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Abstract: Normalization design of XML Schemas and DTDs (document type definitions) is to produce a set of
XML schemas or DTDs that can well represent data dependencies and eliminate redundancies. Now there are a few
researches on it, and the existing researches are still at its initial stage. Provost proposed the idea of applying the
theory of relational database to XML schemas normalization design. This idea has not been put into practice. The
paper shows algorithms of hierarchical schemas design for XML schemas and DTDs normalization design based on
Provost’s idea. Firstly the paper analyzes hierarchy decomposition based on Provost’s idea. Then it presents an
algorithm producing a decomposition tree to eliminate redundant schemas. Finally it shows an algorithm of
hierarchical schemas design for XML schemas and DTDs normalization design to get over deficiencies for Provost’s
idea. With respect to other researches on normalization design for XML schemas and DTDs, the set of full and
embedded MVDs in hierarchical schemas produced by these algorithms are implied by the given set of MVDs
(multivalued dependencies), and the hierarchical schemas eliminate redundant ones and satisfy the lossless join
property.
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AR X e ith R T AR IR 09 45 1
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I e T A R ) - 8 ) Ak B A T BT A 3, DA SE I XML B T Ak 1 D6

BRI A XML 34 55 T8 1) 0o G308 PEAG A6 — S ARBL 1 B0 4 4 XML #5500 DTD & ik 1) J2 ik 4 4, 9% B2
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FET Provost [ EARNAE S 1,45 H A SR ROC R RUBMEMIAES O Fl O 11 MVD 84 M2 IR it
FEUTR:
IR RBCR BN ES O f O LW MVD 4 M;
SWIR:
/IR 1L AER L/
7 MRS (MM, M, AEASAEARES M MVD A IR LHS; B8 M= (X, 5> X, | X, | .| X ),
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— R Z A AN T — A XML $BX5k DTD. 5L, AR [ 1B 2 2R R AN 45 fUb 50 B (1 5 A o i 2
FE LA &5 Kb 5 o B A i b A 5 B 17 B S R G R R s M 2R 5 1 B RS 1) L B 2 N AN 45 R 44 R
48 IE HLE b S R A AN B S A 0 £ ul M, T B P A R B A 0 2R My % A L LA
ZAE B — N AR B TC R 4 TC R AL S IS AR T R R TR BSR4 I A PR, — R
R R R v] DL — A XML B R 88 DTD A 1 %R B =K.

BB ) T8 S B R TU A% 1) B AE A 0 i DL R 5 W S P TG 2 TU AR B AH [R] P 2 LUAH ) 1) 4854
G L, AT 5 X2 o U AR R

EX 4BREXPFHTEER). & HO)Z R R HO) T AFE AR LA AW, I B HE N 0
SERMAE RN TR Tp 15 708 0 R R T E SIS R T T4, H T, #8010 MVD & T,
FRH) MVD FIHAN MVD, U ERATRRTE JZ A HO) T A TE TU AR .

WIRAEL ) MVD &4 M R EEXEER A MVD X—>—Y Fil Zo—W,Z 1N T X——Y &0l 2 i (B
XcZ,7n\Y#D,7-X-Y#D), 3t H WY, WM N T Z>—W K3 REr= LA EE Z R Rk B e EZ R B hES, T
JE N T XY AT MR RGP SH —MEG & —MEE T

DK, G SR 4% Provost (¥ JEVARIIREAT J2 YRS 3 B 1145 77 A JU AR AR 2 1T 7 26 0 A A8 2 1 s DR 7 45 HE 1
MVD #E45 H EE X R A MVD:X>—Y il Zo—W,Z N T X>—Y &0l 230 (1), 3F 5 wey.

