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Terms and definitions

Konigsberg and Euler [1]

@ Popular Sunday puzzle was
to cross all bridges exactly
once

@ Mayor asks Leonard Euler to
solve the puzzle

@ Euler declines, thought the
problem was trivial

o Euler changes mind.

@ Euler publishes paper in
1736 detailing impossible Image from [1].
solution, formulates general
solution

Birth place of graph theory.



Types of graphs (1 of 2)

(a) Simple

(b) Labeled
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Types of graphs (2 of 2)

(C) Direc-ted

(d) USefuI
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Terms and definitions

ODU Computer Science undergraduate prerequisites
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Terms and definitions

Terms and definitions

@ nodes = vertices
@ arcs = edges
@ arcs = relationships

Terms used interchangeably.

Explorations
00000

Playing
[e]e]

Conclusion

Neo4j uses the
terms nodes and
relationships.

References
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The basics.

Where to get it.

o Thewo
€ neodj.com e Qa + A ABE O 40 =
@neoy] +

Video: How the IClj Used
Neo4j to Unravel the
Panama Papers

s webie uses conkie 0 ge you th b, most relevat csparience. Usng i websta_mzteyeue K i s Yau o chnge whh
coics ara soatany me. oy cirgonre nto. LRl

Figure: Available with different licenses from http://neo4j.com/
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The basics.

How to start it.

OO clemmiidabFite-EditpView /SearchiTFerminabHelp

chuck@office-computer://tmp/Neo4j/neodj-community-3.08.1/binS ./neo4j console
Starting Neo4j.

WARNING: Max 1024 open files allowed, minimum of 40000 recommended. See the Neo4
j manual.

2016-06-12 21:01:28.928+0000 INFO Starting...

2016-06-12 21:01:30.374+0000 INFO Bolt enabled on localhost:7687.

2016-06-12 21:01:37.554+0000 INFO Started.

2016-06-12 21:01:39.237+0000 INFO Remote interface available at http://localhos
t:7474/

il

Figure: Starting neo4j manually.
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The basics.

How to interact with it (1 of 4).

o
€ @ localhost @ | [Qpea 4+ A 9B O 40 =

iplay starc
@ neos) Learn about Neo4j Jump into code Monitor the system
COMMUNITY A graph epiphany awaits you. Use Cypher, the graph query Key system health and status
EDITION ¥ Wnatisagraph language. mefrics.
301 database? Code walk-throughs @ Disk utilization
How can | query a RDBMS to Graph Cache activity
graph? Query templates Cluster health and

What do peodle do

S e S e

Got data? Learn how to import tinto Neodj.

Copyright © Neo Technology 2002-2016

Figure: Via a browser. Note the URL.
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The basics.

How to interact with it (2 of 4).

o

€ @ localhost e |laa S A HE O 4 e =

Database Information

Node labels

play start
®reoy ,
[—
cisionshipypes COMMUNIT Leam. about Jump into code
T Y EDITION Neo4j Use Cypher, the graph
: 3.0.1 A graph epiphany awaits query language.
Property keys you Code
nr{’ Whatisa graph walkthroughs
database? RDBMS (o
How can | query Graph
agraph? Querv temoiates

What do neoole

@start Learning ®Write Code
Database

3041

graph.do Monitor the

11027 M8 system

Information & Key system health and

status metrics.

() Disk utilization
Gache activty
Cluster health

Figure: Information about the database.
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The basics.

How to interact with it (3 of 4).

fne

Conclusion

chuck@office-computer: /tmp/Neo4j/neod4j-community-3.0.1/bin$ ./neodj-shell

Welcome to the Neo4j Shell! Enter 'help' for a list of commands
NOTE: Remote Neo4j graph database service 'shell' at port 1337

neo4j-sh (2)s I

Figure: A command line interface.

References
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The basics.

How to interact with it (4 of 4).

chuck@office-computer: /tmp/Neodj/neodj-community-3.0.1/bin
chuck@office-computer:/tmp/Neo4j/neodj-community-3.0.1/bin$
chuck@office-computer:/tmp/Neo4j/neodj-community-3.0.1/bin$ ./neodj-shell -help
-host Domain name or IP of host to connect to (default: localhost)
-port Port of host to connect to (default: 1337)
-name RMI name, i.e. rmi://<host>:<port>/<name> (default: shell)
-pid Process ID to connect to
command line to execute. After executing it the shell exits
File containing commands to execute, or '-' to read from stdin. Afte
it the shell exits
-readonly Connect in readonly mode (only for connecting with -path)
-path Points to a neo4j db path so that a local server can be started ther
e
-config Points to a config file when starting a local server

Example arguments for remote:
-port 1337
-host 192.168.1.234 -port 1337 -name shell
-host localhost -readonly
...or no arguments for default values
Example arguments for local:
-path /path/to/db
-path /path/to/db -config /path/to/neodj.config
-path /path/to/db -readonly
chuck@office-computer: /tmp/Neo4j/neod]-community-3.0.1/bins I

Figure: Help on the CLI.
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The basics.

