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Definition 1 : Metabolic pathway ( chemical network )
“A metabolic pathway P(M, Z, R) is a collection of me-
tabolites M, enzymes Z, and reactions R, where each
reaction r € R is associated with a set of enzymes Z(r)
Z, a set of substrates S(r) — M, and a set of products 7(r)
c M.” From[Koyu04].
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W] 4 : C05345+ C00118 <> C00279 + C00231 (&1 &
%+ KEGG Pathway Database[KEGG])

n
KGML 1* XMLF 2 &t 5 B 4ol 52
2o B 6% KEGG T & iV drit £ 2. [
Ao B¢ rn:ROIS30 % o it B & e & Lo
C05345 ~ C00118 ~ C00234 % (00279 % i & 3
(compound) > 12 -] FI Bl % 7= ; ec &_f% 2 ha 5 o
2211 Rl EpE% > * B354 7 5 C05345 ~ CO0118 3
£ F (substrate ) > C00234 % (00279 % A& #
(product) » F1 5 $ F B8 ¥ 3% F Ji& (reversible )
I R R A T o

? International Union of Biochemistry and Molecular Biology
(lUBMB) 1965 = F'AH AR o STk - 3% - I') Example 1
£ E g ?,f‘ﬁ,“}éf{ﬂ%ﬂé%i I e

beta-D-Fructose  6-phosphate + (2R)-2-Hydroxy-3-
(phosphonooxy)-propanal <> D-Erythrose 4-phosphate + D-
Xylulose 5-phosphate - J[|I'] C05345 + C00118 <> C00279 +
C00231 % -

<entry id="10" name="ec:2.2.1.1" type="enzyme" reaction="rn:RO1830"
link="http:/ /www.genome.ad.jp/dbget-bin/www_bget?enzyme+2.2.1.1">
zgraphics name="2.2.1.1" fgcolor="#000000" bgcolor="# FFFFFF" type="rectangle"
4="408" y="381" width="45" height="17" />
</entry>

<reaction name="rm:RO1830" type="reversible":
<substrate name="cpd:C05345" />
<substrate name="cpd:C00118" />
zproduct name="cpd:C00279" />
<product name="cpd:G00231" />
< /reactions

B 5 KGML # # © i~ & £ g ;% |
“C05345+C00118 <> C00279+C00231” ( & & p
KEGG z. XML # # [KEGG])

CO0a345
C

coo231
r RO1530 )

" ')
CO018 Co0279

B 6 : F 5 “C05345 + CO0118 <> C00279 +
C0023172 §2}
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A - B2 AFRIE PWM, Z R) P BT
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SRR LES S AR ER N T T
vieV s 3% - B edge > JF'KT'% B FAoT R L (v,
v))ek if and only if 3 r,, r, €R, such that z;e Z(r)), z;e
Z(ry), and T(r;)) N S(ry) = D.” »
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DEFINITION 2 : Metabolic pathway ( enzyme net-
work)

“Given metabolic pathway P(M, Z, R), the associ-
ated directed graph G(V, E) of P is constructed as fol-
lows: for any enzyme z;€Z, there is a node v;e V. There
is an edge from v; to v;, i.e. (v, v;)€E if and only if 3 r,,
7, €R, such that z;e Z(r,), z;e Z(r,), and T(r;) N S(r;) #
&.” From [Koyu04].
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<relation entryl="25" entry2="42" type="ECrel">
<subtype name="compound" value="48" />

</relation>

B 7:KGML#%ut Mt 8a 258 , (&85 KEGG
Z_ document [KEGG])

co0198 25
O 31.1.17
con2s7
\ g O
11993
a2
@)
CO0E29

W 8:KGML 4zt M 7 M- # 8 %% ) % Rz B
A5, 5 # ¢ 2542~ 48 &_id identifier

00198 25

e 3.1.1.17
C00257
4850

O
C00629

O
C0C629

(a) (b)
B 9: () it & J&54“C00198 — C00257 @+ » 2 ¥
4v ~ enzyme(ec:3.1.1.17) § .14 & o (b).4s i F & 3°
“C00257 — C00629” 2. B =+ = H ¢ 4c¢ »x
enzyme(ec:1.1.99.3)§ it #| o
|

fv 8 B¢ % % (relation ) # it it £ F g &
(reaction) *® 1* & 4 (compound) % fi# % (enzyme) h
B koo Bol kI o B 9—(a) “C00198>C002577 4+ &
P beorhpEE (ec317) 0 ¥ - F s B
9—(b) “C00257>C00629” p* F Ji& 3% 4 » e % 2
(ec:1.1.99.3) - i35 7 KGML # it i 5 B %
o0 T e g T 2R (ec3.1.1.17 ) it %
(ec:1.1.99.3) % i+ & # (compound) ( cpd:C00257)
SRR 0 Ao 8 TR gL b S RE AN

B2MMBMETHERS AFRE
( Pathway in Relatlonal Database )

IR SN U U o e | (conceptual model-
ing) RaEHE A v RS T Y Bk B R
(relational schema) ° #- XML < i 73 f2c B 55 58 7oK
oo s BAE o T- 1@;?7}4%\ IR S
attribute § TM I H L o

(a) - BAZRS- BHBMEFTHL > 275 L 4p
Foafiina g idh k- BT o

(b) # - % XML B8+ - B MG (relational at—
tribute) o A B PR A P o R d R E B

418 (key) k F # A (identifier) » % i XML <

Aiﬁlmpﬁﬁuﬁ%ﬁéﬁg°“ﬂM4XML

R MBS TR A RS Ry
& o
(c) #FBAE2F A% &H (merge) - BFH

% i d » KGML eéx71 =
(redundant ) HF AL > b H,r graphics i& B ~ %
Graphics element &_3& 4% it & # (compound) & fif %
(mwmﬂﬁi“@ﬁ%hﬁﬁﬁgmlﬁiﬁ&ﬁﬂ’
W3 EH{ A T2 ER AU A PR ';‘ET%“ B
Apni LR '—T’Px-}i%\ YR BB — I F B U
A AR T XML 2 2 (&4 p
KEGG) 5 & » 340 g = 54 i or 3 & cnff o 5% 3 &
2 T4t 0 KEGG 2 ¢ & ik B 454l 3 » 24 ppe )
EEAE FAFEERPBE AP ES 3 kiR
Pl

le'}l]fj :

A XML A B HA # iF XML < & B 5
M d o REP SRR S22 T XML 2 i 4e
B 10 171 o

52 B AT R

- <pathway name="path:map00030" org="map" number="00030" title="Pentose phosphate pathway"
image="http://vww.genome.jp/kegy/pathway/map/map00030.gif"
link="http:/ / www.genome.jp/dbget-bin/show_pathway?map00030">
- <entry id="1" name="ec:2,7.1.15" type="enzyme’ reaction="rm:R02750"
link="http:/ /www.genome.jp/ dbget-bin/www_bget?enzyme+2.7.1.15"
<graphics name="2.7.1.15" fgcalor="#000000" bgcolor="#FFFFFF" type="rectangle” »="180"
y="501" width="45" height="17" />
</fentry
- <entry id="3" name="ec:4.1.2.4" type="enzyme' reaction="rm:R0O1066"
link="http:/ fwww.genome.jp/ dbget-bin/www_bget?enzyme+4.1.2.4'>
<graphics name="4.1.2.4" fgcolor="#000000" bgcolar="#FFFFFF' type="rectangle' x="262"
y="574" width="45" height="17" />
</entry>
- centry id="70" name="cpd:C00673" type="compound" fink="http:/ /www.genome.jp/dbget-
hin/vww_bget?compound +C00673">
<graghics name="C00673" facalor="#000000" bgcalor="#FFFRFF" type="circle" 1="262" y="613"
width="8" height="8" />
</fentry=
- «relation entry1="1" entry2="3" type="ECrel"
<subtype name="compound' value='70" />
</ralations
- ereaction name="rm:RO2750" type="reversible"
<substrate name="cpd:C01801" />
<product name="cpd:C0DG73" /»

