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YeTBepTas Hay4yHasd napajgurma

CHHTe3 KAaHOHUYECKUX MOoJieJIer, YHUPUKALMA MO/JIEJIEU PeCYPCOB
Anpo KaHOHUYEeCKOH MOJiesIu

YTouyHeHHe U ero GopMaiu3sanus

MeTo/ yHUDHUKALIMK MO eJIen

['padpoBbIe MOJIE/IN IaHHBIX U UX YHUDHUKALKA

Mojesib JaHHBIX aTPUOYTHUPOBAHHBIX IpadoB

OTob6pakeHUe MOJieJId AaTPUOYTUPOBAHHBIX I'PaPOB B KAHOHUYECKYIO0
MHQPOPMALIMOHHYIO MO/IEJIb

e OTOoOpakeHUs sA3bIKa ONpeeJIeHNsT JaHHbIX

e OToOpakeHHUe A3bIKa MAHUNYJIMPOBAHUS JJAHHBIMU

CoxpaHeHUe NHPOPMALIMM M CEMAaHTUKHU onepanui AM/] npu oToO6pakeHU U

)




Science Paradigms

Thousand years ago:

science was empirical
describing natural phenomena

Last few hundred years:
theoretical branch [ _

using models, generalizations

Last few decades:

a computational branch
simulating complex phenomena

Today: data exploration (eScience)
unify theory, experiment, and simulation

— Data captured by instruments
or generated by simulator

— Processed by software
— Information/knowledge stored in computer

— Scientist analyzes database/files
using data management and statistics

Jim Gray on eScience e/




/qETBepTaﬂ napagurma

O Heob6xoanmbl

MHTeHCHBHOE HCNOJIb30BaHWE IaHHbIX, JAHHbIE KaK JJOMUHUPYOLIHUH

dakTop

[IporcxoxaeHre JaHHBIX: HAOJIIOAaTeJIbHbIE, SKCIIEPUMEHTAJIbHBIE,
[0JIy4eHHbIE B X0/ie KOMITbIOTEPHbBIX CUMYJISLUU

Bo3pacTaroniue 06'beMbl JaHHBIX TPEOYIOT pa3pabOTKU METO/I0B 00pPabOTKHU
M aHaJIM3a B paMKaxX HOBBIX TEXHOJIOTHMM 0a3 JaHHbIX

0 HOBBIE MOAXObI K KOHIENTYya/JIM3al|uy, OpTaHU3aLMy U pealnu3aliu
MHPOPMAIMOHHBIX CUCTEM

O MeTo/bl M CPe/ICTBA ONIEPUPOBAHHUA JAHHBIMH, 00b€MbI KOTOPBIX BBIXOJAT 32
paMKH BO3MOXXHOCTeM coBpeMeHHbIX CYDB/]

O moaxo/ibl, IO3BOJIAIOIIUX CIIPaBJIATBCA C pa3Hoo6pa3HeM MaAdCCOBO U XdOTHYHO
Ppa3BUBAIOIINXCA A3BIKOB U Mo,aeneﬁ JAdHHDBIX

NoSQL-Mmoaenn

OHTOJIOTUYECKHUE U CEMAaHTUYECKHE MOIe/N
MO/IeJIM, OCHOBAaHHbIe Ha MHOTOMEPHBIX MacCUBaX
rpadoBbIe MOJIETN

o
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PaszHoobOpasue Mojiesier JaHHBIX

e pessiMOHHBbIE (AuasieKkTbl SQL),
00’ bEKTHO-PESIUOHHBIE, 00bEKTHbIE

® MaccuB-0a3upOBaHHbIE, IPaOBHIE,
CEMaHTUYeCKUe

e NOSQL: 0KyMeHTHbI€, KJIH0U-
3Ha4YeHHe, ...