Neo4j is idempotent

Neo4j nodes can be thought of
as a set where each set member
is unique/citemathDictionary. y

@ The time to insert an
unconstrained node can be:

o(n?). C
@ The time to insert a constrained " y=isz
node can be: O(n). s
-1 o 1 2 3 4 5 €
@ The time to execute a query can il
be: O(x)
@ The time to re-execute a previous
query can be: O(c) (for a small Image from [2].
c
)

Take away: constrain your nodes.
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Failure

IMDb (1 of 2)

Table: Time spent loading the IMDb via the neo4j-shell. The time to
load the entire IMDb database was too long to be practical.

Size % IMDb R-seconds Neo4j seconds Nodes loaded
8,000 - 14.070 2.6 2,300
80,000 - 57.462 8.820 26,041
800,000 4 609.890 49.250 198,998
8,000,000 45 1,245.048 556.452 649,309

80,000,000 100  43,600,386.000 1,840,666 1,466,720
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Failure

IMDB (2 of 2

top - 10:51:07 up 1 day, 23:00, 1 user, load average: 3.58, 2.65, 2.04
Tasks: 226 total, 5 runn\ng 221 sleeptng, 0 stopped 6 zombie

%Cpu(s. 3 sy 0.0 hi, 0.5si, 0.0 st
KiB Men | 8174776 ctal tezhe ree, eTeese i) 161568 buff/cache
KiB Swap:| 16758780 [total, | 8438208 free, 8320572 used] 137664 avail Men

PID USER PR NI  VIRT RES SHR'S %CPU %MEM TIME+ COMMAND

16448 chuck 30 10 696664 7584 3944 S 17.6 0.1 54:06.56 update-manager
912 root 20 © 437356 40344 5500 R 7.0 0.5 46:09.26 Xorg

1765 chuck 20 © 1833892 103756 34080 R 3.3 1.3 57:06.14 compiz

1757 chuck 20 © 519468 9928 6324 R 0.3 0O

48.44 banfdaemon
erminal-

4687 chuck 20 © 12.401g 7.173g 05 54:51.61 java
ST, TToTR: AT TTSUZE R TTUTOU Uz oD

1 root 20 © 119800 2468 1368 S .0 0:02.39 systemd

2 root 20 0 0 ) 0s .0 0:00.02 kthreadd

3 root 20 0 ) [ 0s .0 09:09.39 ksoftirqd/e
5 root 0 -20 [ ) S 0.0 0.0 0:00.00 kworker/0:0H

top - 10:54:02 up 1 day, 23:02, 1 user, load average: 2.51, 2.69, 2.16
Tasks: 223 total, 4 running, 219 sleeping, © stopped, 0 zombie
%Cpu(s): .5 sy i, 8.3id 03w, 0.0hi, 0.25si, 0.0st
KiB Men total 163908 buff/cache
KiB Swapﬁtetal 7691136 avail Mem

PID USER PR NI  VIRT RES  SHR'S %CPU %MEM TIME+ COMMAND
16448 chuck 30 10 696664 9228 5540 R 22.3 0.1 54:39.09 update-manager
912 root 20 0 437356 41260 5836 S 7.6 0.5 46:21.92 Xorg
1765 chuck 20 © 1833892 105716 34448 S 4.0 1.3 57:12.08 compiz
1757 chuck 20 © 519468 10032 6340 S 0.3 0.1 0:48.74 banfdaemon
2266 chuck 20 © 512992 23804 10364 S 0.3 0.3 1:39.99 gnome-terminal-
2322 chuck 20 © 41800 652 168 S 0.3 0.0 6:18.47 top
31254 chuck 20 © 41908 3668 2952 R 0.3 0.0 0:00.01 top
1 root 20 © 119800 2468 1368 S 0.0 0.0 0:02.39 systemd
2 root 20 0 0 0 0S5 0.0 0.0 0:00.02 kthreadd
3 root 20 o ) ] 0S5 0.0 0.0 0:09.41 ksoftirqd/e

Figure: JVM needs swap space.
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Success

OpenFlight.org

© OpenFlights.org: Fii... * g

Playing Conclusion

[e]e}

€ @ openflights.org @ |[Qsearch

Qe
Recently added flights

Qun

e,

2000k Qs

e OpenFlights.org

Login | sianup
Anayze
Top 10

_ Filter

* Carrier | Al carriers v

@ Tre Nouips

- T

= |

+ A HBE O 40 =

Bbout | Help | FAQ| Blog

English (en) v

Username

Password

Year | Al S

More. ~

Get a 3-year price guarantee
flog/ 7250 Mbpeintemet, TVandPhone

$ w/a2yr.agmat Plus,taxes, equip
69.99/mo innians.,
o (]

LY

Figure: OpenFlight.org homepage. http://openflights.org/

>
]
> X

download
now
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OpenFlight.org database.