<fraactions
</pathway>
B 10 : KEGG 7 XML ~ # (& 4kp Pentose phos-

phate pathway[KEGG])

# KGML T st o 0 poe il € & Bitgh 5 i
T3S % & 4o @] 11 A7or ,j}u‘f MBS R 3tk -

Pathway (name, title)

Enzyme (pathway, id, name, reaction)

Compound (pathway, id, name)

Reaction (pathway, reaction name, substrate, product, type,
enzyme name)

Relation (pathway, entry1, entry2, compound name)

W 11 : KEGG & XML ~ # eRf 555 7% % & (Relational
schema for KEGG XML document)

Reaction (pathway, reaction name, substrate, product,
type, Enzyme name)




% 1: “ FF 38 T4 ik A (A sample of “Reac-
tion” table)

reaction enzyme
pathway “name substrate | product type name
pathmap0030 | mRO2750 | cpd:CO1801 | cpa:CODBTI | reversitle | ec271.18

B 10 enit & & Jig 3¢ = % (reaction element) i 75 7 A2 4
£ 1 #9F7 o % ,Lﬁ;}%—\ﬂ,ﬁfﬁ'fﬁﬁ;}wf@‘_ﬁ
L R O R R RN
FF U H o B arif gt it B N e N R R AL R
£ 45 %% TR 4 (Enzyme table)" NI S
FEAEA R R R D L H AR T
PR B K s LN N "'T'l“;\‘lfa" XML parser
PR O(FTR L 2 AR Bt EE Y
:g_»t #| ¢ f (enzyme name) &4 4v » Fiz i FF
B FHAS o
[ R/ A
F})‘%}\’“%m'vq [

?ﬂ%ﬂ%Q%Toiﬁloﬂﬂﬁ

Tohlded 2977 o

Relation (pathway, entry1, entry2, compound name)

20 i %Y T 4 etk & (A sample of “Rela-
tion” table)

*ofe b A iE
7 %v‘f;“ °
%#mﬂ»ﬂW§ifﬁﬁW%ﬁ@%§ﬁy

41) 5 & § & Reni &5 A & 1g seen
Co R E 427 o AP N SE
NAIRILFT B o AN DF G
Tﬁ-% (inverted—list table)e:z 51 = ;2 » & B
¥ o F o endy B 4 39 0 pathway o

FEREY CRF O ORERY FTV—fA

e ey I‘+
m%%*
)

W o =
e
a8 N

au

L

o

TE W &=
< i

e
R
2
bl

41 2333 &

BAPOTRETEET AP Y A kLT
R T R e M S N
"R B RS 4P AAE (query
type 1to4) 2% QBE § 6|87 » 4ok 3977 o

% 3 4347 & (Query type 1 to 4)
Query type 1t3 R A& 75 reaction) 8 §-#155 relation)
QT $ A8 -
compoundenzyme] O @ ] )
QT2 #A-RRS,
(0 #4)

pathway entryl entry2 cm:::::;nd
path:map00030 ec:2.7.1.18 ec:4.1.2.4 cpd:C00673
path:map00030 ec:4.1.2.4 ec:2.7.1.18 cpd:C00673

& 2 ¢ sentryl > entry2 ™4 % it & # (compound)
r]e_lpq,:,crﬂp‘}'b"fXML l—mm“r)aZPE»OE\wF“‘
KEGG ~ 54 XML parser F# &2 (%3 B 12 % 3t
EHER ) PF o RV ERM GBS G (relation element) ¢
etryl ~ entry2 1/ {4 0 & (attribute value) (i.e., id
value ) i # = # f£ 0 & (name value) > & F
(compound) id % # = i* & # (compound) % L o ¥
b R T F BB (RN B A 0 entryl ¥ entry2 2 B e
BG T ED p o dod ec2.7.1.18 & ecd 124 &
ec:i4.1.2.4 ¥ ec:2.7.1.18 #7235 2_ B+ » ’K{i—izfﬁ e
- BICER AN o A0 XML parserfbﬁ)» JEANES
- CER GRS Aok 20 F R '?{—':— QBE
38 0 BRI S query set PF oo — B iY F R R
WA FE Y BATIE S PN e (pair) 0 A 9 AT
Mo ERBIEERGSA R TR E- &

entry 3RG> o A ik 35 3] i (type)iE B B i
PERT A A BEALA o d A (type) B E &
%% 22 4 £ 4 (compound) » #TiEGF PR R AR R o
BErL A | BTG B fE R FF 4 (Enzyme table)£? i & 4+
7k % (compound table) ° H & %] f0Rf 850 A & 4o

T

Enzyme (pathway, id, name, reaction)
Compound (pathway, id, name)

4 § &) 58 % 33 (QUERY BY EXAMPLE)

AP hhE SN RS A B
Foo%S - A0 R EL(metabolic pathway) %
kR EAPDEA[FT o S:E'f;é_% bl A

I

QT3 complex query

HA-2EERAL ey ) [] [
WA B EHET O ~ o ~ O [ SERS ]
acycle) o
0 1
Q.
o O [] L
QT4 complex query
[steps unknawn + f (d) T
2K sepsr) O-Kz0-2 50 | HEL-R-0

4.1.1 % 34 B % (Query Icons)

B s Wmé@£p$7@”ﬂ’¢
B~ HEMZ TR R H 2R
-

(@ FE : 47 S (ded 3-) > Ao e gak
MR F Foo B4 iv R3S T (metabolic pathway)?
2 _% 77 v & $ (compound) °

(b) %)t &7 pEH (4o 3-(b))

) #HE  Amd P22 Bl ik (4rk 3-(c))
CEF RS > Adpa it (FIB) ¥ A2 F
o HEPL R LN A ABRRL TS KEL
g At oo

(d) L3788 @ & m A o 22 el % (404 3-
(d) o d @ —*‘ﬁ;f])\Ff@'}')}E?ﬁ?:'igt Ko s
AT EF EhFHIEK L) HHFBEAFEER
g B e E st e

(€ B 47d 52 Bl d (4o 3) - &
frdpp? > 5- BERSEIDEL SIS - B
FRFA2ZZF v #a it (487)) @iz -

(D A7 E & (4cdk 3-(D) &7 22 Fep
Mihod &% HHn b B Ko 2k
AT LR EhHIEK 2P > HEFLFT T DS
439 0 2 endp B cRE R3S o




4.1.2 &£ * 3333 & (Basic Query Type)
i.  Query Type 1 (#§ # QTI) :jig?l/\_é‘i—fhé:;ﬁ

(compound) (& %% )
QT1 - J‘;Fﬁg EF S ol maAL

&4 (&pEk) 75 VLt pathway § ¢ ©
ii. QueryTypeZ( §#QT2) : ﬁisal"— FoEss (&
l“‘)

