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NoSQL rendszerek



ADATBAZISKEZELO HASZNALHATOSAGA

= Kifejezoero
o Adatmodell
o Lekérdezonyelv
= Hatékonysag
o Lekérdezésoptimalizalo
o Lekérdezéskiertekelo
= Tooling
o Eszkdzok (CLI/GUI/web Ul)
o Integracio (driverek)
o Uzemeltetés (backup, hot swap)
= A dokumentacion tul...
o Terméktamogatas (support)
o Kozosseg (community): levelezolistak, Stack Overflow, konferenciak



RELACIOS ADATMODELL

= Kozel 50 eves terilet

= Kiforrott elmeélet
o Tobb tizezer publikacio, tankonyvek
o Az oktatas része

= Kiforrott eszkozok
o Kifinomult optimalizacio
o Hatékony vegrehajtomotorok
o Jol lizemeltethetok

| E. F. Codd,
| ARelational Model of Data for Large Shared Data Banks,
| Communications of the ACM, 1970




NOSQL RENDSZEREK

Tipikusan:

= Nemrelacios adatmodell

= Cel a skalazhatosag

= Nyilt forraskod

= Kiforratlanabb implementaciok, de aktiv kozossegek

4 fo kategoria:

= Dokumentumtarolok  MongoDB, CouchDB

= Oszlopcsaladok Cassandra, HBase

= Kulcs-érték taroldok BerkeleyDB, Redis, Memcached

= Grafadatbazisok Neo4]



“NOSQL DATABASES” JEGYZET

Christof Strauch, NoSQL Databases,
Stuttgart Media University, 2009-2011

1.2 Uncovered topics

The class of graph databases is also left out
of this paper but some resources are provided
in the appendix A.

NoSQL Databases

Christof Strauch
(cs134@hdm-stuttgart.de)

Lecture
Selected Topics on Software-Technology
Ultra-Large Scale Sites

Lecturer
Prof. Walter Kriha

Course of Studies
Computer Science and Media (CSM)

University
Hochschule der Medien, Stuttgart
(Stuttgart Media University)



https://www.christof-strauch.de/nosqldbs.pdf
https://www.christof-strauch.de/nosqldbs.pdf
https://www.christof-strauch.de/nosqldbs.pdf

“NOSQL DATABASES” JEGYZET

2. The NoSQL-Movement | 26

Graph databases

variable

variable

Performance | Scalability Flexibility | Complexity | Functionality
Key-Value Stores high high high none variable (none)
Column stores high high moderate low minimal
Document stores high variable (high) | high low variable (low)

graph theory

Relational databases

variable

variable

low

moderate

relational algebra

Table 2.4.: Classifications — Categorization and Comparison by Scofield and Popescu (cf. [Popl0b],

[Sco10])

Latni fogjuk, hogy a “functionality” besorolas nem teljesen pontos.




’

A D A I B AZ I S O K ’ C.5.4. Grafadatbazisok

Komplex, sok Osszefiiggést tartalmazé adathalmazokat gyakran célszerti graffal

N OS L F EJ EZ E I 20 1 2_ reprezentalni. Sajnos a grafok relaciés adatbéazis-kezelokben valé taroldsa esetén
b a grafokon végzett miiveletek rendkiviil koltségesek lehetnek: egy graf bejarasa-

hoz példaul tobb természetes illesztésre lehet sziikség, ami kéztudottan koltséges

7 ’ 1 4 ° o
(A. Barabas, G. Szarnyas, S. Gajdos) | mive
A grdafadatbazisok (graph database) grafok hatékony tarolasat és ezaltal grafmi-
veletek gyors végrehajtdasat teszik lehetévé [35].

A grafadatbazisok jellemzoéen tulajdonsdaggrafokat (property graph) tarolnak, me-
P é l d é k . lyek csomépontjaihoz és éleihez tulajdonsigok kothetSk — rendszerint kulcs-érték

° parok formajaban. Ezen tulajdonsagok kozott jellemzoen megtalalhatd az adott
csomopontok és élek tipusa is.

O N eO4J A C.13. abran lathaté tulajdonsaggrafrol példaul a kovetkezo allitast olvashatjuk

le: az 51 éves Colin Dublinban lakik.
o AllegroGraph
o HypergraphDB
3 ° type = city N o”//;S
o InfiniteGraph
type = person / type = repaired type = car
O FlOCkD B ﬂrsm:gjae:;;aj“h PP P, P name o BMW 320d

C.13. abra. Tulajdonsaggraf

type = city | Lype = lives type = person type = works | type = company
name = Dublin | ﬂrstr;gr;(i:m(:olm from = 2000-01-01| name = Oracle

5
J’oe -

A gazdag adatmodell miatt a grafadatbazisok jellemzben kevésbé skalazédnak a
tobbi NoSQL rendszernél, a legtobb grafadatbazis csak replikaciot tamogat.

