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[Mnan nekyun

o Mogenb ganHbix XML;

@ S3bikn 3anpocoe k XML;

o Tpw nopgxopa K BbiNOAHeHUs 3anpocos k XML:
@ Pensumonnbie XML npoueccopsr;
© Hartuenbie XML npoueccopsi;
© CwmewaHnas cxema.

Nnaekcnmposatue anst XPath;

@ Beuinonnenue 3anpocos Ha npumepe anroputmoe PathStack u
TwigStack.
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o XML — eXtensible Markup Language;
o BecnnatHoe ynpowernne SGML, nepeas sepcusi 8 1998, W3C;
o Upen:
o ,D.O6aBI/IM K TeKCTy Ternm, gnsi BO3MOXXHOCTN npvlp,ava CEMAHTUKNA;
@ [aTb BO3MOXHOCTb MOJIb30BATENIO 3aA4aBaTh CBOW TEru;
© TekcT posmKeH BbITb 4UTabeNbHbIM NOJIb30BATENEM;
© BO3MOXHOCTb yKazaHust 0bpaboTku;
@ [Mpuwen He oanH, a ¢ “obBecom” apyrux sSi3bIKOB U TEXHOOINIA;
o Popmupyet basuc muorux textonoruii: ODF, XHTML, OOXML,
DocBook.
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XML I

YcnewHble NPUNOXEHNA:

@ CobcTeeHHO, pasMeTka JOKYMEHTOB;

@ ObmeH paHHbIMKM B €1abo CBSA3aHHBIX CMCTEMAX:

o Cytb: DTD unnun XML Schema 3agaet dopmat coobuueHnii npu
O6LLI|eHI/II/| PaA3MNYHbIX KOMNbHOTEPHBIX CUCTEM;

o He Tonbko onuckiBaeT hopmat, HO 1 CTPYKTYpY 1 JaHHbIE COODLLEHWIA;
o lMpumepsi: SOAP, RSS/Atom.

@ Mopgenuposarue cnabo-CTpyKTYPUPOBAHHBLIX JAHHbLIX:

CyTb: menee cTporasi Hexenu pensiynoHHas, ER u OO mogenu;
Nepapxnyeckas, rubkas, no3eonsieT pa3speXKeHHOCTb B AaHHbIX;
Mo3BonsieT UMETb reTeporeHHyo CTPYKTYPY AaHHbIX;
Mo3BonsieT MMeTbL CBOM CBOWMCTBA AJIS KaXKA0ro obbekTa;
CnocobHa K BbICTPLIM N3MEHEHUSIM.
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XML [l

@ JnemeHT (OTKpbIBatOWNIA N 3aKpbiBatOLWMii Ter + Tesio):

i <tl> body </tl1>

@ DJIEMEHTHI MOryT BbITh BAOKEHHLIMU:

-

<tl> bodyl <t2> body2 </t2> </t1>

@ Ter MoxeT nmeTs aTpubyTsi:

1| <tl attrl=''valuel''> body </tl1>

@ DeMeHTbl MOTYT BbiTh NyCTbIMU:

-

<tl/>

@ DTD n XML schema orpaHn4nealoT BOZMOXHbIE AEPEBLS;

o B pepese ectb nopagok, neBocTopoHHuii 0bxom B raybuHy.
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[Mpumep |

Mpumep B3sT 13
http://www.w3schools.com/xml/xquery_example.asp

<?xml version="1.0" encoding="UTF-8"?>
B <bookstore>
& <book category="COQKING">
<title lang="en">Everyday Italian</title>
<author>Giada De Laurentiis</author>

B <book category="WEB">
<title lang="en">XQuery Kick Start</title>
<author>James McGovern</author>
<author>Per Bothner</author>

<year>2005</year>
<price>30.00</price> <author>Kurt Cagle</author>

</book > <author>James Linn</author>

Bl <bogk category="CHILDREN"> <author>Vaidyanathan Nagarajan</author>

<title lang="en">Harry Potter</title> <year>2003</year>
<author>J] K. Rowling</author> <price>49.99</price>
<year>2005</year> </book>
<price>29.99</price> E <book category="WEB">

</book>

<title lang="en">Learning XML </title>
<author>Erik T. Ray</author>
<year>2003</year>
<price>39.95</price>
</book>
</bookstore>
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Asbikn 3anpocos k XML [Hidders and Paredaens, 2009]

o XPath (XML path language) — sA3bIk HaBUraUNOHHBIX BbIpaXkeHNii
e paspabatbeiBanca W3C, ¢ 1999 roga;
e nouck wabnoHa B rpade;
@ NocCneaoBaTesIbHOCTb LWWAroe And Bbl60pK|/| y3N10B.

