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Abstract: To combine XML with relations is a hotspot in research field. This paper studies the functional
dependency and normalization propagation between relations and XML. First the paper gives the definition of
functional dependencies and keys for XML; based on it, the concepts of redundancy and DTD normalization are
defined. The paper then discusses the functional dependency propagation between relations and XML. When using a
general mapping from relational schema to DTD, the paper shows that all the relational functional dependencies can
be preserved in the DTD; and when applying a commonly used method to mapping DTD to relational schema, each
functional dependency on relations has a corresponding one in the original DTD. The significance of functional
dependency propagation lies in the normalization propagation. The paper proves that using the methods above, if
the original relation is in BCNF, the generated DTD is normalized, and if the original DTD is normalized, the
generated relations are in BCNF.
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v S ;(2) v, name(v) e EU A. name(v),
\Y :Ve={v|v e V,name(v) € E};V,={v|v e V,name(v) € A};(3) Ve R subelem(v)
[Vi,Va,...,Vnl(Vie Ve), name(v)=e,M(e)=«a, name(v;),name(v,),...,name(vy,) a ;(4)
Ve s attr(v) {V1,Va,...,Vm} (Vi € Va). a € N(name(v)), ie[l,m],
name(vy)=a;(5) A value(v) € {S}. name(v,)=name(v,)=id, value(v,)=value(V,);(6)
, root,name(root)=r.
3. ( ).
v V', name(v)=name(v'),value(v)=value(v') , v oV , =V’
v Vv , vV , v=V',
1.2
4. D P pi/paf... pn . PPl €EE,pne EUA. Vie[2,n-1],p€ M(pi_1)
;Pn € M(pn-1) w N(pn-1). , & :
5. first(P)  last(P) P 1 . first(P)
e M(r) UN(), P 3
6. P,Q D P pilpad o, Q il o, P/ € M(pn) U N(pn)
oo pi']. ] o ; P Q , P/Q. R P/Q, R PP R
P Q R P ) Q , R P Q . P Q
R, R R ) R P Q . P Q £, P Q
7. . D P=p\/p5/.../ pn D XML v, p
€ M(name(v)) U N(name(v)) , (v{P}) :
(Vo,V1,e-s¥n), (Vi Vic Vo=Vv), name(vi)=pi(i € [1,n]), Vye(V{P}). » (v{P}H) ,
v{P} . (root{P}) (P), (vie }={v} (& )={root}.
8. R PQ, P=pi/p2.../pn,Q=p1" 0 ... o' i (ie[2,m]), g On
, P Q.
2 XML
[5] XML , ¢
2.1 XML
9. XML :
D=(E,A,M,N,r),D o R1,R2(Q1,Q2,-..,Qn = P1,P2,...,Py), R,
Ri=¢& ,Ri/Ry/Qy,...,R1/R/Qpn,R1/R,/Py,....,R1/R,/Py D . Rp=e,
, .S Qur.QnPy,., Py ,  Q=SIQ{,P=SIP, S Qi
P'. S=¢, R, Qi Piie[l,nlje[1kD.
D XML X :
Vve (R, VV,Vae (V{Ra}), VU e (Vi {S}), VU e (V2 {S}), U {Qi"}=u{Qi'"} ie[l,n] )
ui {Pj'}=u{P;'} j e [1,k] , R1,R2(Q1,Q2,....0n = P1,P2,....,PY) X , X |=
R1,R2(Q1,Q2,..,.Qn = P1,P2,....PY). o D XML , o D
10. .
D=(E,AAM,N,r) D 2z, b D XML X, o
s X o, = o.
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1. X , z , S X={oc|Z= o}.
12. XML
D D 2, RuRy(Q1,Qy,e,Qu— id) € 7, Ri,R2Q1,Q2.....Qn) D
Ri=e¢, 5
1. :
1) S QuQnPirye Py , Ry R./S, R,Ry(Qy,....Qn = Py,...PYe 2. ,
S=¢, R R2,R1,R:(Q1,....Qn — Py,....P) e 2.

2)  RuRAQ1,sQn o PrPU e, RLR(PLoPL— thentm) € 25 RLRu(Q1yeensQn —> tetm) € 27
3)  RLRy(Q1,...Qu— Pi.Poe 2, R=R,/IR,  R,R/(R/Q,,..RIQ,—RIP,. RIP)e .

4)  RLR/(RYQ.,..RIQy— RIP,...RIPYe . R=R,/IR,  RLRyQ1...Qn—>Pi....PYE .

5) R1,Ry(Qlid— Py,...,Po) e 3.

