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A857RAC7 

5y5tem perf0rmance ana1y515 15 a very d1ff1cu1t pr061em. 
7rad1t10na1 t0015 re1y 0n manua1 0perat10n5 t0 ana1y2e data. 
C0n5e4uent1y, determ1n1n9 wh1ch 5y5tem re50urce5 t0 exam1ne 15 
0ften a 1en9thy pr0ce55, where many pr061em5 are e1u51ve, even 
when u51n9 data m1n1n9 t0015. We addre55 th15 pr061em 6y 
1ntr0duc1n9 the Ana1y2er f0r Data M1n1n9 Re5u1t5 (ADM1Re) 
techn14ue a5 a natura1 and f1ex161e mean5 t0 further 1nterpret data 
m1n1n9 0utc0me. 1n 0ur 5cheme, re9re5510n ana1y515 15 f1r5t 
app11ed t0 perf0rmance data t0 d15c0ver c0rre1at10n5 6etween 
parameter5. Re9re5510n ru1e5 are def1ned t0 repre5ent th15 0utput 
1n a f0rmat 5u1ta61e f0r ADM1Re. ADM1Re expre5510n5 are then 
u5ed t0 man1pu1ate the5e 5et5 0f ru1e5, revea11n9 1nf0rmat10n a60ut 
c0m61ned, c0mm0n and d1fferent feature5 0f vary1n9 
c0nf19urat10n5. 7h15 kn0w1ed9e w0u1d 6e unava11a61e 1f 
re9re5510n 0utput were c0n51dered 1n 1501at10n. ADM1Re wa5 
te5ted w1th perf0rmance data c011ected fr0m a 7PC-C 
(7ran5act10n Pr0ce551n9 Perf0rmance C0unc11) te5t 0n an 0rac1e 
data6a5e 5y5tem, under var10u5 c0nf19urat10n5, t0 dem0n5trate the 
effect1vene55 0f 0ur techn14ue. 
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1.1N7R0DUC710N 
501v1n9 5y5tem perf0rmance pr061em5 [3] [9] [13] [14] [15] 15 
6ec0m1n9 1ncrea51n91y cruc1a1 due t0 the exp1051ve 9r0wth 1n the 
5ca1e and c0mp1ex1ty 0f 1nf0rmat10n 5y5tem5. Many 
0r9an12at10n5 pr0v1de 0n11ne tran5act10n pr0ce551n9 and 0ther 
5erv1ce5, 50 900d perf0rmance 0f the1r c0mput1n9 5y5tem5 15 v1ta1 
t0 the1r ex15tence. When perf0rmance pr061em5 ar15e, many u5er5 
try t0 501ve them 6y purcha51n9 m0re advanced hardware, when a 
6etter 501ut10n w0u1d 1nv01ve revamp1n9 50me 0f the 5y5tem•5 
1091c. 

70 prec15e1y d15c0ver the cau5e 0f 5y5tem de9radat10n, 

Perm15510n t0 make d191ta1 0r hard c0p1e5 0f a11 0r part 0f th15 w0rk f0r 
per50na1 0r c1a55r00m u5e 15 9ranted w1th0ut fee pr0v1ded that c0p1e5 are 
n0t made 0r d15tr16uted f0r pr0f1t 0r c0mmerc1a1 advanta9e, and that 
c0p1e5 6ear th15 n0t1ce and the fu11 c1tat10n 0n the f1r5t pa9e. 70 c0py 
0therw15e, t0 repu6115h, t0 p05t 0n 5erver5 0r t0 red15tr16ute t0 115t5, 
re4u1re5 pr10r 5pec1f1c perm15510n and/0r a fee. 
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perf0rmance data 0n d1fferent 5u6-c0mp0nent5 0f a 5y5tem 15 
exp101ta61e. 7here are many ut111t1e5 that capture th15 data. 7he1r 
0utput 15 u5ua11y a t1me 5er1e5. Determ1n1n9 wh1ch 5y5tem 
re50urce5 t0 exam1ne 15 0ften a 1en9thy pr0ce55 0f educated 
9ue55w0rk, where many pr061em5 can run undetected. H0wever, 
few attempt5 have 6een made t0 capture the 51m11ar1t1e5 and 
d1fference5 under var10u5 5y5tem c0nf19urat10n5. 1n [9], the 
auth0r5 5h0w that 5e1f051m11ar ([4] [1 1]) 6ehav10r5 ex15t 1n h19h- 
1eve1 f11e 5y5tem event5. H0wever, 1n the paper, they 0n1y f0cu5 
0n the f11e 5y5tem and 0n1y very few attr16ute5 are exam1ned. [3] 
[15] [13] [14] [10] [17] and numer0u5 0ther paper5 a150 dea1 w1th 
perf0rmance 155ue5, 6ut are e1ther f0cu5ed 0n a 5pec1f1c 5u65y5tem 
5uch a5 1/0 0r netw0rk 0r a1med at a 5pec1f1c 50ftware 5y5tem 
5uch a5 0rac1e D8M5 0r the 5un 501ar15 0perat1n9 5y5tem. M0re 
f0cu5 15 re4u1red f0r techn14ue5 that can 6e app11ed t0 9ener1c 
5y5tem perf0rmance ana1y515. 

70 addre55 the5e pr061em5, we pr0p05e the Ana1y2er f0r Data 
M1n1n9 Re5u1t5 (ADM1Re) techn14ue, wh1ch u5e5 re5u1t5 fr0m 
data m1n1n9 ([2] [5] [7] [6] [8] [12] [16] [19]) 0perat10n5 0n 
5y5tem perf0rmance data. We ar9ue that data m1n1n9 techn14ue5 
are very u5efu1 f0r 5y5tem perf0rmance ana1y515 due t0 the 
c0mp1etene55 0f the re5u1t5. 7h15 5y5temat1c appr0ach a110w5 u5 
t0 th0r0u9h1y exam1ne the re1at10n5h1p5 am0n9 1ar9e num6er 0f 
parameter5 0f d1fferent 5u65y5tem5. We have 1mp1emented a 
5y5tem 6a5ed 0n the ADM1Re techn14ue. 0ur meth0d0109y 
c0n515t5 0fthree 5tep5: 

Ru1e Extract10n: Perf0rmance data f0r d1fferent 5y5tem 
c0nf19urat10n5 15 c011ected 6y var10u5 t0015. We app1y re9re5510n 
ana1y515 t0 5ummar12e each c0nf19urat10n•5 data 1nt0 a 5et 0f 
re9re5510n ru1e5. 7h15 ru1e 5et capture5 the 6ehav10r 0fthe 5y5tem 
1n a h19h1y c0mpact f0rm. 

Ru1e Ana1y515: We man1pu1ate the5e ru1e 5et5 6y app1y1n9 
0perat0r5 t0 revea1 51m11ar1t1e5, d1fference5, and 0ther 1nf0rmat10n 
am0n9 d1fferent 5y5tem 5tate5 repre5ented 6y the var10u5 ru1e 5et5. 

Re5u1t Rank1n9: 7he 1nf0rmat10n 15 5u65e4uent1y ranked 
acc0rd1n9 t0 certa1n 4uant1tat1ve mean5 t0 he1p the u5er f0cu5 0n 
the m0re 11ke1y cau5e5 0f the perf0rmance pr061em5. 