Heob6xoauMocTb pelleHus 3a4a4 Ha/l
HCTOYHUKAMHU JaHHbBIX B
HccaeloBaTe/IbCKUX

MHPPaACTPYKTypax

JlaHHBIE JI0JI>KHBI ObITh COBMECTHO U
IMIOBTOPHO UCII0JIb3YEMbBIMU
HakonsieHve HeOJHOPOHBIX
WUCTOYHHUKOB JIaHHBIX

* (0asbl JaHHBIX, QpanJibl

e BebO-CepBUCHI, MOTOKHU paboT

Motivation for the Creation of the
Canonical Data Models

MOJCIN JAaHHBIX

NoSQL
Models | (Document] | Array
Models

Models

Graph

Models }

UHPPaCTPYKTYpbI

FOH="1]
=
=@ HNCTOYHUKU
JTAHHBIX

=
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e
Synthesis of the Canonical Data Model

refines

‘ refines

refines

Source data models Canonical Model
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YHUPUMKauma moaenem aaHHbIX

e KaHoHu4eckasi MoOesib JAHHBIX - OOLUU A3bIK, YHUDHUIUPYIOIIUU
pa3HoOOpa3Hble MOJeJIU PeCypCcoOB

* YHugukayus ACXOqHOH MOJIeJIU JJaHHBIX - ee 0TOOpaKeHWE B KAHOHUYECKYIO
MOJIeJIb, COXpaHsAIlIlee MHGOPMAIMIO U CEMAaHTHKY Ollepaliii 13bIKa
MaHUIYJAPOBaHUA JaHHbIMU (AM/)

e yHUUKAILUSA JOKHA ObITh OKAa3yeMO NPaBUJIbHOU

* YHUUKALUSA MOJiesIer PECYPCOB SABJISAETCSI HEOOX0UMbIM MPeAYCAOBUEM JJIs
pervcTpainuy pecypcoB B TOCPeJHUKE

* B KadyecTBe KAHOHUYECKOH MO eI MOXKeT paccMaTpuBaThcs A3blk CUHTE3
- KOMOMHHPOBaHHas CJIabOCTPYKTYPUPOBAHHASA U 00 beKTHASA MO/JIeJb
JITAHHBIX, HalleJIeHHAs Ha pa3paboTKy NMpeAMeTHBIX TOCPEJHUKOB JJIs1
pelleHud 33a4a4 B CpeaX HeOAHOPOAHbIX peCypCcoB

e Pa3paboTaH NpOTOTUIl NPOTPAMMHBIX CPEACTB AJISI NOALEPXKKHU Cpebl
npeaMeTHbIX MOCPeAHHUKOB

e [[poBeneHa YyHUPHUKAIUSA CTPYKTYPUPOBAHHBIX, OHTOJIOTUUYECKHUX, CEPBUCHBIX,
NPOLIECCHBIX MOJieser

N L)




/Canonical Data Model

 SYNTHESIS - a language intended to provide a uniform (canonical)
representation of heterogeneous data, programs and processes for their use as
Interoperable entities — contains:
e universal constructor of arbitrary abstract data types
e comprehensive collection of the built-in types
e type composition operations and type lattice
T1 JOIN T2 contains all the information of T1 and T2
T1 MEET T2 contains common information of T1 and T2

e functions are given by predicative specifications expressed by mixed pre- and post-
conditions formulae of typed first order predicate logic




4 ™
Canonical Model Kernel -

SYNTHESIS language

Metaclass supertype Logic
Formulae
/7 N pd o~
superclass instance instance invariant assertion,
// type candition
=4
instance Abstract
Class | type — Data Type Process
A
method event
™~
instance type metaframe Function

Object j=———becomes Frame




/Canonical Model Kernel Extension Facilities

Metaclasses

Metaframes

Parameterized constructions (including assertions)
Generic data types

™~




/Refinement Formalization

Abstract Machine Notation

Atelier B

refines automatic/

interactive
proof

\ Y/

o Atelier B (ClearSy System Engineering, France)

e tool support for AMN (Abstract Machine Notation) language based on the first order
predicate logic and set theory;

e tools support for automatic/interactive proving of refinement
\ e is used for model's semantics formalization and refinement verification e/