@ XQuery (XML query language) — geknapaTueHbiii si3bIk ans
3anpocoB K koanekumam XML nokymMeHTOB;

Toxe W3C, 1998;

nosisuncs He Ha nyctom mecte: Quilt, Lorel, YATL;

nopoben SQL, dopmyna FLWOR,;

BktovaeT B ceba XPath.

o Muoxectso gpyrux, Huwesbix: XUpdate, NEXI, XQuery Full-Text, ...
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MocneposatenbHocTb location steps, dhopmupyem nyTs Hanogobue nyTu K
kaTanory B linux:
@ MoxeT bbITb abCONOTHBIM, @ MOXET bbITb OTHOCUTENbHBIM; [Mpumep:

book/title /@lang
/bookstore/book/title /@lang

-

[N)

@ * n O* ansa scex anemenTos n aTpubyToE;

e apyrue: //, .., |

@ npegukaThl: 1) cpaBHeHue cTpok 2) cyuwiecTeoBaHue 3) no3uLMOHHbIE

//title [@lang=""en’'"]/..

//book[author=""J K. Rowling’’ and price<30]
//book/author[2]

//book[/author]

//book[/author]/ price

L T o I N
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XPath: ewie npumepsi

3anpoc 1: doc("books.xml")/bookstore/book/title

<title lang="en">Everyday Italian</title>
<title lang="en">Harry Potter</title>
<title lang="en">XQuery Kick Start</title>
<title lang="en">Learning XML/ title>

B W N =

3anpoc 2: doc("books.xml")/bookstore/book[price<30]

<book category="CHILDREN">
<title lang="en">Harry Potter</title>
<author>J K. Rowling</author>
<year>2005</year>
<price>29.99</price>

</book>

o B2 W N =
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FLOWR HoTauuns:

o FOR — Bhibopka nocnefoBaTensHOCTH Y310B;
o LET — npuesiska nocnefoeaTenbHOCTM K NEPEMEHHOIA;
o WHERE — cunbtpauus ysnos;
o ORDER BY — copTtupoBka y3nos;
@ RETURN — ut0 BO3BpawaTh (BLIYMCASIETCS OANH Pa3 JIst KAKLOMO
y3na).
Mpumep 1:

1| for $x in doc("books.xml")/bookstore/book
2| where $x/price >30
3| return $x/title

PesynbrtaT:

<title lang="en">XQuery Kick Start</title>
<title lang="en">Learning XML/ title>

N =
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XQuery |l

Mpumep 2:

for $x in doc("books.xml")/bookstore/book
where $x/price >30

order by $x/title

return $x/title

B W N =

PesynbsTaT:

<title lang="en">Learning XML/ title>
2|<title lang="en">XQuery Kick Start</title>

-

XPath ananor Tak He moxeT:

1| doc("books.xml")/bookstore/book[price >30]/ title
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XQuery I

FLOWR HoTauuns:

@ B FOR n LET moxeT bbiTh HECKONBKO NOCNEA0BATENLHOCTEI;
o B RETURN wmoxet 6b1Tb |F nnn CASE;
o B FLOWR y3nbl MmoxHO co3aaBaTh Ha NeTy;
o .
Mpumep 3:

i for $s in fn:doc(''students.xml’")//student,

2 $e in fn:doc('‘enrollments.xml’’)//enrollment

3l let $cn := fn:doc('‘courses.xml’")//course[@crs—code=%$e/@crs—

code]/name

4| where $s/@stud—id = $e/@stud—id

s|order by $cn

6| return <enroll> {$s/name, $cn} </enroll>

3ameuaHue: XQuery — TbHOPUHT-NONHbIA.
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XQuery: oinonnenne [Grust et al., 2009]