7he c0ntr16ut10n5 0f th15 paper are a5 f0110w5: 

1) Pr0p05e u51n9 data m1n1n9 a5 a 5y5temat1c appr0ach t0 addre55 
the h19h c0mp1ex1ty 0f 5y5tem perf0rmance ana1y515 pr061em5. 

2) Def1ne re9re5510n ru1e5 a5 a mean5 f0r 5ummar121n9 
perf0rmance data 1n a very c0mpact f0rm. 70 the 6e5t 0f 0ur 
kn0w1ed9e, th15 c0ncept ha5 n0t 6een exp10red 1n the 11terature. 1t 
0ffer5 an effect1ve way t0 ana1y2e very c0mp1ex perf0rmance 
pr061em5. 
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3) 1ntr0duce an a19e6ra1c appr0ach t0 ana1y21n9 5y5tem 
perf0rmance. 7he u5er can unc0ver cau5a1 effect 6y man1pu1at1n9 
re9re5510n ru1e5 u51n9 ru1e a19e6ra. 

A1th0u9h the u5e 0f data m1n1n9 a110w5 u5 t0 c0ver a 6r0ader 5pan 
0f 5u65y5tem5, we d0 n0t c1a1m that 0ther techn14ue5 are 1e55 
1mp0rtant; depth 0f ana1y515 15 a5 1mp0rtant a5 6readth. 7he 
6enef1t5 0f ADM1Re reach 6ey0nd 5y5tem perf0rmance 
eva1uat10n. 7h15 meth0d can a150 6e u5ed t0 5tudy many 0ther 
t0p1c5 5uch a5 market ana1y515, human 6ehav10r, etc. 

7he re5t 0f the paper 15 0r9an12ed a5 f0110w5. 1n 5ect10n 2, we 
f1r5t 91ve a m0t1vat1n9 examp1e and then f0rma11y def1ne 0ur 
re5earch pr061em. We def1ne re9re5510n ru1e5, de5cr16e the ru1e 
0perat0r5 and 1ntr0duce the rank1n9 0f re9re5510n ru1e5 1n 5ect10n 
3. 7he 1mp1ementat10n and c0mp1ex1ty ana1y515 0f the a190r1thm5 
are pre5ented 1n 5ect10n 4. 5ect10n 5 pr0v1de5 exper1menta1 
re5u1t5 0n an 0rac1e data6a5e. C0nc1ud1n9 remark5 are 91ven 1n 
5ect10n 6. 

2. P R 0 8 L E M  DEF1N1710N AND 
M 0 7 1 V A 7 1 0 N  
7he a1m 0f th15 5tudy 15 t0 pr0v1de u5efu1 1nf0rmat10n f0r tun1n9 a 
c0mputer 5y5tem. C0n51der a data6a5e 5y5tem. 1t c0n515t5 0f 
var10u5 hardware and 50ftware c0mp0nent5 (e.9. c0mmun1cat10n 
netw0rk, d15k5, CPU, mem0ry, 10ck mana9er, 109 mana9er, 6uffer 
mana9er, etc.). Under5tand1n9 dependenc1e5 6etween the5e 
c0mp0nent5 15 1mperat1ve f0r tun1n9. We m19ht 065erve a 
c0rre1at10n 6etween d15k acce55 rate5 and netw0rk u5a9e. 7h15 
kn0w1ed9e c0u1d enc0ura9e the 5y5tem adm1n15trat0r t0 re10cate 
data t0 an0ther 5erver. H0wever, further 9a1n5 m19ht 6e ach1eved 
6y c0mpar1n9 the 5et5 0f c0rre1at10n5 065erved at var10u5 5y5tem 
5tate5. 1f perf0rmance de9rade5 after add1n9 pr0ce550r5, 
c0mpar1n9 the 5u65y5tem perf0rmance c0rre1at10n5 6ef0re and 
after the up9rade may revea1 the cau5e 0f the pr061em. 7he 
ex15tence 0r a65ence 0f part1cu1ar c0rre1at10n5 may exp1a1n certa1n 
5y5tem 6ehav10r. H0wever, 5uch 1nf0rmat10n 15 hard t0 unc0ver 1f 
we c0n51der the 5y5tem 5tate5 1n 1501at10n. A5 far a5 we kn0w, n0 
re5earch ha5 6een d0ne 1n th15 d1rect10n. 

5y5tem perf0rmance data c011ected 6y many t0015 9enerate 0utput 
1n the f0rm 0f t1me 5er1e5. Parameter va1ue5 c0rre5p0nd1n9 t0 a 
mea5urement 0f 50me 5y5tem pr0perty (1.e., CPU 6u5y t1me) are 
9enera11y mea5ured 0nce at each 0f e4ua11y 5paced t1me 1nterva15. 
F0rma11y, a t1me 5er1e5 can 6e def1ned a5 f0110w5: 

A = {a1, a2 . . . . .  a,}, 1~<n, 15 a 5et 0f5y5tem parameter5. 

75 = {0651, 0652, .... 065p} 15 a t1me 5er1e5, where each 

065~ = <t, v,, v2~, .... v,1> 15 a tup1e c0rre5p0nd1n9 t0 
mea5urement5 w1th t1me5tamp t and va1ue vk~ 0f each ak. 

We f0cu5 0ur ana1y515 0n a 5et 0f 5evera1 t1me 5er1e5, 7 = {51, 52, 
.... 5m}. Each 51 c0rre5p0nd5 t0 perf0rmance data captured under 
50me part1cu1ar 5y5tem 5tate. 7he c0mm0na11t1e5 are extracted 
and d1fference5 fr0m the 0utput 0f data m1n1n9 ana1y515. 7he f1na1 
re5u1t5 are ranked 6a5ed 0n certa1n 1mp0rtance metr1c5. 

3. K N 0 W L E D 6 E  D15C0VERY F R 0 M  
MUL71PLE R E 6 R E 5 5 1 0 N  ANALY515 
R E 5 U L 7 5  
We app1y 11near re9re5510n ana1y515 ([16]) t0 1nve5t19ate the 5et 7 
0f t1me 5er1e5, 1n 0rder t0 d15c0ver re1at10n5h1p5 am0n9 d1fferent 

parameter5 w1th1n each 1nd1v1dua1 51. 1t 15 app11ed t0 each pa1r 0f 
parameter5 P1 and P2 fr0m a t1me 5er1e5. 7he ex15tence 0r 
a65ence 0f a c0rre1at10n 1n 0ne data 5er1e5 and n0t an0ther 15 
u5efu1 f0r exp1a1n1n9 certa1n 6ehav10r5. 1n 0rder t0 06ta1n 5uch 
1nf0rmat10n, we emp10y three 0perat10n5: Un10n (w), 1nter5ect10n 
(~) and 5u6tract10n (-). Un10n 15 u5ed t0 c0m61ne 5et5 0f 
c0rre1at10n5. 1nter5ect10n revea15 c0mm0n c0rre1at10n5 am0n9 
d1fferent re9re5510n ana1y5e5. 5u6tract10n can revea1 6ehav10r 
exc1u51ve t0 0ne c0nf19urat10n. Kn0w1ed9e d15c0very 0f 
51m11ar1ty and d1fference character15t1c5 am0n9 5uch re5u1t5 15 
acc0mp115hed 6y c0n5truct1n9 a19e6ra1c expre5510n5 w1th the5e 
0perat0r5. 