/Abstract Machine Notation A

» Based on first order predicate logic and Zermelo-Frenkel set theory with axiom of
choice

» Allows to consider specifications of state space and behaviour in an integrated
way

 State Is introduced by state variables together with invariants

e Behaviour is introduced by operations defined as generalized substitutions —
predicate transformers

» Refinement is formalized by formulating proof obligations
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REFINEMENT M
REFINES K
CONSTANTS c,,
PROPERTIES P,,
VARIABLES v
INVARIANT I,
INITIALISATION Init,,
OPERATIONS

y < op(x) =

PRE Pre,,

THEN

Def

op,M

END

REFINEMENT N
REFINES M
CONSTANTS ¢,
PROPERTIES P
VARIABLES w
INVARIANT I
INITIALISATION Init,
OPERATIONS

y < op(x) =

PRE Pre,, \

THEN

Defopn
END

-

e “Operation refinement”

RefiInement Formalization in AMN

Theorem of joint state non-emptiness

PuAPy=3 (viw) (I, Al)

Theorem of initialization refinement

Py A Py = [Inity] = [Init,,] = 1
Theorem of operation refinement
=

PuAPyAlTyATGA Preop,M

PreoplN/\ [Defop,N{y — Y} = [Defop,M] -

(IyAY'=Y)

e Under the refinement relation and the precondition of the more abstract operation, the precondition
of the more concrete operation holds;

e For every execution of concrete operation there is a corresponding execution of abstract operation
from the same initial state which establishes the same external result values and reestablishes t
refinement relation between the post-states.

®




/Refinement Formalization Meaning

e Non-emptiness of joint state P, A Py =3 (v,w) (I, A ly)

e There is a combined abstract (v) and concrete (w) state which satisfies the refinement
relation and abstract machine invariant

If this failed there would not be an executable implementation of the abstract
specification via the refinement
e Initialization refinement P,, A P, = [Init ] = [Init,,] = 1

e The concrete initialization is a refinement of the abstract one under thy assumption of
the constraints and properties of both machines




/Refinement Formalization Meaning

e Operation refinement Py A Py A Ly Al A Preg =

Pre, wA [Defy ({y = ¥y = [Defy 1= (g A Y'=Y)
e Under the refinement relation (1) and abstract precondition (Pre,, )

concrete precondition (Pre ) holds (preconditions may be weakened in
refinements, or concrete operation has a wider range of behavior) and

for every execution of concrete operation (Def, \ ) there is a corresponding
execution of abstract operation (Def, ,) from the same initial state (under the
relation 1) which establishes the same external result values (y'=y) and re-
establishes the refinement relation between post-states.

Q N—{ u
I
!

f'a

refinement
relation

1 1
: (v )—m—{u)




/Refinement Formalization Meaning

e S[R] means “For every execution of S starting from this state, the execution
terminates 1n a state satisfying R”

e — S = [R] means “There exists an execution of S starting from this state, which
either fails to terminate or terminates in a state satisfying R”

e T— S — [R] means “For every execution of T, there exists an execution of S
starting from this state, which either fails to terminate or terminates in a state
satisfying R”




AMN Specification Example
MACHINE FileTransfer

SETS Byte, CopyState = { Idle, Remember}
DEFINITIONS File == seq(Byte)

VARIABLES copy, buf

INVARIANT copy: CopyState & buf: File

OPERATIONS

send(f) =

PRE f: File THEN

SELECT copy = Idle THEN
copy:= Remember || buf:=f
END

END;

g <-- receive() =

SELECT copy = Remember THEN
copy:= ldle || g:= buf

END

END

-
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AMN Refinement Example

REFINEMENT FileTransferRefinement
REFINES FileTransfer
VARIABLES afile, bfile, byteWise

INVARIANT afile: File & bfile: File &
byteWise: {BW, Transfer, Transferl} &

(byteWise = Transfer => buf = bfileafile) &
(byteWise = Transferl => buf = bfile) &