@ Wcnonszoeate pensiymonnyto CYB/: ottpancanposats XML 8
Tabnuubl, oTTpaHcanposaTe 3anpoc B SQL, BbinoAHNTS,
OTTpaHCnpoBaTh pesynstathl B XML 1 Boigats obpaTHo;

@ BeoinonnsTs HaTueHo. TpebytoTca cneyunansHele METOABI
WHAEKCUPOBAHUSA U BbINOJIHEHWNE 3aMPOCOB;

o [nbpuaHast cxema, cMecb pensiunmoHHbIx noaxonos n XML TexHonoruii.
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Relational queries

b
XQuery Processors. Figure 1. (a) DB2 XML system architecture. (b) Pathfinder: purely relational XQuery on top of vanilla

database back-ends. (c) Timber architecture overview [11].

1
N306parkenne B3sito ns [Grust et al., 2009]
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Penauunonublie CYB/ n XML

Pathfinder: uncto pensiunonroe Bbinonnenne XQuery

o Wpes: cywecTeytowme pensiMoHHble CUCTEMbI MOTYT 3heKTUBHO
ncnonuate XQuery;

@ Mogens XDM (XQuery Data Model) — kaxgbiii y3en 310 3anuce B
Tabanue, BO3MOXHO, C “XnTpoii” cuctemoii koguposaHuii (pre/post
region 2, ORDPATH) [Grust et al., 2009];

@ Buiuncnenne 3anpoca: pesynstatel FOR (s kaxzgol nepemeHHoiA)
BblKNaAbiBaem B Tabnuuy, “passopadusas’ ux;

o [lanee, Ha aTy Tabanuy HaaCcTpaneaem OnepaTopbl CNeLnanbHol
anrebpbi (Flat Relational Algebra).

2http://db.in.tum.de/ grust/files/xquery-on-sql-hosts.pdf marepnansi wkons EDBT
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Pathfinder: npumep |

Nested for blocks /OOP(SO) /OOp(Sl) /OOP(SQ)

{for $v in (10,20)
o L . {for $v; in (100,200) 1 ) 1
1

2
S> [ return $vo + $w1 2

e Derive $vp, $v1 as before (uses row numbering operator p):

$uo in s $vi in 52
1 1 10

100
2 1 20 2 1 200
8 1 100

4 1 200 3

3|/|306pa>KeHMe B35TO U3 http://db.in.tum.de/"grust/files/xquery-on-sql-hosts.pdf
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Pathfinder: npumep Il

for $vy in (10,20)
for $vi in (100,200)
S» [ return $vo + $n1

$vo
ltero | poso | ftemo.
1 1 10
2 1 10 : i
3 1 20 iter | pos | item
4 1 20 1 1 110
~ ® Tl - 2 1 210
$ y iterg=itery itemq,itemy 3 1 120
V1 . 4 1 220
1 1 100
2 1 200
3 1 100
4 1 200 4

4
N306parkeHne B3siTo 13 http://db.in.tum.de/"grust/files/xquery-on-sql-hosts.pdf
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DB2 XML: rubpug pendunontoii 1 XML CVB/]

o Wpes: pensiumonHble 1 XML paHHble MOTyT yCnewHoO AONONHATL ApYyr
c apyra, Ho XML gaHHble noTpebytoT CBOro xpaHunuwa u
npoueccopa;

XpaunTt geonyvnoe npeacrasneHne XML gepesa, He Hago napcuts;
@ 3anpocbl He B SQL, a B ceoii Query Graph Model (QGM);
e Bbina nepesanuck 3anpoca u ctoumoctHas ontummusauus ans XQuery;

@ He cunbho 3asnent ot CXeMbl, HO NCnonb3yeT Ons Bbl60pa NHOEKCOB,

@ Nuagekcbl ans XPath ebipaxkeHnii:
e cTpouTcs ans Bbipaxenusi, ymeet [/, //, [ 1];
o MpeAcTaBneH Kak ABa BT-pepesa — uHpekc nyTeli 1 MHAEKC BEPLUNH;
© MHAEKC NyTeli — BCE yHUKasbHble pa3sepHyTbie nytu, B 1D;
o uHpekc sepwnH — ID nytn B 3Havenus n ID yznos;
@ aJIrOpUTM MPOBEPKN BIIOXKEHHOCTU LEPEBLEB ANsi BbIOOPA MHAEKCA;
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Hatnsreie XML CYB/[ [Grust et al., 2009]

