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Graph Technologies

Wl Graph Databases

* Technologies used primarily for transactional online graph persistence, typically accessed directly in

O
G h D B real time from an application.
ra p e They are the equivalent of “normal” online transactional processing (OLTP) databases in the relational
world.

Offline Graph Analytics

e Technologies used primarily for offline graph analytics, typically performed as a series of batch steps.
* These technologies can be called graph compute engines.
e Used for analysis of data in bulk, such as data mining and online analytical processing (OLAP).

Riccardo Tommasini - riccardo.tommasini@insa-lyon.fr - @rictomm


http://rictomm.me

Graph Databases

Relahorskaps Hatter
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Back to One Machine

e Graph Databases are tailored for OLTP workloads.

e Typically, you are interested in selecting the subset of your graph
based on a condition and then operate on that.

e Most of them work in a centralized fashion
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The Case of Graph OLAP

e OLAP queries over the entire graph will not be so efficient (why?)

e Graph OLAP algorithms are ofte iterative, and need to process
the whole graph.

e Hard to Scale out because graph are hard to partition

e |fyou're interested join our Spring courses LTAT.02.003 and
LTAT.02.010
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Graph DBs VS. RDBMSs

e RDBs are well fitted to find generice
gueries, thanks to the internal structure
of the tables.

e Aggregations over a complete dataset
are "easy'.

e However, Relational databases struggle
with highly connected domains.
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User
UserlD | User | Address Phone Email Alternate
1 Alice | 123 Foo St. 12345678 | alice@example.org | alice@neodj.org
2 Bob | 456 Bar Ave. bob@example.org
99 Zach | 99 South St. zach@example.org
Order Lineltem
OrderlD | UserlD < OrderlD | ProductiD | Quantity
1234 ] 1234 765 2
5678 ] 1234 987 ]
5588 99 5588 765 1
Product
ProductiD | Description Handling
321 strawberry ice cream | freezer
765 potatoes
987 dried spaghetti
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Performance

In relational databases, the performance
of join-intensive queries deteriorates as
the dataset gets bigger.

On the other hand, graph database
performance tends to remain relatively
constant, even as the dataset grows.
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(Nope, indexes)
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Clarke's Third Law:
Any sufficiently
advanced technology
IS indistinguishable
from magic.
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Agility

Despite their names though, relational
databases are less suited for exploring
relationships. Thus, the complexity is
pushed on the query language.

In graph databses, relationships are first-
class moreover, they have no schema.
Thus, APl and query language are much
simpler and agile.
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Flexibility

Changing schemas in Relational Databases
may break queries and store procedures or
require to change the integrity constraints.

Graphs are naturally additive, we can add
new relationships or nodes without
disturbing existing queries and application
functionality.
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Graph DBs VS. NoSQL

e Are RelationalDB NoSQL?

e In principles, yes. However they do not target OLAP...
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Nosql also Lacks Relationships

e Most NOSQL databases whether key-
value, document, or column oriented
store sets of disconnected documents/
values/columns.

e This makes it difficult to use them for
connected data and graphs.

e One well-known strategy for adding
relationships to such stores is to embed
an aggregate's identifier inside the field
belonging to another aggregate.
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user; Alice
address: 123 Foo St.
phone: 12345678

email: alice@example.org
alternate: alice@neodj.org

order; 1234
order: 5678
order: 9012

order: 9012

order: 5678

order; 1234
cost: 150.00

item: abed
item: efab

item: efab

item: abcd

description: strawberry
Ice cream
handling: freezer
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Nosql also Lacks Relationships

 We can join aggregates at the application level

e Seeing a reference to order: 1234 in the record beginning user:
Alice, we infer a connection between user: Alice and order: 1234.

e Because there are no identifiers that "point" backward (the foreign
aggregate "links" are not reflexive.

e How to answer: Who customers that bought a particular product?

e Aggregates quickly becomes prohibitively expensive.
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Graph DBs embrace Relationships
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Popularity of Graph DBs
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May 2014

Sep 2014

Jan 2015

May 2015

-®- Graph DEMS

-~ Wide column stores
-~ RDF stores

-~ Document stores
-~ Native XML DBEMS
-®- Search engines

-~ Key-value stores
-~ Object oriented DEMS
-~ Multivalue DEMS
%~ Time Series DEMS
-®- Relational DEMS
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Which one to choose?!*!!
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1111an Robinson, Jim Webber, and Emil Eifrem. 2013. Graph Databases. O'Reilly Media, Inc.
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Graph Storage and Processing

o MTUHIW"(")*+,-(".% benefits traversal performance at the

expense of making some queries that don't use traversals
difficult or memory intensive.