(copy = Idle <=> byteWise = BW ) &
(copy = Remember <=>
byteWise: {Transfer, Transferl} )

OPERATIONS
send (f) =
PRE f: File THEN SELECT byteWise = BW THEN
byteWise:= Transfer || afile:=f
END
transBlock =
SELECT byteWise = Transfer THEN
IF afile =[] THEN
byteWise:= Transferl
ELSE
bfile:= bfile~irst(afile) || afile:= tail(afile)
END
END;
g <-- receive =
SELECT byteWise = Transferl THEN
g:= bfile || byteWise:= BW

END @
v/




/Unifying of a Data Model

‘ refines ? .

data data structure DML
structures properties operations

semantics semantics
AN AR A abstract | '
I : ‘
I AM N abs_,tract Invariants machine I

v variables : v |
I operations :
I > I
I MS refines ! MT :
L e e e e e e e e e e e e e e e e —— J

e construct a mapping # of a source model S into a target model T
o express semantics of S and T as the AMN abstract machines
e construct the gluing invariant binding states of Mg and M+
\_* 0 preserves information and operation semantics iff M refines M




/CoxpaHeHme MHPOPMALIMM U CEMAHTUKN onepaunm A
AM/ npu oTobpaxKeHnu

e AMN - TeopeTHKO-MOJieJibHas HOTAllKMs1, OCHOBAaHHAs HAa TEOPUU MHOKECTB U
TUNIU3UPOBAHHOM A3bIKe IIepPBOTo NnopAaaka
e Cneuudukauyu AMN - abCTpaKTHbIE MAIlIMHbI

e M HTerpMpoBaHHO pacCMaTPHUBAIOTCA ClieUPHKaLM NPOCTPAHCTBA COCTOSIHUM U
noBeAeHUsI MalllMHbI

e QopMasiM3yeTCsa OTHOILIeHUEe ymoyHeHus (cneuupukanysa B yTouHseT
cnenyMUKaLKIo A, eCJIU NT0J1b30BaTeb MOXeT UCII0Jb30BaTh B BMecTo A, He
3aMevas pakTa 3aMeHbl A Ha B)

O MeTof JloKa3aTeJbCTBA COXpaHeHUSA MHQOPMAIMU U CEMaHTUKHU Ollepalui
0 @- oTobpakeHHEe MOJeJIU UCXOJHOW MO/JIeJIN S B LieJIEBYIO0 MOJiesib T
O ceMaHTHUKa MoJieJie! Ipe/cTaBasAeTca B BUZe abcTpakTHbIX MalliH AMN Mg u M+

CTPYKTYPbI IaHHBIX MOZeJIEN — KJIACChl, MACCUBBI NIPECTABJISOTCSA
nepeMeHHbIMH MalllkiH

CTPYKTYP JaHHbIX MPeJCTABJSIOTCSI MHBApUAaHTAMU MalllkH
onepalnuu Mojiesiel JaHHbIX PeACTaBASIOTCS onepalusMyA MalllliH
0 oTo6parkeHUe @ coxpaHsaeT HHPOpPMalMI0O U CEMAaHTHUKY ONepalui, ecayd Mallu

H
K Mg yTo4yHAeT MamuHy M, @




/YHMCIJMKaLI,MFI rpad@oBbIX moaeneu A

* YHudukanusa rpadpoBor MoJes U JAaHHBIX IJI1 BUPMYA/IbHOU UJIH
Mamepua/iu3o8aHHOU UHTErpaliiy PeCypCcoB MPHU CO3JaHUU peZlepaTUBHbIX
6a3 JaHHBIX UJIU XPAHUJIULL JAHHbBIX

O CYB/I, ocHoBaHHBbIe Ha IpadOBbIX MOJEJISIX - HOBbIM BU/Jl PECYPCOB A1JIf
MHTEerpalnuu BMecTe C IPUBbIYHbIMHY peCypcaMUy — PeJIallMOHHBIMU U
06bekTHbIMU CYB/I, Be6-cepBrCcamy, ...

