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@ Abiteboul, Serge & Hull,
Richard & Vianu, Victor.
(1995). Foundations of
Databases.

@ M. Arenas et. al. Database
Theory: Querying Data. 2022.
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XAHEE

Movies

Location

Pariscope

Title Director Actor

The Trouble with Harry  Hitchcock Gwenn

The Trouble with Harry ~ Hitchcock Forsythe
The Trouble with Harry ~ Hitchcock MacLaine
The Trouble with Harry  Hitchcock Hitchcock
Cries and Whispers Bergman Andersson
Cries and Whispers Bergman Sylwan
Cries and Whispers Bergman Thulin
Cries and Whispers Bergman Ullman
Theater Address Phone Number
Gaumont Opéra 31 bd. des Italiens 47426033
Saint André des Arts 30 rue Saint André des Arts 432648 18
Le Champo 51 rue des Ecoles 43545160
Georges V 144 av. des Champs-Elysées 45 62 4146
Les7 98 bd. du 43203220
Theater Title Schedule
Gaumont Opéra Cries and Whispers 20:30

Saint André des Arts The Trouble with Harry 20:15
Georges V Cries and Whispers 22:15

Les 7 Montparnassiens ~ Cries and Whispers 20:45

R “ERAE" B EIE. AR
Mg —A KA (relation), X #
8 F— AT — AT (tuple).
TR G B — ) & P AR AR
(domain) * BUA.

AR MK (schema) 545 &
%] (instance) A X A

AR S Ak Bl HAL 96 e 2023 FKFF 3/169



LA

o (E%) THMEMES att, BEAF X FE <gu. ARATHE, —M&
5 P8 B PR )5

o (£%) THMEE dom. FHAAB T BAL. 4 Dom(A) it &
M A B,

° (£%) THMX A LALKSE relname.

o sort(rel) KT KA rel 09 &R A arity(rel) = |sort(rel)|. #ldn:
sort(Movies)={Title,Director,Actor}.arity(Movies)=3.

o X A4 X Movies=(Title,Director,Actor)

o T4 % 7H|:<The Trouble with Harry, Hitchhock, Gwenn>.

o TEFEAL var, TEAEBFIIE. B BT (free tuple) #9414
TUAALERE R E.

IFE, KRBT HAR A R H AL R IE 2023 SFARFFH 4/169



ARAA

Named and Conventional
I(R)={f1, f2, f3}
fi(A)=a
f(A)=c
f(A)=a
1(8) ={g}
g(A)=d

Unnamed and Conventional
I(R)={{a,b), (¢, ), (a, a)}
1(S) = {(d)}

Named and Logic Programming

\(B)=b
%Eﬁ;;’: o Named: £ X4 =& LA —3F8)
AR
@ Unnamed: 1& | 3 & 7 L4,
B PEIIR A P R R R
o FHME: KEALMEEL.

{R(A:a,B:b), R(A:c,B:b), R(A:a, B:a), S(A:d)} o B —HPIL B K F AL FIF .

Ui d and Logic Progr g
{R(a,b), R(c,b), R(a,a), Sd)}.

L S A R AL A B AR )AL, ST A A R ¥R ARSI

BB A R HAZ TR IE 2023 FKEFFH 5/169



FT R (EAF)

Constants
Variables

Sets of variables
Terms

Attributes

Sets of attributes
Relation names (schemas)
Database schemas
Tuples

Free tuples

Facts

Atoms

Relation instances
Database instances

IRFE, TR F

a, b, c

X,y

X, Y

e

A,B,C

u,v,w

R, S; R[U], S[V]
R,S

t,s

u,v,w
R(ai,...,a,), R(t)
R(e1,...,en), R(u)
1,J

L]

A AR TR

2023 FKFF

6/169
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AN ARE

HEMANB—RiET k2B 4EE LOEH. TRNEIHEST LA TR
EEFEL, AR KR LREAR.
=MAEHTEX

o Datalog: —#F i A oy £ 18 18] 49 ¥ 44 AL 5

o XA EH (relational calculus): 1% F| — M8 13 1% 45 #4318 & 16 45

o X F K& (relational algebra): & X —#rdy K sk X 2 B AL R
“BRAE B

3 &HE T HATY BT AR T L R ke R AR ). BT IE AR K, it
BRTHE ML BRI

IFE, MG F AR S Ak Bl HAL 96 e 2023 FKFF 7/169
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FIN

Movies

Location

Pariscope

Title Director Actor
The Trouble with Harry  Hitchcock Gwenn
The Trouble with Harry ~ Hitchcock Forsythe
The Trouble with Harry ~ Hitchcock MacLaine % }5 S —F i ,iéj .
The Trouble with Harry ~ Hitchcock Hitchcock AN _ .
- ‘ . N A= B “ . . ”"
Criesand Whispers ~ Bergman Andersson ° 11}_ b C ries an d Wh ispers Q’J _%‘-
Cries and Whispers Bergman Sylwan
Cries and Whispers Bergman Thulin (5 ?
Cries and Whispers Bergman Ullman A
“ - - ”
Theater Address Phone Number @ "“Cries and Whis pers /ﬁ: "}]F i
o
Gaumont Opéra 31 bd. des ltaliens 47426033 B
Saint André des Arts 30 rue Saint André des Arts 432648 18
Le Champo 51 rue des Ecoles 43545160 o Le Champo é{] j&;}iﬁp%—i@,‘%{—l—
Georges V 144 av. des Champs-Elysées 45 62 4146 Z ?
Les7 98 bd. du 43203220 .
27 ﬁ
haser it ohede e 7|# Bergman 349 .7 & AR
) ! ) N 24
Gaumont Opéra Cries and Whispers 20:30 VAR E Hj{ G -4 IIID .
Saint André des Arts The Trouble with Harry 20:15
Georges V Cries and Whispers 2:15
Les 7 Montpamassiens ~ Cries and Whispers 20:45

BB A R HAZ TR IE 2023 FKEFFH 8/169



FIN

1) 2.1.1
7|4 Bergman #-F 49 W% LARAR ke IT.

f# 2.1.2 (TaRE)

ST P A r € Movies, ro € Pariscope, 3 € Location, %= %
r1[ Titles| = ro| Titles| 7 H

ro| Theater] = r3[ Theater] 3£

r1[Director] = “Bergman”

W4 < r3[Theater], r3[Address| >.

IFE, MG F AR S Ak Bl HAL 96 e 2023 FKEFFH 9/169



FIN

1) 2.1.3
7|4 Bergman #-F 49 W% L ARAR ke IT.

& 214

BEAL TR

< xy, “Bergman”, x,. >€ Mowies, < Ty, Ty, Ts >E Pariscope,
< Tth, Tad, Tp >€ Location,

il < Theater : xy,, Address : z,q >.

BB A R HAZ TR IE 2023 FKEFFH 10/169



FIN

1] 2.1.5
7|4 Bergman 499 % L ARAR Lkay R IT.

& 2.1.6
AT AN 6 &1

ans( T, Taq) < Movies(xy;, “Bergman”, z,.), Pariscope(xy,, Ty, s),

Location(zy, Tod, Tp).

SINELEE

ans(Zi, Taq) < Movies(zy;, “Bergman”, _), Pariscope(xy,, Ty, _),

Location(z, Taq, _)-

i, [RMSF A K BB AR TR 2023 SFARFFH 11/169



Query-By-Example(QBE)

e ARIREE, AP AR .

Movies | Title Director | Actor

_The Seventh Seal | Bergman

Pariscope | Theater | Title Schedule

Rex _The Seventh Seal

Location | Theater | Address Phone number

P._Rex | P._1 bd. Poissonniére

IRFE, MG F B Ak Bl HAL 96 e 2023 FKFF 12/169



FHEAA: BE
Z X 2.1.7 (Rule-based Conjunctive Query)
R &34 EHE X R LA THN GARE# 154 T ey &k X
ans(u) < Ri(u1), ..., Ru(uy)
HF wup, . u, BB, ATk AL M ER K (head), HL
893k E 4K (body). £ ¢ F 89 T ZT4E var(q).

v

AR

KA BN EZLMATHRF, G TRRFEAMRGE @R, KM
ARIXAPIF LA TR A B (unsafe).

ans(z, y) < R(z)

T E, AT A Ak sk AL i 9E 2023 A FEEH 13/169



FHAA: EL

X 2.1.8 (A& (valuation))
g VCvar, BALv: Vodom A VP HE AT EHKL AT

e

v

X 2.1.9 (REEEP LT ER)
L qAELBRE NI RUKEEEX R GERHT AEEH ¢ TORN

q(1) = {v(u)|vZvar(q) LA EAL, Vi € [1, n], v(w;) € (R;)}
5w AR R FP), B a9iE LT IR R BT 1 a1k

IFE, BT A K BB AR TR 2023 SFARFFH 14 /169



SR E R

Z 3 2.1.10 (Active Domain)
o adom(l) : 1 &A% =.
e adom(q): q FHIFTA F=.
@ adom(q,X) : adom(q) U adom(I).

2 2.1.11 (%)
VLI€R,ICJT = ¢I) C ¢(J)).

X 2.1.12 (T#HAH (satisfiable))
I AE1F g(I) £ 0

IFE, MG F AR S Ak Bl HAL 96 e 2023 FKEFFH

15/169



SR E R

2% 2.1.13
B8 SR VT i R AY

HEHA.

ans(u) < Ri(w1), Ra(u2), ..., Rn(uy)
SR U2 F B RAL S H AR Y K.
i R I o € dom 12 a € adom(q) HEHGFE. HEZXE R;

M350 1(R;) = (adom(q) U {a})™(E) 4y 4§ ¢ b AT TIKIEH
a. R Vi, l/(uz) € I(Rz) OJ

v

3T B, [RMGF A K BB AR TR 2023 SFARFFH 16 /169



& /4 %&£ (Yes-no Query)

1] 2.1.14
A XA Bergman $E. ALR LBRaIERS?

LIS

ans() < Movies(z, "Bergman”, y), Pariscope(z, x, w)

Je RIEE (<>}, ARABEH R, W RAE [}, MABEH B

IFE, MG F AR S Ak Bl HAL 96 e 2023 FKEFFH 17 /169



SRR Bk

#] 2.1.15
&)

ans(Tip, Taq) < Movies(xy;, “Bergman”, x,.), Pariscope(zy, Ty, Ts),
Location(z, Tad, Tp).
EMF
{2th, Tad| 32t 2T, (Movies(zy, "Bergman”, zq4.),

Pariscope(x, Tiiy Ts)

b
Location(z, Tad, Tp)) }-

A K BB AR TR

2023 FKEFFH 18 /169




SRR Bk

2 3L 2.1.16 ((Well-formed) Formula for Conjunctive Calculus)
BiX R AHKEEEX, £ LG NEEHLXE LT

(a) R L#9—A> atom.