QTZ“”EFEJE—'“gﬁf%\( M50 )
#a- F 58P it & $ (compound) % it & 4
(compound) =B % o 2B RN P X 21 ’? 2

413453 %393 & (Complex Query
Type)

iii. Query Type 3 (A QT3) :A4Ff 4393 &
QT3 - @8 fsenrF B (A r/‘f;\) % 7T
FAE o BP AT e ocyclee S AT
B~ 29 BF AN P40 A3 2 pathway o

iv. Query Type 4 (f§# QT4) : 4 h:9 3l
(steps unknown » & user define K steps f ) QT4
AR S (M%) 2 fdb (S
) 2 BB 4o K xpd né*-ﬁfléfﬁlﬁﬂ*?]ﬁ:’(
oo AT EA A KARIP > 915 4
539 0% e Ay ’%/!;-_"

REII VBRGNS ¢ (step for relation)
¥A - B2 EHHRIEPWM, Z R GV,E): P
ek B 5+ Rl (associated directed graph) > 7B B § &

[l (associated directed graph) G 42 - 5 & F E_v; ¥l v

PR 0 @ 3P e BTk R (length) 4 5 o B
$c(number of steps) °

FHEIUThE Y K
DEFINITION 3 : step for relation

Given metabolic pathway P(M, Z, R), the associ-
ated directed graph G(V, E) of P. In the associated graph
G, exists the path from v; to v;. The length of the path is
called the number of steps. [Koyu04].

R4 VER BN # ¢ (step for reaction)

AP RBRIEPM Z R E G- BE R
(reactlon)i‘ A - BE RS TE
T‘ﬂdﬁ TR iR e o

AT hE A

\\r

G

DEFINITION 4 : step for reaction
In the metabolic pathway P(M, Z, R), one reaction
is called a (reaction) step. [Koyu04].

& 3¢

3 P b i B GV, E)a 3 0 ff
B ks 7

Bif % E - 1[%-)4}5? o Bldrd 3-(e)Z B

kA -

{:'ﬁﬁ?

42 %31 B4

AR ¥ e oaraE T#.:’! * ks KEGG XML < & eriff 25
FTHA AR e 2 1 5 B A
WEE AL g 1 4 o o) 12 2 B 13 g 5l
FHerr o AR HE % 5l % # % (inverted-list
table) o 2\ i 2L 3 % 51 % 4 4 (inverted-list table) <
Z 5l & > K4k 35 P4 B pathway o

B bTK AT - BEFF T
Glded 3-(C)2 BT & - BH E

4.2.1 % 31 %4 % (Inverted—list table)

z 5%

FAlgH A KR PP S LY g
BEF Rt~ BN o AP ang s e R

T e B 2 PR B A B ER A

(A) “EBF BRERarilE T]i % (Inverted—list table
for chemical network) (4r®@ 12) @ j&_iv & a‘r'
(compound) F#L & ¥ J & 77 F F e it
(compound) & Fi » &5 &N FF T 0t
(compound)?| % ¢5» B'-tree %514+ o & -
it %283 T (metabolic pathway)e XML < i
3 - BHF L4 (e, pathway name )
pathway list + &% #75 7 F e pathway name °
@ pathway name B & % &k % 7 i & F
(compound) 7] % ¥ it & «’fﬂ(compound) IR A
PR XML = 2 ¢ o & % % &(Product Record)%_
ekt - & $ (compound) 3 X R TR A
* g o A - GEIITRETFF B
7 L % (Reaction table) hip o

(B) ¥ & #r % 51 %14 & (Inverted-list table for
enzyme network) (4-@ 13) : % 7 %"" *
(Enzyme table) ® 4z § #73 % I ciglit & &
(enzyme name) > & 7% t+_£<“ i T2 Enzyme list
i Bt-tree Z 31 4 1+ o & - f}v\é‘_ Lo i s
(metabolic pathway)hh XML = 385 — i b4

1 %4 o pathway list + 875 %75 7 mpathway

pathway name B £_* &k % 77 2% 5| %

(Enzyme list)® #fE% » IR AIR B2 29 o T

- B %% % & (Enzyme Record)® _izék )t it % &2

Wﬁféﬁﬁﬁ’”&—@ﬁﬂ%ﬂ&wmﬁ

- 2 (Relation table) chip 1 -

™ T 1
oS R R

w9

name ° m

Compound
list Pathway list
— Y

“T Pathway list

product list with the same substrate
name in the same document

Product
Record

To Dalabase : Reaction {able

(pathway, reaction name,
substrate, product,

Compound
reaction type, enzyme)

—)

Product
Record

B+ tree
W 12: i 8 F ipepai

table for chemical network)

51 %1% (Inverted-list



Enzyme list
Pathway list Next Enzyme
T athway lis
— ~— Record
— To Database : Relation table
— Pathway list
Enzyme |
Next Enzyme
‘:D 1 Record

To Database : Relation table

(pathway, enzyme 1,
enzyme 2, compound )

— Next enzyme list with the same

B+ tree name in the same document

B 13 @ fF & 8% 31 %4 4 (Inverted-list table for
enzyme network)

Y

T LR R E 3 AR kR Ea BRSO

5l & dripiE > o

Fd:

pathway ¢ L5 Pathway sl it B F R et
Bl 14(a)#t7 > 2 = i 4o*f4+(B) ; pathway r-?ﬁe- p
Pathway s2 it 8 F 4o 14(b)#rm » H 2 &
&r‘iq‘é“éf?(C) o I T L g; K f%;h g\, T ﬁzﬂ;\: ™ K }"%;\:

& L substrate — 2 s product” % 5+ o B 14(a)® i

BE RN 32 Tmol A(——)BJ s T'm:02
B—25C , ~ "m03 C—2>D ;, ~ "m:04
D—2 5B |+~ "m05 B—25FE | - B 14(b)

CEE RN E 4 Tm0e A—25E | -
Tm:07 E—2>G |, ~ "m05 B—25E | ~
"m02 B—2>C |, ~ "m03 C—25D ;| -
Fm:04 D—2>B | -

A aR(B) ~ AR(C)2 XML < # & XML
parser FFEL (%4 B 12 % u—HﬁEﬁ?]) Eﬁ% :J&-v EF A
= it & $ (compound) FAL L LR EPEFTH L oL 4
B4 5505 o

(a) (b)
W 14 : (a) Pathway sl 2 * & F i
way s2 2 1“8 F i

: (b) Path-

%41

& F 7 #L % (Compound table)
p

CPD

pathway CPDid name
Pathway_s1 1 A
Pathway_s1 2 B
Pathway_s1 3 [
Pathway_s1 4 n]
Pathwray_s1 ] E
Pathway_s2 1 A
Pathway_s2 2 B
Pathway_sg2 3 [
Pathway_s? 4 n]
Pathwray_s2 ] E
Pathway_s2 fi G

it & F 5" FF 4 (Reaction table)

reaction reaction

pathway name substrate product type enzyme
Pathway_s1 m:01 A B reversible el
Pathway_s1 m:02 B [ irreversible al
Pathway_s1 m:03 [ [u] irreversible ]
Pathway_s1 m:04 D B irreversihle ed
Pathway_s1 .05 B E irreversible g5
Pathway_s2 th:06 A E irreversible ef
Pathway_s2 m:07 E G irreversible ey
Pathway_s2 m:03 [ [u] irreversible ]
Pathway 52 m:04 D B irreversihle ed
Pathway_s2 .05 B E irreversible eh
Pathway_s2 .02 =] C irreversible g2
B 15 chpart(A) i+ &4 FA4L4 »d £ 42 CPD