O I'padoBbIe MogeIn

O UHdopmalys o B3aMMOCBSA3SIX MEX/AY JaHHBIMH UJIU UX TOMOJIOTUU SIBJISIETCS
60Jiee BaXKHOM (MJIM HAaCTOJIbKO K€ BaXXHOH ), KaK CaMH JIaHHbI€

O JlaHHble U/Wau cxeMa - rpad

O MaHuny/sMpoBaHue JJaHHbIMU
TpaHcopmanus rpadon
nyTH, noArpadmbl, CBA3HOCTD ...

a HpU.MeHeHLlﬂ - CUCTEMBI YIIpaBJIEHUA U daHAJIN34d CJIOKHbIX ceTeu — COLOHAJIbHBIX,
6I/IO.HOI‘I/I‘JECKI/IX, I/IHCl)OpMaL[I/IOHHbIX, TPAHCIIOPTHBIX, TEJIEKOMMYHHKAIIUOHHLIX ...

N 21




/I'pacbbl, rmnepBepLWmHbl, rmneprpadob A

N = set of simple nodes H = setof hypernodes

Hypernode

Graph
V = NUH
VC N ECVXV
G =(V,E)
Hypergraph
Ec P (V)

e e Y 3
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Mogenb AaHHbIX aTPMOYTUPOBAHHbIX rpadoB

* AmpubymuposaHHblll 2pag - aTpuOyThl (CBOMCTBA) MPUNKCHIBAIOTCI pedbpam

Y /WY BepllirHaM rpada

e Neodj, Dex, InfiniteGraph, OrientDB, VertexDB, Filament, OQGraph, Horton, InfoGrid

3
Sofia Coppola
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/FII\/I,EI, rorapoBOU MOaEeNU

e API, ckpunToBbIe A3bIKU
e JIOCTYII K CTPYKTYpe rpada
e MeToAbl 06X0/a rpada
® aJrOpUTMbI Ha rpadax

» JlekynapaTuBHbIe 3bIKH (Cypher)

e [ToagepkaH Neo4j

e PoactBo c SQL u SPARQL

e Bo3moxHOCTU
CMEXHOCTb BEPIIWH U pebep
JIOCTUXKMMOCTD 110 Iy TSIM PUKCUPOBAHHOM JIJIMHBI
JIOCTUXKMMOCTD 10 IPOCTBIM PETYJISPHBIM MY TIM
MOMCK KpaT4yauIllUuX NyTeu
NOUCK noArpadoB no oopasuy




/OTo6pa>KeHme A0 (I)

I'vagposas modesan KanoHuueckast o6sekmHast modesb
VT(Cinema) = { people, movie } { Cinema; in: module;
ET(Cinema) = { cast, directs } { vertices; in: class; ... §,
{ edges: in: class; ... };
A(movie) = { { movie; in: class; superclass: vertices;
<id, long>, instance_type: {
<title, string>, id: long;
<year, integer>} title: string;
A(people) = { year: integer; }; }
<id, long>, { directs; in: class; superclass: edges;
<name, string>} Instance_type: {

edgeConstr: {in: invariant;
{{ all e/directs.inst (directs(e) ->

cast = <{<character, string>}, false,

false, undefined, undefined> people(e.startVertex) &
/ movie(e.endVertex)) }}
directs :W/UG,UW—D&QPK/};};

