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q‘) Graph Database

Evolution o@ the Alas Event Index Core Framewort:

Motivation, History
What is Graph Database
Graph DB for Atlas Event Index
o Database
o Web Service
o Migration plans

> ‘Tny I¢!
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Julius Hrivnac
LAL, Orsay
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Graph Databases for HEP T

uuuuuuuu

Traditional data structures in HEP:
o tuples (tables)
o trees
o  nested tuples (trees of tuples)
o  relational (SQL-like)
Schemafull or schemaless
But many of our data are graph-like & schemaless
o Entities with relations
o G=(V,E)#graph = (vectors, edges)
Not well covered by relational (SQL) databases
o  We don’t need only a possibility to add new data with pre-defined relations
o  We need to add new relations
Graph databases exist since a long time
o  Matured only recently thanks to Big Data & Al (adaptive NN)
o  Very good implementations & (de-facto) standards available
The difference between SQL and Graph DB is similar as between Fortran and C++/Java
o  On one side, a rigid system, which can be very optimized
o  On the other side, a flexible dynamical system, which allows expressing of complex structures

GraphDB is a synthesis of OODB and SQLDB
o  Expressing web of objects without fragility of OO world
o  Capturing only essential relations, not an object dump
Moving structure from data to code
o  Together with migration from imperative to declarative semantics
o  Things don’t happen, but exist
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Original El in Oracle

o Too rigid (can’t easily add columns, relations), other problems
> Migrated to Hadoop

o Map files in HDFS

o Flexible

o Too slow for searching (ok for processing)

o Typeless
> Partially migrated to HBase

o Two tables: Catalog + Events

o Tables contain a lot of ad-hoc relations (references to other entries)

m  We have in fact implemented a poor-man’s GraphDB on top of HBase

> Graphical WS presenting data as graphs



(Srsamphysics CosmicCalo

amitag933_m160.

dta18_900GeV/00349769 physics flosmicCalo merge AOD.1933_m1960

run:349769

Event Index

Problems or Questions ? - Ask service man:
Detailed Help

Available runs

ENs
00263962 00263964 00263965 00264034 00265532 00265545 00265 00266211
00266503 00266534 00266904 00266919 00267073 00267148 00267152 00267162
00267167 00267358 00267359 00267360 00267367 00267385 00267599 00267638
00267639 00270441 00270448 00270588 00270806 00270816 00270949 00270953
00271048 00271298 00271370 0O 00271421 00 5 <

Enisting Relational WS

PNG  histogram

datal7_13TcV.00330079.physics_CosmicCalo.merge.AOD.{843_m1824 ovt=199452.0

L1_EM3_EMPTY
LI_EM7_EMPTY
L1_TAUS_EMPTY
L1_J12_EMPTY
L1_RDI_EMPTY
L1_J30_EMPTY
L1_TAU30_EMPTY
L1_J12_ABORTGAPNOTCALIB
L1_J12_UNPAIRED_ISO
L1_J50_ABORTGAPNOTCALIB
L1_J12_BGRP12
L1_J50_UNPAIRED_ISO

PNG _ histogram
datal7_13TeV.00330079.physics_CosmicCalo.merge.AOD.{843_m1824
HLT _larcalib_L1EM3_EMPTY
HLT_noalg_cosmiccalo_LIEM3_EMPTY

HLT _noalg_cosmicealo_L1EM7_EMPTY

HLT larcalib_LIEM7_EMPTY

HLT _larps_LIEM7_EMPTY

HLT _larcalib_L1J12_EMPTY

HLT _noalg_cosmiccalo_LIRDI_EMPTY

HLT _larcalib_LITAUS_EMPTY

evt=199452.0
144315 (72.36%)
140610 (70.50%)
22109 (11.08%)
15205 (7.62%)
13070 (6.55%)
13050 (6.54%)
12652 (6.34%)
11751 (5.89%)
9480 (4.75%)
7542 (3.78%)
7429 (3.72%)
6828 (3.42%)

144315 (72.36%)
34159 (17.13%)
34068 (17.08%)
23673 (11.87%)
12652 (6.34%)
5940 (2.98%)
5292 (2.65%)
2284 (1.15%)
1228 (0.62%)
1052 (0.53%)
448 (0.22%)
243 (0.12%)

HLT _larps_L1J12 ]
HLT larps_L1EM3 |

EI7.1/00330079: ¥ live Help

Cluster by AMI Tag ~ Cluster by group size

0% u
filter: null

Expand all clusters

50%
Recreate |

overlap thresholds: =/
tag level: |99 target: null

In production

Simple data interpreted as a Graph by code
To be replaced with GraphDB & generic browser
Aim: Global View of Atlas data with all relations