3.1. Re9re5510n Ru1e5 
Re9re5510n ru1e5 repre5ent the au9mented 0utput 0f re9re5510n 
ana1y515. 7he5e are nece55ary t0 fac111tate further man1pu1at10n 0f 
5et5 0f c0rre1at10n5 9enerated 6y re9re5510n ana1y515. A 
re9re5510n ru1e 15 a tup1e: 

<Pt, P2, R55>, Ph P2 E A 

Where R55 15 a 5et 0f re9re5510n 5tructure5. Each re9re5510n 
5tructure r5 ~ R55 ha5 the5e mem6er5: 

rr[x,y]: An 1nterva1 that 5pec1f1e5 a ran9e 0f c0eff1c1ent5 0f 
c0rre1at10n re 0f attr16ute5 Pt and P2, hav1n9 x<y, referred t0 
a5 the ••r-ran9e••. 

m65: A 5et 0f <m, 6> pa1r5 a550c1ated w1th an r-ran9e, 
where m 15 the 510pe 0fthe 11ne and 6 15 they-1ntercept. 

A c0eff1c1ent 0f re9re5510n 15 a numer1c p01nt va1ue. H0wever, 
we repre5ent re9re5510n ru1e5 u51n9 an 1nterva1 [x,y], hav1n9 x <y,  
f0r the c0eff1c1ent 0f re9re5510n. 7h15 1mp11e5 ex15tence 0f a 
ran9e 0f c0eff1c1ent 0f re9re5510n5 f0r a pa1r 0f attr16ute5. 
A55um1n9 that attr16ute5 P1 and P2 have a 11near re1at10n5h1p w1th 
re=0.85, 5upp05e a re9re5510n ru1e R w1th 1nterva1 [0.0,0.85] 15 
c0n5tructed. 7he 1mp11cat10n 15 va11d at 0.85, 6ecau5e the 
c0eff1c1ent 0r191na11y 5tate5 th15 fact. 7he 1mp11cat10n 15 5t111 va11d 
at a va1ue 0f r e 0f 0.6, f0r examp1e. Aff0rded 50me f1ex16111ty, 1f 
we were t0 p05e the 4uery ••115t a11 attr16ute5 pa1r5 wh1ch 5at15fy a 
c0rre1at10n 5tren9th 0f 0.6••, the an5wer w0u1d 6e ••ye5•• f0r P1 and 
P2 6ecau5e a pa1r 0f attr16ute5 wh05e va1ue5 are c0rre1ated 6y a 
re9re5510n re1at10n5h1p hav1n9 an re 5tat15t1c 0f 0.85 exceed, and 
thu5 5at15fy, the re4u1rement 0f the 4uery. 1f the 4uery had 
5pec1f1ed a va1ue 0f re 0f 0.9, then th15 attr16ute pa1r w0u1d 6e 
exc1uded 6ecau5e 1t 1ack5 the re4u1red re1at10n5h1p 5tren9th. 7hu5 
1n1t1a11y, fr0m a c0rre1at10n re1at10n5h1p 0f 5tren9th re, a 
re9re5510n ru1e 15 c0n5tructed w1th a ran9e 0f [0,re]. A 9ener1c 
c0rre1at10n 1nterva1 [x,y] can then 6e v1ewed a5 the re5u1t 0f 
p051n9 a c0njunct1ve 4uery 0n many re9re5510n ru1e5. 61ven a 
re9re5510n ru1e Rt=<P6P2,R55>, re9re5510n ru1e 
R2=<P1~P2~R55~> 15 a c0rre5p0nd1n9 ru/e 0f R1 1f 

P1 = P1• AND P2 = P2•• 

We a150 def1ne an 0rder f0r 1nterva15. F0r any tw0 1nterva15 
rr1[a,6] and rr2[c,d], rr1-< rr2 ¢~ a<c. r-ran9e5 are 5t0red 1n 
a5cend1n9 0rder 1n each R55. 1n add1t10n, a11 the r-ran9e5 1n an 
R55 have d15j01nt 1nterva15 (1.e., f0r any tw0 ran9e5 rr1[a,6] and 
rr2[c,d], e1ther 6<c 0r d<a). 7he m0n0t0n1c1ty and d15j01ntne55 
re4u1rement5 are cruc1a1 f0r 900d perf0rmance 0f the 0perat0r5. 
Add1t10na1 u5efu1 pr0pert1e5 and funct10n5 are def1ned a5 f0110w5: 
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1R551 = num6er 0f re9re5510n 5tructure5 1n the re9re5510n 
5tructure 5et R55. 

1r51 = num6er 0f <m, 6> pa1r5 1n the re9re5510n 5tructure r5. 

r5. rr 15 the rr ran9e 0f a re9re5510n 5tructure r5. 

m6p(r5,1) 15 the 1 th <m,6> pa1r 0f re9re5510n 5tructure r5 
91ven the -< re1at10n. 

51m(<m1,61>,<m2,62>) = <mfact0r,6fact0r>, 

mfaC10r= {~max( 11111~ ~ ( ~ m 1  [1~111~1r~n1x111~111m 21) 0therw15e" 

6fac•0r = { ~max( 161 [~{~1)~n~n~ ~ 111111111 ~11;~:11)0therW15e. 

7he 51m 15 a 51m11ar1ty mea5Urement 0f a pa1r 0f <m,6> pa1r5. 
51m11ar1ty 15 def1ned 1n term5 0f the a6501Ute Chan91n9 rate 0f the 
m and 6 Va1Ue5. mfaCt0r(6faCt0r)=0 1mp11e5 n0 Chan9e5; 
mfaCt0r(6faCt0r)=1 1mp11e5 max1mUm Chan9e. 1n pract1Ce, tw0 
U5er def1ned thre5h01d5 MFAC70R 7HRE5H0LD and 
8FAC70R•7HRE5H0LD are app11ed t0 deC1de the 51m11ar1ty 0f 
tw0 <m, 6> pa1r5. 

0perat0r5 6etween tw0 5et5 0f <m, 6> pa1r5 are def1ned a5 
f0110W5: 

{m65, Um652 = {< m,6 :~ < m,6 >e m65, 0 R <  m,6 >e m652} } 

"m~ r~m652 = {< ra~6 ~(< m~6 ~7H7HRE~H5)~D.}1)}}AND 4< m~6~ >em" 

3 . 2 . 0 p e r a t 1 0 n 5  0 n  R e 9 r e 5 5 1 0 n  RU1e5 
8ef0re we can def1ne 0perat0r5 f0r re9re5510n ru1e5, 0perat10n5 0n 
re9re5510n 5tructure5 are needed. 1n a re9re5510n ru1e, the r-ran9e 
repre5ent5 the 5tren9th 0f a 91ven re1at10n5h1p 6etween 5y5tem 
attr16ute5. 7here are 13 re1at10n5h1p5 f0r r-ran9e 1nterva15 [1], 
many 6e1n9 5ymmetr1c, 1n ADM1Re, tw0 funct10n5 are def1ned t0 
06ta1n the 0ver1apped and n0n-0ver1apped part5 0f a pa1r 0f 
1nterva15. 

r51.rr n r52.rr = ~,15 • r51.rr A N D  5 •  r52.rr } 

r51 . r r - r5  2.rr = ~ [ ( 5 •  r51.rr AND 5~ r5 2. r r )  }. 