Kmovie> 13

o




/OTo6pa>KeHme A0 (1) A

e (xema oTOOpaKaeTCs B OAHOMMEHHbBIW MOAYJIb, BKJIOYAKIINUHK KJIACChI, COAEPKAIIHE
BEPIIMHBI U pebpa rpada

e Tun eepuiuHbl IPEACTABJASETCS OAHOMMEHHBIM KJIACCOM - OJIKJIACCOM KJlacca BceX
BepIlIUH vertices

e Tun pebpa npejcTaBisieTCI OAHOMMEHHBIM KJIACCOM - OAKJIACCOM KJlacca BCex
BepuUIUH edges

e Ampubymul TUNIOB BEPUIUH U pebep NpeACTaBASITCI aTpUOyTaMHy TUIIA
9K3eMIIJISIPOB COOTBETCTBYIOIIMX KJIACCOB

e Mex/y BCTpOEHHbIMHY TUIIaMU rpadoBOr Mojieu (int8, int64, double v T.4.) 1
BCTPOEHHBIMM TUIIAMU 00 beKTHOM Moziesiu (short, long, double) ycTtanaBivBaeTcs
B3aUMHO-0JHO3HA4YHOE COOTBETCTBUE

N )
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BupTyanbHaa n matepuannloBaHHaA UHTErpaLuus

e [Ipu supmyasbHol UHTerpauum oTroopakenue AAM/] obecrneyrnBaeT
BO3MO>XHOCTb TPAHCJIAIMU NPOTPaMM Ha SI3bIKe MOCPEJHUKA B 3alIPOCHI HA
sI3bIKE PECYPCOB

® HpI/I MamepUCIJIUSOSClHHOI:l/ HHTErpaigu faHHbI€ U3BJIEKAOTCA U3 peCypcCa U
npeacTaBJIAI0OTCA B XPAHUJINIIE B KaHOHHYECKOU MOJEJIN. HpI/I OTOM
I[IpOrpaMMhbl Ha A3bIKeE KaHOHUYECKOH MOA€eJIN UCITOJIHAIOTCA
HEImoCpeaACTBEHHO Ha JdHHBbIX.

e Otob6paxkeHue AM/l Hy>KHO JIMIIb AJISI TOTO, YTOObI yOEJUTHCS, YTO OTOOpaKEHHUE
MoJiesier CoOXpaHseT MHPOPMaIUI0 U CEMAaHTUKY ONepalui.

e CeMaHTHYEeCKH MPABUJIbHOE OTOOpAXXEHHUE CAYKUT 0a30U AJid polecca
N3Baedyenus-IlpeobpaszoBanusi-3arpy3ku (ETL), popMupyroiero u3 faHHbIX
pecypca gaHHble XpaHuauiia: ETL-npoiiecc MoKeT 6bITh BbIpaXKeH TOJIBKO B
TEPMHHAX KAHOHUYECKOU MO/IEJIN.




/OTo6pa>KeHme AM A

KanoHuueckas 06sekmuas modess Ipagosas modesw

e Datalog-noao6HbIM SI3bIK B e Cypher
00'bEKTHOU CpeJie

q([colleague_name]) :-
people(scarlett/[name]),
movies(m),
people(colleague/
[collegue_name: name]),

START scarlett =
node:node_auto_index(
name = 'Scarlett Johansson')

1:cast]-scarlett,

cast(cl),
N m-[c2:cast]-collegue

cast(c2),
cl.isValidEdge(m, scarle WHERE
c2.isValidEdge(m, cglteague), collegue.name =~ /*Cruz*/

scarlett.name =
“Scarlett Johansson”,
colleague.name.like(“*Cruz*”).

RETURN collegue.name

BepHymb umeHa akmepos no ¢gpamunuu Kpy3, uepasuwiux 8
k chunbmax emecme co Ckapriemm WoxaHCOH /




CeMaHTMKa 06'bEeKTHOI mogenn 8 AMN

REFINEMENT ObjectDM
CONSTANTS

c_edges, c_vertices, a_start\Vertex, a_endVertex, c_edges_instance_type
ABSTRACT_VARIABLES

m_directed, m_restricted, m_startVertexType, m_endVertexType, isValidEdge, ...