W A J2 TR G g8 3 A A LA 0] B o 5 7 A R 2 R AN — R TR AR 4, B A T T 3 R S
A5LE A XML 8308 DTD S0 i AH 1577 A2 1K XML &5 4 LR TR L, He e, 7 25 (0 )2 B s K 5 My 2 T M
(981 43 B3 90 AS [ (R 77 5105 B80S [R) B J2 TR K

2 HRAKREXR SR

W O MBI TTE B M A M 2 O LI\ MVD 254

3138 1. MR Xo>oYeM,Z>—>WeM,ili B Ye DEP(X),WeDEP(Z),3F HAHN. T X—>—Y,Z 7 0] /3 fit i1, 1)

(1) WY 8 w,mliE 2o,

Q2) X(YNZ)»>—>YnW.

A

(1) BRAEAEIXFEN WeDEP(Z), 43 WAYcW 31 H WnY=3. K Z R T X—>— Y 20 2 i, i Ll X<z;
W) Z>—>Y: B R Zo>—oW, T A Z>—o YW B, WA YW 3E H. WnY=3, )it UL We DEP(Z).3X 5 WeDEP(Z) ¥ J&,
JR LA WY ANt w2 d.

2) A X>->Y Lk X(YNZ)—>—Y-Z|0—(Y-2).Ah ZcO—~(Y-2),FT Lk O—~(Y-2)—>—>W,N] X(YNZ)—>—>W—
(0—(Y-2)).I i WeDEP(Z),Ft Lk ZnWw=2, 0 W—(0—-(Y-2))=WnY, T LA X(YNZ)—>—>YNW. O

HSIEE 1, a4 S A NS

#E 1. W YeDEP(X),WeDEP(Z),31 H. Z AN T X>—Y J& 0] 23l 1, WL SR WA Y=W, ] We DEP(X(YNZ)).

EE 1. XM FATEN MVD 48 MAFAES M M MVD 4E£48 M E M A R I AF 76 XA A
MVD:X—>—Y Hl Z>—>W AN T X—>—Y,Z &0 73 i), )F H wey.

T, AT R4 5 MAEN ) MVD 86 M 1R My PR X—>—Y,Ye DEP(X) /8L

W X>—>YeM,Z>—>WeM\,If BN T X—>—Y,Z 7] /3 fi 1,97 H weY. B4 YnZ2D, 51 B Y-Z#3, 51 LA th
18 1,WeDEP(X(YNZ)).1E M, T X(YNZ)>—W B Z>—> W, 574210 MVD £450 Mo, M, "=M,".

XM, BE IR RR.FENXYNZ)<|Z, 0 LX — I R 4R % MR B IR 7=k 1 MVD R4 )
M=M"=M" 3 B MR FE I AEER R I MVD: XY M Z>—WHN T X>—Y,Z BT 4 i, wey. O

TEgs H T3 BR TR B 2 A v v S01 2 BT, 1 S 45 k8 TEST R T /> MVD g, fl g 25 4
FEICRA.

Boolean Function TEST(i /)
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(K g & X>oY.g & Zo>o>W;
If (Z T X—>—Y 2053 fi# 1,3 H weY) Then
Return True
Else
Return False;
}
B 1 DT(OM)ZERIMER label(n) }1 DT(O,M)F 45 55 n (kRS 3878 45 i n 6 B (14 17 B2 28 e 32
JEEAE S
BE 1 HBRICRB W A i e vt
NIRRT R BN ES O O LI\ MVD 4 M;
R
PR LS MON E B 1%/
=S M SN MVD £E6 M T1E M, T X>—Y,Ye DEP(X);
W M, H{g.g,....a},BAF O D
For i:=1 To k Do
For j:=1 To k Do

If TEST(i,j) Then ¥i(i,)INAZ] O H;
Repeat
K O IR K (i) s

£ M, "l LHS(g,)J(RHS(g)NLHS(g;))—>—>RHS(g) I X gj;

/*LHS Fl RHS 73527~ MVD [ 28 AR 20/

For [I:=1 To k Do

{If TEST(I,j) Then KF(I)MAF] Q H;