P70 "#3%:. (") *1,-("".%, e.g., usuing a relational backend, is
purpose-built stack and can be engineered for performance and
scalability.
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FRIEND

HHS& S+,

FRIEND
FRIEND l |
Person Person Person Person
. \ FRIEND \ FRIEND \ FRIEND .
name: Alice > name: Bob > name: Charlie > name: Davina
FRIEND FRIEND FRIEND
€ \— € € \
A
FRIEND T
FRIEND

(-(%"HHSY& [**$+" "0" +$-12",.3%(-(0%"#/"**


http://rictomm.me

"H$%& ()*+,-'()./.)*10,'1,%23"*.0)4'5/"6,

HHS& S+,

"#$%&'

Vo

previous relationship for
start node end node

] ]

.................... LIKES

!

name: “Bob”

--------------------

next relationship for
start node end node

l

age: 25

name: “Alice”

Figure 6-5. How a graph is physically stored in Neo4j
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8#8&'5695'3-'8'2():/% @'+*8:,:8<%*#'1,(-%'%A8/.8B (#'3-"
8% CHY%E&'S-'$,%' #3(#'(0'$,%'%A8/.8B (#-=

| D@8):/%EH$%& ) + , $+"S-&+.&5/0+"%$12,%-))#$2.% #$) 3$-&+.&$
#+3' 90t

IHHSY& (S (-(Y0"HHSY& S+ 0" +$-12",.3%(-(0%"H**


http://rictomm.me

"H#$%& ()*+,)$-%./0()(12(

| "H#$%&($)$*+$%,-%./0.%1*8&%./2.%'3%143,%1%+,564$7%8) 164#%
619%3)*%:#,35%3$:14<1=,*%'3%&S$>*$&%613% 24#$%3$2%, %51 2+#$3
$:14<1=,*%,-%./0.%?#1?%&,%*, 2% @$4,*8%?,% 2#$%$: 14<1=,*%, -
12.A

' B,8'+144C%1%-,)9%3%&! %

| D71564$E%F%>*&%?#$%5,;'$3%'"*%0:# +#%G4*?2%D137:,,&%1+2$:
&'&W' %&)$+?FA

IHHSY& (S (-(Y0"HHSY& S+ 0" +$-12",.3%(-(0%"H**


http://rictomm.me

"HS% & ()*+,)$-%& . /*0

| "HB%& )+, (8&$5%&-),./+0),01&+%('+0&2#(3&4()0$35&2$*#&$3/67-0(*
$3'6,7).63886,8$38&/)%(%6&2#(,(&*#(8+%(,&7)1&36*&9362&2#)*&
$3'6,7).63&%$%&):)$0);0(<

| =96%(3.)0018)&>(?@A6$3

| =B)7-0(C&HS%E& (%" H#)*+ - *#%+(/- #0%&*% &' (YoO(H$(+%*)%12(+2%
"H3* 41(&(%518&%,-6%2.//%5(%" H&(+(2.#0%E&*% &' (Y3/" (H&T %8 (+(%

IHHSY& (S (-(Y0"HHSY& S+ 0" +$-12",.3%(-(0%"H**


http://rictomm.me

"#$%&'()*+,)$-%./0+()

| HSUHE ()& HE, & &YoSH-Yo+/-&-, $&' (-], $#&.0&(&/12&.35%&(&1%(2,&
4(-(5(HB&O&S(HSA8. 78#.'$& .08~ $&+T7-$3%'$4+(-$83(89$#&%6$-9% 7S
0#+71:80.%8&$: ('128%$:8+7$<9(8+=5#:8.%& .- $%&-)2$#& . 08$: 2% S -

| 2<9+3(8$7-&-.&%$8(=.7(8&#$8$/=.7

L ?,('285@&#$%E&E&D' Y0&($%0)*+,-$*.90*5%) *(#S/"$UP0&/ *$1%0-*2++H#C

IHHSY& (S (-(Y0"HHSY& S+ 0" +$-12",.3%(-(0%"H**


http://rictomm.me

"H#S%&H ((#)*+%" &+#,-#.'["-+01#*2#3-"(4"-* U &1HS6 ' SH " H 7" *#'8+9*#.  #<+=

LEONARDO DICAPRIO REFUSES TO DATE A WOMAN OVER 25

Leonardo's Girlfriend's Age

Leonardo's Age

'03 '04 '05 '

PDaPPOeOOH

A

Leonardo Gisele Bar Blake Erin Toni Kelly Nina Camila
DiCaprio Bundchen Refaeli Lively Heatherton Garrn Rohrbach Agdal Morrone

"H$%& (#)

"H#HS%& ()< S+"" (-(%"HHPYE' [+ 0",+$-12",.3%(-(0%"#/**


http://rictomm.me

"HE" & (") +, " I*
0123$24*$(*53"6.4

IHHSY& S+ (-(Y"HHSY& [P+ "0" +$-12",.3%(-(0%"#/**


http://rictomm.me

"H$0%" 8 (")*+" -*./01$02

| "HS%& %S +'S, - #0123+ 4 4HS Y&
5$6S7$+)+'3%'$'7-1%5)5'8$**)#O

I "$:345<-*$,'=$6&'>1)#3) +'%#-;35)'$
8-#)'?2)@37,)'01)#23*4'8)A&$*3+8+'B2)6'
8-#))@%)*+3;)C'6&$6'$,,-.'6-'*$;34%56)’
6&)'6-%-,-42'-/'6&)'5$6$9