VVVYy

Data-oriented Event Index WS

data17_13TeV.00330079.physics_BphysLS.merge.AOD.f843_m1824

* Catalog - Dataset Overla
* Generic: Catalog - Event Index
* For experts: EI
(*) ... may be slow

m

pryscs_Main gerv A0 1D 843 1

Trigger Statistics - Trigger Overlaps(*) - TagFile Sample - TagFile Info(*) - Journal(run)(tag)(*) - AMI

Inspect - Journal - Full Service-oriented Portal

vy

non-unique = 223130
uniqgueness = 73.20%

pryscs_Man g AO 43

https://atlas-event-index.cern.ch/ElHadoop



https://docs.google.com/presentation/d/17tANiuNa1k7DqEYWkjDncd1oF0jZqFQsCDFHQ_1dRYY/edit?usp=sharing
https://atlas-event-index.cern.ch/EIHadoop

RBun Number View ‘

to create a sub-table

. \e
- tocreate a PNG or TXT view of the table ;0 t2° *00)
: or a new overlap graph ove'™ ,ner
PNG | TXT e.t (s gO
iG] | Relational Graph datas reSU\
Each cell shows overlap, union and both subtractions (on cursor hover). - Replace \ and
STHEOIBINREN 00 crores pigatcs ConmeCata piyais Lats physis Mala | phyo oot | phyi omm
EIl7.1 ‘ Show Selection | merge merge merge deriy. deriv. deriv. (C
21_m1955  921_m1947 921_m1947 26_m1955 p3544 1937_m1972_p3553 M26_m.
I 20057 tables shows
s (20957) .
El18.1 maei Overlap & union,
physics_CosmicCalo 110020
00348154 00348197 00348231 W338251 00348353 00348354 00348403 003 sl (110020) Hover over cell
00348448 00348490 00 48511 0034853 : 0.58%,42.60% .
00348618 00348709 0 50034 85 00348894 00348895 00349011 i 639 1500 to see subtractions
00349014 00349033 00349051 00349 10N00349109 00349111 00349114 00349159 e (110881)  (1500)
00349167 00349169 00349263 00349268 MNGA9309 00349326 00349327 00349334 Sumna =
00349355 00340451 00345481 0034045 00INQ o0sdosss oostossd osaossy | e (ORI 17 o nm 1
EI18.1/00348894: [ live | Hel e“u
. s P . data18_13TeV.00348894.physics_ZeroBias.merge.AOD.f921_m1947 . e
| Cluster by AMI Tag || Cluster by group size H Expand all clusters * Catalog - Dataset Overlaps - Trigger Statistics - Trigger Overlaps - TaoF*' "t‘v ts}
overlap thresholds: ~ * Generic: Catalog - Event Index ns Se

tag level: 99 ‘target: null il u

\gue  Recreate " == =E= 1 apecLs OUHE = SLOC IV
. s (*) ... may be slow, (+) ... external service t On
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express_express.merge.AOD.f921_m1955
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View ATLAS

AOD dataset
/

physics_Main.merge.AOD.r3264_p3083

debugrec_hlt.merge.DAOD_HGG2D1.g49_f708_m1606_p2709 physics_Main.dej EXOR r9264_p30¢

physics_Main.deriv.DAO]

4

physics_Main.merge.AOD.r8091_p2700

debugrec_hlt.merge. DAOD_EXQT4.g49_f708_m1606_p2709

physics_Main.deriv.DAOD_JETM9.r928

physics_Late.pffrge. AOD.f698_m1594

O

physics_Main.merge. DESDM_MCP.f698_m1598

non-AOD dataset

express_express.merge.AOD.f698_m1594 /

physics_Main.merge. DAOD_HIGG2D1.f698_m1594_p2950

physics_CosmicCalo.merge.AOD.f698_m1594

physics_ZeroBias.merge.AOD.f698_m1594
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f903_m1912_p3267

cluster of datasets P
with the same AMI tag

\ physics_BphysLS gilerge.AOD.f903_m1917

f903_m1912

\

physics_BphysLS.merge.AOD.f894_m1917



3 Overlaps between Tags, &)
q) Unique Evenis AILAS

physics_Main.deriv.DAOD_HE5G4DINQ03_m19

« overlap between tags
(grey)

offnerge AOD.f903_m1912

T overlap within tag

unique events (with color of the tag)