13. .
D D RIJRZ(Q17Q27"'7QH_) P],Pz,...,Pk), VJE [lak]9 Jie [lan]7 Pj:Qia
2.2
14. XML 3
D.D 2 D X R1,R2(Q1,Q2,...Qn>P1,Pa,....PY 2.
S Qla“’anP]a-"aPk 5 Q|:S/Q|',PJ:S/PJ’(|e[l,n],]é[l,k]). E|V€<R]>,EIV1,V2€<V{R2}>,
Juie (vi{SH,Ane(va{SH(ur = W),  ui{Qi'}=u{Qi'} ie[l,n] > )
UI{PJ"}EUZ{PJ"} JG[I,k] , X . o ,
15. D D 2, D R :
RleZ(QlaQZr--:Qn_) P]>P23~‘3Pk)ey> S Qla"'aQnaPla---apk 5
Qi=S/Qi,Pi=S/P{'(ie [1,n],j e [1,k]), Ry,R»/S(Q,,Q.,....Qx") D
2. DTD
3 XML
XML DTD XML )
. DTD '
XML . = BCNF , XML
XML , GAL..A) G
F, DIDD D x

D=(E,A,M,N,r) :
(1) E={db,G};(2) A={A,,....Anid};(3) M(db)=G*,M(G)= & ;(4) N(db)={id},N(G)={A,,....An,id}:(5) r=db.

X (1) A, Aim— Aje F, o G(AL. Ain—> A) e 25 (2) ¢ ,G(A,,...,Ay > id) e X
3. sAils---sAim_>Aj€ FJr & ,G(Ail,...,Aim—>Aj)€ Y
4.G BCNF, D
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[7] ,DTD DTD S
( ),
parent_elm , , ; ,
(71
1. XML
1) DTD DTD DTD S
2) DTD , :(a) r;(b)
T 5(©) ( H , )
3) T s T i
4) XID , id
5) 4 parent_ID X . X
Y, parent_ID Y
1: 3 S
('ELEMENT college (course*)) colege
(!ELEMENT course (teacher*)) ¢
(!ATTLIST course cname CDATA #REQUIRED) *
(IELEMENT teacher (tname, TA,credits)) +
(!ATTLIST teacher tno CDATA #REQUIRED) course
1 / \
1) DTD DTD , 1 @cname *
2) s course
teacher. teacher
3) ,cname course;tno,tname, TA credits @8 thame TA p
teacher.
4) course  teacher CID TID Fig.1 DTD graph
5) teacher parent_ID 1 DTD
( ):
Course(CID, cname); Teacher(parent ID,TID,tno,tname,TA,credits).
4.2
, DTDD D by 1
G(G,,Gy,...,Gp). Gi F, F Gi 1 ,Gi
(pID,IDA,...,An), ID vy id , pID Vy
( ) vy id .V ,pID Al LAL Vi,V S
Vy ( ). XML N root Vy Rivy vy R,,Vy
Vi,V Pi,...,Pn. S R Pi,....Pn S 1,
. F R ,
1) ID - AiL,...,An,ID — pID,pID,ID — Ajy,...,Ain ;
2) Air,...,Ain— A, Gi , & ,Ri/Ry(Piy,....,Pin— Pj) D ;
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3) p|D,Ai1,,,,,Aim—>Aj, Gi
4) A, Aim— 1D
5) pID.Air,....Aim — 1D

6) pID — Ajy,....Aim, Gi R
6) . 1D
Vityeo,Vim vy , Vy
(R Ro), ,
ID , pID — Aj,...,Ain
XML .
Teacher(parent ID,TID,tno,tname,TA,credits)
, tno Teacher s
5. 1
Gi F,

1) ID=>Ai1,..,Aim, ID—pID,pID,ID—Ai1, .. Aim,

2) Ail,...,Aim—)Aj,plD,Ail,...,Aim—)A',

Ri,R2(Pit,....Pim—=P)) D .
S,Rl/Rz(Pil,...,Pim—)id) Rl,Rz(Pil,...,Pim—)id)
plD,Ail,...,Aim_) ID Gi .
3) Aipy.. Aim—1D,pID A, Ain—1D
4) plD—)Ail,...,Aim, Gi
college
* *
course ii’o

@cm @tno tname

v

teacher

o u
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XML
XML

Ri,R2(Pi,....,Pimn—Pj) D
XML & ,R]/Rz(Pil,...,Pim e |d) 5
XML R],Rz(Pil,...,Pim e |d) 5
Ri,Ro(empty — Piy,....Pim) D

pID . )

DTD ,Ry,Ry(empty — Piy,...,Pim)

DTD 1 R pID

1 XML
, XML >
, 1 DTD i
BCNF tno — tname
XML
G(G,,Gy,...,Gp). D o G; BCNF.
F ,
Gi , &R/Ry(Pits...,Pim—P))
D ) D )
D , Ait,...,Aim—I1D
Ait,...,Aim  PIDAiL...,Aim ;
R Ri,Ry(empty — Pjy,....,Pim) D . D
, R{,Ry(empty — id) D ,
R, R,. pID ID,
pID— ID, pID
,Gi BCNF.
2: 1 DTD, >
DTD ( 2 ) s
1 : )
BCNF.
1)
& ,course(cname — id).

2)

¢ ,info(tno — id).

3) ,
course,teacher(tno — id).

s

DTD ,

; BCNF DTD
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