| D*))@%$8%,)-/'+1A&'$'01)#2'3+'6-'E*5'
$,,'1#3)*5+F-/F$F/#3)*5'-/'+-8)' %) #+-*'3*"
$'+-A3$,%)6.-#G9

"H#HS%& ()< S+"" (-(%"HHPYE' [+ 0",+$-12",.3%(-(0%"#/** "


http://rictomm.me

"H$%&' ()*%o+)H%+),"-./

450" 8" () &Y  HSUYHE () H + #- 101+, 1 2#3 .+ #*&,-04-'% %564 YoUoH& () HOMHTH() (#+'8*95H#()  #
- [+ O/ (<. O+ HOI-%: 1, 1HOHH#<T=2

|50k 406 () &UOFHES[H()OFH-* GHH<T=HO L, A LHOM(,+ 2 #.98) +( *(#&' () *#./%56#()' (HO*6#&'()*#.94
20/07'%#%.,/@ (J#()' (#*'8*95#() #-./*(+'0/ (#*&,-04, L#AGH:2

| 1-0").8%.102-1.00&%*+ "#>[H()OM-"* 6HH<T=H-.I(O*#'%%#7?'(-)0/ @H&'()*#B),+ #,'-J#.1,#
8&, |- HOIH() HE& (Y CH* & (V¥ + #-.27 /% 5#D] BI##*02&% #&' () 2HE) 0*#
O/(,+8+,('8.1#7'D,4#* [* HOIH* 2 #H&+'-8-'Y#t*- ['+0. *CHO. +#,F'2&%, 6#B) [HAI 10/ @# #+.: (#
OH(+' G, YoBHOHOMH [ (H1, %0+, 1#( #)'G . ( () (-2 #(H() #5? #&Yo'- #?.+ #() [#.]-,2

| /-0").8%.10.13.008%*+ "HI/1,+#()0*H#*, 2 I8-*6HH<T=H-./(OI*#'%%#?'(-)0/ @H&'()*#B),+ #
1@ H&E, M I%5H - #OI#() #&' () 2HE) #I5&),+#K: +5#%'/ @' @ #.9%() #L,.MN#,/ @0/ #
S (VoS * () OR#E, 2 [8-*2

"H#HS%& ()< S+"" (-(%"HHPYE' [+ 0",+$-12",.3%(-(0%"#/** "


http://rictomm.me

"HS HY& Vb ()*+,)-&.)/%0"12+13

L "H#3%&' )*$+(S,-).&/0#1233+$0#)-$4+25%+.)$*&5)-) ' ($(2,)#$/6570)#8/'#$9&(%$-)#,):(B(/$ (%) B, +(%#S:/ (+&')*$&'$(%)$
).+10+8/'$;<=>3%$#0:%$+#7?

| I"HSY& H(HYoH) *$&Yo+,-%$./'V0+&!
| 1$%+%0+(2/.3+(%0+&'%/" | &+* #A%E* %5%67
- 8'+&%+(#%&'H#%0+*($%"9%, "4#$%/", #I&#A4Y%:-%+%0+&'%*,%5%67,
I 8'+&%+(#%63"<#%"9;%&'#%0+&'$%*,%5%67;
| @)$:+'$A+()B/-&C)$#0:%$70)#8/HSD2$9%+($(%0) 2$-)(0-'$+#$-)HOL (#?
| E//1)+'SFFF$<G-0)$HS$I+1#)>$.+10)#J
| KMHSEFFS+)$&'()-)#0)*$&'$(%0) S *)#S:/"): () *SD2$#, ):&L:$, +(%#J
L H(%HSFFFS#/4)$/-$+11$5/6$(%)$6011$,+(%#$+-)$-) (0-)*$6-/4$;$<=>ISMN+4,1) ?0/4)$/6$(%) $O%/- () #($;+(%o#J
=+, Y%#HSFFF$&#HS(/$/5)-$+$:/4,+:($-),-)#)'(+8/'$/6$(%)$/0(,0($+#$+$B-+,%

"H#HS%& ()< S+"" (-(%"HHPYE' [+ 0",+$-12",.3%(-(0%"#/** "


http://rictomm.me

"HE%" & (") +,"- *["01,(2*31+/24

| "H$96&'&'()*+,-).101&02)38&,-)%+28&4) (1+*-)*+501'2)67892:)(&;02) 1&20) #)'+:&(+<#'+=)(1+*-)*+501'2)6>892:7

| @')*+1<4/=+1A),-&2)=+'(/+(0)+==#32) #)0B*1022),-+,)2#$0)0C(02)&")+)(1+*-)*+501")2-#/=C)%0) 10*=+40C)%D)+)*+,-)62+<2ED&'()401, +&)
M C&<#'2:)&'2,0+C)HE)+)2&'(=0)0C(0?

