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Wobeid Dotabase Qrchifecture

> Data in tabular storage (HBase)

Stable
Fast search /
Fast processing

Fast injection
Suitable for batch processing

Contains all data
m Static (rarely modified)

Uenfex

DataLink
Uentex

O O O O O ©O

> Relations in graph storage (JanusGraph)
Tabular Expressive

(SQL, MLSQL....D

Fast navigation \
h .(_\

Suitable for algorithmic searc
Contains structures/relations A//I\\‘x

m  Dynamic

presented @CHEP2023
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JanusGraph

O —

—
—

ElasticSearch

O —

Graph Clnalysis Ecosgsom

(@)

GraphML
GraphSON
Parquet

> Lomikel, Grapher exist as

standalone programs (jar
or exe), scriptable in Java,
Python, Groovy

libraries to be included in
other Java, Python,
Groovy, C,... programs
interactive Web Service

> Both can handle Graph
algorithms

(@)

Lomikel is more
database-oriented (i.e.
useful for algorithms heavy
on searching & navigation)
Grapher is better for pure
Graph algorithms heavy on

processing
3



Lomileel

> Toolkit interacting with databases (SQL, NoSQL, Graph)
> Unified API for différent technologies (as far as possible)
> Many useful utilities, especially for HBase and Gremlin-based Graph databases

$ lomikel -h
usage: java -jar Lomikel.exe.jar [-a ] [-b] [-g] [-h] [-n] [-q] [-s <file>] [-w] import com.Lomikel.Januser.JanusClient;
—a,——api <language> cli ]_anguage: [bshlgr‘oovyIpython] import com.astrolabsoftware.FinkBrowser.Januser.FinkGremlinRecipiesG;
(other.‘mse taken from source extension, default is groovy) W s @ TarEar (e
-b, --batch run in a batch jc = new JanusClient("IJCLab.properties");
-g,--gui run in a graphical window // access sr)icifii Fink ufilifiej
_ L gr = new FinkGremlinRecipiesG(jc);
h, help show.help // execute Gremlin (graph database API) request
-n, --notebook run in an notebook je.g().V().limit(1).valueMap().next();
-g,--quiet minimal direct feedback // find closest sources
_ . ey seured s File (init is ailse sourced) gr.sourceNeighborhood( ‘ZTF17aaawgky’, null, null, 10);
S,--source p N ° // get source classification
-W, --web run as a web service gr.classification("ZTF17aaawgky");
// get all overlaps

. . gr.overlaps();
$ lomikel -b -s script.bsh // do some statistics
$ lomikel -b -s scr‘ipt.py —api python gr.standardDeviationE(‘deepconte}ins', ['weight']);

j . . // export overlaps to GraphML file
$ lomikel -b -s script.groovy -api groovy gr.exportAoISoI( ‘Overlaps.graphml’);
$ lomikel
$ lomikel -gui
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> Toolkit for Graph manipulation
> Conversion between various file formats (to communicate with other toolkits)
o graphml, dot, mat, g6, csf, json
> Algorithms for graph analyses and manipulation
o Clustering
o Connectivity, isolation, immersion
o Adding distance between vertices (calculated in different ways)
o Adding vertex inclusiveness

$ alias grapher='java -jar Grapher.jar'
$ her -h import com.Grapher.Convertors.Convertor;
grap ) . . Import com.Grapher.Analysis.Analyser;
usage: java -jar Grapher.exe.jar
-a,--alg apply algorithm (instead of just converting) // convert GraphML file into GraphViz Dot file
[sc = Strong Connectivity | cl = Clustering | ad = adding distances]] cli.setinfile("Aol.graphml™);
- g N y - g - g cli.setOutfile("AoI.dot");
several algorithms can be separated by ; convertor = new Convertor(cli);
algorithm arguments can be supplied after , convertor.read();
P d q . t ed convertor.convert();
©g ==neEelye GRS AfPRE. ERiHES // fill data into Analyser
-h,-—help show help analyser = new Analyser(cli);
-i,--in input file name [.graphml] ;;alysler-fill(convertzl"-:ead()z;
P g . apply various Graph algorithms
o, ou'F ot.rtr:)ut fl}e name [.dot|.mat|.g6|csv|json|graphml] analyser. applyStrongConnectivity();
-g,--quiet minimal direct feedback analyser.applyConnectivity(10);
-s,--script script to run (ignores all other options) [.groovy|.py] analyser.applyClustering("GirvanNewman”, 30);
_ __ t . tput edge-less vertices analyser.applyClustering(“LabelPropagation"”, 3@);
Vg = = IOEMER 1gn0r‘? GUER . 8 N N X analyser.applyClustering("KSpanningTree", 30);
-w, --show show in graphical window (instead of converting) 5