name {§ =P~ 1473 3 LRI Bt Al @
pathway list 9 & & g it & 4= J) 3 & 904 pathway
Seblied 47 0§ 6 BARDEEFTRAL
Fo 9T part(A)FR > TREF 6 BiE 0 & 6 B &S
& s IR B 7R pathway ® o
Bl 15 shpart(B) A 4 % &k (Product Record) e33R i»
F % 4 5 ¢ product #f A A e Gildr e - 22
it Pathway s1 ™ » it &4 B IR &% 52 Blag 742
£ substrate #f -5 X 0 71 3edE 0 X F (substrate)
B > & ¥ ' #(Product Record) ® ¢ product 4 %] &
~E A ZFH o ¥k 4 % &(Product Record)
~E & }1 *“#ﬂﬁr“#p“ﬁ’ ‘f'&ifﬁ@ﬁ?'ﬁ?%ﬁi% o S\ p
rik L‘ff" Gehb|+ kgt 47 FEtEF
sk 5P EABALTE G HE RS
part(B) 12 4 % #x(Product Record) i& 3 NULL -

Q-@Ovazu

Compound list

f ‘L 3 harcay
A ol
' # Part (By

| ? | Product Record ‘==
Compund:8 1] |
\::) I ‘]!

|D:

I | ‘(Palhway_strnﬂ?. irreversible, B, C, e2) ‘

o

| ? | *| (Pathway_s2, rm:05, reversible, B, E, e5) ‘

| — I

B+tree — —

NUL

B F ik sl G4 4 (Inverted-list ta-
ble for chemical network)

W15 :

|

_1‘73 &

i"‘ﬁ‘#ﬁf‘? H’é ?5 Bipd et fe 25
B.eht S dp ke o 2

#vd 45 (B) ~ fH4R(C)2. XML =



# > %5 XML parser module ( %4 B 1 2 k%24
W) P4 6 2 % T4 4 (Enzyme table) %
T2 BB FALE o

B 16 : (a) Pathway sl 2 ¥ % % ; (b) Pathway s2
2k ek

Bl 17 & part(A)3% i ik Jp ¥ % 7 4L 4 (Enzyme
table)® # =73 7 I fLit & & fi(enzyme name)*7iE
2o B 17 0 part(B)et > 0 fdple v 2 L4EE AR R
e entryl T 0 #-7 I 0 entry2 diE(Value)Ré s 2T
- 1B fi% % ;o4 (Enzyme Record)ff = » ™ % ¥ — 1B
pthdp e TR MBI TR A -

% 6 : ¥ % § # % (Enzyme table)

enzyme | enzyme reaction

pathway id name name
Fathway_s1 [ el rn:01
FPathway_s1 7 el 02
Pathwiay_s1 g a3 rn:03
Pathweay_s1 q a4 rn:04
Pathway_s1 10 eh 05
FPathway_s2 7 a2 rn:02
Pathway_s2 8 el rn:03
FPathway_s2 9 ed rn:04
FPathway_s2 10 34 rn:05
Pathway_s2 11 ey rn:07
FPathway_s2 12 ed 06

Table 7 : R 5 2 7 12 4 (Relation table)

pathway entry1 entry2 compound
Pattrweay_s1 e g5 B
Pathway_s1 el e B
Pathway_s1 el ad B
Pathway_s1 a2 el C
Pathway_s1 a2 el B
Fathway_s1 el ed B
Pattreay_s1 EE a4 ]
Pathway_s1 el = [
Pattrweay_s1 ad el B
Pathway_s1 ed e5 B
Pathway_s1 ad el B
Pathway_s1 ed el 8]
Pattreay_s1 a5 el B
Fathway_s1 ] ed B
Pattreay_52 el EE] &
Pathway_s2 gl ed B
Pathweay_s2 EE el &
Pathway_s2 el ad ]
Pathrway_s2 ad el B
Pathway_s2 ad el ]
Pathway_s2 ed es B
Pathway_s2 =4} ed B
Pattreay_52 a5 a7 E
Pathway_s2 el k] E
Pathrway_s2 ey ef E
Pathway_s2 el af E

Enzyme list

If el ] Pathway list ——=
| : 1 Part (A}
1= -
I —
Enzyme:e2 | [e3 : —
|::> : leal 1
I les] |
| ; | geeene e ) al(pamway,sn 82, e1, B)
: =1 i1
\ ed | i e ,_;I (Pathway_s1, €2, e3, C)
B+ tree — —\— i [ea L
\c=
Pathway 52| )
e7 {Pathway_s2, &7, &8, E)
. o vh s 2] 4 3 .
W 17 : %% %8 c0% 51 % 4 % (Inverted-list table for
enzyme)

43 HiEILF K 2

W4 3 aaHm3L Arsugyg i gr
Ml &7 Tpgk i, QBE ARk d B3 T
B R o A e (B) & i 4R(C)2 XML ¢
(pathway B+ 4-® 14 gur?—]_\) ER S B 1995 4
BAAALZ AFARILFEZ 0 KPP A3 Ll
A2 214 3% o 12T Query Processing for Query Type
X jert QPTX Al AEHA[FF BRRIFR
L

(A) QPTI : ﬁig?J/\H— AP T AR
(keyword—based) e % 34 = 3¢ o i H gz o ﬁ&{ﬁ 23
XY & F 3% 7R pathway ® o

Mg 65T EF B bl et EF B R
pathway ¢ # % Pathway sl £ Pathway s2 3 3R >

5’“#“#9%?%@%%}5%%%*%oQTl_'rﬁ
substrate—and—product join algorithm +4c Algorithm
spQPT1 #777

#0616:QT1: E, =B QBE e[| 7 4~

B
QBE graph: O

BT F QT #7F 2 Bigfeh o it & 4 list ¥
$3 B A4 o # B =42 pathway list # i@ o QT1 &
£39.8% 12 B 18 T E 1 i+ (object) B LBl A5 At
B odeT S

®  Pathway sl
®  Pathway s2

(b)
R 18 : # i£ (Object) B % (a) pathway sl ; (b) path-
way_s2.



Algorithm spQPT1 : s p join QPTI1(E))

// substrate—and—product join algorithm of QT1
/* input: E;, where E; is a compound. */

/* output: A list of pair of (pathway list). */

Begin

1. if (E==element of compound list) then

2. output (pathway list)

3. endif

End

(B) QPT2 : ﬁs?l%— BF RS o HE R A A
LL,L§F%\ 3;&1‘4,7'3&"?@“0"53&" QT2

2

QBE % 4 Bl # » Algorithm GD ¢ - %
Algorithm GD mﬁ;‘l 4 ﬁ;‘l » & Algorithm spQPT2 # o

7
-~

G

#6171 QT2: Q= {(B O)} » QBE il 4~

B C

QBE graph: O—,O

Fie Y X832 QU2 EARARFHLTL B
A¥ R C i %‘fﬁ Jei¢ o i QBE fk & k45 4 5
> 73 = (B, C)iz B pair (& Algorithm GD @
) o BRI EE Q= {B O}#F » Algorithm
spQPT2 » ik 45 i # & Ju 8 2 % 3l B 4 %
(inverted—list table) > % i* & 4 71| & (compound list) ¥
LB P~ % B ik¥pib IS 7] & (pathway lis)® £ 4
& ¢ #i(pathway name) i % ~ & B A 4 % &+ (Product
Record)® %2 F ~ % C- QT2 chAhiF %47 97
2 o