(black dashed)

physics_Background.merge.AOD.f903_m1912

physics_ZeroBias.merge.AOD.f903_m1912



Dataset Delails ATLAS

click here

903_m1912_p3336

datal7_13TeV.00341419.physics_Background.merge.AOD.f903_m1912:
n = 282952

physics_CosmicCalogherge.AOD.f903_m1912

physics_Background.merge RQD.f903_m1912

303_m1912_p3402

physics_MinBias.mergeA0D.f903_m1912
physics_ZeroBias.merge.AOD.f903_m1912

physics_Main.merge.AOD.f903_m1912



103_m1912_p3336

33_m1912_p3402

Overlap Details A A

datal7_13TeV.00341419.physics_CosmicCalo.merge.AOD.f903_m1912 x datal7_13TeV.00341419.physics_Background.merge.AOD.f903_m1912:
overlap = 20114
union = 768536
overlap/n = 3.98%,7.11%

physics_CosmicCalogherge.AOD.f903_m1912

click here

physics_ZeroBias.merge.AOD.f903_m1912

physics_Main.merge.AOD.f903_m1912



Subsels

subset

physics_Main.deriv.DAQP

IGG3D2.1877_m1885_p3267

physics_Main.deriv.DAOD_HIGG2

physics_Main.deriv.DAOD_HIGG4D3.f877_m1885_p3267

identity
(mutual subset)

2. AOD.f926_m1955

physics_Main.merge.AOD.f937_m1972



03_m1912_p3336

13_m1912_p3402

physics_MinBias.mergeA0OD.f903_m1912

physics_CosmicCal

/

physics_Background.mergeRQD.f903| datal7_13TeV.00341419.physics_Background.merge.AOD.f903_m1912:

unique = 262834
non-unique = 20118
uniqueness = 92.89%

physics_ZeroBias.merge.AOD.f903_m1912

physics_Main.merge.AOD.f903_m1912

click here



*

T clickto expand cluster

(or use menu to expand them all)
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Expanded Clusters A A@?s

__.--- de-select to stop animation NI7” % o s SSFERIMERT
EI16.1/00298690 —e— T ° i 3 F = °
\up size | Expand all clusters | ° °© A ®
overlap thresholds: D 20% D 80 (Camei-eans] °e o o ? ) 0 *
tag level: 99 target: null ‘ﬁlter: ‘null @ __________ . © o ® ® ) ®
— Tt re-create after options change ° . i . .
‘ ° 4 . & °
[ ® ® g v
[ A @
zoom to get names & info
move symbols around to re-arrange graph
° o o 'y \ 1/\
*
g\ ’
("‘{\b\’{l_tb’ : <
’ .\ '. ° °
~ P e 2 b & u®




Uniqueness

show uniqueness triangle

EI18.1/00350184: ¥ live Help |
Cluster by AMI Tag \ Cluster by group size \ Expand all clusters |

overlap thresholds: D 0% D
tag level: ‘99 ‘target: null filter: :null

EI18.1/00350184: ¥ live Help | -~
| Cluster by AMI Tag || Cluster by group size | Expand all clusters~ ~ -

0% U1gers

filter: null ‘ ¥ unique | Recrpate

Context-sensitive menu overlap thresholds: [

tag level: 99 target: null

physics_ZeroBias.

physics_BphysLS.mdge. ADR934_m1960
physics_ZeroBias.mergg AOD.934_m1960

ferge.AOD.f934_m1960

express_expreggfinerge AOD.1934_m1960

'ge. AOD.1934_m1960
IGG2D1.1934_m1960_p3s53

physics_Main.m

physics_Main deriv.DAOD_HIGGADS£934_m1960_p3553 Y |/

physics_Main.deriv.DAOD_HIGG1D1 1034 M1960.p3553

phySics_Main.deriv.DAS
physics_Main.deriv.DAOD_HIGG1D1.1934_m1960_p3553 physics_Late.merge.AOD f934_m1960 3

physics_Cgae®alo merge. AOD.934_m1960

" Lat JEEE—— physics_Main.deriv.DAOD_EGAMS3.{934_m1960_p3553
physics_Late.merge. _m

Context-sensitive menu will be

physics_Main.deriv.DAGD JHIGE4D3.1934_m1960_p3s553

_HIGG2D1.1934_m1960_p3553



Filter

EI116.1/00299184: ¥ live Help
| Cluster by AMI Tag || Cluster by group size || Expand all clusters |

overlap thresholds: E 0Y
tag level: ‘1 target: ‘

filter: | AOD.

. physics_Late.merge.AOD.f698_m1594
physics_Main.merge..

physics_Main.merge.AOD.r8109_p2700

@ e

physics_Main.merge. AOD pBy6ispBFAA.merge. AOD.19264_p3083

A 100% Context-sensitive ment

| Recreate

“">~~-show only AODs

AOD.f698_m1594

PD.f698_m1594

physics_ZeroBias fnerge. AOD.f698_m1594

express_express.merge.AOD.f698_m1594

. physics_Main.merge.AOD.19214_p3068 .