If TEST(j,l) Then ¥ (7,H)IIANF] O

}
Until Q A T;
PGB 285 RHE %/
P My RIS (GG, G} SEAFEREAS G MVD AR LHS. % X; i G, 7" MVD ) LHS, 1<i<m;
It HAn R XX, W 1<i<j<m;
1IR3 T MVD B85 M, P= AR i/
W DT(O,MYEWIIRI A — M5 R ES O 4
For i:=1 To m Do
For fFANE DT(O,M)F H &4 0 45 & n Do
If label(n)fH LT My ¥ G, & W] 3 fii (¥ Then
{Y:=label(n);
label(n)«— X;;
W Z & G, ITAT RAS [ 9f4E;
For FANEAX(YNW) Y W=D 3 H. Xi—>—W 1E G; H Yy u{Y-Z} P17t % X Do
7 DT(OMYTH AN —ANHi 45 1 n Rl n,n'), label(n' )«—X';
1
i :DT(O,M).
B 1 TS AR IR 2 R DT(O,M) 2 — BRAT AR
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mEYE 1 AT H S T 2 T

5138 2. W ny Al ny & DTOMT PN 145 13,9 H. label(ny)clabel(ny), W) ny 5 ny (.

5138 3. Wk ny 1 ny 2 DT(OMY PPN AIE I 45 5L label(ny)#label(ny).

L WA AR BEAE DT(O,MYHF A A AR 45 55 ny B ng,label(ny)=label(ny)=X W48 5L 1,46 ny Fl ny Z IAVAST] fE
TEAEML SRR 52 R B L(n) S 4R & 15 (Y| Y=label(m),m J& LA n J9 MR AT B OB I A As R e R AL 3
M XSL(n)NL(ny). BE n S ny F ny B35/ A FEREL 58, W) F 5509 1 AT 50, L(ny )N L(ny)label(n), /it LA XcSlabel(n).
A ny B ny BIFELSE n AR5 AT REW ) X, BT LA label(n)2X 1R Xclabel(n), 151 R 2 W] 4,0, 1 ny 52 0 (FRE5E,
Fr UL FEOP &, U Xzlabel(n). B XSlabel(n) AN AL T ATE DT(O, M) ANAFAEXFE RIS AN RIS 5 ny By,
§i#4 label(n,)=label(n,). O

t5IEE 2 FI5| B 3,58 5 2 BT,

EIE 2. WH ny F oy S 1 24200 DT(OMYPIAS AR -85 5,0 label(n))zlabel(ns,).

d B 2,509 1 P=AE 1 DT(O,M)W R T TCARAE AT 1) 70 28 U 1 A 25 70 — B AR o 5 ) L st
0%, T B — D AL .

3 HBRAFREXFES TRBEAEF TN R RRN IR

FESL 1 2EA L 500 2 7 AR R B L

Bk 2. HBRICR B G B C IR i) R s ik i

L AR DT(O,M);

R

v BEl) L AL

¥ r i DT(O MR, CHILDREN(n) 475 DT(O,M)"h N 45 5 n 195% T 1K) 854
LEAVES<——{m|m &4 DT(O,M) ({1 &5 55

H(O)«——{H(m)|m {E LEAVES " WL H(m)J&—Nn 5 N label(m) {145 55}
PRI 2R A R R AR R %/

Repeat
{\ DT(OM) T % 4— AW &5 5 n 843 CHILDREN(n)CLEAVES, S H(n) &— M55 0 label(n)f1 45 5;
¥ Hm)IMN B HOO)H;

LEAVES<«— LEAVES-CHILDREN(n);
For #AME CHILDREN(n)F ff] m DO
If Hom) TG 55 R X (W45 53,8115 Xolabel(n) Then
{LL H(m)H i Xolabel(n) /N X %R TH AU 2 5L LR 'S4 label(n) I TH A 2 SUPE TR,

CLKE H(m) #9028 Hn)H,
H(O)«—H(0)-{H(m)};
}
Else
15 H(n) TGRS A L(m) FHT 45 58 v(L(m) € XILGTHE 3 BUE T, IF BL v & 555 0 label(n)
(YT A5 A S RO
LEAVES<—— LEAVESU{n};
}

Until LEAVES={r};

o 2 A H(O).