ﬁ%l 1 % % (Pathway s2, B, C, m:02, irreversible,

€2) > & =k & ehE A 5 (pathway r?fp—, "P\‘r, A4,
i E R A T PR ) - W19 40F 5] 6
Poi2 AP A o

® (Pathway sl, B, C, rn:02, irreversible, e2)
® (Pathway s2, B, C, rn:02, irreversible, e2)

(@) (b)
W 19 : QT2 %(a) pathway sl ; (b) pathway s2 s F
R S
[
Algorithm spQPT2 : s p join QPT2(G)

/* input: G, QBE graph */
/* output: A set of (P_ID, E,, E,, reaction name, type,
enzyme) */

Begin

1. Q = graph_decomposition(G)
2. s _p_join_ QPT2(Q)

End

10

s _p_join_QPT2(Q)

/* input: Q, Q is query set

QT2 : Q= {(Ey, E»)}, is a pair of compounds. */

/* output: A set of (P_ID, E,, E,, reaction name, type, en-
zyme) */

Begin

1.  if (E;==element of compound list)

2. if (Product Record of E=E;,; with the same
P_ID) then

3. output (P_ID, S, P, reaction name, type, en-
zyme)

4,
5.
End

end if
end if

Algorithm GD : graph decomposition(G)

/* input: G, QBE graph

Gl : G = {N, L}, query samples, including N, L .Where
N is node set, L is edge set

G2 :G={N, L, K}, Nis node set and L is edge set and
the label of L has a value K.

*/

/* output: The result of G1 or G2

the result of G1 : Q = a set pair of (substrate, product)

the result of G2 : Q = a set pair of (substrate, product, k)

*/

Begin

1. for each edge /eL

2 if (edge / connect with node v to u )

3 if (edge has a value) then

4. output (v, u, k)

5 else

6 output (v, u)

7 end if

8 end if

9. loop
End

(C) QPT3 : 4§ #2 % 34 4] Ak (complex query) ° ¥ éis?] ~
- @B F BN G i (cycle)z pathway o

SEET 0 F RS TREHET 50 Db
d % &2 Algorithm GD &4 f# > 5 &= (substrate,
product) £ pair (1§ & o Algorithm GD #7187 3| ehi
% query set Q - £ F » QT3
substrate—and—product join algorithm +4- Algorithm
SpQPT3 » #7118 F|enie & T H 28 % o

P~ &
= 1

F#518:QT3:Q=1{(4 B), (B O),(C D)} QBE 2
34 Bt 4 ® 20 -

A B c D:
O—O—0O—0

W 20 : QT3 @] A ~ fi% % 51 ;2 (Decomposition of
graph expression QT3)

FALE A DF AL fEE AP - B R pairde
I ) 7 677 5% o Algorithm GD &_% ¥ i 4 (edge) %
KA Rk BhE e LS ADB - B>C
M2 C>D: ¥4 (A, B) ~ (B,C) ~ (C,D) =
B pairs “77) % chi £ > = 5] 8 2 Q T E Y QBE 2



query set o f #-17 ¥] ¢ query set Q > ﬁi;.f‘l >~ QT3 in

substrate—and—product algorithm 4 Algorithm
SpQPT3 - %71 £ A ZF F it 5547 > A

E F % 4 (Product Record) erff =@ enF AL £ F 3
B3 BV ES B CHEOES L ﬁa—(Product
Record){?ﬂ”ﬁ cCe D ﬁ;éjk?ﬁ%] :"..fég%—%%zr%isu] 8 Wi
F o
QT3 &8 % o™ 557 « L in i 2R L
(pathway &4, X F, A4, “FF G ¢4, 7 &, fF 3
t4£) o & Pathway sl * $531# &{ (A, B) ~ (B,
C) (C,D) }#* & eni % > A Pathway s2 ¥ ¢
wairé{ (B, C) ~ (C,D) kg - § 21 Trie
& I|ende i Bl e

v
-

(Pathway sl, A, B, r:01, el)
(Pathway sl, B, C, rm:02, ¢2)
(Pathway sl, C, D, rn:03, e3)
(Pathway s2, B, C, r:02, e2)
(Pathway s2, C, D, rn:03, e3)

A
0

(@ (b)
Bl 21 : QT3 #%(a) pathway sl ; (b) pathway s2 =&
RS

Algorithm spQPT3 :
/* input: G, QBE graph */

/* output : A set of (P_ID, E,,, E,, reaction name,
type, enzyme) */

Begin

1. Q= graph_decomposition(G)

2. for each pair (E,.;, E,) in Q do

3. s p_join_ QPT2(Q)

4.  end for

End

s_p_join_QPT3(G)

L

(D) QPT4 : 4§32 4 39 4 & (steps unknown) o }
B endg Ko i @7 KR o R ARG TP
AP apPFet e K 'EHEB?P\ AR R AP
pathway » Bdci KA PN S5 30k F R B & ix @
BEEw o
QT4 ¢ substrate-and-product join &% & & 4r
Algorithm spOPT4 - QPT4 #1434 et (query process-
ing) » 7 * # Algorithm GD 'ri’!i‘z%l i % ﬁi%l ~
Algorithm spQPT4 - }* 333 ik 2% - B H 5}?3]5'3 B
7% o E (buffer) ¥ 5 4p M F BRI o B (S
Algorithm spOPT4 mﬁg?l Ik > TL @SR o

F019:QT4: Q={(4 D, 5} £33 W7 4o~

QBE graph:

4
w3

8 3] query set Q = {(A, D, 5)} » 1 %

B & % § QBE Bor &3 407 #for o
Algorithm GD
Ay e

# Q # » Algorithm spOPT4 - 7 L » L#- A 4
T ¥ trB(buffer) 1> A4 1C &% A chd F &b
(Product Record) en 4 i= ¢ & F 3 D o B 4e
Pathway sl ® > A 14 $ % & (Product Record) s
¢ r3 B> F@ﬁ%%**?fé“ﬁiﬁzﬁﬂ@_ K>
0l R B B ¥ e E(buffer) 2 ¢ o k2 K A
¥ #%(buffer) 2 ¥ it £ 4 B 353 A+ & (Product
Record)e i 2 C ~ E % fir B (buffer) 3 ¢ » C A i~
% 4 (Product Record) % %38 ¥ 43 D & &
(product) » #7123 fiF B (buffer) 1 3| ¥ # E (buffer) 4
FTADB>COD # & AP [A, D, 5 » A
31»] ”".‘L% 2 - > R AR\ BTFERY Wy

71 % G Aeho B 22 1 o B QAT R B
%‘F B 5B AF o
3BHIE S THIFL ACBKAF S
2 pathway ° # 18 mQT4\%] R A

\F- T

e

- M

Li'_

F
#

N.

| ®  (Pathway sl, ADB->C-D) |
buffer 1 buffer 2 buffer 3 buffer 4

Pathway_s1: A_g’_) B"i{éc D

=E 4]

Pathway_s2: A I E I I G I I 0

W23 ¢ & QT4 &3 07 it St s

Algorithm spQPT4 : s_p join QPT4(G) //substrate-product join
/* input: G, QBE graph */