(b) 1BX @, #RAZ formula, ARZA p Ay HE.

(c) Bix 2 RE=,0 £ formula, A 4 Jzp &L A& —A formula.

AHEL
T2 o F8 2 & A HET (free variable).
® o A—A~ atom (#l:p = R(x)).
o p=(ANE), EF s Y REL—FPRAGET.
e o=y, KPP z#£y R Y FHEHELT.
T free(p) AXRT A ABE L. TAFIE A GUAZR (bound).

IR B, R F

A K BB AR TR

2023 FKFF 19/169



SRR Bk

Z X 2.1.17 (Conjunctive Calculus Query )
¥ BB X R L9 conjunctive calculus query 4= F 5 X 89 & & K

{617 Tt em|90}

H ¥ © A conjunctive calculus formula, < eg,..., e, > A free tuple, 2
FTRELHNAEEEL.

3T B, [RMGF A K BB AR TR 2023 SFARFFH 20 /169



LSRR H: 5L

SR A EL LB LA E L. AMNHAE—T AR LT,
AL
v:a;=v(x)
TR AL A R — A A
{m/a1,...,zn/an}

I satisfies ¢ under v
° v = R(u),v(u) € I(R); RH#H
0 0= (Y AE),IE Y peew)s I E &V free(e)]s A
@ o =3¢,3c e dom,I = [vU{z/c}]

e I ol

30T E, AL AR S Ak Bl HAL 96 e 2023 SFARFFH

21/169



LSRR H: 5L

S BUE H B0 6935 U8 LA FPIEEE T 6914
FhlEE TR
q(I) - {V(< €1,...,€n >)|I |= @[V|free(¢)]} J

AASBUE X AFME, S HR L (1) AbELHE;(2) E&EE L
Y (SR ) 40 ) AR

ABE L E WA X (Normal Form)
Elxla--wxm(Rl(ul)/\"'/\Rn(un))' J

& A BURH XA I T A AREA X

Conjunctive Calculus Query < Rule-based Conjunctive Query

IFE, MG F AR S Ak Bl HAL 96 e 2023 FKFF 22 /169



Wit FIANEF

# 2.1.18 (AREHTHEFT)
+ 14

ans(Ty, Taq) <  Movies(xy;, "Bergman”, z,.), Pariscope(xy, T, Ts),
Location(z, Ted, Tp)-
FMHT
ans(Tip, Taq) < Movies(xy, T4, Tac), Tg = “Bergman”,

Pariscope(xih, x4, Ts), Location(z, Tad, Tp).

E, 05

A K BB AR TR

2023 FKEFFH 23 /169




Wit FIANEF

FINF T TR 2 RARIA.
#] 2.1.19 (RR&ER)

ans(z, y) < R(z),y = 2

ZNFITIRF, FF TP EAETFHROASTEXZ P,
# 2.1.20 (R£R)
X a#b,

ans(z) < R(x),z= a,z=b.

w544 P
ETFAMNGLEBREAREENTREWH AN ANFESTZETH

IFE, MG F BB A R HAZ TR IE 2023 FKEFFH

24 /169



246%H

Extensional Databases(edb): /%454 #%
Intensional Databases(idb):  Ia] 4%

] 2.1.21 (£4%1%)
Bi% R={Q, R}, 4= TF:
S1(z, 2) < Q(z,y), R(y, 2, w)

S2(x7 Y, Z) < Sl (.7), w)a R(’U}, Y, ’U), Sl(’l}, z)
S3(x, 2) < Sa(x, u, v), Q(v, 2).

4] R N ) 83
12 111 13 111 12
21 2 3 1 21 113 2
2 2 31 2 2 3 2 1 1

4 4 1 21 3

3T B, [RMGF A K BB AR TR 2023 SFARFFH 25 /169



246%H

23X 2.1.22 (4B £# R (Conjunctive Query Program))
A B E R 2 XA e T A XA A7)

Sl (ul) < body1

So(uz) < bodya

Sm(um) < bodyp,

HFEAS; AR, body; F A A& &2 edb relation AR Sp,...,S; 1.
2 [PD)](S:) = a:([PD)]) A S; 69 RE.

IFE, MG F AR S Ak Bl HAL 96 e 2023 FKFF 26 /169



] 2.1.23 (2 & #H)

T(a, z) + R(x)
S(x) « T(b, z).

23 2.1.24
2AERE (TR FA8) SRERFMHN.

3T IE, TRMSF A K BB AR TR



Nz
¥ a ey FAEAARE.

# 2.1.25 (ALE 4% P A2)

ST () L#RATRAE U(), RT ALV T() HLE o911 st
2RI 2B, 24F o(T(D)(X)) = U(q(X))?

V(DB) —g—-rU(V(DB)) < Vv (DB)

v |17 %

TU)
T(U)(DB) = DB’

2A.M.Ke|ler, Algorithms for translating view updates to database updates for views involving selections, projections, and

joins. PODS'85.

IFE, MG F AR S Ak Bl HAL 96 e 2023 FKFF 28 /169



The SPC Algebra - Selection, Projection, Cartisian Product.
] 2.1.26 (SPC Algebra) J

72,3(01=2(T4(01=5(02="Bergman” (Movies) x Pariscope)) x Location)).

The SPJR Algebra - Selection, Projection, Join, Renaming.

] 2.1.27 (SPJR Algebra)
7rTheater,Address((UDirector:“Bergman”(Movies) > PaTZ'SCOpe) > LOCGtiOn)- J

3T B, [RMGF A K BB AR TR 2023 SFARFFH 29 /169



Normal Form of SPC Algebra

Tiin({< a1 >} X - x {< am >} X op(Ry X -+ X Ry)) J

—31 SPC Algebra & & X AR F M T HAREA X
Normal Form of SPJR Algebra
B, By ({< A1 a1 >} > {< Apy : apy >} 1
or(0p (R1) < - - - < b7, (Ry)))

—31 SPJR Algebra % ix XA 5 M T L ARE R K.

3T B, [RMGF A K BB AR TR 2023 SFARFFH 30/169



R 2.1.28 (EXFHH)
AT &0 35 L 54
@ Rule-based Conjunctive Queries;
o Tableau Queries;
@ Conjunctive Calculus Queries;
o Satisfiable SPC Algebra;
o Satisfiable SPJR Algebra. Ol

3T B, [RMGF A K BB AR TR 2023 SFARFFH 31/169




EXHE®: XA

1] 2.1.29
AR 2T AL A “Annie Hall " &% “Manhattan”?

2% (Non-recursive Datalog)

ans(x;) < Pariscope(z, " Annie Hall”| z)

ans(z;) < Pariscope(z;, “Manhattan”, z)

2% (SPJRU)

7TTheater(UTitle:“Annie Hall” Parz’scope) U UTitle:“Manhattan”(Pam:scope))-

IFE, MG F AR S Ak Bl HAL 96 e 2023 FKEFFH 32 /169



EXHE®: XA

ZHE 2.1.30 EXFHM)

AT &1 235 L LS00
@ Nonrecursive Datalog Program;
@ SPCU Queries;
@ SPJRU Queries.

IFE, MG F AR S Ak Bl HAL 96 e 2023 FKEFFH 33 /169
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FIN

Movies | Title Director Actor
The Trouble with Harry  Hitchcock Gwenn
The Trouble with Harry  Hitchcock Forsythe
The Trouble with Harry  Hitchcock MacLaine %‘ }% -!(u F é iéj .
The Trouble with Harry ~ Hitchcock Hitchcock AN _ .
Cries and thspem Bergman Andersson o }l] H:" ,& G aumont O p era I: Hy{ /T_Q_
Criesand Whispers ~ Bergman Sylwan
. ; ) . ,
Cries and Whispers Bergman Thulin N ‘h j' % é{J \g 2/
Cries and Whispers Bergman Ullman Z‘ H itc h coc k }(‘ 7.
Location | Theater Address Phone Number @7 '] 'LB Hitchcock %}L '?‘ 4?— Z: ?ﬁ Y
a9 ¥ %
Gaumont Opéra 31 bd. des Italiens 47426033 7.

Saint André des Arts 30 rue Saint André des Arts 432648 18

,[_2_ Champo .Sll-me des Ecoles ?.3.5451 60 Y uﬂl‘g B % f]/:] );)fr zl‘ Il ;%F /tl'_
Georges V | 144av.des CrampsElysées 45624146 Hitchcock flﬁ ;ILEI _% —F % lﬁ li?

Les7 98 bd. du 43203220

Pariscope | Theater Title Schedule (] "}JIg ez Y AN Z: el Hj& Hitchcock
Gaumont Opéra Cries and Whispers 20:30 ;}'j‘(‘ % Q’J \g -0 /

Saint André des Arts The Trouble with Harry 20:15
Gemges v Cries and Whispers 22:15
Les 7 Montparnassiens ~ Cries and Whispers 20:45

BB A R HAZ TR IE 2023 FKEFFH 34 /169



FIINER: *RERK

e f£ SPCU. SPJRU 9 & sk E 3| NFFiZ HiF “ -7
» named: {o,m, x,d,U, —}
» unnamed: {o,m, x,U,—}
1#] 2.2.1
7|4 £ Gaumont Opera L2 R & Hitchcock 589 % 2.

f2.2.2 (% FERK)

T TitleO Theater=“Gaumont Opera w(Pam'scope)

— T Title0 Director= “Hitchcock”( Movies)

3T B, [RMGF A K BB AR TR 2023 SFARFFH 35/169



FINZE & : nr-Datalog”
@ Nonrecursive Datalog 72 A% & (nr-Datalog™)
> Fdm: T+ Ry,...,Rp,—S1,...,75,

1] 2.2.3
7|4 £ Gaumont Opera B2 R & Hitchcock .49 % %.

f& 2.2.4 (nr-Datalog™)
R(z) < Pariscope( “Gaumont Opera”, z, y)
S(z) < Mowies(z, “Hitchcock”, z)
ans(z) < R(x),—S(x)

BRI
HAZEELAGLETES —ANFERHXRA R, ENTREFHELRK
ayZam sE R AMARZAP T ILA “ % 289" (unsafe).

ans(z) < —R(z)

She RARILH, 49 nr-Datalog™ it LIk 4

IFE, MG F AR S Ak Bl HAL 96 e 2023 FKFF 36 /169



FIINER: RRFEHE

o EXAFABEHAF, FINEBHF “”
o WLATA B HTIZH .
» Vi R (VY ==(mpAY))
» Vi 2R (Vop = —Fap)
>~ BE (oo =-p V)
> o FM (oo =(p =)A= p)