Példak grafadatbazisokra: Neodj, AllegroGraph, HypergraphDB, InfiniteGraph,
FlockDB.



https://inf.mit.bme.hu/en/research/publications/nosql-adatb%C3%A1zis-kezel%C5%91k
https://inf.mit.bme.hu/en/research/publications/nosql-adatb%C3%A1zis-kezel%C5%91k

Adatmodell



GRAF ADATMODELL

G = (V, E)

"textbook graph”

Forras - Titan: The Rise of Big Graph Data



http://www.slideshare.net/slidarko/titan-the-rise-of-big-graph-data

GRAF ADATMODELL

Azonos tipusu csomopontok



GRAF ADATMODELL

...azonos tipusu élekkel 6sszekodtve




KORLATOZOTT KIFEJEZOERO



KORLATOZOTT KIFEJEZOERO
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TULAJDONSAGGRAF

= Property graph (PG)
= | abelled property graph (LPG)
= Attributed graph

G = (V, E, A

* Iranyitott graf, élek: cimkék, csomoépontok: tulajdonsagok
* Tobbszo6ros élek lehetségesek



TULAJDONSAGGRAF

CCCCC



TULAJDONSAGGRAF

tulajdonsagok

CCCCC



TULAJDONSAGGRAF

tulajdonsagok
kulcs érték

nev: Pali
neptun A1BIlJ2

csucs




TULAJDONSAGGRAF

nev:
neptun: A1BIJ2




TULAJDONSAGGRAF

név: Pali
neptun: A1BIJ2




TULAJDONSAGGRAF

név: Pali




TULAJDONSAGGRAF

név: Pali
neptun: A1BIJ2




TULAJDONSAGGRAF Filozéfia:
° Miért j6 ez?
o Akkor nem elterjedtebb?

név: Pali
neptun: A1BIJ2

név: Jani név: Fizika 1.
neptun: Z27A83 kredit: 4

Sot: kollekciok (lista, map) is lehet tulajdonsag erteke



ADATMODELLEK RELATIV NEPSZERUSEGE

Complete trend, starting with January 2013
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GRAF ADATMODELL FOGALMAI TL:DR:
’ ®

= Csomopont vertex (node) definialjuk

= Elek edge relationshi
» > ( P) " pontosan

= Attributum attribute  (property)

, . a fogalmakat
= Utvonal simple path (path)
= Elsorozat walk (path)
= Séta trail (path)

3.14. Definicié A G grdf élsorozata egy olyan (v, e1,vq, €s, ..., V) Sorozat, amire e; €

E(G) ése; =vvq (V1 <i < k). Aséta olyan élsororzat, aminek minden éle kiilonbozd.

Sétak [szerkesztés]

Egy séta csucsok és élek valtakozo sorozata, mely csuccsal kezdddik €s csucsban véegzddik, €s minden csucs

szomszedos az 6t megel6zd és Ot kovetd éellel, illetve minden él két vegpontja az 6t megel6z6 és az 6t kovetd csucs.



http://www.cs.bme.hu/~fleiner/jegyzet/NESZ.pdf
http://www.cs.bme.hu/~fleiner/jegyzet/NESZ.pdf
https://hu.wikipedia.org/wiki/Gr%C3%A1felm%C3%A9leti_fogalomt%C3%A1r
https://hu.wikipedia.org/wiki/Gr%C3%A1felm%C3%A9leti_fogalomt%C3%A1r

ADATMODELLEK LEKEPEZESE

o]0 tulajdonsaggraf RDF SQL
osztaly def. csomopont cimke  rdfs:class tabla
referencia def. élcimke rdf:Property, owl:ObjectProperty idegen kulcs

attributum def.  tulajdonsag név rdf:Property, owl:DataTypeProperty

oszlop def.

attributum tipusa tulajdonsag tipusa rdfs:domain

oszlop tipusa

ososztaly OGM probléma rdfs:subClassOf

ORM probléma

= 0(n?) nagysagrendnyi leképezés lehetséges

= Koztes nyelvvel leviheto O(n)-re (~2n), de ez ritkan hatékony

Antal Janos Benjamin, Elekes Marton:

OTDK 1. hely

Graf informacios rendszerek ésszehasonlito teljesitmenymereése.


http://tdk.bme.hu/VIK/information/Graf-informacios-rendszerek-osszehasonlito1
http://tdk.bme.hu/VIK/information/Graf-informacios-rendszerek-osszehasonlito1

OROKLES ES ATTRIBUTUMOK MODELLEZESE

gﬁ B TrackElement|o___
0.2
) [ l ‘ zr |

120 méter :&:) I l

connectslo

kitero T ‘ = - |
AP ST | H Switch ‘ . Segment |
Valtoallas | T currentPosition : Position | | T length : Eint]|

| G. Szarnyas, B. 1zso, |. Rath, D. Varro,
| The Train Benchmark: cross-technology performance evaluation of continuous model queries,
Software and Systems Modeling, 2017



https://link.springer.com/article/10.1007/s10270-016-0571-8
https://link.springer.com/article/10.1007/s10270-016-0571-8