@ XML paHHble XpaHATCA B UX €CTECTBEHHOM BUAe, HET 3aTpaT Ha
koHeepTtauuto B SQL n obpaTHo;

o lpumepsi: Timber [Jagadish et al., 2002] n Sedna
[Taranov et al., 2010]

@ B Timber — ceost anrebpa ans pabotsl ¢ XML: access methods,
METOAbl Nepe3anncuy 3anpoca N CTOMMOCTHAA ONTUMN3AUNA;

o [lpn 3arpyske gokymenTa y3ny conocrasnsercs (D, S, E, L):
Document, Start Key, End Key, Level (node);

@ JTa cxema no3BoAsieT bbICTPO yCTaHAB/INBATL OTHOLIEHUS MEXAY
y3namu:

e < di, s, e, b > npepwecteyer < dh, S, €, h > <= 51 < s&e; > e

@ VYanbl xpaHsTcs B nopsgke Start key.
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Timber

o [lpeacranerne XQuery — anrebpa TLC (Tree Logical Class),
onepupyeT NoCnesoBaTENbHOCTAMU YNOPAAOYEHHbIX, MOMEYEHHBIX
OEPEBLEE;

o TIX — anrebpa-paclumpenune gns cucteMm MHGOPMaLMOHHOIO NMOUCKa,
nobasnan dpyHKUNN OLEHKN;

@ Hogbie dpusmyeckme onepatopsl: MaTepuanusauus yzna (no 1D
NoJly4YnTb NOAAEPEBO), CTPYKTYPHOE coenmnHeHne (Bbiuncneqne XPath)
— Habop stack-based anroputmos;

o OnTumuzaTop: KOrga MaTepuasn3oBbLIBaTh, NOCAEA0BATENLHOCTD
CTPYKTYPHbIX COefUHEHNA — BbIOOp NOpAAKa;

@ OnTuMMU3aTOp — CTOMMOCTHOIA, OLIEHKA pe3ysibTaTa OCHOBLIBAETCS Ha
MO3ULUOHHOW rMCTOrpaMme.

Feopruii Yepuoiues (CM6AY) Ob6paboTka 1 MCNONHEHME 3anNpoCoB: ek 30 okTabpsa 2017 r. 21 /39



Hemnoro npo nHaekcnposatnue XPath

Mo [Luna Dong and Srivastava, 2009]:

o Cxembl HymepaLumu:

o ID — B n06: Nnogobue NHBEPTUPOBAHHOrO MHAEKCA, HO 3TO goporo :(

o Dewey — ananor 6ubnnoteyHoli knaccudmkaymm, npoBepka
NoacTpoku (Zenaem trie), naoxa ecnu aepeso raybokoe;

o WHTtepBanbhas cxema — Tpoiiku u3 (nepBas Hymepauusi, BTOpasi
HyMepauusi, Nepeasi HyMepaums poguTens) Npu JEBOCTOPOHHEM
obxope;

@ MNPOBEPATb BJIOXKEHHOCTb A1 NOTOMKa, AN pe6eHKa PaBEHCTBO;
@ MNOTOM Ha MHTEpPBAslaX MOXXHO CAeNnaTb R-tree;

o llHpekcnpoBaHue nyTeii: 3anucaTe NyTh OT OAHOW BEPLUWHbI U A0
Apyroii.
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NcxogHble gaHHble:

//’b Ook1\
title allauthors year chapter

e e/
7 27 71 82 g\

XML author author author 2000  title  section

3 72
fm In fn In fn In XML  head
8 | 12| 2a| |3z ‘43 |52 83 87 |
janepoe johndoe jane doe Origins
b9 13 29 33 49 53 88