#] 2.2.5
7|t £ Gaumont Opera EB{2 R & Hitchcock #5899 %5,

226 (RAERHE)

{z|3yaTyp Movies(z,, “Hitchcock”, y,)
A = Pariscope( “Gaumont Opera”, z;, yp) }

3T IE, TRMSF A K BB AR TR 2023 SFARFFH
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“REet)” &9

%] 2.2.7
O {z[-R("A",2)}
@ {z, ylR("A",z) Vv R(y,"B")}
Q {7VyR(z,y)}

0 IINERE () B, 2F&EMEREMEB (dom) X
» de b 3, TS R={(3,1),...,(3,5)}
» £ dom=Nt TWEHLEHR o
» & dom= {1,2,3,4,5} Ta9&aLERxH {(3)}
o ERAFRAMME MR, HLIATH LT L LR
» 4o EiKB| 3 & dom= Nt FTayEiqhiTE BHIEH A ye Nt

o FHEIINFMAME WA, FONENHTLN

36T E, RS AR S Ak Bl HAL 96 e 2023 FKFF
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8t AR

ZX 228

BRI A —ANXZREH, EFHR adom(l) 2= 1T FEAGEGES, T
Fi g = {Z|¢}, adom(q) A+ ¢ FFEHEE. 4 adom(I) C d C dom,
AR T AR d ABAE v THR o, U L= p[v], &

Q v =R(z1,...,x,) is an atom and (v(z1),...,v(z,)) € I(R);
Q@ © = (s=¢) is an equality atom and v(s) = v (¢);
Q p= (Q;Z) A 6) and I ):d (] [V|free (1!1)i| and I ):d § |:V|free (g)];

Q p=VvEandIq¢ [V|free (w)} or I'=q ¢ [V’free (5)]?
Q@ o= and I =4 ¢[v] (i.e., I =4 ¢[v] does not hold);
Q ¢ = 3Jx) and for some ¢ € d,1 |=q ¢¥[v U {z/c}];

Q@ ¢ =V and for each c € d,I =4 Y[y U {z/c}].

“relativized interpretation

IR E, RN F BB A A AR T S 2023 SFARFFH 39/169



8t AR

X 2.2.9
A q={m, ..., 7|p}, M g EEB T ARtk d 6948 H°:

qa(X) = {{(v(z1),...,v(z,)) |l Ea plv], vE91E%R C d}

1] 2.2.10

q={zVyR(z,v)}, I={(3,1),...,(3,5)}, dom =N+
® Gadom(I) = Gagom(qn)(T) = {(3)}
® qri234561(I) =9
® qiom(I) =9

S2—fis, AFHEdC dom, qq(D) = gauadom(q,n) (D
5adom(q, I) = adom(q) U adom(I)

T E, AT A Ak sk AL i 9E 2023 A FEEH 40/169



Bk

ZX 2.2.11
EHw g FTHEEXZER T4 Vd,d Cdom, ¢(I) = qp(I),
WA g £FB T ERBIEZE.

) 2.2.12
{z|FyaTyp Movies(z, "Hitchcock”, y,)

A = Pariscope("Gaumont Opera”, z;, yp) }

o XF ¢ A¥IE 4y, W Vd C dom:
Qadom(I) = Qd(I) = Qdom(I)

IFE, BT A K BB AR TR 2023 SFARFFH 41 /169



EXFHE

R 2.2.13 (EXFHH)
AT B0 215 L EF14:
o FINTG ®Ey KX FZ KK (named. unnamed)
o nr-Datalog™ (¥ X Fiwd)
o MM IH X RIEHE W
o HEHBIELTHXAKAEENW

3T IE, TRMSF A K BB AR TR 2023 SFARFFH 42 /169



X R R A KA BE4LTEX (safe-range normal form, SRNF)

o BRBEEL, /7
» NEETRMERE (3. V) RFARLTE
» FAERKH AHEAIATRERGES
o XRAMEN: Vip = -I7Tp
o KRB p oY= pV, " £
o ZRTH#:

R
> (Y1 Ve V) = (Y A A Py)
> (YL A - AYR) = (YL VeV )

o B3k, {E1FiEEM L A(V,T) HETFTAA A(V,I)

IRFE, MG F B Ak Bl HAL 96 e 2023 FKFF 43 /169



IR

ALGORITHM 5.4.3 (Range restriction (rr))

Input: a calculus formula ¢ in SRNF
Output: a subset of the free variables of ¢ or® L

begin
case ¢ of
R(ey,...,e,) : rr(p)=the setof variables in {ey, ..., e,};
x=aora=x : rr(p)={x};
©iA@ o orr(e) =rr(p) Urr(e);
. _[rram if (v, Y} 0 rr(v) =0,
PIAX=Y rr((p)_[rr(\//)u{x,y} otherwise;
1V orr(e) =rr(e) Nrr(e);
-1 ¢ orr(p) =9;
Iy @ if X Crr(pp)
then rr(p) =rr(p)) — X
else return L
end case
end ®

B Ak Bl HAL 96 e 2023 FKEFFH
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IR

1] 2.2.14
Y = VI(1p1(Z) = ¥2(7))
o SRNF: o = —3F(v1(3) A —b2(7))

-
T~

- —)11}2
- —— 7 —— A

(G

o () BAELEARY rr(dy) =7, rr(ye) #L1
o Jtif, rm(y) =g

IFE, MG F AR S Ak Bl HAL 96 e 2023 FKEFFH
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BELHXRARKE

X 2.2.15
AR FZRELEN (T} & “Bxh 89F r(SRNF(p)) = free(y)

R 2.2.16 (5L FHHE)
AT & 25 EF0:
o FINTGRE KX FENREK (named. unnamed)
o nr-Datalog” (¥ X Fimid)
o BRIty X ZE AL
o EHMHMIEBXLTHXREHE N
o BMEANKARLER

#i# 2.2.17
BEbRRELT AR,

Osafe range
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B2t EE

3L 2.2.18
Rl AV, I MR, BETRAEFTOXRELEOGBBRLERLES
Fldrey, LAz EmikA “EAEE GRHE) Tl

3 2.2.19
EA AT S ERENELFN.

7positive existential (calculus) query
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RE &K

o R4& k& sum, count, max, min, avg, ...
o At E BTN RFARES DI canean
1) 2.2.20
X £A42 X Sales| Title, Date, Attendance] T, KEANCH G ENHAK
0 HHiE &R TR zx):
{<xt7 S>|‘rt € WTitle(Sales) Ns§= Sum{TrAttendanceUTitle:m,,(MOT}ieS)}}
0 EAHET #ex):
{{z, sY|zr € Trie(Sales) A s = Z To}

(fl:t,xd,l'g,> eoTitlezmt(Movies)

o X ARHAT

T Title,sum( Attendance) (Sales)

BB A R HAZ TR IE 2023 FKFF 48/169



RE &K

ZX 2.2.21

RERK fRAANKRE 1, foy..., FTXEEKX S (arity(S) > ),
fivinst(S) — N, H f; 69 B HAGPARA S 6% i 7).

# 2.2.22
X £A42 X Sales| Title, Date, Attendance] T, KEANCH G ENHAK

{<'Tt7 8> |E|‘7"d7 .’EaSCLleS(QZt, Zd, xa) Ns= Sum2{<yd7 ya>|Sal65(xt7 Yd, ya)}}

o TUKREM (f{Zy}) SINKRZEIEXTF @ vrernen
o BAAMNFRENMNXZRAEFTRENX ZFREK LR MR
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it RREBEYGARET

1] 2.2.23
dom =R, R &¥ (0,0),(4,0),(4,3),(0,3) # T &4 K
(my) € R <= (z,y) €[0,4] x [0,3]

o M TAMKIEE, EFEAMK dC dom

o AMLizHEL C8 Vee CKRE dom—d ¥9—AF4%

o Al “SEfAA"t=(t,....t,) € (dU )" &7 dom" ¥y T4
23 2224

Xt A PR EHE B LR B (T}, TARALESRZS |var(p)| #1
Bl AL L mA RETHERER, FE AT HERRLREY.

o AIMEHKIBE Lt EFE LT NELRE)IN

8CNdom = @
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it RREBEYGARET

o K (ty,... .ty AV (m1=1t1,...,00 = ty)
o rii?ﬂ (Cl(xl),,Cn(J:n)>
> Ci(z) B 3 A A4 (1< i< n)
o FXREEN: SALMNESL
%] 2.2.25
dom =R, R & (0,0),(4,0),(4,3),(0,3) XA, &G4 X 3k
R={(0<2<4,0<y<3)}

3T B, [RMGF A K BB AR TR 2023 SFARFFH 51/169



TEAE

© £FisiHiEE

o &N HFZ A
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FIN

ho T F e o KRB
o WM EM: A KE] (B-A, %A, ... )/ A% A (RIFa9# T A%
%)/
o FHE®: THKE | ..

HAVAKE e Z R @ ey R
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T/ 2K E

or(or(q))
75 (@)
or(m;(9)
Tyg q10<4g2
Croelrgman ; | or(q1 <G g2)
T ’ Moo Locaon or(q1 <G 92)
X : or(q1 <G q2)
= l‘\‘ T T 7T7(41 >4G q2)
/\ ’ (41 26 q2)
", O2='Bergman” 3
M- Location * s
Movies  Pariscope Movies Pariscope
(a) (b)

A K BB AR TR

orar(q)
7i(q)
wi(or(g))
q2ma4q]
or(q1) <G g2
q1><6 op(q2)
414G g2
71(q1) =g 42
q1 <6 Tp(g2)

R R A

2023 SFARFFH
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Sideways Information Passing

AT R
7T7(0’F(R1 X oo X Rn))

TR R B RENKXZORF T, 3 A REZETHHA
( (R > le+1) e Rln)

AT B REEIRF AT A7
RE, dofT B A KM T 7S REH?

ans(z) < Ri(uw1),..., Ry(uy), Ci,..., Cp

relation atoms constraint atoms

30T E, HALF B Ak Bl HAL 96 e 2023 SFARFFH
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Sideways Information Passing

AR atom Z ] 69 & B E S RACEIZN P, 2 PRITUF N £ B 4 k42
#] 2.3.1

ans(z) < P(a, v), Q(b, w, z), R(v, w,y), 5(x,y, 2), v < 2.