OpenFlights: Airporta.

Playing Conclusion
[e]e]

€& openflights.org; | e

Airport, airline and route data

(click to enlarge)

As of January 2012, the OpenFlights Airports Database contains 6977 airports spanning the globe, as shown

in the map above. Each entry contains the following information:

Airport ID Unique OpenFlights identifer for this airport
Name Name of airport. May or may not contain the City name.

city Main city served by airport. May be spelled differently from Name.

Country Country or territory where airport s located.

IATAIEAA 3Hletter FAA code, for airports located in Country "United States of Americal”.

Sletter IATA code, for all other airports.
Blank if not assigned.

IcA0 4letter ICAO code.
Blank if not assigned.

Latitude Decimal degrees, usually to six significant digits. Negative is South, positive is North,
Longitude Decimal degrees, usually to six significant digits. Negative is West, positive is East.

openflights.org/demo/openflights-apdb-2048.png

+ A HBE O 40 =

OpenFlights.org

About | FAQ | Blog

Free
O'Reilly
Book

Figure: Interested in airport locations, and service between airports.

http://openflights.org/data.html
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Sample airport data.

emacs@office-computer

0" "Latitude” "Longitude" "Altitude’ "

imezone” "DST" "Tine:
-6.081689 145.391881 5282 16 "U'

AYG/ 16 Pacific/Port_Moresby

"AYHD" -5.207083 145.7887 20 16 "U" "Pacific/Port Moresby

3" "HGU" "AYMH' -5.826789 144.295861 5388 10 "

AYNZ" -6.569828 146.726242 239 1 acific/Port_Horesby
5 wport Horesby Jacksans Intl" "port Moresby" [Papus New Guinea” 'POR" "AVPY" .9.443363 147.22005 146 10 'U' "Pactfic/Port Mores>
6 "Wewak Intl" "Wewak"

Papua -3.583828 143.669186 19 10 "U" "Pacific/Port_Moresby"
7 arsarzusg: Norasarssund- reentand: CUAK BB 61160517 43425975 112 3 "E" hnerica/Godthab®

8 "Nuuk” "Godthaab" "Gr: £" "Anerica/Godt!
5 “Sondre Seronfjord" "Sondrestron” LGreentand: 3FI: "BGSF- 67016969 -50.669325 165

10 "Thule AL " Th la

SOTE “amertca/Godthab”
reenland” "THU" "BGTL" 76.531203 -68.703161 251 -4 "E" "America/Thule
11 "akureyri” “Akureyri” “Iceland” "A R" 65.650994 -18.672763 6 6 "N" "Atlantic/Reykjavil
12 TEgilsstadur” "Egllsstadir VIceland: 'EGS' "BIEG" 65263333 -14.401309 76 © W' "Atlantic/Reykjavik”
ur' eland” "HFN" "BIHN" 64.295556 -15.227222 24 ‘Atlantic/Reykjavil
14 "Husavik" "Musav\k" rcetond" "Wz~ TBIN" 65952928 17 425976 46 o £ "Atlantic/Reykjavik”
15 "Isafjordur” "Isafjordur” "Icelan BIIS" 66.658056 -23.135278 8 0 "N" "Atlantic/Reykjav
16 "Keflavik Internxt\onxl Atrport” eFLavike “Teeland® “KER" “BTKE" 63,005 -22.605558 171 6 - "At\xnt\(/keyk]av\k"
Patreksfjordur” "Iceland” "PFJ" "BIPA" 65.555833 -23.965 11 6 "N "Atlantic/Reykjavik
“Reykjavik" "Iceland” "RKV" 64.13 -21.940556 48 0 "N" “Atlantic/Reykjavik"
15 'stglufjordur” "slglufjordur’ "Iceland: 'S13! "BISI" 66133333 -18.916667 10 0 "N" "Atlantic/Reykjovik:
/estnannaeyjar” "Iceland” "VEY" "BIVM' 63.424363 -20.278875 326 6 "N "Atlantic/Reykjavik"
21 “Sault Ste barie” "Sault Sainte Maric: -Canada® YAK' "CYAM' 46.485001 64.509445 630 -5 A" “America/Toronto"
22 "Winnipeg St Andrews” "Winnipeg” "Canada® "VAV' "CYAV' 50.056389 -97.0325 760 -6 "A" "America/Winnipeg”
23 "shearwater” "Halifax” "Canada’ "YAH' "CYAW' 44.639721 -63.499444 167 -4 "A" "America/Halifax’
24 "st Anthony’ "Canada” "YAY" "CYAY" 51.391944 -56.083056 108 -3.5 "A" "America/st_Johns”
25 "Tofino" *Tofin "YAZ" “CYAZ" 49.682222 -125.7725 86 -8 "A" "America/Vancouver"
26 "Kugaaruk” "Pelly Bay" "Canada” "YBB" "CYBB" 68.534444 -89.808056 56 -7 "A" "America/Edmonton”
Canada® "YBC" "CYBC" 49.1325 -68.204444 71 -5 "A" "America/Toronto"
28 "Bagotville” "Bagotville” "Canada” "YBG' "CYBG" 48.330555 -70.996391 522 -5 "A" "America/Toronto”
Lak B