I FB+$*=0G)9012#'2)+'C)$#;&02)+10)4#"04,0C)A)3-&=0)+)*012#")4+")+=2#)-+;0)+")+/,-#1)0C(0)4#"04<'()&,) , #)+')+1<4=07?

| @")2/4-)+)C+,+%+20)30)$&(-,)%0)&',0102,0C)&)H'C&'()*0#*=0)3&,-)H'&,0) FLCH2I 7+4#') $%01A),-+,)&2A)*0#*=0)3-#)+10)4#"04,0C),#)J0;&)
THAH#),-1#(-)4#12,+12)10=+<#2)+'C)+10)4#"04,0C) #)9+/=)FLC#2) - 1#/(-) A#|+/,-#12-8*) 10=+<#2?

Paul Erdds [«—— (author - author ) : T ! —)+'—> Kevin Bacon

"H#HS%& ()< S+"" (-(%"HHPYE' [+ 0",+$-12",.3%(-(0%"#/** "


http://rictomm.me

'es : hasFollowver

HHSY08 (I +","

lastName = Freud

———

(—{m : Person}L
-5 -.- e
tirstName=Julie ¢) : knows,.___

country=Chile

/
!
|

- -:c.-, -:-ﬁke;;- -~
------- |
!

date~ 23-10-15

—~

ny : Person f—

firstName = John

lastName = Cook

gender=male
country=Chile

content=1 love U2

language = en

(-(%0" HHSY& [ *+$+" "0" +$-12',.3%(-(0%"#/"+*

!
’

(

content = Queen is awvesome



http://rictomm.me

"HE%" & (") *+,"- *"01, (2*31+/24

| HSY& )+, (-H(-./ (O#+%6* 1 (&/-2#3,4(2/($%" .- )/ (%6&-13/0-/5(% & (685%& (*11(73%/&50(#7(73%/&50(#7(891%/ (- *-(1%,/5(*(:#0-(2%- . (*(-*' (-.*-(891%/(THL1#20; (<./(&*=%*>H&*1('3*
*2/3&(%&(-.%0(@%'93/(/A:3/00/0(-.%0(BO/3C(#=/3(#93(0#-+%*1('3*:..

' DA-/I&5%&'(E*=%"*>#&*1(F3*:.(:*?/3&0(2%-.(-./(+#$: 1L/ A(#:/3*-#30(#7(GH3#I/+>#&GA(G I >#&* 1GA(C@%1-/3GA(GK&Yo#&G (*&5(GLY%M/3/&+IG('%=/(-./(3%0/ (-#(*&#-./3(&/2(-C:/
- /$N(O+&".0P;

| DA*$:1/N(Q/-RO(+*11(-./0/(3/091-0(-./(G3/+#$$/&5/5(:#0-0G (T#3(89 1%/ (EH2(+#8.0%5/3(*(+#: C(#7(-./ (0*$/(:*?/38&(-#(6&5 (- ./(3/+#$$/&5/5(:#0-0(T#3(8#.&:

xry1 : Person

firstName=Julie

|
/ knows+ :
ro : Person
firstName =3 x4 : likes :—> rs : Post
< Ry ‘v e "oy - ont" o

"H#HS%& ()< S+"" (-(%"HHPYE' [+ 0",+$-12",.3%(-(0%"#/** "


http://rictomm.me

"H$%& () * &+, -(#-).&/,&
0123,

"HEVO& HHH"$Y6&' (%) *"+%, -
| +06(/OL2#H#H#" $%&. (%6) " +%, -

| +0%,-34"H#H#"567 (#4,8(00(6"/90:"
+9%,'-.

0%+, HEEE'567(#4,8(00(6"+%, . " <=

|+ 8Y0("HHE$Y& (%) ¥+, -

IHHSY& S+ (-(Y"HHSY& [P+ "0" +$-12",.3%(-(0%"#/**


http://rictomm.me

"H$%&' (V$%* %+ ' '01%&"™
2345135%

L "#$%&'()*(+(,&-.+'+/0&(.+123+2&(45'(
63&'#)12($'5P& 7T#(2'+$%*(7%+7 (3*&*(
8%+9&'1*8(+*()7*(:+)1(;3).,)12(;.5-<*=

L "HP%&>*(,&-.+'+/0&(*#17+?($'50),&* (+(
4+:).)+H(@+#(75(:+7-%($+9&'1*(54(15,&*(
+1,('&.+/51*%)$*() 1(7%&(2'+$%=

MATCH

(n)-->()
RETURN n

L AT()*( <&, (#(*&0&'+.(-5:$+1)&* () 1(7%&(
A7+ & (*S+-&(+1,(+..5@*():$.&:&175™(54(
HT++*&*(+1,(-)&L7*(75(4'&& #(;&1&B7C(3*&
4'5:(+1,(-517"):37&(75(7%&(,&08&.5%$:&1 7 (54(
7%&(5$&1"#$%&'(.+123+28&=

IHHSY& S+ (-(Y"HHSY& [P+ "0" +$-12",.3%(-(0%"#/**


http://rictomm.me

"HSY&H() " +&, *&-.$%)"&/"01)230%4

B398 ()#&Y0)%*+&%((%, ) (- . #/0/#11-)2311345'6)#) 7+5/.3&5#17)
5'.8503").3)%'/3,%)'3,%()#',)%,6%()45.9)#&8&34():%.4%%").9%:; <

| =9%)2311345'6)>8%&5%()#(?)238.)/3@ (#E(YEDBL0)#!);: 3A5%<)