—2E % (—)

o ARFEHMEEANL TALFED, B TRAME D, RTRAL
3.

o WwREFTT ¥ MALTRIEAME TAEMEFHEE, # 2 EME
& R A

@ %= R constraint ¥ 49X X ATARH i, AR 2 AR AL AR 955 I A
LATag A 45 R K.

3T E, T

A K BB AR TR

2023 FKFF 55 /169



Sideways Information Passing

The SIP Graph

R(v, w, )

0 KA LAEA &
@ @ o LE T FMIN & A IE
o M HALFE H X A

S(x, y, 2)
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Sideways Information Passing

AT SIP 895 K XH %
L AT AL atomA; i
o LAWH, &
o LA HMAMEXRLFTE, X
o A; £ constraint, Jt LA ¥ &L A ATAR T

#) 2.3.2 (R A sip REHMNZE 695 H)
e P(a,v), Q(b,w,z),v <z, R(v, w, y), S(z, y, 2)
e P(a,v), R(v,w,y),S(z,y,2),v< 1z, Q(b,w,x)
o Q(b,w, ), R(v,w,y), Pla,v), S(z,y,2),v <z

IFE, MG F AR S Ak Bl HAL 96 e 2023 FKFF
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Sideways Information Passing

—%H % (=)
o WRIANGLEANINTE v AZBHABI, A AT AMR L.
VAR BRI A4 R P g a9 7).

#] 2.3.3

ans(z) « P(a,v), R(v,w,y), S(z,y,2) v<z Qb w ).
BTGy Thk EILZE v TE%
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Query Decomposition: Join Detatchment

Ykt

Z&LT £A

WAE R ABTEE. Bl p & P Reg—ATE, &8 C= (pr.a= pa.b)

o

# 2.3.4 (EARALE)

RhEtqp1,- pmA %
ans(z) (_Pl(pl)a co 7Pm(pm)7 Ola R Ck7 T 5

Q(q),

R1(51),--- 7Rn(5n)7 Dl?"' le
REry o rp B %

FMT

temp(q) < Q(q), Ri(r1),- -, Rp(1), D1, -+ , Dy
ans(t) < P1(p1),- -+ » Pm(pm), temp(q), C1,- -+, C, T.

v
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Query Decomposition: Tuple Substitution

AR TULR, 45 HEPUAE AR Y o 1A AR K.
1] 2.3.5
for each rin R; do
ans(s)+ «Ri(s1), -+, Ric1(si—1), Rix1(Sit1), -+, Rn(sn),
(017 ) Cm’ T)[SZ/T]
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The Homomorphism Theorem

Jo R XA T B3R, 4o TR E & B R E?
X 2.3.6 (Bifgthed)

E VL) Cd@), Mk g 845T ¢, 8H ¢qCd. % qC .4 Cq N
g5 ¢ FH, eH q=4.

# 2.3.7
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The Homomorphism Theorem

%

BAL (valuation): ¥ E Z w4 A F £

# 3% (substitution:) H L ZMHAFERE L 2.
AR ZHH, AMNIEAERHE X F:
Homomorphism

FWAT 0K § PHANTEHRBA ¢ PHANLTE, WA O AN ¢ 3
q HRA.

Z #2 2.3.8 (Homomorphism Theorem)
EBREW gC ¢ BARYEHFAEMN ¢ Bl { RS,

JER AR 4]
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The Homomorphism Theorem

JedTIEBA B F W7 RER S, KINA
#i 2.3.9
g=q SERGHEEMK ¢ 5 ¢ AWKk ¢ Bl ¢ R,

AR B [ 41

Yeib A AT A2, Blde, % R 85— AT oA 4
{a} W, FASHEM2EMTEERE:

q(x) < R(z, a)

d(y) + R(a,y)

3T B, [RMGF A K BB AR TR 2023 SFARFFH 63 /169



AR R &RAEE
PEA B HHA R R 0F &,

CLTLS(ZE, Y, Z) — R(x% U, Z)’ R(‘T7 U1, 251), R(:Eb Y, Zl)a R(Ia Y2, ZQ)a R(l‘Qa Y2, Z)

15 © M: Tableau Query

FERERE TR X ANLTAE LR —KEME KMNGMKLLBIRFN
TRTHR S 3iH LR BH91T.

R|A B C

up | x2 1 <
uz | x yr 21

uz | x1 y 2 @ Uy T’T?)i/%]'%'\,@(yg) =

Uq X Y2 22 o Us —‘;]-?E’L/%]'F%,G(ZQ) =21

us | x2 Y2 2
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R R R

AR &EL T8 Z A

o %% H 22t (Data Complexity): R &34, FA LT EHAS.

o &1 f A% (Query/Expression Complexity): R =T YAZ &4,
o BKA&H 2 (Combined Complexity): # =T AZL.

R 2.3.10 (BiREAWRL)

B SREW g f, AT AR (b I AT NP-% 26
o AIBTRE ¢C (.
o AT AL q= (.

36T E, RS AR S Ak Bl HAL 96 e 2023 FKFF

65 /169



R R R

EREMERTHAN, FFETHLEREMEARAL - THL, AL TiH
RERE B FIT. 2T R — AR REH, AT AT HR 6.

R 23.11 (BHTHRR)
% 70 ST 95 Rk 9 A R )3 T RO ARk )3 4. J

EBA.
i K PCP 2|3 MM 49 )3 2. DJ
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R R R

#i# 2.3.12
(1) XZ2FHGOASEFNFARERE R TRH 6.
(2) # FRHEMBIR TR B R TiRA .

HEBA.

5t (1), FIBF g — ¢ 89T 2

5t (2), MR 09 &30 o, FIBTEH ¢ 69T Lk An Y T Hr

G A B IR =

v
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R R R

RAF, — AR DL E A A R B R A T4

3T IE, RN F A AR TR



SRERMA

2% BATTT ARASE B L AR 69 9.

IFE, BT F AR R A AL T PE



eREM KL
SRmE i LR
OB S Ak R S KT, B3l 5L R T R AR

®# 2.3.13

BEIRSERWT, bk t, BY-EEEW g FEEEP T, FIBF t e o)
AL A NP-XE8.

Ri | Ai Aiqr R, | An A
0 a 0 a
0 b 0 b
1 a 1 a
1 b 1 b
a 0 a 0
a 1 a 1
b 0 b 0
b 1 b 1
(@) (b)
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SRERMA

TR E AR B QAR A & R T A 2 45 RO

#) 2.3.14 (%)
9

R,[AB], Ry[BC], R3[AC] S1[ABC], S,[CDE], S3[AFE], S4{ACE]
(b)

(a)

FBAFEEIEW? R — RN, BT HHRORSE
=¥ 2.3.15 J

o RHAREAL X R AR, IF 43 FAE S0 AR E LB L, B3 mx( 1)
STULE (M A GA R KN 9) BT KB LA R

3T B, [RMGF A K BB AR TR 2023 SFARFFH 71/169



TEAE

© smEMRMT &

A K BB AR TR



AN ARE

GRERE AT L, CRATL FHBERLTF LN ERS R —.

ERERPAT RS LR EXL LR NP-E#.
o My MEMIA LMK
o &SRB HAPATH &
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TEAE

© SmEGRMA &
o LT H 4tk

A K BB AR TR



—BrZEHa L

Bl 3.1.1 (—HE# &4 (FO) A= PFMA)

BN —WEHEE o, RFEEKB D AR
Wi AAYHARE (Dn) Eo

¥ 3.1.2
— 3% 45 F 19 P € B R R PSpace-7%T 4 B4
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—BrZ @ Ea PR H &

Algorithm 1 EVALUATION(p, D,n)

Input: An FO formula ¢, a database D, and an assignment 7 for ¢ over D.
Output: true if (D, n) = ¢, and false otherwise.

1: if ¢ is of the form R(Z) then return R(n(z)) € D

2: else if ¢ is of the form (z; = z;) then return n(z;) = n(z;)

3: else if ¢ is of the form (z; = a) then return n(z;) = a

4: else if ¢ is of the form —¢’ then return —EVALUATION(¢', D, 7)

5: else if ¢ is of the form ¢’ V ¢” then

6: return EVALUATION(¢', D, 7)) V EVALUATION(¢", D, 1)

7: else if ¢ is of the form 3z ¢’ then

8: return \,cpom(n) EVALUATION(¢, D, n[z/a])

9: > nfz/a] extends 7 by setting n(z) = a.
512 3.1.3

EVALUATION k892 Z & A O(|¢|* - log|D|)

¥ 314
RAFETRMT, —MEH &A% T DLogSpace
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ik e &

B 3.1.5 (4B&#H (CQ) AR FFH)

WA SREW o, HEEEHB D AR n
Wrdi: AL HRE (D) Ee

£ 3.1.6
RAETRMT, —M &P €A% T DLogSpace

IFE, MG F AR S Ak Bl HAL 96 e 2023 FKEFFH 75 /169




ik e &

2% 3.1.7
LS BB P PR A NP-7 £ P A

R,
4 ER (& NP A) IR
MFARGE GAEER k, e T OREEEB D A&l p:

D = {Node(v)|ve V(G)} U{Edge(u,v)|(u,v) € E(G), u# v}
k
w=3x,...,Tk /\ Node(z;) N /\ Edge(x;, x;)

=1 1<4,j<k
i#]

B, (D)) Ep SARYE GF k-H. O
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X 3.1.8 (5EMAFA)

bR FEHEE Y, —NEBRFETAETH AN (LK), ¥ LCE*
ETFEIRAINGES, ZAXNTHERHK £ 5 - N A EK

F& 3.1.9 (p-Clique)

WA LmBE G, EEXKE
¥k

Hrdi: HAAYHEMRLE GAH k-A

A 3.1.10 (p-CQ A= =A)

BN SBREW o, KWEFEY D AR ¢

H2E: el

Wd: AASHEMRE (D) Ee J
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Fixed-Parameter Tractability

& 3L 3.1.11 (Fixed-Parameter Tractable(FPT))
—ANSBFER (L k) REVZHHKTH (BT FPT) WS ARE 54—
A% KB T H a9 R f: N - RS EF4TF Ywe 2, TA
O (flr(w)) - poly(|wl))
B A A A w —E & T L.

o MF CQ &), HLRI O(fllg]) - poly(|D])) #5HhI %
o AN (7)) HEE MR 0(|D||<P| - poly(|D| + |¢]))

3T IE, TRMSF A K BB AR TR

2023 FKFF 78 /169




FPT Ja4

Z X 3.1.12 (FPT 12 4)
BEAME R (L1, k1) B (Lo, ko) 89 FPT 1242 K% & : T* — T, 47
HBESAXTHHEGHE f g, 3 Vwe XF #HE:

o U(w) T& flki(w)) - poly(|w]) B8] A+ H

o wel THRY d(w) € Ly

o rz(®(w)) < g(k1(w))