Exchornal Graph Toolhids

> Using JGraphT toolkit for graph

included in Lomikel included in Grapher manipulations
el o  User-friendly, supports many
v exchange data formats and
NY 7 protocols
~—s ! o  Contains many standard graph
> Gren'(l;.!. (VI% analysis algorithms

o It's simple to add new algorithms
o  Pure Java, with Python interface
(made by GraalVM)
> But many other toolkits (all

inter-operable with JGraphT):
o  NetworkX: well integrated in
Python environment
o  Snap: very advanced framework
from Stanford (C++ & Python)
o  SageMath: very rich Math

‘[\Z framework (Python-ish)
Spark
»@. NetworkX EEGraph.y :

Network Analysis in Python

Apach

TinkerPop

K@ JanusGraph|/
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LSST/Fink

Overlaps

Neighbourhood
PCA-based Classification
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Legacy Survey of Space and Time

LSST

> Vera C. Rubin Observatory Project for

Legacy Survey of Space and Time (LSST)

Searching for new or changing objects

8.4 m, 3.2 Gpixel camera in Chile

Up to 10 million alerts, 20 TB of data each

night

> 500 PB of data will be accumulated in 10 years
of operation

> Alerts sent worldwide via the network of
‘brokers’

> First real observations next year
o Framework tested on ZTF (Zwicky Transient
Facility) data
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Legacy Survey of Space and Time

[N g ke EEATR

> Incoming Alerts Management
> Using Big Data / NoSQL databases
> One of the official alert brokers of the LSST

Fink Science portal 0.4  Explorer Xmatch APl Info~

Science Template Difference ObjectID: ZTF19acnjwgm
L Fink class: SN candidate

022624099428 30 28.67

Storage HDES . Summary  Supernovae  Variablestars  Microlensing  Solar System  GRB
I_FﬂﬂN K ? L ? & ) [l ZTF19acnjwgm

Date: 2020-01-29 03:18:40.003
RA: 36.6004139 deg
Dec: 28.5079626 deg

Processing Science Portal
Main streams Apache Spark ) Science data Apache HBase

|
LSST, ZTF f 1 Accessto !

Rate g (last): .04 mag/day

O e P Rate r (last): .03 mag/day
.. ) archived data* g ™ 5
Communication f
& @
H Y M SIMBAD: T t
Apache Kafka E I > e
g 19 - e L) o Distance (PS1): 5.40 arcsec
1 N ° 10l 0% e Distance (Gaia): 13.16 arcsec
L O E E E E N N E E E W 5 e ”,I Iz I Distance (ZTF): 1.78 arcsec
Other survey Accessing Fink live T e
- © Difference magnitude DC magnitude DC apparent flux NS OAC
streams filtered streams
Circles (@) with error bars show valid alerts that pass the Fink quality cuts. In ST A

addition, the Difference magnitude view shows:




Constiucting the Guaph

> |mport new sources (or update)
o select interesting (latest, classified as anomaly,...) sources (from HBase)

o import them into graph
o construct collections for alert classes
> (Calculate relations

all alerts stored in HBase

e

relations constructed

relations stored in JanusGraph
(with additional collection Vertexes)

with links to original data
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AlertsCollection
title

overlaps

SIMPLE P . intersection
/o alet sgzel(l)w t
———————— MANY20NE { objectld, - _ sizeOu
N id L contains
= = = ONE2MANY N J -
~ ‘ ‘
............. ONE20ONE
MULTI overlaps
p intersection
sends \ . g
deepcontains sizeln
\ sizeOut

weight
instances

SourcesOfinterest
cls

source
objectld

alert = something new happens or something changes
source = the origin of the alert