physics_Main.merge.AOD.r8108_p2700

physics_Main.merge.AOD.r8092_p2700

physics_Main.merge.AOD.r8091_p2700



7-arqet . show all overlaps to AOD & r8107 X

e EXPERIMENT

-
-
-
-

EI16.1/00299184: ¥ live | Help |
Cluster by AMI Tag || Cluster by group size || Expand-all clusters

overlap threshotds: D;,go% |:|100% Context-sensitive menu
tag level: 1 { target: ‘AOD r8107 ‘ﬂlter:‘ H Recreate ‘




Al Overlaps (different tag levels) ATLAS

EXPERIMENT

tag levels to be considered as equivalent

-2~
- / ~
_——’——_ /’ \\\\\
-7 e N
- Rd Sso
=" . S
-7 g S
-7 0 AR
EI16.1/00298690: “ live Help | - EI16.1/00298690: ¥ live | Help . | EN6.1 live | Help
Clgienby AbiLTag, H Clyster by grotip size Expand aliclustersy Cluster by AMI Tag | Cluster by group size ~ Expand all clusters Sso AMI Tag || Cluster by group size | Expand all clusters |

‘overlap threshol& ‘E 0% D 100% Conte E 0% D 100% Cc overlap E 0% D 100% Context-sensitive menu will be here.
taglevel: 1 targpt: null filter: null | Recreate | tag level: Tyt ‘nu" ‘me,: ‘nu" H Betala ‘ tag level: (99 | targht: [null | filter: null | Recreate




¢ All Overlaps of A0Ds

show all overlaps within a tag show all overlaps between tags

N
EI16.1/00299184: ¥ live He]p« ,
| Cluster by AMI Tag | | Cluster by groupssize || Expand all clusters s

overlap thresholds: | Context-sensitive menu will be here.

tag level: 1 target:‘ Miter: .AOD. "Recreate




L1

L1_ARP_A BGRPO

L1_AFP_A_OR~C

HLT

HLT_mu6_nomucomb x HLT_larnoiseburst_rerun:
overlap = 1665630

|| union = 12350338

HLT_muy overlap/n = 100.00%,13.49%

)

L1_2EM8VH_MU10

afnoiseburst_rerun

L1_AFP_A_OR_C_FIRSTEMPTY

L1_2MU4-BO

@

\dperf_tracktwo HLT_mu20_idperf

HLT_e9_lhtid

HLT_e14_lhtight_nod0



Trigger Overlaps (inclusive) )
shows all triggers, .
but only overlaps to selected ones

| Show Select
851322 (6.90%) v

5515086 (44.70%) @
1986418 (16.10%) @
12350338 (100.10%) @
135718 (1.10%) v
3491654 (28.30%)
1AASAN (12 SN%)\ '




A: datal8_I3TeV.00348885.physics_Main.merge. AOD.37_m1972,
: datal8_13TeV.00348885 physics Main.merge. AOD 926 m1955, n =

5
overlap - 20909805, union - 20909805

A:HLT_10j40_L16J15, n= 21866
B: HLT_10j40_L14J150ETA25, n = 32799
AOD.1937_m1972 x datas, overlap = 21866, union = 32799

data18
Venn Diagram

data18_13TeV.00348885.physics_
overlap = 20909805

= 20909805
physics_Main.merge A overlap/n = 100.00%,100.00%

physics_Main.merge.AOD f937_m1972

A: datal8_13TeV.00348885.physics ZeroBias.merge. AOD.f921 m1947, n = 186395

A: datal8_13TeV.00348885.physics_Main.deriv.DAOD_HIGG1D1.f926_m1955_p3544, n = 267984
B: datal8 13TeV.00348885.physics Main.deriv.DAOD_EXOT4./926_m1955 p3544, n = 2452676

overlap = 61468, union = 2659192

B: datal8_13TeV.00348885.cxpress_express.merge.AOD.[921_m1947, n = 556987
overlap = 1, union = 743381

HLT_10j40_L16J15 x HLT_10j40_L14J150ETA25
Venn Diagram

AOD_HIGG1D1.f926_m1955_p3544 x data18_13TeV

data18_13TeV.00348885.physics_Mai
Venn Diagram

HLT_10j40_L16J15 x HLT_10j40_L14J150ETA25:

A overlap = 21866
union = 32799
overlap/n = 100.00%,66.67%
TICT T T oI T

.deriv.DAOD_HIGG1D1.f926_m1955_p:

datal18_13TeV.00348885.physics_M:

union = 2659192
overlap/n = 22.94%,2.51%

HLT_10j40_LMJ150ETA25

\ HLT 424 _iv

HLT_10/40_L14J20

data18_13TeV.00348885.physics_ZeroBias.merge.AOD.f921_m1947 x data18_13TeV.003

overlap
union = 8672880
.| overlap/n = 0.00%,0.00%

dium




Trigger Overlaps for (B anges

HLT 1040416415 LT 10401 st 1972 pr L5 s e o novens)
2377
- L S
1oon00  JREPESIRITO 134 g5
w0 el || I
R
582500280 80150 L
1-02=230 15 1= 43-744=227 309171330
225 oo JIL i —
200 [ adoorios 2621 o &
sos38i70 _
S 4 121 -835=130 160000 S
20 iersren s v
1238580 T 84=85 )
30-330=46 5.74843 150000 i 2s.
75472
10180/90 T (2013t 15 16 1716 10200 211212524 252 e a5 551 717279 7417576 177 750801106285 54 55 67|