MATCH (x:Person)-[:acts_In]-> MATCH (x:Person)-[:acts_in]->(m:Movie
(m:Movie {title: "Unforgiven"}) {title: "Unforgiven™})
<-[:acts_in]-(y:Person) (y:Person)-[:acts_in]->(m)
RETURN X,y RETURN X,y
M"H#RHS%E& () ** S+ (-(%"H#HP%E&' [ **$+","0",+$-12",.3%(-(0%"#/**

In this case, we would also g¢
the matches that send both X
and vy to the node of Clint
Eastwood (and likewise to the
node of Anna Levine).


http://rictomm.me

#5968 ()*$+' *-&)./'0."11$+&)2'3.0".

MATCH (:Person

{name:"Clint Eastwood"})-[:acts_In]->(m:Movie)
RETURN m.title
UNION ALL
MATCH (:Person

{name:"Clint Eastwood"})-[.directs]->(m:Movie)
RETURN m.title

IHHSY& (S (-(Y0"HHSY& S+ 0" +$-12",.3%(-(0%"H**


http://rictomm.me

"#$%6&' ()*$+',*-&)./'0.11$+8)2'3048)&.5&

MATCH (p:Person)-[.acts_In]->(m:Movie
{title: "Unforgiven"})

WHERE NOT (p)-[.direct]->(m)

RETURN m.title

IHHSY& (S (-(Y0"HHSY& S+ 0" +$-12",.3%(-(0%"H**


http://rictomm.me

#5068 ()*$+' *-&)./'0.11$+8)2'3$4" . *%

MATCH (p:Person)-[.acts_In]->(m:Movie)
OPTIONAL MATCH (p)-[x]->(m)
WHERE type(x) <> "acts _in"

RETURN p.name, m.title, type(x)

IHHSY& (S (-(Y0"HHSY& S+ 0" +$-12",.3%(-(0%"H**


http://rictomm.me

!II#$%I|&I(I|)*+,_.$_/*$(*0123_.
S8 () ) /(0],06%' &0, %2. &3 &+-+$) (+A'56-H&. “H/%% 2%6%6) 7+ 2(+$/8&"
9%)+,.&")8&."2'+$(0%&'&:0&'%2;&%'$('2'-.)-&.*6'0.2-#<

| =$(9&'SH S+ &+$0(&:%)' ., ()8&.."-.)-& *6'0. 2-#+4'56-#&.'2%0+)' 2%6%6) 7+ HE&'+*2.
) &'2--%$&:*)'2('&:0&'-.)-& *6>82%,&'-2$.<

| I"H$%&' 2'9)@-,*&*#&'1.$&(:A)1A2A1.$& (. &%2/)(<'B#&'1)%%)7$(0'C,&.6'
+8%689*+'-2$.+)1'(): &+ #2*'2 &' %$(D&:":6'2'-2*#'9) @-%&*&%6'%2: & %% & 6"
D()7+<'B)":) *#$+4'$* 2--% &+ H#&'+*2.")-&.2%).'E")8&. *#&'%2:&%'D() 7+'<

MATCH (x:Person)-[:knows*]->(y:Person)
RETURN X,y

"H#HS%& ()< S+"" (-(%"HHPYE' [+ 0",+$-12",.3%(-(0%"#/** "


http://rictomm.me

"H$%"& (") +,-. $-1*$(*0123-.

L HS9&'()*+),-).().$/0(1)02)3/1)-45(/16)2-)-45(/16)2-)78'5()$/1)4(084/)2/'9)0:()6:240(60).50/(665/:)&$0:+)
<:56).5")4(084/)$)65/;'()6:240(60).50/(665/:)&$0:+),-).().$/0(1)02)4(084/)$")6:240(60)&$0:6=)0:(/).()
>28'1)4(&'$>()?6:240(60@$0:?).50:)?$"A:240(60@$0:6 2+

MATCH (x:Person {firstname:"Julie"}),
p = shortestPath( (x)-[:knows*]->(y:Person))
RETURN p

| HE0&! ()*+),-%./0)1$23)4-)45()6-2.$')/(47-839).)7()7$/4)4-):/<)$"):8.(/<6)-=:8.(/<6)-)>?".()45$4)".3(<)
$)&-64)7.45)$)4$0)45%4)>7".():-"-769)7()2$/)?6()45():-"-7./0), @&5(8)A?(8 @B

MATCH (x:Person {firsthname:"Julie"})-[:knows*]->(y:Person))
MATCH (y)-[:likes]->()->[:hasTag]->(z)

MATCH (z)-[:hasFollower]->(x)

RETURN Yy

IHHSY& (S (-(Y0"HHSY& S+ 0" +$-12",.3%(-(0%"H**


http://rictomm.me

"HS%" &' (") +,-.$-/*0123-.

| HS068 ()Y (). 19%0()/1/*2/32' ) 4568 ()*+) %&')/3*2*%5) %$) ('60(#) 6/%&+7

| 89/:62'):7)<.)=")=/#%">)%$)(%0(#)/22). (*#>+)$.).(*#>+)$.) 2025 V*4) % &) (/6 & @) %6$-'%& ()=*%&)/) 6/%&)=* Yot ++*#-)%&")
(FH>+8 B@)%&H)=")A/#)0+'B

MATCH p = (:Person name:"Julie")-[:knows*]->(x:Person)

RETURN x,p
| HS%& ()*&&(+H,

|

"H#$%6& 001" #SY6( ) +,"-. % (") "HSY6&."