1n th15 c0ntext, we def1ne 61nary 0perat0r5 f0r a pa1r 0f re9re5510n 
5tructure5 r51 and r52 a5 f0110w5 

Un10n (u): 

r5un10n1.rr = r5~.rrnr52.rr ; r5un10n1.m65 = r5vm65 ~ r52.m65 . 

r5un10n2.rr = r5rrr-r52.rr ; r5un10n2.m65 = r51.m65. 

r5un10n3.rr = r52.rr~r5t.rr; r5un10n3.m65 = r52.m65. 

1nter5ect10n (n): 

r51nt¢r.rr = r5vrr C3 r52.rr ; r51nter.m65 = r5,an65nr52.m65 

5u6tract10n (-): 

r55u61.rr = r5,.rr ~ r52.rr ; r55u61.m65 = r5~ .m65 - r52.m65. 

r55u62.rr = r51.rr - r52 .rr ; r55u62.m65 = r51.m65. 

1n the def1n1t10n 0f the 0perat0r5, the r-ran9e5 are 0perated 1n 
C0m61nat10n w1th the m and 6 c0eff1c1ent5. 7he 51m11ar1ty and 
d1fference are def1ned 1n term5 0f a11 the re9re5510n C0eff1c1ent5. 
C0n51der the 1nter5ect10n 0perat0r. 1f tw0 50urce re9re5510n 
5truCture5 have C0mm0n C0rre1at10n 5tren9th (0ver1app1n9 r- 
ran9e5), the 0ver1app1n9 r-ran9e 15 c0mm0n 0n1y 1fthe re5pect1ve 
m and 6 c0eff1c1ent5 are 51m11ar a5 f0rmer1y def1ned. 7he 
0perat10n5 0f the un10n and 5u6tract10n 0perat0r are 11kew15e 
der1ved. 

N0w 1et u5 c0n51der re9re5510n ru1e5. A1th0u9h we pre5ent 
0perat0r5 6etween tw0 5et5 0f re9re5510n ru1e5 R51 and R52, 
ADM1Re can pr0ce55 ar61trary a19e6ra1c expre5510n5 c0n515t1n9 0f 
mu1t1p1e 0perat0r5. 

50met1me5 re9re5510n ru1e 5et5 0f 51m11ar 5y5tem c0nf19urat10n5 
5h0u1d 6e c0m61ned f0r c0mpar150n t0 0ther ru1e 5et5 u51n9 the 
Un10n (u) 0perat0r. 1t encap5u1ate5 the c0m61ned 1nf0rmat10n 
c0ntent f0r 60th ru1e 5et5. F0r any tw0 c0rre5p0nd1n9 re9re5510n 
ru1e5 R 1 e R51 and P~ eR/~, a 51n91e de5t1nat10n ru1e 15 created. 

We app1y th15 0perat0r 0n each 5uch pa1r 0f re9re5510n 5tructure5 
and 1n5ert the 5u65e4uent1y 9enerated 5tructure5 1nt0 the 
de5t1nat10n ru1e 1n r-ran9e 0rder. Ru1e5 1n 0ne 5et hav1n9 n0 
c0unterpart are 1nc0rp0rated ver6at1m. 

1nter5ect10n (c~) a5 an 0perat0r 5e1ect5 the re9re5510n ru1e5 
c0mm0n t0 60th ru1e 5et5. 1t capture5 51m11ar character15t1c5. Any 
ru1e pre5ent 0n1y 1n a 51n91e 5et 15 exc1uded. F0r any tw0 
c0rre5p0nd1n9 ru1e5 a 51n91e de5t1nat10n ru1e 15 9enerated. 
1nter5ect10n 15 perf0rmed 0n each pa1r 0f re9re5510n 5tructure5 0f 
the tw0 ru1e5. Re5u1t1n9 re9re5510n 5tructure5 are a150 1n5erted 
1nt0 the tar9et ru1e 1n a5cend1n9 0rder 0f the1r r-ran9e5. Ru1e5 1n 
R51 and R52 that have n0 c0rre5p0nd1n9 ru1e5 1n the 0ther 5et are 
51mp1y d15carded. 

7he 5u6tract10n (-) 0perat0r 1n R5mR52 0utput5 a11 the re9re5510n 
ru1e5 that are f0und 0n1y 1n 5et R5t 6ut d0 n0t ex15t 1n R52. 
App11cat10n 0f the 5u6tract10n 0perat0r 0n 5et5 0f re9re5510n ru1e5 
15 m0re c0mp1ex than the 0ther 0perat10n5 de5cr16ed 50 far. 7he 
ma1n 1dea 15 t0 e11m1nate the 51m11ar1ty am0n9 c0rre1at10n5. 
A9a1n, there are tw0 51tuat10n5. F0r 0ne re9re5510n ru1e R1 e R5~, 
c0n51der 1t5 c0rre5p0nd1n9 ru1e R2 e R52, a 51n91e de5t1nat10n ru1e 
15 9enerated. Each re9re5510n 5tructure r5eR1 15 1terat1ve1y 
5u6tracted 6y re9re5510n 5tructure5 1n R2 that have r-ran9e5 
0ver1app1n9 w1th r5.rr. 7he 5u6tracted re5u1t5 are 1n5erted 1nt0 the 
de5t1nat10n ru1e. 8y  5t0r1n9 the r- ran9e5 1n a R55 1n a5cend1n9 
0rder the retr1eva1 0f 0ver1app1n9 r-ran9e5, the 1terat1ve 
0perat10n5 0n th05e ran9e5 and the 1n5ert10n 0f re5u1t1n9 
re9re5510n 5tructure5 can 6e perf0rmed 1n 11near t1me w1th re5pect 
t0 the num6er 0f re9re5510n 5tructure5. Ru1e5 1n R5~ that have n0 
c0rre5p0nd1n9 ru1e5 1n R52 are d1rect1y 1n5erted 1nt0 the re5u1t1n9 
ru1e 5et. 

Kn0w1ed9e a60ut the c0mm0na11t1e5 and d1fference5 6etween 
var10u5 data 5et5 15 extracted 6y creat1n9 expre5510n5 1n a19e6ra1c 
11ke f0rmat. Exper1menta1 re5u1t5 (5ect10n 5) dem0n5trate that the 
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ADM1Re 5cheme 15 very f1ex161e and can unc0ver 1mp0rtant 
5tat15t1c5 t0 1mpr0ve 5y5tem perf0rmance. 

3.3. Rank1n9 0f ADM1Re 0utput  
Man1pu1at10n 0f d1fferent 5et5 0f re9re5510n ru1e5 can y1e1d 
1mp0rtant 1nf0rmat10n f0r the u5er t0 under5tand 5y5tem 6ehav10r. 
H0wever, the 0utput 0f ADM1Re 15 u5ua11y very 1ar9e. 1t 15 a 
daunt1n9 ta5k f0r the u5er t0 make the r19ht jud9ment 0f wh1ch 
parameter5 t0 tune fr0m 5uch a va5t num6er 0f re5u1tant 
re9re5510n ru1e5. Hence, 1t 15 1mperat1ve t0 rank re9re5510n ru1e5 
6a5ed 0n certa1n 1mp0rtance mea5urement t0 he1p the u5er f0cu5 
0n ru1e5 that are m05t cr1t1ca1 t0 5y5tem perf0rmance. 

