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TGraph: evolving property graph




TGraph: evolving property graph
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» Definition 1. TGraph is a six-tuple G = (V, E, L, p, ¢T,\T), where
V is a finite set of nodes (or vertices), E is a finite set of edges, VN E = (;
L is a finite set of property labels;
p: E — (VxV)is a total function that maps an edge to its source and destination
nodes;

(1 (VUE) x QT — B is a total function that maps a node or an edge, and time point,
to a Boolean, indicating existence of that node or edge; and

M (VUE) x Lx Q1 — wal is a partial function that maps a node or an edge, a property
label, and a time point, to a property value.

[Moffitt, Stoyanovich, DBPL 2017]
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TGraph: evolving property graph
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[Moffitt, Stoyanovich, DBPL 2017]
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Temporal Graph Algebra (TGA)
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Cat

school=NYU

e (Operators

T=[1, 9)

1
E;] Eype=person}

e temporal variants of standard graph operators: union,
intersection, difference, slice, subgraph, filter, Pregel-style

analytics

e novel operator: temporal window-based zoom

e [GA is compositional

e (Operations maintain model integrity under point-based semantics

[Moffitt, Stoyanovich, DBPL 2017]
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Which institutions collaborate?
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Who is Bob’s BFF?
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Who is Bob’s BFF?
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Who is Bob’s BFF?
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extended snapshot reducibility
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Where is my bus?

NYC Resources 311 Office of the Mayor pD RTAL

Taxi & Limousine
Commission

Online Transactions (LARS) Printer Friendly Newsletter Sign-up Translate This Page Text Size: A
Home TLC Trip Record Data
Taxi News

About TLC

TLC Mission Statement

Commission Room

TLC Facilities

TLC Staff

Industry Reports
Technology and Innovation

& i
R AR
424
D?ta i ¢, _7
Pilot Projects “!;‘
“

Interagency MOUs
Employment Opportunities

TLC Rules and Local Laws

Licensing/Industry Information

Passenger Information

The yellow and green taxi trip records include fields capturing pick-up and drop-off
Frequently Asked Questions dates/times, pick-up and drop-off locations, trip distances, itemized fares, rate types,

payment types, and driver-reported passenger counts. The data used in the attached
TLC News datasets were collected and provided to the NYC Taxi and Limousine Commission (TLC)

« data: pick-up / drop-off time & location, fare, passenger count
* trips represented as a TGraph
* nodes represent locations, with latitude / longitude
coordinates as an attribute; a node exists from the time of the
first incoming or outgoing trip until the time of the last trip
 edges represent trips, with duration, fare etc as attributes; an
edge exists for the duration of the trip NYC TLC data

07/2015 - 06/ 2016



Portal: implementation




%7 Parquet

goal: principled and systematics support
for usable, scalable and extensible
analysis of evolving graphs
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TGraph: in-memory representations

PORTAL

Ann —— —> Bob Cat

type:p_erson tybé'c‘o‘éu‘t‘r‘lor type:person type=person Bé_C_O_a_U_t—OF type person
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Ann I
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|
I

] l
________ I I
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type=person | | T~ type=person h _______ type=person type person
school=MIT type =co- author type=person | | school=MIT type =co- author school=CMU 1 school CMU L___e____
] I
] |
_ Cat | | | Cat | | - Cat P
type=person type=person I type=person | | type=person
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|

[Aghasadeghi, Moffitt, Schelter, Stoyanovich, EDBT 2020]
20



TGraph: in-memory representations
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“Vertex Edge” (nested relational)

ID Attributes T ID | V1 V2 Attributes T

Ann | Type=person, School=NYU | [1,7 el | Ann | Bob | Type=co-author | [2,7]

Bob | Type=person, School=CMU | [5,9
Cat | Type=person, School=NYU | [1,9

)

Bob | Type=person [2,5) e2 | Bob | Cat | Type=co-author | [7,9)
)
)

[Aghasadeghi, Moffitt, Schelter, Stoyanovich, EDBT 2020]
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TGraph: in-memory representations
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“One Graph” (GraphX graph)