3T B, [RMGF A K BB AR TR 2023 SFARFFH 79 /169



W Hierarchy

F1# 3.1.13 (Weft-t Depth-d Weighted Circuit Satisfiability®)

WMN: EHEER C, FMAMARMEBNBRZELEESZE dAN, £+ 2
ZtABARKTHFT 3

SH &

v HAY ARG TIAKBEF EAAMANRAAEE, BRmE AR

o Weighted 2-SAT A2 T ¥4 FPT 3£ % WCS[C) 5]

SWCS[Cy 4]
T E, AT HAR S R A HAT i HE 2023 #AkEEH 80 /169




W Hierarchy

Z X 3.1.14 (W Hierarchy)

ST e N, —ASMAE (L k) BF W[ S AREHEEHK d, %
% (L,k) T FPT 1325 WCS[C;dl, WH = Uy W[,

FPT = W[0] C W[1] CW[2] C--- C WH

% 3.1.15
# FPT = W[1], ¥ NP C DTIME(2°(") J

IFE, MG F AR S Ak Bl HAL 96 e 2023 FKEFFH 81 /169



CQ AR E M

Z# 3.1.16

p-Clique & W[1] Z &% J
b c
d e

®# 3.1.17

p-CQ FIZ FIAA W] &8 J
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CQ KMEBENR

Answer - E(x1,22), E(x2,v3), E(x3,x4), E(x4,21), E(x1, 23), E(x2,24)

o Xk AR, KMEEAnH R, RM

A AR TR



3R CQ

o 4 fTH CQ 4L A BHFHr L - F A R
> BE: BANENEATE, BNAXRE-ZAED
> LEE: ANENEANALTE, FNAREAPHTERAREDL

Definition Join Tree and Acyclic Hypergraph
Given a hypergraph H = (V, E), a tree T is a join tree of H if
e the nodes of T" are precisely the hyperedges in E and,
e for each node v € V, the set of nodes of T in which v is an element

forms a connected subtree of T'.

Moreover, H is acyclic if H admits a join tree.

Definition Acyclicity of CQs

An acyclic conjunctive query (ACQ) is a conjunctive query ¢ such that
its associated hypergraph H, is acyclic.
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A3k CQ wIRA

Proposition GYO Algorithm

A hypergraph H = (V, E) is acyclic if and only if all of its vertices can
be deleted by repeatedly applying the following two operations (in no
particular order):

1. Delete a vertex that appears in at most one hyperedge.

2. Delete a hyperedge that is contained in another hyperedge.

¥ 3.1.18
ST AR KRR R P —AS CQ A& LR, HHrh join # (35 LIR) J
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RIF CQ &yIAT
@ Boolean CQ(BCQ): Fl%h =&y CQ £ & A f#
e BCQ bt CQ A= ¥ A —A%

Algorithm  YANNAKAKIS(q, D)

Input: A Boolean ACQ ¢ and a database D
Output: ¢(D)

1: T := a join tree of H,

2: N := the set of nodes of T'

3: r:= the root of T’

4: while N # 0 do

5: Choose s € N such that no child of s is in N
6: Compute ¢(D)

Y8 if s is a leaf of 7' then

& QuD)=a(D)

9: else

10: Let s1,..., sp be the children of s in T'
11 Qu(D) := iy (4:(D) = Qs (D))

12: N: =N —{s}
13: if Q(D) # 0 then

14: return true
15: else
16: return false

X% 3.1.19
Boolean Acyclic CQ(BACQ) 1R T VAL O(|p||D|log|D|) & &) P i s J
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IR CQ #IAT

ACQ #9 &g =2 BT £ O(|p||D|log |D|) B 18] A #% 5
ACQ #9fay A AT £ O(|p||D|log|D|) & ) P g
o ACQ #9 %69 KA =] 2

» B RT R R AR HAY

> REGKEH K SRS A, $gXER

» B AN FIRMBGEEN = o XEREE

ACQ AT : fRG9HEIPAR . 2 49 R, FRAURFAE....
> free-connex: Axm—4%d A WL EMRAGLE BRI
ACQ A L: R HFimEir L “RIBL” —RMEEH?
» B3 (Treewidth)
» (J7 L) ABHE ((generalized) Hypertree Width)
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Tree Decomposition

Definition 7.2: Consider a graph G = (V,E). A tree decomposition of G is a tree
structure T where each node of 7 is a subset of V, such that:

® The union of all nodes of 7' is V.
® For each edge (vi — v,) € E, there is a node N in T such that vi,v, € N.

® For every vertex v € V, the set of nodes of T that contain v form a subtree of
T; equivalently: if two nodes contain v, then all nodes on the path between
them also contain v (connectedness condition).

%] 3.1.20 (Treewidth=2)

o(z1, 75, 36) R1(71, 32),

Ro(mp, 13, 74),
R3(x3, 25),
Ra(

T4, To )

AR S Ak Bl HAL 96 e 2023 FKEFFH
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Tree Decomposition

D/E\G
VAVAN

NN
A/ L K/

M/ \N

D /G
C\B F 1. '
A L K/

T E, T

A AR TR

2023 SFARFFH
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Tree Width

The treewidth of a graph defines how “tree-like” it is:

Definition 7.3: The width of a tree decomposition is the size of its largest bag

minus one.
The treewidth of a graph G, denoted tw(G), is the smallest width of any of its tree

decompositions.

Simple observations:
e |f G is a tree, then we can decompose it into bags that contain only one edge
~ trees have treewidth 1
® Every graph has at least one tree decomposition where all vertices are in one bag
~> maximal treewidth = number of vertices —1

B A R HAL 2023 FKEFFH 90 /169




Tree Width

D/E\G
SN,
NN
A/ L K/

A
O& 0 %N
b 7

b & s b

~> tree decomposition of width 3 ~> tree decomposition of width 2 = treewidth of the example graph
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Tree Width via Games

Seymour and Thomas [1993] gave
an alternative characterisation of treewidth:

The Cops-and-Robber Game

The game is played on a graph G

There are k cops and one robber that may be positioned at vertices

In the first turn, the robber places herself at an arbitrary vertex of the graph; the
cops are all in a “helicopter” (i.e., not yet placed on any vertex)
In each turn:

one of the cops can decide to “fly” to an arbitrary vertex in the graph

if the moving cop is already in the game, he is lifted from his vertex

before “landing” (i.e. positioning the cop at his new vertex), the target vertex is
announced to the robber (the robber sees the helicopter approaching)

the robber can run along the edges of the graph, as far as she likes, as long
as she does not use any vertex currently occupied by a cop

the moving cop arrives at his destination vertex

The cops’ goal is to catch the robber; the robber’s goal is never to be caught
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Tree Width via Games

N N\ e
C/ \H \H y
\B \l | \I %/ \|
|V \/ ! A VR e Ve
v M/ \N

K A

AN
/

. C/D<F>G\
/L K/Q >B/
N\, YN, e

Theorem 7.6 (Seymour and Thomas): A graph G is of treewidth < k — 1 if and
only if k cops have a winning strategy in the cops & robber game on G.

30T E, HALF B Ak Bl HAL 96 e 2023 SFARFFH
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Summary of Tree Width

Graphs of bounded treewidth as a generalisation of (undirected) trees:
® Trees have treewidth 1
® Graphs of higher treewidth resemble trees with “thicker branches”
® ltis (in theory) not hard to check if a graph has treewidth < & for some k

® |tis (in theory) not hard to answer BCQs whose primal graph has a bounded
treewidth

Practically feasible only for lower treewidths

However, bounded treewidth does not generalise the notion of hypergraph acyclicity
(acyclic families of hypergraphs may have unbounded treewidth)

Is there a better notion of tree-likeness for hypergraphs?

A AR TR



Query Width

Idea of Chekuri and Rajamaran [1997]:
® Create tree structure similar to tree decomposition
® But consider bags of query atoms instead of bags of variables
® Two connectedness conditions:

(1) Bags that refer to a certain variable must be connected
(2) Bags that refer to a certain query atom must be connected

Query width: least number of atoms needed in bags of a query decomposition

Theorem 8.1: Given a query decomposition for a BCQ, the query answering
problem can be decided in time polynomial in the query width.

Theorem 8.2 (Gottlob et al. 1999): Deciding if a query has query width at most
k is NP-complete.

In particular, it is also hard to find a query decomposition

~> Query answering complexity drops from NP to P ...
... but we need to solve another NP-hard problem first!
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Hyper Tree Decomposition'®

Definition 8.3: Consider a hypergraph G = (V, E). A hypertree decomposition of
G is a tree structure T where each node n of T is associated with a bag of vari-
ables B, € V and with a set of edges G, C E, such that:
® T with B, yields a tree decomposition of the primal graph of G.
® For each node n of T
(1) the vertices used in the edges G, are a superset of B,
(2) if a vertex v occurs in an edge of G, and this vertex also occurs in B,
for some node m below n in T, then v € B,,.
The width to T is the largest number of edges in a set G,,.
The hypertree width of G, hw(G), is the least width of its hypertree decomposi-
tions.