OBJEKTUM-ORIENTALT MODELL

segment: Segment

id=1
length = 120

wa
|

L

120 meter :&:)

switch: Switch

connectsTo

>

id =2
currentPosition = DIVERGING

kitero
valtoallas



RDF / OWL METAMODELL HASZNALATAVAL
=2

L

120 meter :&:)

kitero
valtoallas

.1 connectsTo o

:length :currentPosition

120 :POSITION_DIVERGING




RDF / METAMODELL NELKUL
=2

I L

120 meter :&:)

kitero
valtoallas

connectsTo

:currentPosition

120 :POSITION_DIVERGING




TULAJDONSAGGRAF

&3

I L

120 meter :&:)

kitéro

®

:Segment, :TrackElement
length = 120

segment: Segment

id=1
length = 120

connectsTo )@ Véltééllés

:Switch, :TrackElement
currentPosition = "DIVERGING"

switch: Switch

>
tsT d =2
CONNECESTO 1 currentPosition = DIVERGING




HALOS ADATMODELL

= 1969 CODASYL

= A tulajdonsaggrafokhoz
hasonlo kifejezoero
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Graffeldolgozasi megkozelitések




TRANSACTION PROCESSING PERFORMANCE COUNCIL (1988-)

Szabvanyos specifikaciok TorEn |
relacios adatbazisok — _
teljesitményméréséhez P pcps TmTen | Bybel | Cussran

+ 1 Non-Cluster
Most Recent By Price/Perf. »
Ten Published Cluster Only

Virtualization - All Results Non-Cluster

TPC_DS : TPCx-V Advanced Sort s
= 99 lekérdezes

Big Data TPCx-HS V1
=

= Merfoldkovek ML

TPCx-BB

0 2002: els6 publikacio = o

o 2006: masodik publikacio Spectications  Tec.neroy
0 2018: elso auditalt méresek e
-> 16 év



http://www.tpc.org/
http://www.tpc.org/

LINKED DATA BENCHMARK COUNCIL (2012-)

LDBC is a non-profit organization dedicated to establishing benchmarks,
benchmark practices and benchmark results for graph data management

software.

LDBC’s Social Network Benchmark is an industrial and academic initiative,
formed by principal actors in the field of graph-like data management.”

LDBC®

The graph & RDF
benchmark reference




GRAFFELDOLGOZASI MEGKOZELITESEK

lokalis lekérdezések

Pelda: ,,ismerdsok uj lajkjai”

MATCH (u:User {id: $userId})-[:FRIEND]-
(f:User)-[1:LIKES]->(p:Post)

RETURN f, p

ORDER BY 1l.timestamp DESC

LIMIT 10

globalis lekerdezések
grafanalitika




GRAFFELDOLGOZASI MEGKOZELITESEK

globalis lekerdezeések

Példa: ,,egyoldalu baratsagok”

MATCH (ul:User)-[:FRIEND]-(u2:User)-[1:LIKES]->(p:Post),
(ul)-[ :AUTHOR OF]->(p)
WITH ul, u2, count(l) AS 1likes
WHERE likes > 10
AND NOT (ul)-[:LIKES]->(:Post)<-[:AUTHOR OF]-(u2)
RETURN ul, u2

grafanalitika




GRAFFELDOLGOZASI MEGKOZELITESEK

grafanalitika

minden adat

» PageRank
« Legrovidebb utak
 Klaszterezettseg

Példa: , Talaljuk meg a kozponti embereket.”

Kulon tudomanyterilet: halozatkutatas




GRAFFELDOLGOZASI MEGKOZELITESEK

lokalis lekerdezések kevés adat
globalis lekerdezesek sok adat
grafanalitika minden adat




Lekerdezeések tulajdonsaggrafokon




CYPHER LEKERDEZONYELV

Cypher: a Neo4j grafadatbazis lekérdezonyelve.

,Cypher is a declarative, SQL-inspired language for describing
patterns in graphs visually using an ascii-art syntax.”

MATCH
(p:Person)-[ :LECTURER OF]->(1l:Lecture)-[:0F]->(c:Course)
WHERE 1.date
AND c.name
RETURN p

,, 1 he openCypher project aims to deliver a full and open
specification of the industry’s most widely adopted graph
database query language: Cypher.” (2015) @) openCypher



OPENCYPHER RENDSZEREK

= Cel: teljes és nyilt specifikacio a Cypher nyelvhez
= Relacios adatbazisok:

o SAP HANA

o AGENS Graph (PostgreSQL alapokon)
= Kutatasi prototipusok:

o Graphflow (Univesity of Waterloo)
o ingraph (incremental graph engine - BME, MTA)

¥ NI ' | MEM [ ’ 9o LINKURIOUS
AGENS Graph ” KJrCipr] @ neOAJ ‘ red's ‘ A GRAPH u GRAPHILEON ‘P o ‘“‘\\‘mh,,'
IntelliJ IDEA anOSiC #¢ tableau @G“‘P““-* Jtalend structr < Keylines /

Tom Sawyer

(Kep forrasa: Keynote eloadas @ GraphConnect NYC 2017)



HASZNALATI ESETEK )

0000000000 &
= |T biztonsag : gégéggggg@ 00 &
= Oknyomozo ujsagiras N gigfegeaeagea
= Csalasdetekcio
= Ajanlorendszerek
5