Alerts/SourcesOfinterest = alerts/sources are classified wrt possible types (SuperNova, Asteroid, Alien Spaceship,...)
- with uncertainties (one alert/source can belong to several classes) "
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Tidoresting Qoaion

Overlaps: How many alerts are classified as several
types (classes)

Neighborhood: Which alerts are similar (wrt possible
classifications) to an alert

PCA-based classification: Classify new alerts with
clusters of existing alerts

13
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sources overlap = number of source classified as class2, which are also classified as class1
overlap = number of alerts classified as class2 from sources classified as class1




cources of new alerts

2

) . . 15
weight = number of a connecting Sol and Aol vias  number of s common to two Sol number of a from the other Sol



find overlaps
between A and B
with respect to x
how to take into
account Edge
weights ?

how to include
multiple-paths via
the same x ?
should work for C

should work for
oriented and
unoriented Edges

Not well handled by common graph analyses toolkits - as it containg vertices of different type ! L
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lecess €o Ovev-&zdu

ceript

jc JanusClient("IJCLab.properties");
gr = FinkGremlinRecipiesG(jc);
print(gr.overlaps(‘AlertsOfInterest’));

result

AlertsOfInterest:RRLyr * AlertsOfInterest:RRLyr=3666076.0
AlertsOfInterest:V* * AlertsOfInterest:V*=1872160.0
AlertsOfInterest:RRLyr * AlertsOfInterest:Star=1801680.0
AlertsOfInterest:EB* * AlertsOfInterest:EB*=1160366.0
AlertsOfInterest:QSO * AlertsOfInterest:QS0=1082817.0
AlertsOfInterest:LPV* * AlertsOfInterest:LPV*=1079266.0
AlertsOfInterest:Candidate_EB* * AlertsOfInterest:Candidate_EB*=1020285.0

AlertsOfInterest:Star * AlertsOfInterest:LPV*=189870.0
AlertsOfInterest:Mira * AlertsOfInterest:LPV*=184988.0
AlertsOfInterest:PulsV* * AlertsOfInterest:PulsV*=184247.0
AlertsOfInterest:RRLyr * AlertsOfInterest:LPV*=179521.0
AlertsOfInterest:LP*_Candidate * AlertsOfInterest:V*=175345.0
AlertsOfInterest:RRLyr * AlertsOfInterest:V*=173963.0
AlertsOfInterest:RRLyr * AlertsOfInterest:GinC1=172219.0
AlertsOfInterest:V* * AlertsOfInterest:RRLyr=162798.0
AlertsOfInterest:LPV* * AlertsOfInterest:Mira=158251.0
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Exym«&ng Om-ﬂalp/s (b sz)

ceript conversion

jc = JanusClient("IJCLab.properties");
gr = FinkGremlinRecipiesG(jc);
gr.exportAoISoI("/tmp/overlaps.graphml");

> grapher -i overlaps.graphml -o overlaps.dot

136.0

Planet?_Candidzg

,"':;;

= - L

531 0 / 62.0 / 326.0 I.yQZS.O 10221.0 1424.0

GIC1?_Candidate

3.0
“
M 940

—

W(j

EB*_Candidate 19




Oualysing Exported Overlaps

Seript searching for the most connected clasces

result

Grapher initialised, version: ©1.01.00x [23/Apr/2024 at 11:00:43 CEST by hrivnac]
Executing Groovy analyse.groovy ...
Reading overlaps.graphml

- e clasces with most overlaps

i.e. commonly mis-classified classes

> grapher -s analyse.groovy
import com.Grapher.Convertors.Convertor;
import com.Grapher.Analysis.Analyser;

cli.setInfile("overlaps.graphml");
convertor = new Convertor(cli);

analyser = new Analyser(cli);
analyser.fill(convertor.read());
analyser.applyConnectivity(10);

Generating weights ...