"H$%(" %I H#SYo(')*+,"-. %6 (") " HSY&')*+,"-. % &" )" #$ Yo ("

"H#HS%& ()< S+"" (-(%"HHPYE' [+ 0",+$-12",.3%(-(0%"#/** "


http://rictomm.me

"H$%& 1"IH$%1& (1) %o+,!
-./0*.0%

"HB%6&' ()*(+,-(*+./0.10(23-14(5./63.6-(78(%69:(./0(
-<7=-(7><).5(?@A(1-<7==-/0.B7/(*)/<-(CDD@E

"#3%&'()*(.(F.G-1/(=.+<,)/6(23-14(5./63.6-(TH-1(
+,-(%9:(61.F,E("#$%&'(23-1)-*(<7/+.)(.(*-+(78(
+1)F5-(F.G-1/*(1I3#KL(.5*7(M/7N/(.*(0.*)<(P1.F (
#.G-1/*(|OP#*KE

JVF5-(F.G-1/*(.1-(*)=)5.1(+7(%9:(+1)F5-(F.G-1/*L(
;3+(-.<,(78(+,-(*3;Q-<+L(F1-0)<.+-(71(7;Q-<+(=.4(;-(
3/;73/0-0(H.1).;5-(F1-<-0-0(;4(IRSRK(F1-TUE

"#5%E&'(=)**)7/0)*(+7(;)/0(+,7*-(H.1).;5-(;4(
=.+<)/6(+,-(23-14(F.G-1/*(+7(+1)F5-*()/(+,-(%9:(
0.+.*+E

IHHSY& (S (-(Y0"HHSY& S+ 0" +$-12",.3%(-(0%"H**



http://rictomm.me

"H#$%6& ()*

"H$%&' )*+%(', %(%+),-.(/%01),%23%,48&.,5
1(6,/1,4%&'()*7

' 8*%,%6(+.-%6/2-%.+% (%' ect>
<predicate> <object>

Eredicate

! 924,+%(:4%,4&,+%(',%.4,:,<,4%=+..&%
>0+

| @6,A-0+%-(:%6,%/.0,'(/+%B9=C6,'+D%
+0'..&+E

IHHSY& (S (-(Y0"HHSY& S+ 0" +$-12",.3%(-(0%"H**


http://rictomm.me

#5068 (V&*)#)+,1-.1).012(

XY Z
1@0 TRUE-FALSE

2\ 2\ 2\
(c) Query Form CONSTRUCT DESCRIBE SELECT ASK |
DS

FROM O j
(a) Dataset

Clause
FROM NAMED Oj O @I
& <>
A\ <> @
V
FILTER N <>
(b) Where TRIPLE OPTIONAL @
Clause PATTERN AND

UNION k

IHHSY& (S (-(Y0"HHSY& S+ 0" +$-12",.3%(-(0%"H**


http://rictomm.me

"H$%& ()*+,"*-.)/0

!"#$%&$#'(“$'$)*+&",$*++($'#$-+_$/,'()_$0']_",2&$',"$ PREFIX : <httpL//example.org#>
'00*3"4$32%#-,"'$0,)5) *$6%", 7$*'2/%'/"&8$ o] {?X 7y
9:;<=1>$770-">$'24$@,"A*32B 7 -acts. in 7y :

‘type :Person .
?z :acts_in ?y ;
‘type :Person .
?y :title "Unforgiven" ;

| 12-)3+44+5607)"#3%&")89-*:)*-;*-<-0=<)>) type :Movie
+4?,4-@)7*>;2);>A-*0)=2>=).+?B60-<)=2-) FILTER(?x!=?y)
B><6.)7*>;2);>A-*0)56=2)>);*+,-./+0)=2>=)><C<) }
=+)+04:)*-=9*0)=2-).+D<=>*<)>0E)0+=)=2-)?+F6-

L "H#%E& ()Hr+,-./+0

6E-0/G-*H
" 14
"HSU0& ()* &+, - 1.%%)'/01$%0
1.%%)'/01$%0 "HEUO& ()* &+, -

IHHSY& (S (-(Y0"HHSY& S+ 0" +$-12",.3%(-(0%"H**


http://rictomm.me

:Clint_Eastwood

:Unforgiven

L _*PYPe '
Person Movie

type J , :title |

Y

"Unforgiven"