1n ADM1Re, a re9re5510n ru1e 15 u5ua11y a550c1ated w1th a 5et 0f 
re9re5510n 5tructure5. Each re9re5510n 5tructure ha5 a r-ran9e and 
5evera1 <m,6> pa1r5. 7he0ret1ca11y, a11 the re9re5510n c0eff1c1ent5 
5h0u1d 6e c0n51dered t0 determ1ne the 1mp0rtance 0f a re9re5510n 
ru1e. H0wever, 1n pract1ce, 1t 15 t00 t1me c0n5um1n9 t0 c0mpare 
each pa1r 0f re9re5510n 5tructure5 0f tw0 re9re5510n ru1e5. A m0re 
eff1c1ent appr0ach need5 t0 6e de519ned. 

We dec1de t0 ca1cu1ate the rank 0f a re9re5510n ru1e R 6y 
c0mpar1n9 the max1mum 1nterva1 0f r-ran9e5 am0n9 a11 1t5 
re9re5510n 5tructure5 a9a1n5t the c0unterpart5 0f 0ther re9re5510n 
ru1e5. We def1ne the max1mum 1nterva1 0f a 5et 0f  r-ran9e5 a5 
f0110w5: 

MaX(rr1[a1, 61], rr2[a2, 62] . . . . .  rrn[an, 6n]) = 

rr k 5uch that rr, ~ {rr1[a1,61]Vrrj[aj,6j](61 -a• > 6j -a j ) }  

7h15 5h0U1d n0t 6e c0nfu5ed w1th the part1a1 0rder -.< def1ned 0n 
r-ran9e5. 1n ADM1Re, the 1ar9er the 1nterVa1 that the maX1mum r- 
ran9e 0f a re9re5510n ru1e 5pan5, the m0re 1mp0rtant the part1cu1ar 
ru1e. 7h15 15 va11d f0r a11 the 0perat0r5. F1r5t, c0n51der the re5u1tant 
re9re5510n ru1e5 0f the Un10n 0perat0r. A 1ar9er re5u1tant r-ran9e 
1mp11e5 that the un10n 0f c0rre1at10n5 6etween tw0 parameter5 
c0ver5 a 6r0ader ran9e 1n term5 0f re9re5510n 5tren9th and 15 m0re 
1mp0rtant than 0ther re9re5510n ru1e5. 5ec0nd, c0n51der the 
re5u1tant re9re5510n ru1e5 0f the 1nter5ect10n 0perat0r. 7he purp05e 
0f the 1nter5ect10n 0perat0r 15 t0 d15c0ver c0mm0n 6ehav10r5 
w1th1n tw0 5y5tem 5tate5. U5er can der1ve fr0m a re9re5510n ru1e 
w1th a 1ar9er max1mum r-ran9e 1nterva1 that the tw0 50urce ru1e5 
have m0re 0ver1apP1n9 1n the1r re5pect1ve r-ran9e5 and are thu5 
m0re 51m11ar t0 each 0ther. 7heref0re, the re5u1tant re9re5510n 
ru1e5 de5erve m0re 1nve5t19at10n. 7h1rd, f0r the 5u6tract10n 
0perat0r, a 1ar9er max1mum r-ran9e 1nterva1 mean5 that 0ne 0f the 
tw0 50urce c0rre5p0nd1n9 ru1e5 ha5 a 1ar9er r-ran9e 5pan (thu5 
5tr0n9er re9re5510n 5tren9th) than the 0ther. Hence, 5y5tem 
6ehav10r 1n term5 0f the tw0 parameter5 15 m0re d1ver51f1ed and 
the re5u1tant re9re5510n ru1e5 are 0f m0re 1ntere5t t0 the u5er. 

1n ADM1Re, after a u5er 155ued expre5510n 15 ca1cu1ated, the 
0utput 5et 0f re9re5510n ru1e5 15 50rted 1n de5cend1n9 0rder 0f the 
1mp0rtance 0f the ru1e5. U5er can f0cu5 0n the m05t 1mp0rtant 
c0rre1at10n5 d15c0vered 6y the 5y5tem. 

4. 5Y57EM 1MPLEMEN7A710N 
0perat0r5 are def1ned 0n tw0 c0rre5p0nd1n9 re9re5510n ru1e5. 
7he p5eud0 c0de 0f the 0perat0r5 15 pre5ented 1n th15 5ect10n. 

5u6tract10n (R2- Re): 

1. Create a new re9re5510n ru1e R5,6; 
2. R5,6.P1 = R1.Pt; 
3. R5u6.P2 = Rt.P2; 
4. f0r {each r511n the Rt.R55} d0 
5. temp•r5= r51; 

R550={r50 [ r50 • R2.R55 AND r50.rr 0ver1ap5, 
c0nta1n5 0r 15 c0nta1ned 6y r51.rr }; 

6. 1f R550 ~ ~ then 
7. wh11e temp~ran9e.rr~4k d0 

8. f0r {eachr5k(r5k •R550)} d0 
9. temp~ran9e=temp~ran9e-r5k; 
10. 1n5ert temp•ran9e t0 R5,6.R55," 
1 1. end f0r; 
12. end wh11e; 
13. e15e 
14. 1n5ert r5~ t0 R~,6.R55; 
15. end 1f; 
16. end f0r; 

Due t0 the 50rted and d15j01nt pr0perty, f0r each r511n R1, the t1me 
c0mp1ex1ty f0r 9enerat1n9 the R550 0n1y re4u1re5 5tart1n9 fr0m the 
1a5t re9re5510n 5tructure 1n the R550 0f r51.1. 7h15 make5 the 
pr0ce551n9 t1me 11near. F1nd1n9 the 51m11ar <m,6> pa1r5, 
h0wever, re4u1re5 repeated 5cann1n9. 7he w0r5t-ca5e t1me 
c0mp1ex1ty f0r the 5u6tract10n 0perat0r 15 

F0r tw0 re9re5510n ru1e 5et5 R51 and R52, t0 ca1cu1ate R5~- R52, 1et 
1R511=n, [R521=m. We f1r5t 50rt R52 acc0rd1n9 t0 1t5 P1 and P2, 1n 
t1me 0(m 109 m). F0r each re9re5510n ru1e R1 • R51, we 5earch 
f0r a re9re5510n ru1e 1n R52 hav1n9 the 5ame P1 and P2 a5 R1. 
U51n9 61nary 5earch re5u1t5 1n 0(109 m) c0mp1ex1ty. 0vera11, the 
w0r5t ca5e t1me c0mp1ex1ty t0 5u6tract tw0 re9re5510n ru1e 5et5 15 

(rn109m+n .(109m+~R,.R55]+ [R2.R55[)+ (~,~,~R~5~.~111 • (~6~ [r 55 j 1)) 1. 
1n pract1ca1 51tuat10n5, 1R551 and [r51 are 6e10w 10, and parameter5 
m and n are d0m1nant. 7he t1me c0mp1ex1ty f0rR51 -R52 15 

0((m+n) 109 m). 7he 50rted and d15j01nt pr0pert1e5 9reat1y reduce 
the h1dden fact0r 

(2) 1nter5ect10n (R1 ,~ R2): 

1. Create a new re9re5510n ru1e R9n1; 
2. R1m.P1 = R1.P1; 
3. R1,t.P2 = R1.P2; 
4. f0r {each r511n R1.R55 } d0 
5. 6enerate the 5et 0fre9re5510n 5tructure 

R550={r50 1 r50 • R2.R55 AND r50.rr 0ver1ap5, 
c0nta1n5 0r 15 c0nta1ned 6y r51.rr }. 