I Politicians, Criminals and the Rogue Industry That Hides Their Cast

Powered by: @neoqj

~ _ 9 o~
DOMAIN ADMINS@EXTERNAL.LOCAL

4 Set as Starting Node

<> Set as Ending Node ,

¢ Shortest Paths to Here

Walmart

Walmart Walmart uses Neo4j to optimize customer
experience with personal recommendations




Minta lekérdezések




LDBC INTERACTIVE 3

Friends and friends of friends that have been to countries X and Y

Person

isLocatedln ——— >

________________ -~

xCount = count

countryX: Country

id = $id

person: Person

name: $countryXName

|
|
City -~ isPartOf -— 1>
:
|
I
Message -isLocatedIn —;—)

<€ hasCreator —

—knows*1..2 —

id

firstName
lastName

creationDate in
given duration

< hasCreator—

Message

creationDate in
given duration

———————————————— -~

yCount = count

- isLocatedIn—{—)
|
|

countryY: Country

isLocatedln ——— >

City

name: $countryYName

-—isPartOf-—4>

———————



Enumerate all shortest paths on knows edges from personl to persnnz

s o " —— — ——————— ——— — ————————— ——— ————— —————————— ——— ——————— —

LDBC INTERACTIVE 14

Trusted connection paths

personl: Person

— knows* —

id = $personlld

person2: Person

case 1: Replies on Posts, weight += 1.0 * count(c)|

id = $person2ld

personA: Person

—— Kknows —

hasCreator T

personB: Person

c: Comment

hasCreator?

—replyOf »

post: Post

——— e — — i — —— ———— — —— — —— — ——— — ——— ——— ——————— ——— ——— — —— — — —

For each edge on the path, calculate a weight based on interactions |
between the pair of Persons of the edge, are calculated as a sum of :
cases #1 and #2 for the Persons (both ways), and the sum of these |
weights determine the total weight of each path.|

|

o —— ——— ——————————— ——— ——————— ——— ———— ——————— ——— ——— — —— — o 2

case 2: Replies on Comments, weight += 0.5 * count{cl}

personA: Person

—— knows —

hasCreator ?

personB: Person

cl: Comment

hasCreator T

—replyOf >»

c2: Comment




LDBC Bl 25: TRUSTED CONNECTION PATHS #2

S ——

o ———————————————————— —————————————————————————— —— ———— —

Enumerate all shortest paths on knows edges from personl to person2.

personl: Person

— knows* —

id = $personlid

person2: Person

id = $person2id

personA: Person

hasCreator T

c: Comment

—— knows — personB: Person
hasCreatorT
—— replyOf > post: Post
A

containerOf

forum: Forum

$start <= creationDate &
creationDate <= $end

)]

i — i ———————— ————————— — ——————— — —— —————— —— ——————— — —————

S e o o o o o o

For each edge on the path, calculate a weight based on interactions |
between the pair of Persons of the edge, are calculated as a sum of !
cases #1 and #2 for the Persons (both ways), and the sum of these |

weights determine the total weight of each path.|

s s — — —— — ————— T — — — — —— i — S — — i — — — i — i — —

personA: Person

case 2: Replies on Comments, weight += 0.5 * count(cl))

hasCreator T

cl: Comment

—— knows — personB: Person
hasCreator T
——replyOf >» c2: Comment
replyOf* ¢
Post

conta inerOfT

forum: Forum

$start <= creationDate &
creationDate <= $end




Graflekérdezéesek relacidalgebraval




RELACIOALGEBRA
= Algebra

o “A muveletek altalanos tudomanya”
o Tipikusan zart rendszert alkot
o Ekvivalenciaszabalyok felirhatok
= Relacioalgebra
o A halmazelmélet bovitese
o Relacio fogalom
o Alapmuveletek: o, m,%x,U,N
o Szarmaztatott muveletek:
o Miveletek koltsége becsulheto -> optimalizalas




LEKERDEZONYELVEK KIFEJEZOEREJE

= Relacioalgebra relational algebra
= Sor-/oszlopkalkulus tuple/domain relational calculus
= Elsorendu logika first-order logic

(Kifejezoero szerinti novekvo sorrendben.)
Elérhetoség (reachability) nem fejezheto ki elsérendu logikaban.

wert 8 MATHEMATICS

“You cannot express reachability in the particular language where
the only relations available are the incidence relation on the
graph and equality, and where quantification is only permitted
over elements of the graph.” (Mathematics StackExchange)



https://math.stackexchange.com/questions/250551/why-cant-reachability-be-expressed-in-first-order-logic

ILLESZTES OPERATOROK

* Theta join X g

= Equijoin >

= Semijoin X rXsS=Tmpr XS

= Antijoin >vagy X reos=r\(rxs)

= | eft outer join 3« ~(r @ s) U (r = s), plusz nullok

(Lasd még: right outer join <, full outer join »<.)

Gondolkodtato feladat: semi-/antijoin sor- s oszlopkalkulussal.