# 3.1.21 (Treewidth=2, Hyperwidth=1)

o(z1, 15, B6) <R (21, 22),

Ra(mp, 13, 74),
R3(x3, 25),
Ry(

Iy, To )

1(2) is the “special condition” : without it we get the generalized hypertree width
7 e BB A R HAZ TR IE 2023 FKEFFH 96 /169




(Generalized) Hyper Tree Decomposition
(ar( 1236 )

(@ (anem)

(n(355910)
(e Camom)

(ar(C 1235 )

(e Caesor)

u}
)
l
n
it

DA

S A R m AR e g



(Generalized) Hyper Tree Decomposition

1) A 2
F (3
| s
7 8
e s (ce( 468910
H
10

Special condition violated ~» no hypertree decomposition
~> But generalised hypertree decomposition of width 2

1) A 2 (C,F ( 1,2,3,4,6,10 )
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(Generalized) Hyper Tree Results

Relationships of hypergraph tree-likeness measures:
generalised hypertree width < hypertree width < query width
(both inequalities might be < in some cases)

Acyclic graphs have hypertree width 1

Deciding “query width < ?” is NP-complete

Deciding “generalised hypertree width < 4?” is NP-complete
® Deciding “hypertree width < k?” is polynomial (LOGCFL)
® Hypertree decompositions can be computed in polynomial time if & is fixed

Theorem 8.9: For a BCQ of (generalised) hypertree width k, query answering can
be decided in polynomial time, and is complete for LOGCFL.
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Summary of (Hyper) Tree Width

Treewidth Hyper-Treewidth

Graph G(Q) = (V,E) Hyper-Graph H(Q) = (V,€)

» V = variablesin Q » V :=variablesin Q

» (u,v) € Eifu,v € y; for some i » E={{v|vey}|ie[n]}

» tw(G) :==measures how close G isto atree » htw(G) := how close H is to acyclic

» tw(G) =1 o G acyclic > [Gottlob, Leone, Scarcello ‘02]
tw(Q) = tw(G(Q)) htw(Q) < tw(Q)
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Fiq 4E XA LSV

Qz,y,2) = R(z,y) X S(y,2) x T(z,1)
BR[| =9 =|T| = N, #R8% ) |Q £&35 N 52

o |Rx S = O(M?)
o R S(m,y,2) # T(zz) “XB” (BHOAE)
o (R S) x THEdEsER KN max(|R x S, |T]) = O(N2)

S, M E HA S A HAT i HE 2023 SFARFFH
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AW R &AL

Qz,y, 2) = R(z,y) x S(y,2) = T(z,1)

o MEMEEFM: K—AMNE C, RAENME (EF) #E Vi
—% ChwRn (£F) BA

o 2&3, |Q <Ilzcc|R

IRFE, MG F B Ak Bl HAL 96 e 2023 FKEFFH 102 /169



N E £ P A

o iyN: BB G=(V,E)
o i BMUAKK c: F— [0,1], #AFYVve V, > cle) > 1

=X

o NELFWTIM (O) ARTHGHHAEE (o)

1 eeC
» Yee€ E, c(e) = 0 e¢C
e

o NRIAFE BPIATTANFLE ZPIAFA AT )5 #AT AP AL
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CX 2R

o B G (KA AF B PR ERAEAR
> G:(VaE)7|V|:77'7|E|:m
> V=Av,...,o}, E={e1,...,en}

m
minimize E Cq
=1

s.t. ZciZIforallve v

€;ov

01762,...,Cm€{0,1}

o MG 0y &t

C1,€2,.--,Cm € [07 1]

36T E, RS B Ak Bl HAL 96 e 2023 FKEFFH
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KRR

o V=A{zy 2, E={(z19),(y2), (%2}

minimize c¢; + ¢ + c3
st.ci+e>1
co+e3>1
c3t+e>1

c1, ¢, c3 € {0,1}

o MI)E: ¢, co,c3€[0,1]

A AR TR



AGM J

% # 3.1.22 (AGM })
%hebim Q=xT, R;, #EXRE G=(V,E), £+
o V=var(Q)
o E={var(R;)|1 <i< m}
ReH GH—NIoRAEE, NAIETHIEESRP D

|Q(D)| < [T IRP IR
=1

3T B, [RMGF A K BB AR TR 2023 SFARFFH

106 / 169



AGM J

|Q(D)| < [T I1RP O R
=1

- H gc(var(RP))log(|RP])
i=1
_ 22:11 c(var(RP)) log(|RP|)

o [,
log|Q(D)| < min Y log(|RY]) - i
=1
s.t. Z ¢; > 1 for all v € var(Q)
var(R;)2v

€1, €2y -y Cm € [0,1]

IRFE, MG F HAR A R H AL R IE 2023 FKEFFH
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AGM -ty &L

=% 3.1.23

BREWH Q=xT, Ry, ALEFFHRE G=(V,E), & & H GH#R
N HARE, WAE—RIBEEE D, £1F

m
|Q(D)| = [ |1RP|e" (xR

=1

IFE, MG F AR S Ak Bl HAL 96 e 2023 FKEFFH 108 / 169



A2 B 5 & B A

o

Q(x1,...,26) = Ri(w1,22) X Ro(xp, 23, 24) M R3(3,25) ™ Ry(24, 76)

o (ME) MIEPA: K—/NEE [, &7 [ FHEETHNTEAR
fR—% (&) #t+
o {m, 15,15} £ G 89— ARzl
o HMM, 3D, |Q(D)| > |adom? (1) - |adom? (z5)] - [adom? (a5)|
» adom®(z;): D FEE o #9FEHB CTRGBIAESL)
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CX 2R

o BHE G (RKK) Fha P ey KKK
> G:(VaE)7|V|:77'7|E|:m
> V=Av,...,on}, E={e1,..., em}

n
maximize Z d;
=1
s.t. Zdiglforall ec k
vi€e

dl,dg,...,dHE{O,l}

o MG M KM (DR IELRE)
dy, dg,...,d, € [07 1]
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4% 2] AL

o WA FE E A
m
minimize E Ci
i=1

s.t. Zci21forallv€ V

€D

€1,y C25- - vy O € [0,1]
o HR KH# k2 Bl
n
maximize Z d;
i=1

s.t. ZdiglforalleeE

vice

dl,dg,...,dnE[O,l]

o I Jyxt4%e] A

E, T F B Ak Bl HAL 96 e 2023 SFARFFH
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5% X 4% & 2

R 3.1.24 (B8R 2)

M THEEXEAR P AALIBEEMARIFA Pp, & P ARKEM p*,
Pp AR 7, W

pr=r

IR E, RN F BB A R HAZ TR IE 2023 SFARFFH 112/169



AGM JF-R AL B WL IE 9 B 3

o W HAEE é&éﬁkl%iﬂ
vD,|Q(D |<H|RD|

)
Ho
T
o
=
%

%éiéﬁkJ%Tﬂ
D)| > H ladom® (z;)| %
=1

o ARIEZITAB L, XAANTANF

3T IE, RN F HAR B A AR HAL 1136 3E 2023 A2
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#H 3 H R

Q=R1MR2NR3MR4

X X X
/N /N N
X Ry X Ry X X
/ N\ /N / N\ / N\
X R3 X R4 Rl R3 R2 R4
/7 N\ / N\
Ry Ry Ry R3

“AmERE" Tt kIR

A AR TR



FHER

Q(z,y, 2) = R(z,y) % S(y, 2) = T(2 )

o A
(1,1),(1,2), (1,3), ..., (1, g)

R=5S=T=
(2,1),(3,1),...,(?,1)

o JLH, [Rm S =% T =|Tx Rl =¥ =(\?)
o R, 44 AGM F*, |[Rx Sx T| < NP

IR E, RN F A AR TR 2023 FKEFFH
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FEATRAESZHHE (WCO)

o AR —MEIEALMA O(Q(D)|) tEMIATH ik
@ Worst Case Optimized (WCO) Algorithm
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WCO H-ik: #F

NIZAN
g
~N B,
\/ \1/8 EE

Q(A,B,C) = R(A,B) x S(B,C) x T(C, A)

(1) Compute Ly :=7m4(R x T).
(2) Foreach a € Ly, Ly ={5,2,6,7,4,10};

e compute the values b in mg(R x S) such that (a,b) € R and
o add the pairs (a,b) to Lo.

(3) For each (Gq b) € L27 L2 = {(51 3)7 (27 3)1 (27 4)7 (67 8)7 (47 8)}7

e compute the values ¢ in 7o (S x T') such that (b,c) € S and (c,a) € T
e add the triples (a,b,c) to Ls.

(4) Return Ls. Lz ={(5,3,1),(2,3,1)}.
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WCO H-:%: AEJoin

@ Attribute Elimination Join (AEJoin)

Algorithm AEJoIN(q, D)

Input: Join query ¢ using attributes Ay,..., A, and database D
Output: ¢(D)
1: Lo :={()} > Lo is the set with the empty tuple
2: fori=1,...,mdo
3: Li:=0
4 for each tuple a € L;,_1 do
5: V= ﬂRER(A,‘) Tr{AI}(RD X {(_1})
6: Li:=L;U({a} xV)

7: return L,,

o AT i NEEMH S BAAKRAGAL L; P
o XTF L, PN, AT ES i+ 1 NT 20T R/
o KEH L, AR AZMLER
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WCO H-:%: AEJoin

2% 3.1.25
3tF VD, AEJoin #90tia) 8 22 g A

O(nm - |Q(D)|)

A n=|var(Q) AT Q FHEZH, m= |atom(Q)| XF= Q F# &
WET (XFR) &, |QD)| ATEHERK.

IR E, RN F BB A R HAZ TR IE 2023 SFARFFH 119/169
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AN ARE

M EREANKIRH LT, Aot fieid &,
o FINELIRF: THEMLH L
o JEX: R AR XA d
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TEAE

O M LR
o i A b M
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7 B RIS R B, T
o i/ A A BB X,
o K FRIEMIET EM
o ik i/ il ek
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o) BARA [ RABAR R

ZX 4.1.1

FURBHES A7 X, YCUU L RERMITE X - Y.U L&Y
BABRBIEE X — U

BLE Vs, t € I,Wx(s) = Fx(t) — 7Ty(8) = Wy(t), W AR T e X — Y,
W IEX— Y.

BB R EARMEY X R 5B
BEREEEE T BHEELS UI#HRE XY, i Z=U-XY. A
= ny(]) > sz(l).
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FHES

TRAR AL B R LB FARIE S S = {01,...,04}, RERZIREHA
LB o?

FREA

LR EL ST, wRAEERBEEEN [ % IES H&HA IET
i, AT BAT, M SIS T BT =X W, e, et
Y=T.

# 4.1.2

%% ={A—>CB—CCD—E},*A
S = AD— E, %, = CDE— C,0 = CDE— C.

3T B, [RMGF A K BB AR TR 2023 SFARFFH 123 /169



BB R

& H AR ] &
Y={X->YVEEFX->Y}

AR R 6
KX AEANENE, CHROKELA X ={ASE X— A}

IFE, HMGF HAR B A RRHAZ L 3E



FAR G

LT T RE S )
Input: aset ¥ of fd’s and a set X of attributes.
Output: the closure X* of X under X.
1. unused :== X,
2. closure := X
3. repeat until no further change:
if W — Z € unused and W C closure then
i. unused := unused — {W — Z};
ii. closure := closure U Z
4. output closure.

%5) e kR AL B &P ]

3% 4.1.3
S X YSARY YC X (GRIER LT 2N

AR S Ak Bl HAL 96 e 2023 FKFF
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N R G%

o GHMLEFHB L MALMNE LR, Bl TG a < bb< c kT
RFFB 51 =“a<b,s5="b< "

0 "NF" —MFIHFEXFAN. B MERF T FHME, ThleF
FE os1,50 HEBH s3="“a< "

o “JEM": BBAEAN TE AR EFHE, T ELENFHE R Lo
AT AN AR FZAE, BEWFHPEATTUELREINFHE A
PP RE]. B, SR FHE 51,8, ERFFTEEMET T LR s3.