6. 1f R550 ~ • then 
7. f0r {each (r5k c R550) } d0 
8. 1n5ert r51 ~r5 k 1nt0 R1nt.R88. 
9. end f0r; 
10. end 1f; 
1 1. end f0r; 
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7he w0r5t-ca5e t1me c0mp1ex1ty 0f the 1nter5ect10n 0perat0r 15 
5ame a5 the 5u6tract10n 0perat0r. 1t 15 a150 

1m109 m+n" 1109m+ ~ R, .R551+1R2.R551)+ (,.,:~. [mr55~ [1" (,.,:~-~.~55J 1); 1 ~ 
51m11ar1y, the 50rted and d15j01nt pr0pert1e5 9reat1y reduce the 
h1dden fact0r. 

(3) Un10n (R1 L1R2): m 

1. Create a new re9re5510n ru1e R,,10,; 
2. R,,90,.P1 = RvP1; 
3. R,,90,.P2 = R1.Pe; 
4. f0r {each r5~ 1n RvR55 } d0 
5. 6enerate the 5et 0fre9re5510n 5tructure 

R550 = {r50 [ r50 E R2.R55 AND r50.rr 0ver1ap5, 
c0nta1n5 0r 15 c0nta1ned 6y r5t.rr}. 

6. f0r {each (r5~ ~ R550) } d0 
7. 1n5ert r51 wr5 k 1nt0 R1nt.R55*. 

8. end f0r; 
9. end f0r; 
10. 1n5ert a11 the rema1n1n9 re9re5510n 5trUCture5 1n R2 

1nt0 R,~90,.R55. 

*When 1n5ert1n9 un10n re5u1t5 1nt0 Ru,10,. R55, the f1na1 
115t 5h0u1d meet the a5cend1n9 and d15j01nt re4u1rement. 

7he un10n 0f tw0 re9re5510n ru1e5, R1 and R2, h0wever, 1nv01ve5 
dup11cat10n reduct10n and 0rder and d15j01nt pre5ervat10n. We 
have t0 exam1ne each pa1r 0f <m, 6> pa1r5 1n 5tep 7. Empha515 
mu5t 6e put 0n c0m61n1n9 the re9re5510n 5tructure5. 51nce the 
f1na1 R55 5h0u1d have the 50rted and d15j01nt pr0perty, 5tep 10 
1nv01ve5 a 61nary 5earch 0f the 1ntermed1ate re5u1t5, wh1ch take5 
0(109 p) t1me (p 15 the 1en9th 0f the 1ntermed1ate R55). L1ke 
6ef0re, the 5cann1n9 0f <m, 6> pa1r5 15 d0m1nant. 7he w0r5t ca5e 
t1me c0mp1ex1ty f0r c0m61n1n9 tw0 ru1e5 15 

(QR, R551+1R2 R551)+(,,,~2 ~551r~,11(~:~2~551r5J]1+1R, R551~°~1R~ R5511 

70 perf0rm a un10n 0f tw0 re9re5510n ru1e 5et5, R52 and R52, 
acc0rd1n9 t0 the def1n1t10n, a11 the ru1e5 1n 60th R51 and R52 
5h0u1d 6e 1ne1uded 1n the re5u1t 5et. 1n 0ther w0rd5, we need t0 
5can 60th 0f the ru1e 5et5 t0 9enerate the f1na1 re5u1t. 7he w0r5t- 
ca5e t1me c0mp1ex1ty 15 

1m109 .... ~gm+~R~.RSS~÷~R2.RSS~+(rai ~RS~si~.(rs/E ~.RS~rsj~)+~.RSS~g~R2.RSSD+m } 
1n pract1ca1 51tuat10n5, [R551 and 1r51 are 1e55 than 10, w1th 
parameter5 m and n 6e1n9 d0m1nant. 7he t1me c0mp1ex1ty f0r 
R5 1 u R5  2 15 a150 0((m+n) 109 m). 

5. EXPER1MEN7AL 5 7 U D Y  
70 va11date 0ur appr0ach, we 1nve5t19ated an 0rac1e data6a5e 
mana9ement 5y5tem runn1n9 the 7PC-C 8enchmark and a we6 
5erver. D1fferent w0rk10ad5 are 9enerated f0r 60th ca5e5 under 
var10u5 CPU and 1/0 c0nf19urat10n5. ADM1Re wa5 u5ed t0 
ana1y2e the 5y5tem5. 

7he 7ran5act10n Pr0ce551n9 Perf0rmance C0unc11•5 7PC-C [18] 
6enchmark 5u1te wa5 run 0n an 0rac1e 81 D8M5.  7h15 
6enchmark 15 an 1ndu5try 5tandard f0r eva1uat1n9 the 0 L 7 P  (0n-  

L1ne 7ran5act10nPr0ce551n9) perf0rmance 0f a D8M5. 1t ran 0n 
a 5un Enterpr15e 450 5erver w1th 4 250Mh2 U1tra5parc 
pr0ce550r5, 2 6 8  0fRAM, and 48 6 8  0f 5t0ra9e 5tr1ped acr055 12 
d15k5. 5y5tem 10ad and capac1ty were 5y5temat1ca11y var1ed a5 
5h0wn 1n 7a61e 5.1. Hereafter, we u5e ••5y5tem 5•• t0 refer t0 the 
5y5tem c0nf19urat10n that data 5et 5 perta1ned t0. 

7a61e 5.1.5y5tem C0nf19urat10n5 and Data 5et5 

1n each c0nf19urat10n, the 5y5tem wa5 a110wed t0 reach a 5teady 
5tate. 0perat1n9 5y5tem and data6a5e perf0rmance data wa5 
c011ected at 10-5ec0nd 1nterva15 f0r a t0ta1 0f 600 5ec0nd5. 7he 
5y5tem 5ca1ed we11 0n 5cenar105 1, 2, and 3. 1n the 4 th and 5 th 
5cenar105, the 5y5tem reached an 0ver10aded c0nd1t10n, where 
u5er5 are n0t 5erved 1n the expected t1me 

We c0n51der tw0 5amp1e expre5510n5 here. 1n 5h0w1n9 re5u1t1n9 
re9re5510n ru1e5, we w111 u5e the f0110w1n9 n0tat10n : 

P1: (name 0f f1r5t attr16ute), 

,°2: (name 0f 5ec0nd attr16ute ) 

R55: {<[r2L0w, r2H19h]:<m1,61>,<m2,62> . . . .  > . . . .  }, where 
[r2L0w, r2H19h] 1nd1cate5 the r e 1nterva1 f0r th15 ru1e, and 
f0110w1n9 each 5uch 1nterva1 15 a 5et 0f a550c1ated <m,6> 
va1ue pa1r5 