ILLESZTES JELLEGU OPERATOROK GRAFOKON

Natural join: r x s ( 1 ) 1 2 2 >@ vi v2 V3

MATCH (v1)-[:r]->(v2)-[:5]->(Vv3) .S 1 2 3

RETURN * 1 2 6
O——@

Semijoin: r X s :
MATCH (v1)-[:r]->(v2) ‘1 2 \

WHERE (v2)-[:s]->()

Antijoin: r X s
MATCH (v1)-[:r]->(v2) . 4 5

WHERE NOT (v2)-[:s]->() (4) ><:)
vl v2 v3
. . 1
Left outer join: r>ds @ (2 N (3) 1T 2 3
MATCH (v1)-[:r]->(v2) . 12 6
OPTIONAL MATCH (v2)-[:s]->(v3) (&) >(5) (6) [4 5 nu




GRAF RELACIOALGEBRA

= Relacioalgebra

oo,m,X,Un, N, c
= Gyakori kiterjesztések

o aggregacio (y), duplikatum-eliminacio (6), rendezes (1), limit (1)
= Graf-specifikus kiterjesztések

o get-vertices (O)

o expand-out (T), expand-in ({), expand-both ()

J. Marton, G. Szarnyas, D. Varro,
- | Formalising openCypher Graph Queries in Relational Algebra,
- | ADBIS, Springer, 2017



https://link.springer.com/chapter/10.1007/978-3-319-66917-5_13
https://link.springer.com/chapter/10.1007/978-3-319-66917-5_13

NESTED RELACIOALGEBRA (NRA)

" ONF adatszerkezetek, azaz __name | works
NFZ2: Non-First Normal Form el

’ 1982 Big Biz, Inc.
= Operatorok ’
p atO 0 2010 Fusion Power Plant, Ltd.
o Nest (v) ~ collect

o Unnest (i) ~ UNWIND u 1

m works.year works.company

John 1982 Big Biz, Inc.
John 2010 Fusion Power Plant, Ltd.

E. Botoeva, D. Calvanese, B. Cogrel, G. Xiao,
Expressivity and Complexity of MongoDB Queries,
ICDT 2018



http://drops.dagstuhl.de/opus/volltexte/2018/8607/
http://drops.dagstuhl.de/opus/volltexte/2018/8607/

TULAJDONSAGGRAFOK MINT NF2 RELACIOK
= Tulajdonsagok:

“mm beerRatings

John 32 [blue, green] {lager: 5, ale: 3}

= Lista:
-_mm
John 32 m {lager: 5, ale: 3}
blue
1 green
= Map:

-_m-“ beerRatings
Jonn 32 ﬂ -

blue lager

1 green ale 3



NRA -> FRA*

= NRA kifejezések kiteregethetok Flat Relational Algebraba

= Papiron...
o Elore ismerni kell a semat
o A rendezés megtartasa problémas

Flat Algebra Expressions

— | J. Paredaens, D. Van Gucht:
| Converting nested algebra expressions into flat algebra expressions.

~ | ACM Transactions on Database Systems, 1992



http://dl.acm.org/citation.cfm?id=128768
http://dl.acm.org/citation.cfm?id=128768

OPENCYPHER -> RELACIOALGEBRA LEKEPZES*

esult and subresult operations. Rules for also apply to :

Result 1 sul 1 ti Rules for RETURN al ly to WITH
[r] RETURN «x1» AS <«y1», --- M1yl (T)
r| RETURN DISTINCT «x1» AS <«y1», ... |4 (m L (r

y x1—yl,
[r] RETURN «x1», <«aggr»(«x2») F}rill.aggr(xﬁ(T) (see Sec. 3.1) 17
WITH «x1» .

Irﬂ * Tyo ((Trxl (r) ) > S)
[s] RETURN «x2»

Unwinding and list operations
[r] UNWIND «xs» AS «x» Waes—sa(T)
[r] ORDER BY «x1» ASC, «x2» DESC, -+ |7 2, (T)
r| SKIP «s» LIMIT «1» Af(r

A

Combining results
[r] UNION [s] rJs
[r] UNION ALL [s] rs

Table 2: Mapping from openCypher constructs to relational algebra. Variables,
labels, types and literals are typeset as «v». The notation (p) represents patterns
resulting in a relation p, while [r] denotes previous query parts resulting in a
relation r. To avoid confusion with the “..”7 language construct (used for ranges),
we use --- to denote omitted query parts.



Language construct Relational algebra expression

Vertices and patterns. (p) denotes a pattern that contains a vertex <v».

(«v») Ow)

(«v»:«l1»:---:<1n») O : 11A--AIn)

(p)-[«e» :<ti |- | «tk»] > (<w») T (Wj e:tlV---Vtk](p), where e is an edge
(p)<-[«e»:«t1»|--- | «tk»] - («u») d o (Wj e:tlV .- Vtk](p), where e is an edge
(p)<—[«e» i<t |- |«tk>] > («w») $ (W) e:tlV .- Vtk] (p), where e is an edge
(p)-[«e»*«min» . . «max»] > («w») T (wj exmin | (p), where e is a list of edges

Combining and filtering pattern matches

MATCH (p1), (p2), Fedges of p1, p2, - (PLDAP2Da---)
ﬁizzg Ei;g Zedges of pl (P1) DI Fedges of p2 (P2)
OPTIONAL MATCH (p) {0} 2 Zedges of p (P)

OPTIONAL MATCH (p) WHERE (condition) | {{)} P<condition Fedges of p (P)