:Anna_Levine

N

| :itype |

e

IHHSY& S+ (-(Y"HHSY& [P+ "0" +$-12",.3%(-(0%"#/**



http://rictomm.me

"H#$%8&' ()*+$, (-+.&*/0(1/(2-3456(78/1"/9

| "#$%8&'()*+,'8&-.&)&/0$-081-&  SELECT

. WHERE
203&*'4$ %&1#)1&5,$01& {:Clint_Eastwood :acts_in ?x . }
6)%17--3&#)%&)81'3&-9& JNION

{.Clint_Eastwood :directs ?x . }

3$9'81'3&%$0:& }

"HS%8& ()*#

IHHSY& (S (-(Y0"HHSY& S+ 0" +$-12",.3%(-(0%"H**
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"H#$%8&' ()*+$, (-+.8&*/0(1/(2-3456(7819&*&/:&;

! "#$%&'()*+,_,_/,(0,( SELECT?x
x WHERE
/1234(25’(4 +’_"/’(61(758( {?x :acts_in :Unforgiven . }
91-(:,1:3,(;<1(7/6,4(*.(6<,( MINUS
=1 >* (?_91_@*> .(A26('<1( {?x .directs :Unforgiven . }
4*4(.16(B7351C(4*-,/6D }
E
"H#$% & (H

IHHSY& (S (-(Y0"HHSY& S+ 0" +$-12",.3%(-(0%"H**
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"H#$%8&' ()*+$, (-+.8&*/0(1/(2-3456(78-9:8:36<

! "#$%&'()*+,__/())123_4) SELECT?x ?y ?z
N WHERE
-+,-./05)67)8-90:)/2;)<-=) (2% acts in 2y .}
>-?372)QA/@)/8@-=2)A/?7) OPTIONAL
[++7/=7)3.5)/.:)|.B)-@AT7=) {?x 722y . |
FILTER(?x !=:acts _in) }
+/=,83+/,-.)@A7B)A/:))63@A) }
@A7)>-?37)C723:72)/8,.4)3.)

3@

IHHSY& (S (-(Y0"HHSY& S+ 0" +$-12",.3%(-(0%"H**
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"H$96"&' (")*+,-. $-1*$(*01&'(2*3405+6

L HS%& (&) HHS -, 0123 4&)SHEH 6T & B*& +9'4)+4&)6:'4;6T*-

| "/0123')+4&)6:'/;67*";)&";$'&<6&$=&="9+)5'+9")&>87;)’
&<4)&**#H+3-

L 0*,'%+$*&@8&$%&.'A&'%;$'&<4)&**;35:'4,6 7' @8&):'8*#$>"'/0123'

IHHSY& (S (-(Y0"HHSY& S+ 0" +$-12",.3%(-(0%"H**
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"#$%8&() "#$%8& ()

L "HEW&' (), (F-#. H&D0* L "HEW& (), (F-#. H&D0*
123456*78()9*+#*:$™;..* 123456*78()9*/&+,*:*
<;&)%*#-*;=+#)%*/ #*,;>(* $(0:+("*)#,)+9<%(+=*

&+ (*=#..;7#), @#I*' &%+, $=(A

0% * *
/(*=;$*8%(* L >,&%*78()9%/&..

?:+@,*AB$-#)0&C($*D+,(*E4EI
SELECT?Xx ?y | | Z$'*G B$-#)O&C($G*D+,(*H+.(*
WHERE ?x (acts_in/acts_In*) ?y } %+)& $O F*-#)*| 0=

SELECT?y
WHERE :Clint_Eastwood ({rdf: type ,:.directs})* ?y }

IHHSY& (S (-(Y0"HHSY& S+ 0" +$-12",.3%(-(0%"H**
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"#$9%"&'(")*+,-.$-/*$(*0123+4

L "HSHW& W) +,-.F0&1%&%23*456'422*1 & 7#8&931&%*8'&6:*6&;4'1 2*< 1 8¢

L "R#S%& 7*@1A*&%%*6436%4*BA#C*&* @ 1#C4*D'A32EF&031*1G$H4*0
456'4224 A*#1*"+,- [*&2*#1*C:4*1G4'(*H4%3B)*B:#0:*#2*&*031JG10931*3
CB3*-+.2)*B:4'4*C:4*2($H3%*[>L*A413C42*031JG10931>

SELECT?X

WHERE
?X (lacts_in/Macts_In)* :Kevin_Bacon .
?X (:author/*.author)* :Paul _Erdos .