NEWHEREL T EME
o JEHM (soundness): — ¥4k BB FEALN I 69 4y AL AR A2 A AY.
o T &M (completeness): — by A4y AL AR A8 AR/ TE AL 3
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Armstrong NE £ %

FDI1: (reflexivity) If Y € X, then X — Y.
FD2: (augmentation) If X — Y, then XZ — Y Z.
FD3: (transitivity) If X - Y and Y — Z, then X — Z.

3 4.1.4
Armstrong /»32 %R E A BT & 09, J
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% {4k # (Multivalued Dependency, mvd)

kRGN MAAANT R &I
ZX 4.1.5

" R e S
MF X, YC U HKABEFEY [ HRSAKM X—> YV, R
1= ny(f) > WX(U—Y)(I)-
o
# 4.1.6
Theater — Screen, Title
Showings | Theater Screen  Title Snack
Rex 1 The Birds  coffee
Rex 1 The Birds popcorn
Rex 2 Bladerunner ~ coffee
Rex 2 Bladerunner  popcorn
Le Champo 1 The Birds tea
Le Champo 1 The Birds popcorn
Cinoche 1 The Birds Coke
Cinoche 1 The Birds wine
Cinoche 2 Bladerunner  Coke
Cinoche 2 Bladerunner  wine
Action Christine 1 The Birds tea
Action Christine 1 The Birds popcorn
v

A K BB AR TR

2023 SFARFFH
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#HBR B (Join Dependency, jd)
RGN T R ERE

ZX 4.1.7

R B KA T itk RGEBARK > [Xn, .., K], 2o R T=>a ) {7, (D)}

V.
%] 4.1.8
>[{ Theater,Screen, Title},{ Theater, Snack}]
Showings | Theater Screen  Title Snack
Rex 1 The Birds ~ coffee
Rex 1 The Birds popcorn
Rex 2 Bladerunner ~ coffee
Rex 2 Bladerunner  popcorn
Le Champo 1 The Birds tea
Le Champo 1 The Birds popcorn
Cinoche 1 The Birds Coke
Cinoche 1 The Birds wine
Cinoche 2 Bladerunner  Coke
Cinoche 2 Bladerunner  wine
Action Christine 1 The Birds tea
Action Christine 1 The Birds popcorn
V.
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#HBR B (Join Dependency, jd)
RGO RA T R R

Z3X 4.1.9

R B KA T itk RGEBARK > [Xn, .., K], 2o R T=>a ) {7, (D)}

1% 4.1.10
>[{Snack,Distributor,Price},{Distributor, Theater},{Snack, Theater}]

SDT | Snack Distributor  Price Theater
coffee Smart 235 Rex
coffee Smart 235 Le Champo
coffee Smart 235  Cinoche
coffee Leclerc 2.60  Cinoche
wine Smart 0.80 Rex
wine Smart 0.80  Cinoche
popcorn  Leclerc 5.60 Cinoche
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HBARH

£ 4.1.11
R o A R AN TR R J

8% B 1 B 088 S ABAR A Aoy RAR AR 69 FAR R

MVDO: (complementation) If X —> Y, then X —> (U —Y).
MVDI1: (reflexivity) If Y C€ X, then X —> Y.

MVD2: (augmentation) If X —> Y, then XZ —> Y Z.

MVD3: (transitivity) If X —> Y and Y —> Z, then X —> (Z —Y).
FMVDI1: (conversion) If X — Y, then X —> Y.

FMVD2: (interaction) If X —> Y and XY — Z,then X — (Z —7Y).
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The Chase

B do RAAEE AT BIRIE, AR A ST VA L RS 3 ) A &1y

# 4.1.12
A B C D A B C D A B C D
Tlw x y 7 Tlw x y 7 |lw x y 7
w o x ¥y z wox y z w o x y z
tlw x z w o x )y z w o x y z
tlw x y z tlw x y z
(a) The tableau query (7, £) (b) (One) result of applying (c) Result of applying
the jd <[AB, BCD] thefdA —» C
v

RAFFE (T 1) = ({t}, 0).
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The Chase

BEHIEEFHRERARGTAT, BOFNFATRATFZES.
X 4.1.13 (R RIRERH))
sat(¥) = {I|II = X}.

Z L 4.1.14 (BHERMT FH)

g b e &Y THEN, SHRY Ve sat(D), (1) = go(1), 3T4E
A =3 ¢2.

Chase: #] A& %1 T 69 &4 5 B AL, T B & A 214
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The Chase

7 F A B AL
BIREZZ A EMRG (dex<y). Tk ¥4 E0 (T,1).
o fd rule: B X — Y. T4 u,ve T, mx(u) = wx(v), ma(u) # ma(v).
R e=ulA]l,y=vA],z<vy AAGy BTH#A x, FITHRE.
o jd rule: 183X > [ X1, ..., Xp],u1, dots,u, € T, 2> ue R 2B HLT
@, B Virx,(u) =mx,(u). £ THFWALA v, ERAFRE.

Chasing sequence

B BB B LN 7 B 04 1) 7T AHE R — AN 71

(T, ) = (Tos to);- - (Tiy ), - .-

HbFERENTHTGET E— AT B EFANAEFE. P
FBIKERMR, ARG N MEAEHEER.

W F LEAZFAN RN LE, B/FIKELARA TR
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The Chase

Church-Rosser i

Bl — IR BRH T, LibH T EBATAK BN, RALFINHEHKRELE
#RARE]

o

Z X 4.1.15 (Chase)

4o R (T,t) & R Lo R #EHY £ fd 3F jd 9ERES T4
chase(T,t, %) A (T,t) B R, HEE—FEE FI0LER.
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The Chase

AR b RARME S, B — & HAE IR L, 55574k,
2B AR K (R& R/ R EAE).) BB

ERBER

L &0 HRAEEAE XA MANG, 2T EHE A jd AN £ NP-3E
8. {25 B3 B AR X B R i, P AL R % o X i 1] <7 g 2k 49

3T IE, TRMSF

A K BB AR TR
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A R AR 34T B0 R AL

5 — A

A B C D
T\w x ¥ 7

w ¥ ¥ 2

w ¥ Y oz
tlw x y z
(a) The tableau query

(T, t) corresponding to g

¢

(b) The tableau query
(T t') = chase(T, t, {~<[AB, ACD]})

BN

~

Tl T

s N

IaSEaNEN

X

s x>~

e e e =

N NN N NN

A AR TR

>
=
a
o

K

T T

NN N

=
= =
N[ NN N

(c) The tableau query
(T",¢") = chase(T", t', {B— D, D — C})

7| W Yy z

e
t

(d) The tableau query
T, ¢y = min(T", t")

2023 SFARFFH
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FIN

Movies | Title Director  Actor
The Birds Hitchcock Hedren
The Birds Hitchcock  Taylor
Bladerunner Scott Hannah

Apocalypse Now Coppola  Brando

Bladerunner wine
The Birds tea
The Birds popcorn

Cinoche
Action Christine
Action Christine

Showings | Theater Screen  Title Snack
Rex 1 The Birds coffee
Rex 1 The Birds popcorn
Rex 2 Bladerunner  coffee
Rex 2 Bladerunner popcorn
Le Champo 1 The Birds tea
Le Champo 1 The Birds popcorn
Cinoche 1 The Birds Coke
Cinoche 1 The Birds wine
Cinoche 2 Bladerunner Coke

2
1
1

Showings| Title] C Movies| Title]
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AR B AT

IND1: (reflexivity) R[X] € R[X].

IND2: (projection and permutation) If R[A¢, ..., An] € S[B1, ..., Bul, then R[4,
..., A1 € SI[By,, ..., B;] for each sequence iy, ..., i; of distinct integers in

{1,...,m}.
IND3: (transitivity) If R[X] € S[¥] and S[¥] C T[Z], then R[X] C T[Z].

RE 421
LN GEA (sound) LR 4% (complete) 8. J
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AR B AT

ik L Armstrong A IZAR F Xt & S Bk A R 6L AR A

R 4.2.2
%Y R R EMOARMES, B RiAr,..., An] C Ry[Bi,. .., Bul, I
S Ru[A1, ..., Aw] C Ry[B1, ..., Bu] 3R, [Cl],. .., Ri[Cl] 143

° R, cRVje [1,];

o C; & Ry b m ANTFIH Bk 51

o Ri[Ch] = R[A1,..., Anl;

o Ry[C] = Ry[B, ..., Bul;

3T IE, TRMSF A K BB AR TR 2023 SFARFFH 141 /169



AR B AT

ik LR Armstrong A IZAR F Xt & 2 Bk A R 6L AR A
ALGORITHM 9.1.6

Input: A set X of ind’s over R and ind R,[A1, ..., An] S Rp[B1, ..., Bul.
Output: Determine whether X = R,[A1, ..., An] € Rp[By, ..., Byl

Procedure: Build a set £ of expressions of the form R;[C1, ..., Cy,] as follows:
1. £:={R,(A1,...,An)}.

2. Repeat until Rp[By, ..., By] € £ or no change possible:
If Ri[Cy,...,Cp] €& and

Ri[C], LR Cm] - R][Dly LN Dm]
can be derived from an ind of ¥ by one application of IND2, then insert

R;[Dy, ..., Dy]into &.
3. If Ry[By, ..., By € € then return yes; else return no. |

—AIFRH &
R 3Z AT kA @, A4k B & PSPACE-#49.
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TEAE

© Datalog 5i#)z
e Datalog &1
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FIN

Links

Line Station Next Station
4 St.-Germain Odeon

4 Odeon St.-Michel

4 St.-Michel Chatelet

1 Chatelet Louvre

1 Louvre Palais-Royal
1 Palais-Royal Tuileries

1 Tuileries Concorde

9 Pont de Sevres  Billancourt
9 Billancourt Michel-Ange
9 Michel-Ange Iena

9 Iena FE. D. Roosevelt
9 E D. Roosevelt Republique
9 Republique Voltaire

# JE4n T 19

@ A Odeon &, 7T F|AWR £
k7

@ M Odeon i &, A e AL wp 2k &%
%7

@ #tA Odeon %] Chatlet "57?

o HEFEH Lz A HRAL L AR B A7

o BB ANAKDG?
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FIN

ZJlERiEHl, Lk E Rk A X A RE KL,
R kiR a.