L1_XES55x L1_XES0
Venn Diagram - LB Graph(*)

HLT_10j40_L16J15 x HLT_10j40_L14J150ETA25
Venn Diagram - LB Graph

HLT_10j40_L14J150ETA25 x HLT_10j40_L14J15:
overlap = 221

union = 229

overlap/n = 100.00%,96.51%

814

HLT_jAF0_L1RJ150ETAZS Ll
overlap/n = 100.00%,81.22%

@

HLT_2e12_Ihioose_nod0_mu10

HLT_10j40_L14J20



PNG | histogram
L1_EM3_EMPTY
Problems or Questions ? - Ask service manager ! L1_EM7_EMPTY
Detailed Help L1_TAUS_EMPTY
L1_J12_EMPTY
L1_RDI_EMPTY
L1_J30_EMPTY
L1_TAU30_EMPTY

Available runs

ENs

00263962 00263964 00263965 00264034 00265532 00265545 00265573 00266211 L1712 ABORTGAPNOTCALIR
00266503 00266534 00266904 00266919 00267073 00267148 00267152 00267162 L1_J12_UNPAIRED_ISO
00267167 00267358 00267359 00267360 00267367 00267385 00267599 00267638 L1_J50_ABORTGAPNOTCALIB
00267639 00270441 00270448 00270588 00270806 (71)77(]‘416 Ul)”7(i‘)4‘) 00270953 L1_J12_BGRP12

()U’77]l 8 ()()771"‘)8 U()77I 170 U

()U’7I47] 00

L1_J50_UNPAIRED_ISO

&xwtmq‘l?etauonal WS

Event Index datal7_13TeV.00330079.physics_CosmicCalo.merge.AOD.f843_m1824 evi=199452.0

144315 (72.36%)
34159 (17.13%)
34068 (17.08%)
23673 (11.87%)
12652 (6.34%)
5940 (2.98%)
5292 (2.65%)
2284 (1.15%)
1228 (0.62%)
1052 (0.53%)
448 (0.22%)
243 (0.12%)

PNG histogram

(Srsamphysics CosmicCalo

amitag933_m160.

dta18_900GeV/00349769 physics flosmicCalo merge AOD.1933_m1960

run:349769

datal7_13TeV.00330079.physics_CosmicCalo.merge.AOD.{843_m1824 evt=199452.0

HLT_larcalib_LIEM3_EMPTY
HLT _noalg_cos

HLT larcalib_L1EM7_EMPTY
HLT_larps_LIEM7_EMPTY
HLT _larcalib_L1J12_EMPTY

HLT_noalg_cosmiccalo_LIRDI_EMPTY

HLT _larcalib_LITAUS_EMPTY

HLT larps_L1J12_]
HLT larps_L1EM3 |

iccalo_LIEM3_EMPTY
HLT_noalg_cosmiccalo_LIEM7_EMPTY

144315 (72.36%)
140610 (70.50%)
22109 (11.08%)
15205 (7.62%)
13070 (6.55%)
13050 (6.54%)
12652 (6.34%)
11751 (5.89%)
9480 (4.75%)
7542 (3.78%)
7429 (3.72%)
6828 (3.42%)

EI7.1/00330079: ¥ live | Help
Cluster by AMI Tag | Cluster by group size || Expand all clusters * Catalog - Dataset Overla

0% i 50% * Generic: Catalog - Event Index
* For experts: EI
(*) ... may be slow

overlap thresholds: =/
tag level: |99 target: null filter: null Recreate

m

oo carn g, HloNpy 1843 misas 5

> |n production
> Simple data interpreted as a Graph by code

> To be replaced with GraphDB & generic browser
> Aim: Global View of Atlas data with all relations

Data-oriented Event Index WS

data17_13TeV.00330079.physics_BphysLS.merge.AOD.f843_m1824
Trigger Statistics - Trigger Overlaps(*) - TagFile Sample - TagFile Info(*) - Journal(run)(tag)(*) - Al

Inspect - Journal - Full Service-oriented Portal

non-unique = 223130
uniqgueness = 73.20%

https://atlas-event-index.cern.ch/ElHadoop



https://docs.google.com/presentation/d/17tANiuNa1k7DqEYWkjDncd1oF0jZqFQsCDFHQ_1dRYY/edit?usp=sharing
https://atlas-event-index.cern.ch/EIHadoop

[amitag1933_m1960|
‘ m PR —— 1 TR —

dlandards & Choices -

Functional syntax with additional navigational semantics !