7a61e 5.2. 0 u t p u t  0f expre5510n (5-4) 

pr0ce55•a110c: 
1mmed1ate••9et5 

f11e0pen: 
t0ta1 wa1t5 

7PC ~)A7A1: 
p6w 

pm0n•t1mer: 
t0ta1 wa1t5 

7PC DA7A1: 
p6r 

5m1 mem 

8m1 mem 
5m1 mem 

5m1 mem 

5m1 mem 

{ <[0.330459,0.82736]1 
<3050.08,32718200>> } 
{ <[0.302001,0.780548]: 
<205.18,33014300>> ) 
{ <[0.192184,0.773805]: 
<107.218,32428500>> } 
{ <[0.283592,0.763297]: 
<744.243,30635500>> ) 

{ <[0.231663,0.75585] 
<109.285,32234300>> } 

C0n51der expre5510n (5-4). 50me re1evant t0p-rank1n9 ru1e5 are 
5h0wn 1n 7a61e 5.2. 7he w0rd de5cr1pt10n 0f the (5-4) te5t 15 the 
••re9re5510n re1at10n5h1p5 that are pre5ent 1n a 30-u5er • 2-CPU 
run wh1ch are n0t pre5ent 1n a 30-u5er 4-CPU run••. F0r examp1e, 
the f1r5t re9re5510n ru1e 1nd1cate5 that there wa5 a 11near 
c0rre1at10n am0n9 the 1atch..free:t0ta1•t1me0ut5 data6a5e 
parameter and the 5m1•mem a110cat10n5 0perat1n9 5y5tem 
parameter. L00k1n9 at the 2-CPU ca5e (5y5tem 5), the c0eff1c1ent 
0f c0rre1at10n (re) wa5 0.824123. 51nce th15 re9re5510n ru1e wa5 
c0n5tructed d1rect1y fr0m re9re5510n ana1y515 data, the a550c1ated 
ran9e 15 [0.0,0.824123]. 1n the 4-CPU ca5e (5y5tem 4), the 
c0rre1at10n 0f the5e parameter5 wa5 0.311859, w1th a 
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c0rre5p0nd1n9 re9re5510n ru1e ran9e 0f [0.0,0.311859]. 
App11cat10n 0f the d15cu55ed 0perat0r5 y1e1d5 the ru1e w1th ran9e 
[0.311859,0.824123]; th15 fare5 we11 w1th the def1n1t10n 0f the 
c1a551ca1 5u6tract10n 0perat10n 1n wh1ch the rema1n1n9 p0rt10n 
d0e5 n0t c0nta1n any p0rt10n fr0m the 5u6tracted ar9ument. 

7he 1mp0rtant ru1e5 are re1evant t0 the 5m1•mem parameter, wh1ch 
15 an 0perat1n9 5y5tem parameter that ref1ect5 the num6er 0f 5ma11 
mem0ry a110cat10n re4ue5t5 (5ma11 re4ue5t5 are 1e55 than 256 
6yte5). 7he c0rre1at10n 6etween the 5m1•mem parameter w1th 
var10u5 data6a5e 1nterna1 parameter5 1nd1cate5 a 60tt1eneck 1n 
0perat1n9 5y5tem v1rtua1 mem0ry p001 when 5y5tem 5 wa5 
exper1enc1n9 a h19h w0rk10ad. 1t wa5 6u5y 5erv1c1n9 5ma11 
mem0ry re4ue5t5 1ncurred 6y var10u5 data6a5e re4ue5t5 5uch a5 
pr0ce55 and ta61e5pace mem0ry a110cat10n. F0r examp1e, c0n51der 
the ru1e < 7PC•DA 7A 1:p6w,5m1•mem > and 
<7PC•DA7A1:p6r,5m1•mem>. 7PC•DA7A1:p6w capture5 the 
6ehav10r 0fwr1te 0perat10n5 0n the 7PC•DA7A1 ta61e5pace 0fthe 
data6a5e, and the p6r var1ant 15 the 5ame f0r read 0perat10n5; the 
data f0r the 7PC-C ta61e5 wa5 5t0red 1n the5e ta61e5pace5. Fr0m a 
5y5tem p01nt 0f v1ew, 0ne m19ht deduce that the 5tr0n9er 
c0rre1at10n 6etween ta61e5pace 1/0 0perat10n5 and 5ma11 mem0ry 
a110cat10n5 m19ht 6e a 519n 0f the data6a5e re1y1n9 m0re 0n the 
0perat1n9 5y5tem due t0 an 0ver10ad 51tuat10n. 1n c0ntra5t, 5uch 
0ver10ad d1d n0t ex15t 1n 5y5tem 4. 7he 5y5tem wa5 5t111 a61e t0 
dea1 w1th an 1ncrea51n9 num6er 0f 5ma11 mem0ry re4ue5t5. 
0perat10n5 that w0u1d have 0therw15e 1nv01ved the 0perat1n9 
5y5tem were d0ne 1nterna11y w1th1n the D8M5; 5uch 0perat10n5 
were there6y 5h1e1ded fr0m the 0perat1n9 5y5tem and 1t5 
perf0rmance 5tat15t1c c0unter5. C0n5e4uent1y, the re5pect1ve ru1e 
appeared 1n the re5u1t 0f expre5510n (5-4). M0re 1mp0rtant1y, the5e 
ru1e5 a150 1nd1cate h0w the perf0rmance 0f 5y5tem 5 can 6e 
1mpr0ved. 06v10u51y, a na1ve appr0ach 15 t0 add 50me mem0ry t0 
the 5y5tem 

7a61e 5.3. 0u tpu t  0f expre5510n (4-1)-(2-1) 

m Wm W m  

Act1ve checkpt 
4ueue Latch: 

1mmed1ate 
m155e5 

5QL *Net 
me55a9e 

fr0m c11ent: 
t0ta1 wa1t5 

{ <[0.014638,0.706388]: 
<0.018000,45.000000>>} 

CPU1:1ntr CPU2:1ntr { <[0.212138,0.651438]: 
<0.925367,15.386000>>} 

CPU0:1d1 F11e-52 { <[0.075037,0.758398] 
:<-4.38818,1614.34>>} 

Freemem 19 mema110e { <[0.206937,0.77661]: 
<-51.0073, 8266>>} 

N0w 1et u5 c0n51der the expre5510n (4-1)-(2-1) a5 the 5ec0nd 
examp1e. 7he 0perat10n5 (2-1) and (4-1) 60th attempt t0 capture 
••re1at10n5h1p5 wh1ch rema1n when the 5y5tem 10ad 15 1ncrea5ed••. 
C0n5e4uent1y, the m0re c0mp1ex expre5510n (4-1)-(2-1) 1dent1f1e5 
••re1at10n5h1p5 wh1ch rema1n when a 5y5tem 10ad 1ncrea5e re5u1t5 
1n an 0ver10ad c0nd1t10n••. 7a61e 5.3 115t5 a few 0f t0p-rank1n9 
ru1e5 0ut 0f ar0und 3500 re5u1tant ru1e5. 