5|/|306pa>KeHMe B3a7o u3 [Luna Dong and Srivastava, 2009]
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Cxema Dewey

booﬂ

title allauthors year chapter

1.2 | 16 \ 1.71 \31
L1 1]
187 1,627 1847 1.81.82/ 1.81.86

XML author author author 2000 title section

1.2.3 1.71.72
VA RVARNAN ] .
fn In fn In f

n In XML head

1.6.7.8 1.61.82.83 1.81.86.87
jane poe john doe jane doe QOrigins
ad 1.67.89 1.81.86.87.88 6

6|/|306pa>KeHMe B3a7o u3 [Luna Dong and Srivastava, 2009]
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NHTepBanbHas cxema

1, 1000
title allauthors year chapter
2.5 6.7 \ / wzw
Ll
7.16 727, 36 47, 56 82,85/ B86.120
XML author author author 2000 title section
3,4 72,73
| .ee
fn In fn In XKML head
8,11 |12, 15| 28, 31 32,35 48,51 | 52, 55 83,84 87,90
jane poe john doe jane doe Origins
b 9,10 13,14 29,30 33,34 49,50 53,54 88, 89 7

7|/|306pa>KeHMe B3a7o u3 [Luna Dong and Srivastava, 2009]
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CxemMa METOMOB AN NoAXOAa UHAEKCMPOBaHUS nyTeil |

XML Indexing. Table 1. The 4-ary relation for path

indexes
Headld SchemaPath LeafValue IdList
1 B null ]
1 BT null 2]
1 BT XML 2]
1 su null 6]
1 Bua null [6,7]
1 |BUAF null 6,7,8]
1 |BUAF jane 16,7,8)
1 BUAL null 6,7,12]
1 BUAL poe [6,7,12]
6 u null 0
6 UA null [7]
6 UAF null [7,8]
6 UAF jane [7.8]
6 UAL null [7.12]
6 UAL poe [7,12]

8

8|/|306pa>KeHMe B3a7o u3 [Luna Dong and Srivastava, 2009]
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Cxema MeTOA0B AN NoAaxoAa MHAEKCMpoBaHus nyTeii |

XML Indexing. Table 2. Members of family of path indexes

Index

bset of SchemaPath

Sublist of TdLi

Indexed
Columns

Value [11] paths of length 1 only last Id SchemaPath,
LeafValue
Forward link [11] paths of length 1 only last Id HeadId,
SchemaPath
DataGuide [7] root-to-leaf path prefixes only last Id SchemaPath
Index Fabric [6] root-to-leaf paths only first or last Id reverse
SchemaPath,
LeafValue
ROOTPATHS [3] root-to-leaf path prefixes full IdList Leafvalue,
reverse
SchemaPath,
DATAPATHS [3] all paths full IdList LeafValue,
HeadId,
reverse
SchemaPath
glllsoﬁpa»(erme B3a7o u3 [Luna Dong and Srivastava, 2009]
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Bbiuucnenne XPath 3anpocos

Mepeckas wactu crateu “Holistic Twig Joins: Optimal XML Pattern
Matching” [Bruno et al., 2002] npo Bbiuncnenmne twig queries.

(1.1:150.1)
title allauthors year Ch«'lpl‘?l author
(1.2:4.2) (1,5:60.2) \(1A51:53.2) (1,64:93.2) \ )
(1,6:20.3) (1.62.3) & N
(1.3.3) XML author  author '\uthm 2000 title section ‘
(1.65:67.3)]  (1.68:78.3) ]
(1.7:9, 4} ... (LeoTLa)| e jane  doe
fn 111 fn 111 fn In XML head
(1.66.4) A Sample
XML Query
jane poe john doe jane doe Origins
(1.8.5) (L11.5) (1.26.5) (1.43.5) (1.46.5) (1.70.5)
Figure 1: A sample XML Tree representation 10

0V|306pa>KeH|/|e B3aTo u3 [Bruno et al., 2002]
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HausHblin nogxon,

“B nob™:

© Pasbuts 3anpoc
Ha GuHapHble

OTHOLLEHUS; k (L11500)
@ Haiitu Takne /
eee
OTHOLUEHNA B title allauthors yeal chapter author
base gaHHbIX; (1.2:42) (1.5:60.2) \(1.61 63.2) | (1.64:93.2) \ ‘
(1.6:203) (1.62.3) i n
e Cknentb (1.3.3) XML author  author 2 2000 title section
(1L65:67.3)|  (1.68:78.3) .
pe3ynbTaT. (1794 vee o (LeorLy| eee jane  doe
fn In fn In XML head
naoxo, n6o e
(1.66.4) A Sample
NPOMEXYTOYHbIX ) I XML Quety
jane poe john doe Ornigins
pPe3ynbTaToOB MOXET (1L85) (L1L5) (1263) (143.3) (1.46.5) (1.70.5)
6eiTe OYEHb author — fh 3
author — In 3
MHOTO, npu Tom X A pesyibTar -- oju!
fn — jane 2
YTO BXOOHbIX 1 In — doe 2
PE3YNbTNPYOLWMNX
OAHHbIX HeGOJ’IbLIJOE al/lsoGpa)KeHMe B3saTo us [Bruno et al., 2002]
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AnbTepHaTuga: anroputm PathStack

Upes:
O Wcnonbayem Habop cBSA3aHHBLIX APYr C APYrOM CTEKOB;
© Kaxablii CTEK COAEPXKUT YaCTUHHBIE PE3YNbTAThI;

© T[onHblii pe3ynbTaT NOAYYMTCS “MpaBuAbHBIM 0OXOZOM CTEKOB.

B[ A
Cil [BiA

A
I
B
1 A
| I Sc S Sa
/i‘z lﬁ (c) Stack encoding
B, c A, B, C,
(|3 A B, Cy
! A, B, Cy

(a) Data (b) Query (d) Query results
Figure 3: Compact encoding of answers using stacks. 11

11
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Notation

book
Lo T
////// — T
XML title vear chapter
[ e 1o4:95.2)
—
d \ - — \
ocument s ot author? authord 2000 section
039 Qoo G ey 0
/ \ /o | |
/A / A \ L head
nl Inl  fn2 1n2  fn3 1n3 Les s 1674
1199
| | | | | I
janel poe  john 1 jane2  doe2 Origins
& s Wy 085 s
Query Streams
. . v
author T,:'a;, a,, a;
Ty finy, fir
fn In Ty,:"Ins, Ing
N
| Tj-]]: J2
jane doe .
J T,¥d, d,

isLeaf (author) = false

isRoot (author) = true

parent (fin) = author

children (author) = {fin, In}

subtreeNodes (author) = {fn, In, jane, doe}

eof (T}) = false

advance (7)) = T,: abﬁ_,, az
next (7)) = a;

nextL (7)) =6

nextR (7)) = 20

Stacks

L

Sy
empty (S,) = false

an Sa

n

pop ($)
push (S;,, in;, pointer to az)
topL (S,) = LeftPos of a;

topR (5,) = RightPos of a3 12

12
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Nnes B 0buwymx
deptax. B uukne,
noka NoTOKN He
onycTetoT, 6paTh y3en
C MUHUMasbHbBIM
LeftPos n nywuTe B
COOTBETCTBYHOLW N
crek. Kak Tonbko
noOAy4UM NUCT —

BblAda€M pELUeHNA.

Algorithm PathStack(g)
01 while —end(q)
02 gpmin = getMinSource(q)

03 for ¢; in subtreeNodes(q) // clean stacks

04 while (—empty(Sy,) A topR(Sy;) <

05 pop(Sy;)

“nextL(Ty,,,, )

06 moveStreamToStack (1y, .. .5 ... » _pointer to
tOP(f’parentfq,,, in) ))

07  if (isLeaf (¢yin))
08 showSolutions (S

09 pop(‘qq'min )

1))

Imin ?

Function end(q)

return Vg; € subtreeNodes(q) : isLeaf(q;) = eof(7y;)

Function getMinSource(g)

return ¢; € subtreeNodes(q) such that nextL(7y;)

is minimal

Procedure moveStreamToStack (1;,5,.p)
01 push(Sy, (next(7y),p))
02 advance (7))

Figure 4: Algorithm PathStack

a
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Procedure showSolutions (SN, S/P)

// Assume, for simplicity, that the stacks of the query

// mnodes from the root to the current leaf node we

// are interested in can be accessed as S[1],...,S[n].