> De-facto standard language/api: Gremlin
o  Gremlin is a functional, data-flow language to traverse a property graph. Every
Gremlin traversal is composed of a sequence of (potentially nested) steps. A step
performs an atomic operation on the data stream. Every step is either a map-step
(transforming the objects in the stream), a filter-step (removing objects from the
stream), or a sideEffect-step (computing statistics about the stream).
o  Gremlin supports transactional & non-transactional processing in declarative or
imperative manner.
o  Gremlin can be expressed in all languages supporting function composition &
nesting.
o  Supported languages: Java, Groovy, Scala, Python, Ruby, Go, ...
> Commonly used framework: TinkerPop

> Leading implementation: JanusGraph
o  Supported storage backends: Cassandra, HBase, Google Cloud, Oracle BerkeleyDB @ JanusGraph
o  Supported graph data analytics: Spark, Giraph, Hadoop
o  Supported searches: Elastic Search, Solr, Lucene
o  Other candidate: Neo4j, the same Gremlin interface, used by Atlas Geometry DB

> Chosen visualisation: visj.org Q
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GraphDB Schema for &1 N

etistiizaitelinerachonsib rihoaraphE data18_900GeV.00349769.physics CosmicCalo.merge.AOD.f933 m1960 Remove  Describe| | —-- COMmands output ---
Cluster by group type | Cluster by group size | Expand all clusters
= s Catalog - Sample - Info -
live ¥ expand children ¥ expand parents "' remove old

Expanding data18_900GeV.00349769.physics_CosmicCalo.merge.AOD.f933_m1960 # Showing 0 new elements # Showing 0 new elements # Showing 3 new elements # Showing 3 new elements #

17637376 - Google Chrome

amitag:f933_m1960 Qlaborboiank
dataType:AOD
import.keyformat:%08d-%011d
format:map
mapkey :RunNumber EventNumber=String
type: tags
mapschema:LumiBlockN=int BunchId=int EventTime=int EventTimeNanoSec=int EventWeight=floa
" % path:/user/atlevind/EI18.1/datal8 900GeV.00349769.physics CosmicCalo.merge.AOD.f933 m196
stream:physics_CosmicCalo nevents: 26580
— imported:Fri May 11 23:00:00 CEST 2018
name:datal8 900GeV.00349769.physics_CosmicCalo.merge.AOD.f933 m1960
import.srcdir.consumer:/user/atlevind/ObjectStoreConsumerData/datasets/datal8 900GeV.003
tags updated:Fri May 11 23:01:38 CEST 2018
consumer:os
idver:2
prodStep:merge
status:good

data18_900GeV.00349769.physics_C@micCalo.merge.AOD.f933_m1960

owns

oject:data18_900Ge

coOntains,
run:349769




d

as
stream
name
tags
amitag
version

dataset
prodStep
dataType
status
nevents
unique_events

triggerStat: url
triggerOverlap: url

na;T.;e()

fills

run
number

overlap
overlapping_events

overlapB
overlapC

keeps

event
number
LumiBlockN

XtrigChainsXXX: Set[String]
guid: Set[String]

project

name

contains

ssssssss

>  Should decide what is a feature

and what is a relation

> Arrows have only logical meaning,

they can be navigated equally from
both sides

>  Relations and features have

defined multiplicities (not shown
here) and types (int, string, date,...)

> Defined entities (and combinations

of them) can be indexed for fast
search

>  Other features and relations can be

freely added to any entity (vertex or
edge)

experiment

owns name

https://atlas-event-index.cern.ch/GraphDB-doc/Gremlin/schema.gremlin



https://atlas-event-index.cern.ch/GraphDB-doc/Gremlin/schema.gremlin

GraphDB for &1

drchitecture 1
JSON
with
presentation | JS & Gremlin
> Using standard Graph DB stylesheet

o Importing data from El
> Generic Web Service graphical visualisation
o Can display any Gremlin-compatible database
o Visualisation can be customised via Stylesheet (JSON)
m To give the same L&F as existing El WS
o Implemented completely in JavaScript
m So doesn’t need server-side application
m Connects to standard Gremlin server to get JSON view
of data

Gremlin request
JSON answer

Gremlin-capable
Server

data




e ———
Siream physics_CosmicCalo)