/* output: A set of (P_ID, S, P) */

Begin

1. Q = graph_decomposition(G)

2. for each pair(E;, Ei) in Q do

3. if (E; and E;;; in Compound list) //check whether E;, E;+; in Com-
pound list

4, [ =1 //initial value of buffer number

5. put E; into buffer / //store compound E; to buffer /

6. for j=1to K do //K is given by user

7. for each element in buffer / with the same P_ID do

8. if (buffer / elements in Product Record == E;.) then
9. print the pathway from buffer 1 to /

10. else

11. put Product Record of buffer / into buffer /+/

12. ++

13. end if

14. end for

15. end for

16 end if

17. end for

End
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% Query set enE% % (T4 - AW HF ﬁvﬁiﬁ 4
R RAEP o T B A B (B) Y 1 4(C) 2
XML < i (f% #EBT 4B 16 #r5 ) aF# 5
(A) QPTI : o H -k Y- B
(keyword-based)en % 34 > 5% o i H i o s E B3 &
it % 5 &7Re pathway 7 o QT1 &7 enzyme—enzyme
join j¥ & j* 4o Algorithm eeQPT1 #77% °

#6110:QT1: E, =e2

QBE Bl & &34 iJLi@ 428§ 0] 6 4pfe > 91
A E 2 QBE Blw _%i?éig?] EHC I S O <

QBE graph;

QTl A3 2 &% 4o ¢

®  Pathway sl
®  Pathway s2

(b)
W 24 : ¥ it e2 & (a) pathway sl ; (b) pathway s2, &9
pathway.

Algorithm eeQPT1 : en_en_join QPT1(E;) //enzyme
—enzyme join

/* input: E;, where E; is a enzyme. */

/* output: A list of pair of pathways. */

Begin

1. if (E; ==element of enzyme list) then
2. output (pathway list)

3. endif

End

(B) QPT2 : #ij » - i M i - QBE Bl 7 4
Algorithm GD /% & j# ¥ 3| - query set Q » # Q #
» Algorithm eeQPT2 7 F| e & T (% £ 4 2§ &
LI

o) 11 QT2 Q= {(el, e2)}
QBE graph: | el |—| e |

QT2 4382 B i 3 % -
| ®  (Pathway s, el, e2, B) |

O»

B 25 : QT2 % pathway sl 3 d® &

Algorithm eeQPT2 : en_en _join QPT2(G)

/* input: G, QBE graph */
/* output: A set of (P_ID, E;, E;:;, compound) */

Begin

1. Q= graph_decomposition(G)
2. en_en_join QPT2(Q)

End

en_en_join QPT2(Q)
/* input: Q, QBE graph */
/* output: A set of (P_ID, E,, Ej;; , compound) */

Begin

1. if (E; ==element of enzyme list)

2. if (Next Enzyme Record of E; = E;;; with the
same P_ID) then

3. output (P_ID, E;, E;.|, compound)

4. end if

5. endif

End

(C) QPT3 : 4g 7 A 39 Al & © /& & /2 4= Algorithm
eeQPT3 #1717 -

#0012 QT3 : Q= {(el, e2), (€2, e4)}

CIBE graph: | el |—| g2 |—| a4 |

RS TR 2R

Q

(Pathway_sl, e2, e4, B)

T3
®  (Pathway sl,el, e2, B)
[ J
® (Pathway s2, e2, e4, B)

Algorithm eeQPT3 : en_en join QPT3(G)

/* input: Q, where Q is query set */

/*  output: A set of (P_ID, E;, Ei;j,compound) */
Begin

1. Q= graph_decomposition(G)

2. for each pair (E;, E;) in Q

3. en_en_join QPT2(Q)
4.  end for
End

(D) QPT4 : 4§ 32 4 33 4] i (steps unknown > d {#
* K ﬁs?l » K @ #H 3N ) - QT4 2 enzyme-enzyme
join ;% & i 4= Algorithm eeQPT4 #7771 -

#6113 QT4: Q= {(e2 €5, 2)}

QBE graph: [ e2 |——E—| e5 |
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BOBHBP G L QAL Bi(e €5 2) B
AT A2 4o R 26 1 o

QT4 h3a 2 B g%

(Pathway sl, e2>el—>e5)
(Pathway sl, e2>e4>e5)
(Pathway s2, e2>e4>e5)

buffer 3

e
buffer 2 / o4
—— b
[.eT_J]—
[~ ea— ed4
Y]
$e2
o3

> es

buffer 1

Pathway_ s1

buffer 3

Pathway_s2

(@) (b)
W 27 : (a)pathway_sl(b)pathway s2 > # & QT4 £ 34
Y

Algorithm eeQPT4 : en_en_join_QPT4(G) //enzyme-enzyme join

/* input: G, QBE graph */

/* output: the path which conformed to query condition, from E, to
Ei+1. */

Begin

1. Q = graph_decomposition(G)

2. for each pair(E;, Ei+) in Q do

3. if (Ei and E;;, in Enzyme list) /first, check E; and E;;; are in en-
zyme list.

4. /=1 //initial value of buffer number
5. put E; into buffer / //store enzyme E; to buffer /
6. for j=1to K;do //The parameter “K” is given by user
7. for each element in buffer / with the same P_ID do
8. if (buffer / elements in Next Enzyme Record == E;;;) then
9. print the pathway from buffer 1 to /
10. else
11. put Next Enzyme Record of buffer / into buffer /+/
12. 1++
13. end if
14. end for
15. end for
16. endif
17. end for
End
5 MR IE

AEERHENPF TN o nrh FrGAE
CPU P4-2.8G » RAM 1G » ¥ % % % 2 Windows XP
spl » FEB @ * #ick8 ¥_Borland C++ Builder 6.0 » & *

2 FALR K ff..;; SQL Server 2000 - 3 4 & i KEGG
XML = it & 3£ Glycolysis / Gluconeogenesis ~

13

Glyoxylate and dicarboxylate metabolism - Urea cycle
and metabolism of amino groups % # it % ik j&
(metabolic pathway) F # [KEGG] °

xS

A Ea - R - ﬁiﬁ‘a&r}ﬁl 28 #75% »
1 & & = F A3 (data modeling) ~ & 31 v & 38 adT
(indexing and query processing)iz = R 7 o

5.1

1.Glycolysis / Gluconeogenesis
2.Glyoxylate and dicarboxylate metabolism
3.Urea cycle and metabolism of amino groups

o EEFOOOIOTER  mepOOZE0 sa0d

|
| |
| |
| I
| |
| | |
| - |
| - |
| - | | I
| |
| |
: Query processing }
| |
| |
| |
| T
| |
| ]
| |
| |

XML parser

SQL Server

Indexing structure (Inverted-list table)

nvertedist table for

in, vec[sd st table for
chemical

Indexing and query processing Data modeling

128 % s W (Gim )

(A) FF#-3](Data modeling) : 7 4+ - # KEGG 2
4 b % B2 5 (metabolic pathway) XML < & &
i XML parser (4cB@ 34 #77 ) o BEH AN PR
PSS BHMBNATRAY o2 5 BERALY
= Pathway table ~ it &5 FAL 4 ~ 2 T4 24
(Enzyme table) ~ i* & & Jig ;% 7 4L % (Reaction ta-
ble)% it & B 47 E‘# % (Relation table) £ RN
i parser 2 f& e F AL o R I TR E SQL
Server 2000 ¥ o ¥ ¢k 5 3% ﬂ%—)%' 45 KEGG XML
~ 22 KEGG B)7)» ,m,; F,,fl)iﬂ o H ¢
parsing ! XML tree =138 i» ( XMLTree func-

tion ) &_31 % 17 “Delphi K.Top #% % 3t # %
( http://delphi.ktop.com.tw/default.asp ) ” 748 3¢
7 o