}

IHHSY& (S (-(Y0"HHSY& S+ 0" +$-12",.3%(-(0%"H**
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"#$9%"&'(")*+,-.$-/*$(*0123+4

| HSYEHYo()*+,-.")/01)%234%")/5637%2) 108#90:5107)9403;)30<%41")=/193">?

| I"HS%E& ?)@%)/01)%234%")01)-AB)8%4'#51)5C)D;%) EF%4G)C54)D:%)35'D')
4%/566%1H%H)D5)IF7#%)JFD)15D)D5)I5:1)0")C5775&'K

SELECT ?x ?y ?z
WHERE {
{:Julie :knows+/:likes ?x ;
‘hasTag/:hasFollower :Julie . }
MINUS
{:John :knows+/:likes ?x ;
‘hasTag/:hasFollower :John . }

}

IHHSY& (S (-(Y0"HHSY& S+ 0" +$-12",.3%(-(0%"H**
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"#$%&()*+,%&-*$%.&/,01*,1$23

L "H#$%&'V
I $%**+,-./0'1%&.02".3",0-,4+5.&/06,406764'*-60.%05869'06,405.6,46&4-:'0.8'0;+.+&'0%;0<&6980=+'&/0>6,<+6<'57?
I "H#3%&'0@'6.+&'5A

I $%*9%562->-./A0"&698506&'0-,9+.506,40%+.9+.50%;0.8'0=+'&-'570B+'&-'5076,02'07%*9%5'4?0C8'0;67.0.86.0"#$D
-507>%5'40%,0.8'0GG"046.60*%4'>0*'6,50.86.05+2=+'&-'506,40H-'3506&'09%55-2>"?

' G6.8506&'0@-&5.0$>655#%-I:',5A0G6.85076,0-,7&'65'0.8'0'J9&'55-H-./0%;0.8'0>6,<+6<'?0"#$%&'0'J.',450<&69850
*%4'>503-.8096.850KGG"L?0$6,086H'0>62">506,409&%59'&-1'57?

I $69.+&'0607%&'A0M.6,46&4506&'04-N7+>.06,409%>-17500C6P'0.8'05+77'55;+>0:+,71%,6>-1'503-.80.&67.62>'0'H6>
%:07+&&',.0>6,<+6<'5065060265'0.9%04'H">%9

" $U&' () (%0, HI OHSY& () (*+,-(+,(.0/,-(1,234(5/-,6(7281/21-9 0#12-3((45%&)#-64.7(#89':#;%.(2%/<-%/'#
=-066(2(%3(H-YoH>1%/8(?(%.#-6H@1.I0#$=>*#89:0

"H#HS%& ()< S+"" (-(%"HHPYE' [+ 0",+$-12",.3%(-(0%"#/** "
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"#B%& () *+,%&-*$%

| HS06&! ()BH+, - [-+)#-0120$2345)62, 7&-H#)#-+ TH#E39,2)8+) 74%-#-+T#839,2+:

&/,01*,1%23

&-)<,**,=82>)?8>1#-) @*-AB)+&,=+)$2)-C$.%*-)"#$%&'()D1-#4),/-#)7&-)0,.$82) @?5)65);B)$20) 7 &-)#-+%,2+-)8+)82) 7 &-)#8>&7:

Valid query Correct result Valld query Correct result
herofepisode: EMPIRE] { hero {
: - name name: Luke
herofepisode: EMPIRE] { hero { friends { friends: [
name name: Luke name { name: R2-02
: : . } Id: 2001 }
friends { frends: | ’d -
on Droid { name } { name: R2-D2} name id: 1002 }
: friends { |
on Human {id } {id: 1002 > e
name name: Han } ) )
} ] ' Fields are collected
} } before answering
herolepisode:EMPIRE] { hero: {
name name: Luke
friends { friends: [{
on Human { humanFriend: Han
humanFriend: name starships:[{
starships { starship:Falcon
starship:name length:34.37
length 3]
! z
on Droid { droidFriend:R2-D2
droidFriend: name primaryFunction:Astromech
primaryFunction 3]

X
b
}

IHHSY& (S (-(Y0"HHSY& S+ 0" +$-12",.3%(-(0%"H**
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HHS& S+,

"HE068 ()" *&+H,-(#-).&)HO(").&123$#"4.2,

Focus

Supported Graph Data

model

Standardization

Easy to learn

Syntax

Composability
Paths Storage

GRAPH VIEWS &
Subqueries

Semantics of Pattern
Matching

Declarative

Output

Navigational Queries

RDF, LOD
Datasets

RDF(Edge-
labelled graph)

Yes “w3cC”

Yes

sQL-like

NO
NO
NO

homomorphism-
based, bags

Declarative

Table of nodesor
edges/Boolean

Yes Using “Path
Prosperities”,
Arbitrary Paths,
Sets

General

Property Graph

NO

YES
sQL-like

YES Cypher ..
NO
NO

no-repeated-
edges, bags

Declarative

Paths, Table
nodes oredges/
Boolean

YES using RPQs,
no repeated
edges, Bags

(-(%"HHSY& [**$+" "0" +$-12",.3%(-(0%"#/"**

Navigation-Traversal

Property Graph

NO

NO

Functional
Programming

NO
NO
NO

homomorphism-
based, bags

Declarative

Nodes/ Paths

YES using RPQs,

Arbitrary Paths, Sets

General & Graph
Composability

Property Graph

NO (attemptto
standardize)

Yes

SQL-like

YES
YES
YES

Imperative

Always GRAPHS

Web Data Access

Edge- labelled graph

NO

YES

REST Like Query

NO

NO

NO * SPARQL may support subqueries but not
Views.

Declarative

Values * GraphQl can work with SQL tables (RDBs) and
alsoreturntables.

NO * Supported Only from SPARQL 1.1
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