GraphDB for 1 N

Presentation Stylesheel

how to present “dataset” vertex

how to show it

(can contain Gremlin or JS code)
"dataset": {

graphics:
label:{gremlin:"sideEffect(values('prodStep').store('4"')).sideEffect(values('dataType')...... values().join().toString()"},
title:"dataType",
subtitle:{gremlin:"values('nevents').join().toString().concat(' events')"},
group:{gremlin:"in().hasLabel('amitag').values('version')"},
shape:{js:"if(title=="dataset:AOD') {shape = 'hexagon';} else {shape = 'dot';}"},
value:{gremlin:"values('nevents').join().toString()"}
1

actions: [
{name:"Catalog", url:"https://atlas-event-index.cern.ch/EIHadoop/CatalogView.jsp?query=dataset:"},
{name:"Sample" , url:"https://atlas-event-index.cern.ch/EIHadoop/InspectView.jsp?view=txt&action=dump&climit=1&1limit=10&query=dataset:"},
{name:"Info" , url:"https://atlas-event-index.cern.ch/EIHadoop/InspectView.jsp?view=txt&action=info&climit=1&1limit=10&query=dataset:"}
]

s

external actions



amitag:933_m1se0

> Using HBase backend

>  Subset of data imported

> Most of the graphical part implemented
o By standalone JS implementation

Customize the interactons with the graph
Clustr by roup type | Clster by arovp izs || Expand sl custors
@ “Ive ¥ expand chidren ¥ expand parents - remove old

4/““;‘S . -
DRSPS, WR——
OWAS ,

PPhysics_FTK.merge.AOD.r10472_p3516

data18_900G --—- commands output -—

Catalog - Samg

19769, physics_CosmicCalo.merge.AOD.f933_m1960
Info -

project:data18_900GeV.

owns o <@\M
s i

run:349769

cluster:933_m1960_p3553

amitag:f933_m1960

data18_900GeV.00349769.phygfls CosmicCalo.merge.AOD.f933_m1960

fSics_CosmicCalo merge AOD.f933_m1960

stream:physics_CosmicCalo

amitag:1933_m1960




Graph Database for E1 -

Gremlin examples (Groovyatyle) @~ -

d

# add a vertex ‘experiment’ with the name ‘ATLAS’
g.addV('experiment').property('ename', 'ATLAS')
#
g.

> Functional syntax
> Functional & navigational semantics

add edges ‘owns’ from all vertices ‘project’ to vertex ‘experiment’ €ATLAS’
V().hasLabel('project').addE('owns').from(g.V().hasLabel( 'experiment').has( 'ename', 'ATLAS'))
# a function deriving a dataset name (which is not stored as such)
# from existing dataset relations by traversing the graph
def datasetName(d) {
return d.sideEffect(values("prodStep").store("4"))
.sideEffect(values("dataType").store("5")).in()
.sideEffect(hasLabel("run").values("rname").store("2"))
.sideEffect(hasLabel("amitag").values("version").store("6"))
.sideEffect(hasLabel("stream").values("sname").store("3"))
.sideEffect(hasLabel("run").in().hasLabel("project").values("pname").store("1"))
.cap("1", "2", "3", "4", "5", "6").next().values().join().toString()



raph Daiabase for &1
Cvent Tootiup (Groovy siyle)

> Both search and traversal steps
> Search steps can be boosted by indexes

# Event-Lookup function (loaded inside the server) o

ssssssss

. .has(“enumber’, event)

def el(run, event, g) { 76200023
e = g.V().hasLabel( 'run') all runs R‘“'\\\ .out( keeps’)
.has('rnumber', run) selected run \\\
.out('fills") all datasets filling that run P X

ATLAS

.out('keeps"') all events kept in that dataset
.has('enumber', event) \\

.values('guid') its guid

/
/
} \ //.out( ‘fills’)

@HH!HED\\\_‘__1'I'

@ .hasLabel(‘run’)
.has(‘rnumber’, run)
# CLI command

curl -XPOST -d '{"gremlin":"el(run, event, amitag)"}' http://ei-gremlin-server.cern.ch:8182
# or using standard gremlin client

gremlin << EOF

:remote connect tinkerpop.server $janusgraph_home/conf/remote.yaml

el(run, event, amitag)

EOF

selected event

data18_13TeV.00358031 .phy!ics‘Late.merge,AOD,1961 _m2015

H OH HH HH



http://ei-gremlin-server.cern.ch:8182

ent Tootiup (Performance - 1) L 1

uuuuuuuu

gremlin> el(358031, 775206623, g).profile()
==>Traversal Metrics
Step Count Traversers Time (ms) % Dur

JanusGraphStep([],[~label.eq(event), enumber.eq... 1 1 204.805 75.74
\_condition=(~label = event AND enumber = 775206623)
\_isFitted=true
\_query=multikSQ[1]@2147483647
\_index=event:enumber:u