(B) % 3l 4r % 7 A2 (Indexing and query process-
ing) © AR AT RE 0 Trds TR AU AR

R slgdpd AP AP ERAEME
F J& 3§k % (Reaction table):® 4 11 ok -
i“ B 5O R R 5 ‘.‘s—;fﬁfﬁ* 3l z&f?%«

(inverted—list table) ; @ fi¥ % ® gz 5l & .4
% % 7 AL % (Enzyme table) £ & B % 5 ?‘ +" %
(Relation table)*72& H ) o 2 i 4 w44 T i 5
F@&FJﬁrﬁ;%%ﬁmﬁﬁp 4 #4397
Boom ol e ss iR 4184039 i%ﬁk,g

%f
QBE Atk + > 439 a2 03
%luﬁ—%\ s 4

39 3L % 8 % (Query processing algorithm) o
& * ‘?;]‘ &4 2
(Query processing module)F/] * 7?2

e OB TR R 5 IAp MR Bt Fa
BENZFEFIH LB BLRE 75‘ o



XML Parser fox Metabolic Pathway Data

Comment

e '
® Foot (Node) 1

TEa B Element (Mods) S0
- @ TontoiElamert 0

. DEN mepaozst A& Attibute 18885

@ Vabio of attute 85

yme tabl

o Eaoi
Path mapUULZL S P U2
map00220 53 cpa:CO1185

athimapOUZ20.1
map00220°1

Pielatiun toble Pt tabile
=

i i
bath mapO

Loadiami Fie |

ELE 9?]%!# j& 35 e MML parser (XML
parser for metabolic pathway data)

ZF
52481 %

&N P4 i QBE query hf (F o ig ¥

AR R T e fE yﬁwéﬁ@%@

P g e St (e B F R )
BASEHEEZ R 5 ﬁ%l » F% % (enzyme) (i.e.
BB RS

Rk R A R 2 A R

Map00220 663 5

¥ 29 :

T

]
#3937 > 4B 30 2 alpha-D-Glucose — alpha-D-
Glucose 6-phosphate ( # % #&4 325 J&) ~ B 31

Urea Cycle (/i tA% ) %34 ° B7)4 j#= query set
EEE-UIP '?*‘%‘ﬁ”ﬁé/ﬁ*ii'l(QUGry
£ % 2 —Edfé%-ﬂzﬁ;f])s’ﬁ’}ix

EY
2
,/

o
e

Pattern) ° 4

-n“\

. QBE K75 B 46 4-B 30~ B 31 2+ 5 s
c B F “*%%%_éjﬂ PR T L ERE

“Show Graph”%
BT il mr]
&R -77 18 ;},ﬂ

RGP R T T
LRERT

;e BRR

\

Bl -+

?
["

ﬁ

e+

&

448
4_3;],5; o ZBRHS A (sample) k& & N pEeh

ECED

LB AR TR R A
Tiwe1 T2 | T3] Tmesl Result
o000 0T ez
R T e
cutconzsr
o
~_
. gptcoe=n
RS}
=l
AT ¢ o 00057 o005 ey
[E PR —— = = o
S —p o
,,‘/ﬁ‘ T S Z,H
S T, oo gess
i [ — Wﬁ%‘j\
ey 05378k metabolem
EREIENEE  Flomaydtd
[omtonoion GRS 31 _
.
e o S s
Bt
el T = =
G £ [ @ ]
=
—=
e L |
] =

W30: CEF AR QT2 AT § A A5 )

14

QBE cxzyms aotvork =
E®Q Help
B TS :

Tipe 1| Tipe2 Treed | Typed | Result
eI
it

et iisseei321
etz 321503531
Pthmapz2)sc35315002133

Show Graph
T |

BAEWFE

Tecd izt

102133 Quey

ITLE Utes cyse nd matablin o ario givps

e eyl TG4 il
e andspara by £ |

inidre neibcin

- AR
o
st gl
i
‘ ’7
Bt , 120

W31 : p%k iz QT3 A3 (& k)

5 ¢k

P
L1

LQT4 # it & &3 0T i R e

oo ARl 3260h 3 0 AT G B £ “cpd:C02867
ol BAHIN LAY FAR deCOOZZl’rTv" 3
B AN A * ¥ AP L cpd:CO53787i% & e J3

ﬂgwﬂsmzmﬁﬁ&ak
Tope 1] Tope2]| Type3 Tove | Result

oo map0BT0 cpd COBE27 <o CO2T

P R T it
S mapOOETO chd CORZE1 >chd COT1 725 cpd D

coacnzz

L o0z spacosars
resasnsssedl gl

R TR | [icpd 02527 503 CON22 icod CoO221 cpd CO378.3)

N T S —
% = Semm——
[
Sy 376
Tt Yoiogea
S el oo
ST forTaa ey
P T i
BETEIE et s
Erasn 1 Eoptom ) 66 Ly

e
[CE—- e
ebiz)afis
ot i s%gsw
Pt
ot
e Fon e
e
i Fﬁ
4 Eors Loeie
127

Crviae

S

e typtophn biosnihesis

Ay,
rfswmawaamms ; B
5211 g7 TE024 1 1.1

[ LR

Cioes i
Fa ]

oo

W 32 wéﬁﬁw 2 QT4 47

PR PRETHR S A RUMEET SR
HAEAS N LA hhBhe? CANT —fiA
RSP UISC AR o 613 A58 % naive user
RN 8 R AL N =
HEESHXML < i A

H NG zéﬁ FoRLeRE B
F,ha r ﬁ#.% 3
”Q‘%'Eﬂ;ﬁ‘*“'féﬁ\@.tj ‘ll}glmﬁpqﬁ@/—‘—
IESRINPIE S 3 o AT Jﬁﬁ;éji LR g T
( user—friendly interface )
W JL ARG S G oo e %—é’};—\‘. i
(1nverted list table) %k # % 23 /f@“’
a,ﬂwmgaﬁﬁ$m L
e By o ]%ﬁ' % B & —fr‘l&h& °
W“i%$% KU IR e
unified query % - & § »xF lm;%’—% ok Avid K }fl'isl:%
J&o Ao suffix tree (575 97F T oac R4 o ¥ b o 3
E A 7= 4 i R v ¥ ( similarity

bad RN
PN [

o



matching) - # ! ranking algorithm » % % - &
Bty ik BRETHRE RS BAE
T e e B chdp i e - H e g o ik 2 P
LRI T o gt th s S dikdpdp it $HF B
DR R de e oM A R HF iR R ok A &
(classification) -

ok
=

542 e

[AlkhO2] S. Al-Khalifa, H.V. Jagadish, N. Koudas, J. M.

Patel, D. Srivastava, and Y. Wu, “Structural Joins: A
Primitive for Efficient XML Query Pattern Match-
ing,” in Proceedings of the 18th International Con-
ference on Data Engineering, 2002.

[Beck90] N. Beckmann, H.-P. Kriegel, R. Schneider,
and B. Seeger, “The R*-Tree: An efficient and robust
access method for points and rectangles,” SIGMOD
Record, 1990, pages 322-331.