Anerica/Winnipeg’

L" "CYBL" 49.950832 -125.270833 346 -8 "A" "America/Vancouver”
.91 -99.951944 1343 -6 "A" "America/Winnipeg
32 "Canbridge Bay"

CYCB" 69.108055 -105.138333 96 -7 "A"
Usx%-  airports.dat Top L1

“America/Edmonton”
Mark set

Figure: Sample data. There are 8,109 airports identified.
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Sample route data.

o emacs@office-computer

File Edit Options Buffers Tools Help

fiirtine SourceAlrportID” "DestinationAirportIATA" "DestinationAirportID” 'Codeshare” "Stops” >
08" "410" "AER" KZN “CR2r

28" R
28"

“ALrlineID" "SourceAirportIATA"
ZN" "2590" "" 6
N
MR

“ovs"

NBC*
"EGO’
410°
410"
10 99
410" 2996"
2999
2996"
2991

“Nac”
2948" “UUA
2962" "ASF"
6969

6969" "OYD"

routes.dat op L1 pair)
Truncate long Llines enabled

Figure: Sample route data. There are 67,665 route records. Not all

airports have service.

References
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Airports around the world.

lon
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Available data

Choosing a source and terminating airport.

Available airport data:

@ AirportID: Unique OpenFlights identifier for this airport.

Name: Name of airport. May or may not contain the City name.

City: Main city served by airport. May be spelled differently from Name.
Country: Country or territory where airport is located.

IATA: 3-letter FAA code, for airports located in Country " United States
of America”. 3-letter IATA code, for all other airports. Blank if not
assigned.

ICAQ: 4-letter ICAO code. Blank if not assigned.

Latitude: Decimal degrees

Longitude: Decimal degrees

Altitude: In feet.

Timezone: Hours offset from UTC

DST: Daylight savings time

Timezone: Timezone name
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References

Available data

Choosing a source and terminating IATA airport.

Steps to identify the International Air Transport Association
(IATA) code for exploration:
@ Search the airport location database for airports of interest.
Extract the IATA codes for those airports.

(2]
© Give those codes to the airlinePaths.R program.
© Evaluate results. Results include:

4.a All airports from the source to the terminating airport.

4.b The path from source to terminating on four different scaled
maps.

4.c Automatic inclusion of results into the next printing of the final
report.
ICAOQ stands for International Civil Aviation Organization, a UN
organization.[3]



Historical origins Neo4j Results Explorations Playing Conclusion References

00000 0000000 (ele} 00800 (e]e]
00000

Available data

Sample tabular data from EYW-YXY (Key West Intl to
Whitehorse Intl).

EYW-YXY (Key West Intl to Whitehorse Intl) airports along the flight path.
Name IATA TACO Lat. Lon.
Key West Intl  EYW  KEYW 24556  —81.760
Orlando Intl  MCO  KMCO 28429  —81.309
Me Carran Intl LAS KLAS 36.080 —115.152
Vancouver Intl  YVR CYVR 49194 —123.184
Whitehorse Intl  YXY CYXY 60.710 —135.067

Figure: Tabular data from EYW-YXY (Key West Intl to Whitehorse Intl).
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Available data

Sample map data from EYW-YXY (1 of 2).

lat
lat

100 50
lon

Figure: World view. Figure: Hemisphere view.

References



Sample data from EYW-YXY (2 of 2).

Figure: Continental view
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Places that were fun to

think about. (1 of 2)
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Places that were fun to think about. (2 of 2)
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What have we covered?

@ Neo4j is a graph database
management system optimized to
answer questions that can be
framed as a graph.

@ Neo4j is Java based, with all the
strengths and limitations inherent
with a Java Virtual Machine.

@ The neo4j community edition has
practical limitations on the size of
the databases it can support.

@ Neodj is very fast and efficient at
answering specific types of
questions.

Next time: who knows? Columnar databases?
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