[r] OPTIONAL MATCH (p) Fedges of r () DI Fedges of p (D)
[r] WHERE «condition» O condition (")

[r] WHERE («v»:«11»:---:«1n») O v l=fA-Anl=in(T)

Tr] WHERE (p) r D

D88B88e @ |8 |eeesee



Grafanalitika




GRAFANALITIKA / LDBC GRAPHALYTICS

6 nepszeru algoritmus:

= BFS mélysegi bejaras

= CDLP kozosségdetekcio

= | CC lokalis klaszterezettsegi egyutthato

= PR PageRank

= SSSP  egy forrasbol szamitott legrovidebb utak

= WCC  gyengen osszefuggo komponensek (v.0. SCC)
Hatekony megoldasokat adni nehéz:

algoritmuselmelet + adatbazis-kezelés + system programming
és High-Performance Computing (HPC) technikak




GRAFANALITIKA

= Tipikus megoldas programozasi modellek alkalmazasa
o Mint mashol a MapReduce
o Pregel (“a portmanteu of Parallel, Graph, and Google”)
o Scatter-Gather
o Gather-Apply-Scatter

= Megkotik a programozo kezet
= Cserebe

o parhuzamosithatok
o elosztottan futtathatok



HALOZATOK STRUKTURAJA

random networks real networks (power-law, scale-free)
most nodes are N
& average linked o |
) O
S, S -
o o
C o
© S i
@ @ il
O 0 .
S J £
= -
C Jﬂ C T
owly linked <- node degree —> highly linked owly linked <= node degree -> highly linked

= Fokszameloszlasok vizsgalata
= Halozatkutatas (network science)
= Barabasi-Albert Laszlo et al.



Graffeldolgozo6 eszkozok és kihivasaik




GRAFFELDOLGOZO ESZKOZOK

Jelenleg éles kettévalas.

onNneo X \A MEM
grafminta- %«# & L' \@/ A GRAPH
illesztes J anusGraph S G‘I‘ e ]15%

gréfanalitika Spor’( g,? 52 =’_::‘;::- %

HG"GP/’?/{/ GIRAPH GraphLab =




GRAFMUVELETEK KOMPLEXITASA

= RESZGRAFIZO: NP-teljes

= GRAFIZO: nem ismert
o NP-nehez?
o P-beli?
o NP-Intermediate?
= Egy konkrét reszgraf keresese -> P-beli

NP-Complete

NP

ity

- Comple

= Legrovidebb utak keresése -> P-beli - Ill'llaP:"-'NP "

» Tranzitiv lezaras / osszes ut felsorolasa:
o intractable (polinom ido alatt nem megoldhato)

Abra forrasa: Wikipedia



https://en.wikipedia.org/wiki/NP-hardness

GRAFFELDOLGOZAS KIHIVASAI / TOPOLOGIA / 1

= [...] large graph processing has some unique characteristics,
which make the systems that do not respect them in their
design suffer from the “curse of connectedness” when
processing big graphs.

= Graph data is inherently complex. The contemporary computer
architectures are good at processing linear and simple
hierarchical data structures, such as Lists, Stacks, or Trees.

B. Shao, Y. Li, H. Wang, H. Xia

(Microsoft Research Asia),

Trinity Graph Engine and its Applications,
IEEE Data Engineering Bulleting 2017



http://sites.computer.org/debull/A17sept/p18.pdf
http://sites.computer.org/debull/A17sept/p18.pdf

GRAFFELDOLGOZAS KIHIVASAI / TOPOLOGIA / 2

= [...] the adjacent nodes of a graph node cannot be accessed without
“jumping” in the data store no matter how we represent a graph [...]
a_massive amount of random data access is required.

= Many modern program optimizations rely on data reuse. Unfortunately,
the random data access nature of graph processing breaks this premise.

[...], this usually leads to poor performance since the CPU cache is not
in effect for most of the time.

= From the perspective of programming, parallelism is difficult to extract
because of the unstructured nature of graphs

B. Shao, Y. Li, H. Wang, H. Xia

(Microsoft Research Asia),

Trinity Graph Engine and its Applications,
IEEE Data Engineering Bulleting 2017



http://sites.computer.org/debull/A17sept/p18.pdf
http://sites.computer.org/debull/A17sept/p18.pdf

GRAFFELDOLGOZAS KIHIVASAI / ATTRIBUTUMOK

* The existing graph querying methods [...] focus on querying the topological
structure of the graphs and very few have considered attributed graphs.

» |n practice, [...] applications of large graph databases would involve querying
the graph data (attributes) in addition to the graph topology.

= Answering queries that involve predicates on the attributes of the graphs in
addition to the topological structure is more challenging as it requires extra
memory for building indices over the graph attributes in addition to the
structural indices [and] it makes evaluation and optimization more complex.