A AR TR



B REREE

R EFFRAMAAN, 8 TR
2 (A7 AT, FHATFR
o SMIEHIREE (extensional
database,edb): 4 69 K K FE
o FLM &4 & XN
o MiHAHEE (intensional
database,idb): AR 4&HLI] B

=] F = E E DA

F AR R mh AR e g



I RERGEE

ANCESTOR
ANCESTOR DESCENDENT
john jeff
jeff margaret
margaret annie
FATHER MOTHER john anthony
FATHER CHILD MOTHER CHILD anthony ball
john jeff margaret annie anthony Janet
jeff margaret mary jeff :;Z ':Z
john anthony claire bill amet ol
anthony bill Janet paul john margaret
anthony Jjanet mary margaret
ancestor(X,Y) : — parent(X,Y). ?nﬁ unfue
ancestor(X,Y) : — parent(X, Z), ancestor(Z,Y). john bill
john Janet
anthony paul
john annie
mary annie
john paul
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Z X 5.1.1 (Datalog &)
Datalog #LN| #4 X A= F:
Rl(ul) — R2(U2), coog Rn(un)
N 7 N ~~ vy
&1k ik
HEP R RER L u; £ AT, Datalog #2545 LR AL 69 A TR E &
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Bk

Z X 5.1.2 (EHi4L)

KA 4% ALK v, 48 Datalog ALY F
Ri(u1) < Ro(ua),..., Ro(uy) 89PT A BHEL z B#H%A v(2):

Ry(v(ur)) < Ra(v(u2)), ..., Ru(v(un))

Z X 5.1.3 (idb,edb,schema)

¢4 52 Datalog #2 5 P:
o idb(P): thHLA MM KIAFay K R E L
o edb(P): FIA A AR IKGI X R KL
@ schema(P) = idb(P) U edb(P)
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&k

)BT 3K 69 5] R
1. A Odeon H &, 7T 2| A PRk £ 557
2. M Odeon i &, #8742 9R 3L & 757
3. 88 Odeon 2| Chatlet &7

f25.14
4 Prieiro:

St_Reachable(x, x) <«

St_Reachable(x,y) <« St_Reachable(x,z), Links(u, z, y)
Li_Reachable(x,u) < St_Reachable(x,z), Links(u, z,y)
Ans_1(y) < St_Reachable(Odeon, y)
Ans_2(u) < Li_Reachable(Odeon, u)

Ans_3() < St_Reachable(Odeon, Chatelet)
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Bk

5t FEH Pretro:

St_Reachable(x,x) <
St_Reachable(x,y) <« St_Reachable(x,z), Links(u, z, y)
Li_Reachable(x,u) < St_Reachable(x,z), Links(u, z, y)
Ans_1(y) <« St_Reachable(Odeon, y)
Ans_2(u) < Li_Reachable(Odeon, u)
Ans_3() < St_Reachable(Odeon, Chatelet)

AP
edb(Pretro) = {Links},

idb(Ppetro) = {St_Reachable, Li_Reachable, Ans_1, Ans_2, Ans_3}

5B ZASHLIN] 69 24K R

St_Reachable(Odeon, Louvre) < St_Reachable(Odeon, Chatelet),
Links(1, Chatelet, Louvre)
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E 0 BB RRE

fe. Datalog #2 7 & K — I Z 4535 &) & &
p: Ri(w) < Ro(us),. .., Ru(uy)
L FHR
Y, Vo, ..., Zm(Ri(ur) < Ra(ug) A+ A Rp(uy))
2t Datalog #2/% P = {p1,...,.pn}, ZX Zp=A\,;%,.

ZX 5.1.5 (BA)

Datalog #2 /5 P &9 —AMRABUAR 69 - 3 % Y p 695 EAE X sch(P) L%
1.

FH P X edb(P) 47 T L9548 P Lena 169 (BA3) |mOEARL
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i BB BB

#] 5.1.6 (AP FKREHHLER)
St_Reachable(x,x) <«
Links | Line Station Next Station St_Reachable(x,y) <« St_Reachable(x, z), Links(u, z, y)
. St Germain Odeon Li_Reachable(x,u) < St_Reachable(x, z), Links(u, z, y)
. Odoon St_Michel Ans_1(y) < St_Reachable(Odeon, y)
i Ans_2(u) < Li_Reachable(Odeon, u)
4 St.-Michel Chatelet Ans_3() < St_Reachable(Odeon, Chatelet)
1 Chatelet Louvre
1 Louvre Palais-Royal Ans_1 | Station Ans_2 | Line
1 Palais-Royal Tuileries
1 Tuileries Concorde Odeon 4
9 Pont de Sevres  Billancourt St.-Michel 1
9 Billancourt Michel-Ange Chatelet
9 Michel-Ange Iena Louvres
9 Iena F. D. Roosevelt Palais-Royal Ans_3
9 E D. Roosevelt Republique Tuileries
9 Republique Voltaire Concorde )
b

A K BB AR TR
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i BB BB

R AR K4S B KM Datalog 8189 7 ik,
o ZnfTH|Bf X Datalog #2509 A8 1E LA G &7
o 4T KM% Datalog & 147

LI

RE# & adom(P,1). i2 B(P,I) £ sch(P) #9548, FLith 2.
(1) YR € edb(P), R(u) € B(P,I) & R(u) € 1

(2) VR € idb(P), R(u) € adom(P,1I) = R(u) € B(P,I)

W B(P,I) & P L@ 4 I 644

JERH GRS S .

36T E, RS AR S Ak Bl HAL 96 e 2023 FKFF
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i BB BB

¥ 517
% P & Datalog #4251 & edb(P) L&, x & P L& 4 1 4R
U

o NX & P LEAT MR IER KmzLT PI) #9iEL.

e adom(P(I)) C adom(P,I).

o VR € edb(P), P(I)(R) = I(R).

JEB B AE 4 5]
AE (A& RK) W3k

(AR N) 4 B(PI) T4, itk P Loh TWRIMEE hHE
0695 Rt
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A AR DERT

I AT RS B P R B EAILR, NG R

HF#RB % (CWA)

AR EHILRT A3R691F 8. R p HOT R R B NAH p, T RA
A —p.

T ARLS ST i R AR A2 R R A & 7T Akt L )
# 5.1.8 FHHAERBETHREER)

EBABEREA {pV ¢}, R4 (BT p, g RERKEE T B EIMEIE)
T AT —p,—g A2 122 {pV ¢, —p, g} FET A
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B3 RN R

AKX B KB 5 2K #E Datalog 897 k.
X 519 (A#4&%)
R K #EAEERP, LA AN

P:A« Ay,... A,

A, eK WA ARK P EWARER A Tp hABERAH, £ X
Tp(K) #PiH K, P LABLERGEL
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B3 RN R

> FHAF T, #:
o TH wEVLIICT — T(I)C T(J).
o K2 TW¥I# % % T(K) =K.

312 5.1.10

i% P 5 Datalog #2 -,

(1) 5 Tp A2AM.

(2) #ABEFEF K £ Sp 6898A L B Y Tp(K) CK.
(3) Tp HENTF BAA Lp 9RA R Z KL L.
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&L RN R

%% 5.1.11
%% PITp LS I HRITHE K, K= PI).

JERA.
A RIER P(I) & Tp 8975 A
o WA PI) & P &9—AMEAL Wit Tp(P(i)) C P(I).

o §F Tp A¥AM, At Tp(Tp(I)) C Tp(P(I)), Bt Tp(P(I)) £
Pag— A XdhF IC Tp(P(), Bk Tp(P(I) £ P L&L4 1

W— AR B F P(I) &b, l:klz P(I) C Tp(P(1)).
&5 Tp oA 1835 K Has PI), Bl PI) AL LkEX
B RN T3 O

v
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2% edb(P) L& I, &£AH

IC Tp(I) C TH(I) C -~ S B(PT)

BT B(P,I) AA MR, By {TL0)} AR RS N AT E TR
#hEA ).
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ExaMPLE 12.3.3 Recall the program Prc¢ for computing the transitive closure of a
graph G:

T(x,y) < G(x,y)
T(x,y) < G(x,2), T(z, y)-

Consider the input instance
1={G(1,2),G(2,3),G(3,4),G4,5)}

Then we have
Tpre(D=TU{T(1,2),T(2,3),T3,4),T4,5)}
T3, () =Tr (1) U{T(1,3), T(2,4), T(3,5)}
T3, (1) = T3, (D) U{T(1,4), T(2,5)}
Th, (D =T}, (D U{T,5)}
73, . (D =Th (D).

Thus T;’TC

— T4
) =Tg,

).
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2% 5.1.12
T(I) = P(Y). )
JEH.

LH THI) AR5 REIEHLR D,

)& Tp LEFOSTWRHET, A JD TO(I) =1 AL TRBRE
BER Tp, A J=T51J) D TH(I), Bk JD TY(I), A TH(I) &

2 0

v

4 ThH(I) = TH(I) 983 FRAE B a9 I B8, ITHE stage(P,T).
2 stage(P,I) < |B(P,I)|. 42X stage(P,I) 25 P & %, MAE# P
A (bounded).
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= R B 4 4% 18 4] @, 294
T(x,y) < Gx,y)
T(x,y) < G(x,2),T(z, ).
] 5.1.13 (#] Al I 3h &7 % K% Datalog)
B 44 1% 32 1] @, 98 °T 38 18 de T H 0k K AR
1. T:=G;
2. while ¢(T) # T, do T:= ¢(T).

LR FEMAEETRTHE TR, B2 TR %
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&L IEH R
#) 5.1.14 (FEFHt)

ExampLE 12.4.1 Consider the following program:

S(x1, x3) < T (x1, x2), R(x2, a, x3)
T (x1, x4) < R(x1, a, x2), R(x2, b, x3), T (x3, x4)
T (x1, x3) <= R(x1, a, x2), R(x2, a, x3)
and the instance
{R(1,a,2), R(2,b,3),R(3,a,4), R4,a,5), R(5, a, 6)}.

A proof tree of S(1, 6) is shown in Fig. 12.3(a).

TN
rule 1
5(1,6)

wils / \ / \
7(1,5) R(5,a.,6)
rule 3
a

R(3,a.4) R4.,a,5)

R(1,a,2) R(2,b,3) T(3,g)

a

(a) Datalog proof (b) Context-free derivation
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BHERER AT

A4 #7 Datalog &3469 F 7|4 R:
o [iHAM
o Tl
o A

3T IE, RN F A AR TR



BHERER AT

Datalog &# T # L%

X 5.1.15 (REAX R THRMK)

%€ Datalog #25 P, i—ANEXZ T T P H R, e RGEKEE
540 11248 P(I)(T) £ 0.

HAVRF B2 269 Datalog &14).

5|3 5.1.16
% P REANTAEFH4 Datalog #2531, AAER g 3%
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Q +4: #EAE
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TEAE

Q +4: #EAE
o LI %47 5L E %4
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