\_orders=[]
\_isOrdered=true
optimization 4.614
optimization 130.444
backend-query 1 7.742
\_query=event:enumber:u:multikSQ[1]@2147483647
JanusGraphVertexStep(IN, [keeps],vertex) 1 1 25.560 9.45

\_condition=type[keeps]

\_isFitted=true

\_vertices=1
\_query=org.janusgraph.diskstorage.keycolumnvalue.SliceQuery@b3a55b7f

\_orders=[]

\_isOrdered=true
optimization 11.927
backend-query 1 3.103

\_query=org.janusgraph.diskstorage.keycolumnvalue.SliceQuery@b3a55b7f



g_aph Database for €1

end Tookiup (Performance - 2)

JanusGraphVertexStep(IN, [fills],vertex) 1 1
\_condition=type[fills]
\_isFitted=true
\_vertices=1
\_query=org.janusgraph.diskstorage.keycolumnvalue.SliceQuery@b3a605cl
\_orders=[]
\_isOrdered=true
optimization
backend-query 1
\_query=org.janusgraph.diskstorage.keycolumnvalue.SliceQuery@b3a605cl
HasStep([rnumber.eq(358031)]) 1
SelectOneStep(last,e) 1
NoOpBarrierStep(2500) 1
JanusGraphPropertiesStep([guid],value) 2
\_condition=type[guid]
\_isFitted=true
\_vertices=1
\_query=org.janusgraph.diskstorage.keycolumnvalue.SliceQuery@bl11f98a7
\_orders=[]
\_isOrdered=true
optimization
NoOpBarrierStep(2500) 2 2
>TOTAL - -

N R R R

75% of the time is spend by the entry point search, following graph traversal is very fast

10.

~N

3858

.661
.442

.129
.993
.159
.800

.478
.568
270.

406

uuuuuuuu

0.21
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Event Index. Migration

Export of existing data as Gremlin source
Executing Gremlin source
o Filling JanusGraph with data in tabular form
Re-arranging JanusGraph data with Gremlin script
o Creating graph
Slow, but very flexible procedure
o Useful for evaluation
Next step:
o Install JanusGraph together with El Core to enable
m Performance evaluation
m Data migration
m Code migration

uuuuuuuu



Client L Client |

Apache/Tomcat

El Core (Graphos)

- é _

Hadoop/HBase Hadoop/HBase Cassandra,...

> Data (almost) without structure >  Structured data
> Complex code (error-prone) > Interpreted by JanusGraph




Problema

(not serious)

Physical configuration of non-default set of tools
o APl ok
Coexistence with Hadoop/HBase
o Many overlapping libs with different versions
Naive JavaScript implementation
o Should use a framework
JavaScript Gremlin client exists only for Node.js
o Browser-based client being developed here
m  Not completely generic
No good generic Gremlin GUI
o Some very good special-purpose GUIs, or commercial ones
o  Our developpement already quite good
m Generic, customised by powerful stylesheet
Web Service (Gremlin Service) security
o As always

uuuuuuuu



wrt current implementation 1

Big part of the current Core absorbed in GraphDB structure
o In past, we had in fact implemented our own GraphDB
m Common development pattern in HEP :-)
Apache/Tomcat service not needed
o JavaScript client connects directly do Gremlin server
No special CLI API needed
o Standard Gremlin functions used
m Can provide command wrappers for backward compatibility
Using standards
o So components can be replaced
m JanusGraph with Neo4J
m Hadoop with Cassandra
New interface with the same (and enhanced) functionality
o Also for WS
Same or better performance
o As the internal DB structure is very similar + better code



Try 1t !

> Growing documentation: https://atlas-event-index.cern.ch/GraphDB-doc
> Web GUI (should work inside CERN): htip://aiatlas016.cern.ch/GraphDB

A 'playground' has been installed @aiatlas016.

It contains the full Catalog, several datasets and DOverlap tables.

To play with it: connect to aiatlas016 as atlevind

(or checkout https://:@aqitlab.cern.ch:8443/atlas-event-index/GraphDB.qit ).

$ cd work/DB/GraphDB/ant
$ source setup.sh
$ gremlin_local

And try some examples from
https://atlas-event-index.cern.ch/GraphDB-doc/Gremlin/examples.gremlin
https://atlas-event-index.cern.ch/GraphDB-doc/Gremlin/functions.gremlin
https://atlas-event-index.cern.ch/GraphDB-doc/Gremlin/tests.gremlin



https://atlas-event-index.cern.ch/GraphDB-doc/
http://aiatlas016.cern.ch/GraphDB
https://atlas-event-index.cern.ch/GraphDB-doc/Gremlin/examples.gremlin
https://atlas-event-index.cern.ch/GraphDB-doc/Gremlin/functions.gremlin
https://atlas-event-index.cern.ch/GraphDB-doc/Gremlin/tests.gremlin