- |§_Sakr, S. Elnikety, Y. He

(Microsoft Research),

G-SPARQL: A Hybrid Engine for Querying Large Attributed Graphs,
CIKM 2012



https://www.microsoft.com/en-us/research/publication/g-sparql-a-hybrid-engine-for-querying-large-attributed-graphs/
https://www.microsoft.com/en-us/research/publication/g-sparql-a-hybrid-engine-for-querying-large-attributed-graphs/

GraphBLAS: egyseges elmeélet

a linearis algebrara épitve



A GRAPHBLAS MEGKOZELITES

= GraphBLAS: ,,an effort to define standard building blocks for graph algorithms in
the language of linear algebra”

= 1979: BLAS (Basic Linear Algebra Subprograms)
= 2013: GraphBLAS
= Absztrakcio, felelossegek szétvalasztasa (separation of concerns)

Numerikus Grafanalitikai
alkalmazasok alkalmazasok
| LINPACK/LAPACK | LAGraph
Felelossegek szetvalasztasa
BLAS GraphBLAS
Hardver architektura Hardver architektura

S. McMillan @ SEI Research Review (Carneghie Mellon University, 2015)
Graph algorithms on future architectures



https://www.youtube.com/watch?v=-sIdS4cz7-4
https://www.youtube.com/watch?v=-sIdS4cz7-4

SZOMSZEDOSSAGI MATRIX

v1.0, 2017

end vertex
A1 2 3 4 5 6 7

(@)
start vertex
N OO O B WON —

6

A gyakorlatban ritka a legtobb elem 0 -> a matrixok nagyon ritkak.


http://www.mit.edu/~kepner/GraphBLAS/GraphBLAS-Math-release.pdf

SZOMSZEDOSSAGI MATRIX: AT

v1.0, 2017

T end vertex
A1 2 34567

(@)
start vertex
N OO O AW —=

3 6

A gyakorlatban ritka a legtobb elem 0 -> a matrixok nagyon ritkak.


http://www.mit.edu/~kepner/GraphBLAS/GraphBLAS-Math-release.pdf

MATRIXSZORZAS

= A szokasos alak:
C =AXDB

CQj) = ), A k) x Bk,
= Altalanositott alak:

C=ADQRKEB

C(i,j) = @y A, k)QB(k, )
= @ kivalasztas (summary)
= ® kiterjesztes (extension)

= Keressunk olyan algebrai strukturat, amin a matrixszorzas
értelmezheto6 -> felgyuru (semiring)



GYURU (RING), DEF1

(S,0,R) algebrai struktura gylird, ha Va,b,c € S-re
= (S,6D) Abel-csoport

o Kommutativ a®b=bDa
o Asszociativ (a@®b)Dc=a® (b c)
o Van egysegeleme a ® 0 = a (nullelem)
o Van inverze a®(—a) =0
= (5,Q) felcsoport
o Asszociativ a®b)R®Rc=a@ (bR c)

= Teljesul a disztributivitas:
ca@®@b®c)=@®b) D (a®c)
c(adh)®c=@®c)® (b c)



GYURU (RING), DEF2

(S,0,Q) algebrai struktura egysegelemes gylirti, ha va,b,c € S-re
= (S,6D) Abel-csoport

o Kommutativ a®b=bDa
o Asszociativ (a@®b)Dc=a® (b c)
o Van egysegeleme a ® 0 = a (nullelem)
| o Van inverze a® (—a) =0 |
» (§,Q) egysegelemes felcsoport (=monoid)
o Asszociativ a®b)R®Rc=a@ (bR c)
o Van egysegeleme a@®1=a

= Teljesul a disztributivitas:
ca@®@b®c)=@®b) D (a®c)
c(adh)®c=@®c)® (b c)



FELGYURU (SEMIRING)

(S,0,Q) algebrai struktura felgylirt, ha Va, b, c € S-re
= (S,) kommutativ monoid

o Kommutativ a®b=bDa
o Asszociativ (a@®b)Dc=a® (b c)
o Van egysegeleme a ® 0 = a (nullelem)
—==arshvege——a S —a—"5—

= (5,@) monoid
o Asszociativ a®b)R®Rc=a@ (bR c)
o Van egyséegeleme a@®1=a

= Teljesul a disztributivitas:
ca@®@b®c)=@®b) D (a®c)
c(adh)®c=@®c)® (b c)



FELGYURUK

alaphalmaz & nullelem & egysegelem

valos szamok a € R + 0 : 1
max-plus a € RU{—o0} max —00 + 0
min-plus a € RU{+0} min + 00 + 0
lor-land a € {F, T} V F A T

hatvanyhalmaz acZ U 1) N 1)

Galois mezo a € {0,1} Xor 0 A 0

A max-plus/min-plus esetek tropusi félgyliriik néven is ismertek. Ezek a tropusi geometria (tropical geometry)
terliletén hasznalatosak, melyet Simon Imre magyar szarmazasu Braziliaban alkotd matematikus nyoman neveztek el.



