An Efficient Approach to Discovery Knowledge from Large
Databases,”Proceedings of the IEEE/ACM International Conference on Parallel and



178 EHEESR $+—% F=H

Distributed Information Systems, 1996, pp:8-18
26. Yen, S.J. and Chen, A.L. “A Graph-Based Approach for Discovering Various Types of
Association Rules,”IEEE Transactions on knowledge and Data Engineering, 2001