INVARIANT
c_edges: classNames & c_vertices: classNames &
iIsValidEdge: objectsOfClass(c_edges) * objectsOfClass(c_vertices) * objectsOfClass(c_vertices) --> BOOL &

OPERATIONS
delete\ertex(attr, cond) =
PRE
attr : dom(attributeNames) & cond : INT --> BOOL & attributeType(attr) = Integer

THEN

objectsOfClass(c_vertices) :=

objectsOfClass(c_vertices) -

{ vert | vert: objectsOfClass(c_vertices) & vert: dom(adtAttributeValue(attr)) &

cond(integerAttributeValue(attr)(vert)) = TRUE }

END

END

-




/CEN\aHTMKa rpadoBon mogenn 8 AMN A

REFINEMENT GraphDM
REFINES ObjectDM
ABSTRACT_VARIABLES
vertexTypelDs, edgeTypelDs, attributelDs, attributes, vertices, vertixType, edges, edgeType, ...
INVARIANT
vertexTypelDs: POW(NAT) & edgeTypelDs: POW(NAT) & attributelDs: POW(NAT) &
attributes: vertexTypelDs & vertices: POW(NAT) & vertixType: vertices --> vertexTypelDs &
edges: POW(NAT) & edgeType: edges --> edgeTypelDs &

OPERATIONS

deleteVertex(attr, cond) =
PRE
attr: attributelDs & cond: INT --> BOOL & attribute Typing(attr) = Integer

THEN

vertices := vertices -

{ vert | vert: vertices & attr: attributes(vertixType(vert)) &

cond(g_integerAttributeValue(vert, attr)) = TRUE }

END

END

-




/I/IHBapmaHT YTOYHEHUA h

e (CBfA3bIBaeT IlepeMEHHbIE YTOYHIEMOMW U YTOUYHSAOIIEN MAIlIMH, JJ00aBJISeTCA
B UHBAPUAHT YTOYHSAIOIEHM MAIlIUHBI

0 MHO»eCTBO UMeH TUIOB rpad0BOM MOJIEJIM COBMAZAET C MHOXXECTBOM UMEH
KJIACCOB 00'b€KTHOHW MO/IeJIU (32 UCKJII0YEHHEM TIpeloTpe/ie/IeHHbIX
KJIaccoB c_edges, c_vertices)

ran(typeName) = classNames - {c_edges, c_vertices}

O BepuurHbl ¥ pebpa rpadoBOM 6a3bl JAHHBIX COOTBETCTBYIOT 00'beKTaM
KJIACCOB c_vertices u c_edges:

vertices = objectsOfClass(c_vertices) & edges = objectsOfClass(c_edges)

0 3HayeHHUA aTPUOYTOB BEPIIHH U pebep rpadoBOM MO/JIEIH COBIIAAAOT CO
3HAaYEHHUSIMH COOTBETCTBYHOIIUX aTPUOYTOB COOTBETCTBYIOIIUX 00 bEKTOB

I(vert, attr).(vert: vertices & attr: attributelDs =>
((vert |-> attr) : dom(g_integerAttributeValue) =>
g_integerAttributeValue(vert, attr) = integerAttributeValue(attr)(vert)) )
I(edg, attr).(edg: edges & attr: attributelDs =>

((edg |-> attr) : dom(g_integerAttributeValue) =>
K g_integerAttributeValue(edg, attr) = integerAttributeValue(attr)(edg)) ) @/




4 N
J10Ka3aTe/IbCTBO YTOYHEHMUA

e Mamunsl ObjectDM u GraphDM 3arpy»keHbl B MHCTPYMeHTaJ/IbHOE CPeJCTBO
Jl0Ka3aTeJibCTBa yTouHeHUus Atelier B

e ABTOMATHYECKU CTeHepHUPOBaAHbI TEOPEMbI YTOYHEHUA
e nus onepauuu deleteVertex — 15 Teopem

e TeopeMbl [OKA3bIBAOTCA aBTOMAaTHUYECKH UJIK MHTEPAKTUBHO
e s onepanuu deleteVertex - Bce TeopeMbl fOKa3aHbl aBTOMaTHYECKH

e JlokasaTeqbCTBO IPOBOAUTCS AJisA BCex onepanuu AM/I
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