HI 8000 2,77 AR B2 S H(O) 7R A — D99 IE T A 0] JoH 181, B H(O) 7 I U A 1 25 1 ) MVD
a5 M S
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DRI A i 00 28 ) DL R I R AR e 46 D INF OC &I US4 XML BB DTD AH A 1) XML SCRS W] LA
T A R e B — N S RS, BT DAEIE B ST 2 7 AR 2 o e A TE B B R et I W AR
I [ 9% A L AT G e 1) R

TERR 3. B0 2 P AR R S R TG R 1 e

RO BRA R 45000 2 7 A (4 55 026 3 P v 380 B, T LISk 55 T T P R RS N E R 0 IR 4G R XCIR BL X ORI
U FRAC A Ty, DR IR Ty X N XML SCRS, RO ZR 7R DX I JE R AL 38 4 7 A= ) 5% 2 Sl

TSGR W28 J2 U S P AT AT J2 B R T 56 1% F) XML AR 2B DTD 3l AL o e X1, X0, X, A Ty
(I 45 2, TR 7™ Ty AR 45 A0 X B 45 50 X (AT 11 %, R(G) R R T(X)TE D(X) 5% I (14358 43 3 o ik 4k
BAE PR LR I 6 RS 1<i<n. T LABEAF ] Ty SR XML £ 8 DTD 3 & TC BB, 3 2 BE0E B R(XG )
R(XG)M...<R(X,)=R(X).

B T IR BN Ty s A h=1 NS A 202, Zo 6 Z 07 L i X, X, 1<isk iR 2 IR
BEH IR RAZ)>—>d(Xi)....... | d(X, ) s T(Z)FoR Ty o NARES i X BVS5 5 Z; (AT ) B A Z; 1K 0T A )
AR R R A AT R(Z) R 7R T(Z)AE DX RT3 43 38 5 JF kB A0 5 A 7= 2R 1 6 R 560, i MVD-ID 8
WLR(X;)D4... >4 R(X, ) = R(Z,) PR i 3 2% o) b ¥ U 98, 0 J 0 DA S H P Ty o1 RO W AL JC B3 006 42, B
R(X))MNR(X)>...XR(X,)=R(X).

SR AR 77 AR I 59 3 18 ] rp AT BRCRL 5 3 )74 PR P RRZ AR Ty A0 Ty LR T 8505 2 2h T, 10
AR AR5 2 B KO R, T L AX)—>—dXD)AY)—>—d(Y), B R HE % 2,00)cd(z) v)cd(z), T bl i
BT, d(2)>—d(X)|d(Y), W i MVD-JD UL R(X)>R(Y)=R(XY). 2Ll i, of 55 34 3 1] v 4, 55 S ] - 4 1) 7 P gk
ATV, AT LAAIE B, S0 2 7 AR 10 J2 U 23 A2 4 . O

ER 4. 5752 PR E R HO)H R T IR

P B 2,50 T AR 2 7 A IR 39 AT T TE R B AT BN B 0 R 45 £ vy B vy flv))2f(vy). JIT L 3
4 BT

BT LA B0 2 7= AR 10 3 OO 3 (R B IS 45 TR (R R B R B e R A B AR S B MVD A M T
HAT T B T0 AR ORI AR5 G D64 R Rk

4 % iE

FHR T34l XML B3R DTD #VE A6 3 I8 70, AR SC4h R I BVE I T R B s Z s 4G o A O
M MVD 4 M7 T3R8 XML B0 DTD (19)2 s 78 7= A2 12 B, 58 4 MVD Rk A MVD
AR B M S I B AR I 2 e B AT T B 0 AR RN 9 JC B IR (R e Pk T A, 7 AR I 2 IR X e B
HARFR T HAR OBOC R, I B BR T TURABE A SO TAER T-36 T Web ME R RFAF EH — 8 LA LUS
A FRATTRE T XML B 1) 0 A B S B e i AT TR NI 23 B, 9 LAt 8 S 2, 56 35 004k e vk Bk
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