C0n51der the ru1e 1nv01v1n9 parameter5 ••freemem•• and 
••19mema110c••. 7he ••freemem•• parameter rec0rd5 the am0unt 0f 
ava11a61e u5er mem0ry 0f the 0perat1n9 5y5tem. 7he 
"•19•mema110c•• parameter rec0rd5 the num6er 0f 1ar9e mem0ry 
a110cat10n5. 7he ne9at1ve 510pe (-51.0073) 0f the c0rre1at10n 
1nd1cate5 that the am0unt 0f free u5er mem0ry decrea5ed a10n9 

w1th 1ncrea51n9 v01ume 0f 1ar9e mem0ry a110cat10n5. 7he r-ran9e 
0f th15 ru1e 15 [0.206937, 0.77661]. 7he c0rre1at10n wa5 n0t very 
5tr0n9 (ar0und 0.21) 1n 5y5tem 2 wh11e 1t wa5 519n1f1cant1y 5tr0n9 
1n 5cenar10 4 (ar0und 0.78). 7heref0re, 5y5tem perf0rmance 
de9radat10n wa5 acc0mpan1ed 6y a 519n1f1cant 1ncrea5e 1n 1ar9e 
mem0ry a110cat10n re4ue5t5. H0wever, we were n0t aware 0f 
5tr0n9 c0rre1at10n5 6etween 19•mema110c and 0ther parameter5. A 
11ke1y exp1anat10n 15 that 1ar9e mem0ry a110cat10n5 were cau5ed 
6y var10u5 5u65y5tem5, wh11e each 1nd1v1dua1 5u65y5tem d1d n0t 
have a 5tr0n9 c0rre1at10n w1th the parameter. We are 901n9 t0 
emp10y re9re5510n tree ana1y515 techn14ue5 [8] 1n the future t0 
d15c105e 5uch 1nf0rmat10n. Neverthe1e55, at th15 p01nt, we are 
aware 0f the ex15tence 0f mem0ry a110cat10n 60tt1eneck5 1n 
5cenar10 4. 

5ec0nd, we c0n51der the f1r5t ru1e 1n 7a61e 5.3. 7he ru1e 1nv01ve5 
the act1ve checkp01nt 4ueue 1atch and 0rac1e 5QL*Net. 
Acc0rd1n9 t0 [10] and [17], the 0rac1e D8M5 11nk5 ••d1rty•• 
mem0ry 610ck5 1n the check p01nt 4ueue5 t0 1mpr0ve the 
perf0rmance 0f checkp01nt 0perat10n. A checkp01nt can 6e h19h1y 
re50urce 1nten51ve. M0re num6er 0f checkp01nt5 reduce5 
rec0very t1me at the t1me 0f cra5h 51nce 1e55 red0 need t0 6e 
reapp11ed, 6ut cau5e5 ne9at1ve 1mpact 0n perf0rmance 6ecau5e 0f 
5y5tem 0verhead. 1n 0rac1e, var10u5 checkp01nt 4ueue5 are 
pr0tected 6y the ••act1ve checkp01nt 4ueue 1atch•• a9a1n5t 
c0ncurrent acce55e5. 7he 5QL*Net 15 a 5u6-c0mp0nent that 
en5ure5 d15tr16uted c11ent-c11ent and c11ent-5erver pr0ce551n9. 7he 
r-ran9e 0fthe ru1e 1nd1cate5 a 519n1f1cant 1eap 0fthe c0rre1at10n 1n 
5y5tem 4. We c0nc1ude that the checkp01nt fre4uency 0f 5y5tem 4 
wa5 t00 h19h and 1ar9e am0unt 0f c11ent re4ue5t5 fr0m netw0rk 
had t0 610ck-wa1t f0r the c0mp1et10n 0f checkp01nt 0perat10n5. 
06v10u51y, we need t0 10wer the 5y5tem checkp01nt fre4uency. 
7h15 can 6e ach1eved 6y tun1n9 the 
L06•CHECKP01N7•1N7ERVAL parameter. Deta115 a60ut the 
parameter can 6e f0und 1n [13]. 

We n0te fr0m the af0rement10ned exper1ment that the ADM1Re 
pr0ce55 15 aut0mat1c, and the 0utput 15 c0mp1ete due t0 the 
app11cat10n 0f data m1n1n9 techn14ue5. Neverthe1e55, d0ma1n 
kn0w1ed9e 15 5t111 very 1mp0rtant t0 ana1y2e the 1nf0rmat10n 
pr0v1ded 6y ADM1Re and make the r19ht tun1n9 dec1510n5. A5 
w1th m05t the data m1n1n9 t0015, the 90a1 0f ADM1Re 15 t0 
d15c0ver u5efu1 kn0w1ed9e, rather than t0 t0ta11y rep1ace human 
expert5. 

6. C 0 N C L U D 1 N 6  R E M A R K 5  
Aut0mat1c perf0rmance ana1y515 t0015 are the 0n1y h0pe t0 c0pe 
w1th the ever-1ncrea51n9 c0mp1ex1ty 0f c0mput1n9 5y5tem5. 1n 
th15 paper, we 1ntr0duced a 5y5temat1c techn14ue ca11ed ADM1Re, 
0ur appr0ach c0n515t5 0f three 5tep5. F1r5t, re9re5510n ana1y515 15 
emp10yed t0 5ummar12e the 5et5 0f perf0rmance data, c011ected 
fr0m var10u5 5y5tem 5tate5, 1nt0 a m0re mana9ea61e 512e 1n the 
f0rm 0f re9re5510n ru1e5. 7he5e 5et5 0f ru1e5 are man1pu1ated 
u51n9 ru1e a19e6ra t0 revea1 51m11ar1t1e5, d1fference5, and 0ther 
1nf0rmat10n am0n9 d1fferent 5y5tem 5tate5. F1na11y, the a19e6ra1c 
re5u1t5 are 50rted and ranked t0 he1p the u5er f0cu5 0n the m0re 
11ke1y cau5e5 0f the perf0rmance pr061em5. 7he mer1t 0f th15 
appr0ach 15 threef01d. F1r5t, data m1n1n9 (1.e., re9re5510n ana1y515) 
15 exce11ent f0r 5y5tem perf0rmance ana1y515 1n that 1t 15 
5y5temat1c, and the ana1y515 re5u1t5 are c0mp1ete. 5ec0nd, 
ADM1Re can 6e u5ed t0 exam1ne perf0rmance 0f many 50ftware 
5y5tem5. 7h1rd, ru1e a19e6ra 15 very f1ex161e and p0werfu1 and can 
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p0tent1a11y 6e extended t0 ana1y2e 0utput 0f var10u5 data m1n1n9 
techn14ue5. 

70 a55e55 the perf0rmance 0f ADM1Re, we u5ed 1t t0 1nve5t19ate 
the perf0rmance 0f an 0rac1e. 0ur exper1menta1 re5u1t5 1nd1cate 
that u5efu1 1nf0rmat10n can 6e d15c0vered 6y ADM1Re f0r 
effect1ve1y tun1n9 the 5y5tem. 

Future w0rk 0n ADM1Re 1nv01ve5 the f0110w1n9 d1rect10n5. F1r5t, 
we are extend1n9 the 5y5tem 6y emp10y1n9 m0re advanced data 
m1n1n9 techn14ue5 t0 6etter ana1y2e 5y5tem perf0rmance. 5ec0nd, 
m0re re5earch need5 t0 6e d0ne t0 adapt ADM1Re t0 9ener1c data 
m1n1n9 techn14ue5. We are part1cu1ar1y 1ntere5ted 1n app1y1n9 
ADM1Re t0 5upermarket tran5act10n data 5et5 t0 d15c0ver 
kn0w1ed9e that p01nt5 t0 6etter market1n9 5trate9y. 
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