Grafbejaro algoritmusok GraphBLAS-ban




BFS: BREADTH-FIRST SEARCH?* GraphBLAS Mathelrn?gc?g;
» Breadth-first search (BFS) -

T start vertex T
A1 234567 V AV
.. -

1 o
. 2|e
2 3 o o0 O
2 4le o lo| =
2l 5| e °
()]

6 ® °

7 L - |

= Reszletesebben a RedisGraph-rol szolo eloadas 14-28. diain.
= Megjegyzes: a BFS-t konnyu, a DFS-t nehéz parhuzamositani.



https://www.slideshare.net/RedisLabs/redisconf18-lower-latency-graph-queries-in-cypher-with-redis-graph
http://www.mit.edu/~kepner/GraphBLAS/GraphBLAS-Math-release.pdf

SSSP: SINGLE SOURCE SHORTEST PATH*

= Ket pont kozotti legrovidebb ut
o a kovetkezo problémaval megegyez6 nehézsegl
= Adott pontbol vezeto osszes legrovidebb ut
o Dijkstra algoritmus O(n + e)

o Bellman-Ford algoritmus O(n - e) 1 jf) [ooooo .. ool
r sy s . 2 S) <
* negativ elsulyokat is kezel s for k 1to N — 1 do
« min.+ félgy(irl felett felirhaté > 4| ddT —d" min.+A4
5 €en

6 return d
= Barmely ket pont kozotti legrovidebb ut

o Floyd algoritmus 0 (n3)
- a kimenete egy sird matrix 0(n?) nem-nulla elemmel



Kapcsolodo irodalom




CORMEN-LEISERSON-RIVEST ALGORITMUSOK KONYV

P ¥26.4. Zart félgytiriik: az irdnyitott utakkal kapcsolatos
: 2 problémak algebrai szerkezete

‘ —
b D ) R —

A zart félgyfirtikdn alapulé algoritmusok, fgy a Floyd-Warshall és a tranzitfv lezérds algoritmus je-
ALGORITHMS , hogy pdrhuzamos szémftési hélézatokon alkalmazhaték. Leighton [135] kimerftSen targyalja
SRR WA & GUERA ;{ll",&huzamos szamit4si hal6zatokon miikdds grafalgoritmusokat és bemutatja, hogy a zért félgytirti Ur-

ALASZTAS algoritmusa a Gauss-eliminaci6 lépésethez hasonlit. A fordits.

Parhuzamos szamitasi halozatok -> ma ilyenek a GPU-k
« 1997: a fenti labjegyzet

* 1999: Nvidia GeForce 256
« 2001: elso GPU-alapu matrixszorzo algoritmus (GPGPU)



SKEW” PROBLEMA BINARIS ILLESZTESEKKEL*

.'S

Soroljuk fel mindegyik haromszoget: R < S 1

A bindris természetes illesztést hasznalo megoldasoknak legalabb O (n?)
lépésre van szilksége, mikdzben az elméleti also korlat 0 (n'>).

| H.Q. Ngo et al. @ SIGMOD Record 2013
Skew strikes back: new developments in the theory of join algorithms.



https://dspace.mit.edu/handle/1721.1/115964
https://dspace.mit.edu/handle/1721.1/115964
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»OKEW” MATRIXOKON*
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SKEW” AZ ADATELOSZLASBAN*

= A worst-case optimal join algoritmusok kepesek multiway join
muvelettel O (n'®) alatt kiszamitani az eredményt: = (R,S,T)

» El6fordul-e ez a gyakorlatban? Igen! Skalafliggetlen halozatok.

= A probléma jol ismert a grafanalitikaban is, ezert van a GraphBLAS-
ban APl szinten maszkolt matrix szorzas.

H.Q. Ngo @ Journal of the ACM 2018
Worst-case optimal join algorithms

-1 T.M. Low, S. McMillan et al. @ HPEC 2017
First look: linear algebra-based triangle counting
without matrix multiplication



https://dl.acm.org/citation.cfm?id=3180143
https://dl.acm.org/citation.cfm?id=3180143
https://users.ece.cmu.edu/~franzf/papers/hpec_2017_low.pdf
https://users.ece.cmu.edu/~franzf/papers/hpec_2017_low.pdf

Osszefoglalas



KIHIVASOK A GRAFFELDOLGOZASBAN

= Veletlen hozzaférés (random access)

= NF? adatszerkezet
o Tulajdonsagok
o Kollekciok: lista, map (dictionary)

» Halmaz/multihalmaz/lista szemantikaju eredméenyhalmazok
= Anti/semi/outer join mlveletek kezelése

» | ekerdezesek és CUD muveletek keveredése

= Analitikai és lekerdezes terhelési profilok keveredese

= Vizualizacio (!)

= Friss terulet



GRAFLEKERDEZONYELVEK ES FORMALIZALASUK

J. Marton, G. Szarnyas, D. Varro,
Formallsmg openCypher Graph Queries in Relational Algebra,
ADBIS 2017

N. Francis et al.,
Cypher: An Evolving Query Language for Property Graphs,
SIGMOD 2018

R. Angles et al.,
G-CORE: A Core for Future Graph Query Languages,
SIGMOD 2018

O. Hartig, J. Pérez,
Semantics and Complexity of GraphQL,
WWW 2018



https://arxiv.org/abs/1712.01550
https://arxiv.org/abs/1712.01550
https://link.springer.com/chapter/10.1007/978-3-319-66917-5_13
https://link.springer.com/chapter/10.1007/978-3-319-66917-5_13
http://homepages.inf.ed.ac.uk/libkin/papers/sigmod18.pdf
http://homepages.inf.ed.ac.uk/libkin/papers/sigmod18.pdf