Imported graph: DefaultGraphType [directed=true, undirected=false, self-loops=true,
multiple-edges=false, weighted=true, allows-cycles=true, modifiable=true][211,

7503] from SoI.graphml

Applying Connectivity Algorithm ...

Most Connected:
SourcesOfInterest(532525064)
SourcesOfInterest(122896456)
SourcesOfInterest(246046768)
SourcesOfInterest(245780528)
SourcesOfInterest(163864680)
SourcesOfInterest(532557832)
SourcesOfInterest(245788784)
SourcesOfInterest(245780592)
SourcesOfInterest(245776432)
SourcesOfInterest(532500488)

Least Connected:
SourcesOfInterest(670097464)
SourcesOfInterest(332038232)
SourcesOfInterest(291020976)
SourcesOfInterest(862470184)
SourcesOfInterest(179531848)
SourcesOfInterest(453677288)
SourcesOfInterest(499388640)
SourcesOfInterest(167751752)
SourcesOfInterest(616284304)
SourcesOfInterest(177287240)

:Solar System MPC=2.001475751813528E-5
:Candidate_EB*=1.9299584561486104E-4
:Candidate_RRLyr=2.1192136461512155E-4
:EB*_Candidate=2.1717508026100228E-4
:RRLyr_Candidate=2.2113304520797968E-4
:Candidate_LP*=2.5487725838755677E-4
:V*¥=2.6911282233468034E-4
:Mira=2.96411720247869E-4
:LP*_Candidate=3.045124013188856E-4
:LPV*=3.1365731058502976E -4

:Candidate_post-AGB*=0.16667572451461254
:WR*_Candidate=0.187895248349279
:Candidate_WR*=0.187895248349279
:Possible_GrG=0.19446988682381575
:Candidate_SG*=0.1952614379084967
:SFregion=0.25003816356905695
:Candidate_LMXB=0.3333394893009283
:LMXB_Candidate=0.3333394893009283
:Candidate_LensSystem=0.34090909090909094
:Candidate_RSG*=0.35
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' SIPOMM Ovemfaya

Seript searching for groups of closely connected classes recult

i.e. groups of most often overlopping clasces

> grapher -s analyse.groovy

import com.Grapher.Convertors.Convertor;
import com.Grapher.Analysis.Analyser;

cli.setInfile("overlaps.graphml™);
convertor = new Convertor(cli);

analyser = new Analyser(cli);
analyser.fill(convertor.read());

analyser.applyClustering("GirvanNewman", 10);

Grapher initialised, version: ©1.01.00x [23/Apr/2024 at 11:00:43 CEST by
hrivnac]
Executing Groovy analyse.groovy ...
Reading overlaps.graphml
Generating weights ...
Imported graph: DefaultGraphType [directed=true, undirected=false,
self-loops=true, multiple-edges=false, weighted=true, allows-cycles=true,
modifiable=true][211, 7503] from SoI.graphml
Applying Clustering Algorithm ...
usingt GirvanNewman algoritm
searching for 10 clusters
Clusters:

[SourcesOfInterest(81973328):Early SN Ia candidate,
SourcesOfInterest(122953800):Solar System candidate,
SourcesOfInterest(163905752) :Ambiguous,
SourcesOfInterest(164077672):Kilonova candidate]

[SourcesOfInterest(499388640):Candidate_LMXB,
SourcesOfInterest(167751752) :LMXB_Candidate]