[Boag] S. Boag, D. Chamberlin, M. F. Fernandez, D.
Florescu, J. Robie, and J. Siméon. XQuery 1.0: An
XML Query Language for w3c draft. available at
http://www.w3.org/TR/xquery.

[Brag03] D. Braga and A. Campi, “A Graphical Envi-
ronment to Query XML Data with XQuery,” in Pro-
ceedings of the Fourth International Conference on
Web Information Systems Engineering (WISE’03),
2003.

[Brag04] D. Braga, A. Campi, and S. Ceri,
“XQBE(XQuery by example):a visual interface to
the standard XML query language,” accepted by
ACM Transactions on Database systems, (available
at http://www.elet.polimi.it/upload/braga/).

[Bray] T. Bray, J. Paoli, C. M. Sperberg-McQueen, and
E. Maler. “Extensible Markup language (XML) 1.0
(Second Edition),” available at
http://www.w3.org/XML/.

[Brun02] N. Bruno, N. Koudas, and D. Srivastava, “Ho-
listic twig joins: optimal XML pattern matching,” in
Proceedings of the ACM SIGMOD International
Conference on Management of Data, 2002.

[Chen03] J. Cheng, G. Yu, G. Wang, and J. X. Yu,
“PathGuide: An Efficient Clustering Based Indexing
Method for XML Path Expressions,” in Proceedings
of the Eighth International Conference on Database
Systems for Advanced Applications (DASFAA’03),
2003.

[Chen04] M. Chen and R. Hofestidt, “Web-Based In-
formation Retrieval System for the Prediction of
Metabolic Pathways,” IEEE Transactions on Nano-
bioscience, Vol. 3, No. 3, September 2004.

[Chun02] C. W. Chung, J. K. Min, and K. Shim,
“APEX: An Adaptive Path Index for XML Data,” in
Proceedings of ACM SIGMOD, 2002

[Coop01] B. Cooper, N. Sample, M. J. Franklin, G. R.
Hjaltason, and M. Shadmon. “A Fast Index for
Semistructured Data,” in Proceedings of 27" Interna-
tional Conference on Very Large Data Bases, Janu-
ary 2001.

[Fors99] V. C. Forst and K. Schulten, “Evolution of me-
tabolisms: A new method for the comparison of

15

metabolic pathways using genomics information,” J.
Comput. Biol., vol. 6, pp. 343-360, 1999.

[Gold97] R. Goldman and J. Widom. “DataGuides: En-
able query formulation and optimization in semis-
tructured databases,” in Proceedings of 23rd Interna-
tional Conference on Very Large Data Bases, 1997,
pages 436-445.

[Holt] R. Holt, A. Schiirr, S. E. Sim, and A. Winter,
“Graph  eXchange Language,” available at
http://'www.gupro.de/GXL/.

[Jian03] H. Jiang, H. Lu, W. Wang and B. C. Ooi, “XR-
Tree: Indexing XML Data for Efficient Structural
Joins,” in Proceedings of the 19th International Con-
ference on Data Engineering (ICDE’03), 2003.

[Jian03] H. Jiang, W. Wang, H. Lu, and J. X. Yu, “ Ho-
listic Twig Joins on Indexed XML Documents,” in
Proceedings of the 29th VLDB Conference, Berlin,
Germany, 2003.

[Kane00] M. Kanenhisa and S. Goto, “KEGG: Kyoto
Encyclopedia of Genes and Genomes,” Nucl. Acids.
Res. ,Vol. 28, pp. 27-30, 2000.

[Kane02] M. Kanenbhisa, et al, “The KEGG databases at
GenomeNet,” Nucl. Acids. Res. ,Vol. 30, pp, 42-46,
2002.

[KEGG] http://www.genome.ad.jp/kegg/xml/.

[Koyu04] M. Koyuturk, A. Grama and W. Szpankowski,
“An Efficient Algorithm for Detecting Frequent
Subgraphs in Biological Networks,” Bioinformatics
Vol. 20 (Suppl. 1), 2004, pages i200—i207.

[Kris03] L. Krishnamurthy, J. Nadeau, G. Ozsoyoglu,
M. Ozsoyoglu, G. Schaeffer, M. Tasan, W. Xu,
“Pathways Database System: An Integrated Set of
Tools for Biological Pathways,” in Proceedings of
ACM SAC, 2003.

[Li0O1] Q. Li and B. Moon, “Indexing and Querying
XML Data for Regular Path Expressions,” in Pro-
ceedings of the 27th VLDB Conference, 2001.

[Liu04] S. Liu, Q. Zou and W. W. Chu, “Configurable
Indexing and Ranking for XML Information Re-
trieval,” in Proceedings of ACM SIGIR, 2004.

[McHu99] J. McHugh and J. Widom, “Query Optimiza-
tion for XML,” in Proceedings of the 25th VLDB
Conference, pages 315-326, 1999.

[Milo99] T. Milo, and D. Suciu, “Index Structures for
Path Expression,” in Proceedings of 7th Interna-
tional Conference on Database Theory, 1999, pages
277-295.

[NewmO4] S. Newman and Z. M. Qzsoyoglu, “A Tree-
Structured Query interface for Query Semi-Structure
Data,” in Proceedings of the 16th International Con-
ference on Scientific and Statistical Database Man-
agement (SSDBM’04), 2004.

[CASE] http://nashua.case.edu/pathways/index.htm.

[Sira02] M. Sirava, T. Schafer, M. Eiglsperger, M.
Kaufmann, O. Kohlbacherl, E. Bornberg-Bauer and
H. P. Lenhof, “BioMiner—modeling, analyzing, and
visualizing biochemical pathways and networks,”
Bioinformatics, Vol. 18 (Suppl. 2), 2002, pages
$219-s230.

[Wang03] H. Wang, S. Park, W. Fan, and P. S. Yu,
“ViST: A Dynamic Index Method for Querying



XML Data by Tree Structures,” in Proceedings of (C) : pathway_s2.xml 2. XML document
SIGMOD 2003.

— =pathway ="pathway =2 file="pathway example
1 A >

[Weig04] F. Weigel, H. Meuss, F. Bry, and K. U.
Schulz. “Content-Aware DataGuides: Interleaving IR
and DB Indexing Techniques for Efficient Retrieval
of Textual XML Data.,” in Proceedings of 26th Eu- ==
rop. Conf. on IR, 2004. e Sn e anah

[Wint] A. Winter, B. Kullbach, and V. Riediger, “An - iiga:uz%éé;?:;.’ni;,’c.f?rf;.‘.’f;;:ii i
Overview of the GXL Graph Exchange Language,” R S S VA
available at http://www.gupro.de/winter. L S s LR
[Zou04] Q. Zou, S. Liu and W. W. Chu, “Ctree: A e

=Arolations

Compact Tree for Indexing XML Data,” in Proceed- m e By e T

<subtype name

Crel"=
a e

10" entry=="11" type="ECrel">
compound” value="5" />

"ECrel">

compound” value="5" s>

. = srelation=

ings of ACM WIDM, 2004. B
=product name="E" /=

= Sreaction=

[ ¥ =product name="G" />
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<entry
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<entry
<entry
— <relation entry1
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<srelation>
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<subtype nam
<srelation>
— <relation entry
<subtype nam
<srelation>
— <relation entry1
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<srelation>
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<srelation=
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<srelation=
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‘compound’ value="3" />
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</sreaction>
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</reaction>
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=sreaction=
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<sreaction>
< /pathway >
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