// Also assume that we have a global array index[1..n]
// of pointers to the stack elements.

// index[i] represents the position in the #’th stack that
// we are interested in for the current solution, where
J/ the bottom of each stack has position 1.

// Mark we are interested in position 5P of stack SN.
01 index[SN]|= 5P

02 if (SN ==1) // we are in the root

03 // output solutions from the stacks

04  output (S[n].index[n],...,S[1].index[1])

05 else // recursive call

06 for i=1 to S[SN
07 showSolutions (.

SN].pointer_to_parent
P p
—1,1)

Figure 5: Procedure showSolutions

1
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B, A Ci |Bip™A
| I Sc Sg Sa
/?2 ‘ﬁ (c) Stack encoding
?2 c A, B, C,
C, A B, C,
2 P2 M
(a) Data (b) Query (d) Query results

1) CTexu KOAMPYOT OTBETHI

2) Beimaga uzet oT JIucTa K KOPHIO

3) Hma P/C ocu Hamo MogudpHUIHPOBATE
AITOPHUTM: a) PeKyPCHIO "yKOPOTHTH"

1o 1 ypoBHs u 0) cBepsATHCS 1O

LevelNum. 13
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Ananu3 anropntma PathStack

@ KoppekTHbIii: BO3BpALLAET BCE 3HAYEHMS, HE BO3BPALLAET HUYEro
NINLLUHEro.

o B xygwem cnyuae PathStack umeeT BIUNCANTENBHYIO CIOXKHOCTE NO
[/O n CPU nuHeilinyto 0T CyMMbI pa3MepOB BXOAHbIX CMUCKOB W
BbIXOGHOTO CMUCKA.

@ Ho! JlnwHne npomexyTouyHble pesynstaThl Takn beisatoT :(
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lauth author
allauthors
(1.560.2) / \
‘ fn In
author1 author2 author3 ‘ ‘
(1,620.3) / \ Jjane doe
fll Il M2 ;2 f3  In3 author
(1.7:9.4) \
| | | | \ \ fi‘
jane1 poe john doe1 jane2  doe2 )
(1.85) (1.115) (1.26.5) (1.435) (1.46,5) lane
author
In
\
doe

Query result:

(a3, fn3, In3, j2, d2)

(al, fnl, j1)
(a3, fn3, j2)

(a2, In2, d1)
(a3, In3, d2)

14

14
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Naoesa TwigStack

Vl'lJ,eFlZ K/1aCTb B CTEK TONbKO TakKMe HOAbl, KOTOPbIE NOTOM MOTYT 6bITh
COEONHEHDBI C KEM-TO.

o [lepen Tem Kak B3sTb HOfy hy M3 noToka Tg U NONOXUTL B CTeK Sq
TwigStack ucnonssyem getNext() 4tobbl nposepuTs:

© uTo y3en hy umeet noTomKa hg, B KaXkaom notoke T, ONs KaXKAOro
qgi € children(q);

@ «axpas u3 Hog hg, pekypCuBHO yfoBneTBoOpsieT 1).

Feopruii Yepuoiues (CM6AY) Ob6paboTka 1 MCNONHEHME 3anNpoCoB: ek 30 okTabpsa 2017 r. 36 / 39



Ananuns anroputma TwigStack

@ KoppekTHbIii: BO3BpALLAET BCE 3HAYEHWS, HE BO3BPALLAET HUYEro
JINLLHErO.

o B xyawem cnyyae TwigStack umeeT BbIYNCAUTENBHYIO CAOXKHOCTL MO
[/O n CPU nuHeiinyto 0T CyMMbl pa3MepOB BXOAHbIX CMUCKOB W
BbIXOZHOIO CMUCKa.

@ B xypwem cyyae TwigStack nmeeT npocTpaHCTBEHHYIO CIOXKHOCTb
BUAA MUHUMYM U3 1) CymMMa pa3MepoB n BXOGHbIX CMUCKoB u 2) n *
MaKCUMasbHYIO AJANHY NyTU OT KOpHs Ao nucta B D.
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