21
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= n of classed alerts

distance between sources = similarity of sources with respect to classification of contained alerts
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accmeoSoummg“o«&ooJ

seript searching for source closest to a source wrt a classification
If you like this one, you will probably also like those™
jc = JanusClient("IJCLab.properties");

gr = FinkGremlinRecipiesG(jc);
print(gr.sourceNeighborhood("ZTF17aaawgky", None, ["Star", "Mira", "V*"], 5));

result

21683 INFO (Januser.FinkGremlinRecipies : 877) : calculating source distances from ZTFl7aaawgky wrt [V*, Star, Mira] ...

{ZTF18ablxmzd=0.005986089152901986, ZTF18adjlqkl=0.007482611441127496, ZTF18aayebnh=0.007482611441127496, ZTF2laaahkto=0.008679829271707878,
ZTF18abdlapp=0.011986363351189971}
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PCA-based AWlert ificafi

Find alert's Primary O\O
Components (Vertices)

Define metric capturing ::> 4 dislance
alerts similarity (Edges)

Clusterize (cluster = source

class) using Graph

algorithms et i e

Use known alerts (classified s i e e R R G

variables = ‘pca@@ pca@l ... pca24’

'th rt E t t d f' difference = ‘qdistane(variables,...) // quadratic distance
WI Ce aln y O e Ine gr.structurise(g.V().has('1bl', 'PCA'), difference, variables, ‘distance’, ‘difference’, ...)

// Get some statistics about newly created Edges.
g.E().hasLabel('distance").values('difference').union(min(), max(), sum(), mean(), count())

Clusters Classes /} Fir;d clusters of ’cLose; PCAs.
FinkBrowser.findPCAClusters(g, 'distance', 'difference', 2, 10.5)
Classify new alerts wrt

existing clusters while previous WM Mw&om

Execute iteratively




Guaph Visualisah

Currently, there are no publicly available tools for the
generic visualization of graph databases. Existing
solutions are often proprietary, expensive, or specific to
particular application domains.

We have developed an interactive, dynamic, and
highly configurable web service designed for the
visualization of graph database contents, queries, and
analysis results.

25



w BW
Eﬂ" K]Fink Data Explorer 02.00.00+ [05/May/2022 at 18:18:38 CEST by centos for l/CLabi| Reset | D Table

| uCLab-Proxy v Cladd Brv c-ndidnte;usssu.unssaq @ B Saarch B m
AstrolabNet v

E T e id label clrcoeff  clrcounc  diffmaglim  fid  field  jd magzpsci nid
[ Execute |[o. v has(ibr, ‘lert) Show - Table - o
— 20844949584 prv_candidate -0.0689774 370181E-5 201174 1 200 24505277947685 26.02 00342466 267963E-5 1773 iztflarchivelscif2021/1100/294768/zif_202111
[xl y]lzIls] Kl ia: 20844949584
51 tabel: prv_candidate
[xI 1 21 81 K| circoett: -0.0689774
X YEEK circounc: 3.70181E-5

Customize the interactions with the graph. |:| [xI[y][218][K diffmaglim: 20.1174
[ Cluster by group type | [ Cluster by group size || Expand all clusters | [ Show all edges | Chierarchical (Jupir Csizemierarchy) Giive [ MBI fia: 1

Bclusterize Bzoom cluster (stabilize) Bget children Bget parents Cremove old Il lyl[z]s] x| fieta: 299

fiter:| select: limit(10) | X MBI jo: 2459527.7947685

[ [2)8]K magzpsci: 26.02

[/ /[z]/s] | magzpscirms: 0.0342466
[/ y)[z]s] (k| magzpsciune: 2.67963E-5
KM EIEIK nia: 1773

WEEEE

( 2021109204768 000299 29 c11_o_q4_scimrefciffimg fis fz

[xlyllzllsl k| pid: 1773294764315

[x/¥[z] 8]k programid: 1

[/ ¥1[z]/8] [ programp: Kulkarni

[ HEEE rbversion: t17 5 c3

[xI 12181 Kl reia: 43

[ ¥ EI[K 1bl: prv_candidate

+ 21992865632 prv_candidate 0121702  2.35149E5 201729

A + 21992869928 prv_candidate -0.0435896 4.32017E-5 19.6978

2459280 8173958 4 4 21992874024 prv_candidate -0.0866524 342425E-5 20,5701

512.8777199 + 23462101224 prv_candidale -0.082068  3.16767E-5 20.7444
2459527794 + 23462105320 prv_candidate 0120364  2.04689E5 20,6909

£ 4+ 23462109416 prv_candidate -0.0794315 2.80797E-5 20.657

k & ) 4 26003370056 prv_candidate 0.134517  2.73896E-5  19.568 £
2sENcRIEMRT asinteiz + 26003374152 prv_candidate 0.125216  213962E-5 205773 209 24t Writte n i n J S P J avascri t G roovy an d
> pyff_calidides o + 27194933248 prv_candidate 0.121286  2.34516E-5 20,5467 L p y y
2459518, 5147535

17762570243150°

= =« Lomikel Browser is a Web Service to visualize
= = gnd any graph with Gremlin API.

\

8
2

S Gremlin.

2459521.7781481

2459525.8153009 {7 2459523.8143403
2459503.8575347

Objects (Vertices and Edges) can be
manipulated and interrogated.

It works out-of-the box with the default style,
=u put can be heavily customized by
visualization stylesheets and plugins.

Showing 10 new elements.
S
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stylesheet.nodes.datalink = {

properties:{gremlin:"valueMap('name', 'technology').toList()[@]"},

graphics: {
label:"name",
title:"name",
subtitle:"technology",

group:" ",
shape:"dot",
image:"",

borderRadius:"0",
borderWidth:"1",
borderDashes:[1,0],
value:"0"

s

actions:[

{name:"Link",
{name:"Fits",
{name: "Show",

]

stylesheet.nodes.alert = {
properties:{gremlin:"valu
graphics: {
label:"1bl",
title:"1bl",
subtitle:" ",
group:{gremlin:"values(
shape: "hexagon",
image:"",
borderRadius:"0",
borderWidth:"2",
borderDashes:[1,1],
value:{gremlin:"out().o

s

actions:[
{name: "Show", url:{g
{name:"Table", url:{g
]

¥

url:{gremlin:"id().next().toString().replaceFirst(\""\",
url:{gremlin:"id().next().toString().replaceFirst(\"~\", \"DataLinkFits.jsp?id=\")"}, target:"result" },
url:{gremlin:"id().next().toString().replaceFirst(\""\",
{name:"Table", url:{gremlin:"id().next().toString().replaceFirst(\""\",

G ﬂ . ﬁ
Stylesfieet

\"DataLink.jsp?id=\")" }, target:"result" },

\"Node.jsp?id=\")" }, target:"result" },
\"Nodes.jsp?id=\")" }, target:"table" }

Stylesheet is a JSON document, describing possible Vertices and Edges, containing scripts in
Gremlin or JavaScript.

Plugins can specify
- how Vertices/Edges are shown
- their context-sensitive operations as either call to internal plugins or external services.

Many standard plugins exist:

- correlations/overlaps (i.e. properties of Edges between Vertices) as table and Venn diagrams
- scatterplots for Vertex/Edge properties

- time dependence of Vertex/Edge properties (if time property defined)

- visualization of embedded data (pictures,...)

- navigation to connected databases (SQL, NoSQL or Graph)
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Accumulate all data in classical database (SQL/NoSQL)
2. Extract Vertices into Graph, keeping backlink to full data
3. Create important Edges using appropriate metric
capturing important relations
4. Derive new relations (like overlaps, neighborhoods,...)
- using graph DB utilities
5. Analyse relations (find clusters, isolated elements,...)
- using graph toolkits

Pl Gyigcte o oo oo f s Gonin

> Grapher

> Lomikel

Home: https:/hrivnac.web.cern.ch/hrivnac/Activities/Packages/Grapher
Git: https:// ithub.com/hrivnac raj her, i
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https://hrivnac.web.cern.ch/hrivnac/Activities/Packages/Lomikel
https://github.com/hrivnac/Lomikel.git
https://hrivnac.web.cern.ch/hrivnac/Activities/Packages/Grapher
https://github.com/hrivnac/Grapher.git