ID: Bob
I [2,5) [5,9)
e Type: Person e Type: Person
e School: CMU

[Aghasadeghi, Moffitt, Schelter, Stoyanovich, EDBT 2020]
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Datasets

PORTAL

nGrams

- SNB(LDBC Social
LUEL Network Benchmark)
Communication graph Friendship graph
# of nodes: 2.9 M # of nodes: 3.3 M
# of edges: 10.7M # of edges: 202 M
# of intervals: 179 # of intervals: 36

Word co-occurrence graph
# of nodes: 48 M

# of edges: 1.32B

# of intervals: 328

¢ Cluster : 16-workers in-house cluster
g" Workers: 4 cores and 32 GB of RAM

[Aghasadeghi, Moffitt, Schelter, Stoyanovich, EDBT 2020]
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Zoom on nGrams

PORTAL
#Nodes + Edge (M) #Nodes + Edge (M)
1 3 10 634 1361 1 3 10 634 1361

35 20
v 30 -
(]
5 25 % 15
C
£ 20 =
% 15 % 10
g 10 % E 5
= 5 = . ﬁ7“

0 = = 0

82 164 246 328

41 82 164 246 328 41
Number of Snapshots

Number of Snapshots

—e—Representative Graph =#=0ne Graph —®—=Vertex Edge —e—Representative Graph =#=0ne Graph —®—Vertex Edge

temporal attribute-based zoom  temporal window-based zoom

¢ Cluster : 16-workers in-house cluster
g" Workers: 4 cores and 32 GB of RAM

[Aghasadeghi, Moffitt, Schelter, Stoyanovich, EDBT 2020]
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Wrapping up
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Ongoing work

e TGA /Portal

e Declarative language, query optimization

e Data generation, benchmarking
e Applications: socioeconomic studies

e Journeys, temporal regular path queries:
semantics, complexity of evaluation,
implementation
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Take-aways

TGraph: a logical model of property graphs with
time

TGA: a compositional temporal graph algebra
under point semantics

Portal: a library on top of Apache Spark, inter-
operable with SparkSQL and other libraries

Pertorms well on billion-edge graphs with
interesting evolution patterns

NYC Taxi use case, working on others
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evolving graphs,
03/2018-

Sebastian Schelter

Thank you!
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aZoom (“One Graph”

N
type = person type = person {type = person School = MIT},
School = MIT School = MIT {type = person School = MIT
T=[1,7] = T=[1,7] type = school | type = school
type = person | | type = person ’ <
School = MIT | | School = MIT {type = person School = MIT}
| T=[1,7] \__T=[1,9] |I type = person | r
School = CMU | IREAGHIY T=[7,9 _agg
Bob | [ Bob 1 73 )
, — — T=[5,9] type = school
type = person | | type = person 2
- count =2
School = CMU 3| {type = person School = CMU} =59
type = person T=[2,5] \_ T=[59] ) type = person 2 =[5,9]
School = MIT School = MIT O T=[5,9]
T=[1,9] T=[1,9]

Algorithm 3 aZoom? over OG

Require: Skolem function f5 : V = N; Aggregation function fag44 :
VxV=V
1. V! « V flatMap{v =

v.history.map{(_, attr) =
v.copyWithldAndAttributes(fs(v.vid), attr) }}
: .groupBy{v = v.vid}

.reduce{(vg, vp) => fagg(va, vp)}
E’ «— E .map{e =

h « recompute_history(e)
e.copyWithVidsAndHistory(fs(e.v1.vid),

fs(e.v2.vid), h)}
return new TGraph G(V’, E’)

A b A U S ol

[Aghasadeghi, Moffitt, Schelter, Stoyanovich, EDBT 2020]
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wZoom (“Vertex Edge”

PORTAL
v a T v a T r.v
v a T
- o 99 { [1, 4] Bob [(}] (1,4) | 066
Align with window : v a T
Bob {1 2,34 1,23 [14) Bob {} [4,7) Group by o Filter by -
’ & ’ |d' Bob ! [4,7): 1.0 r.v
-> Bob =CMU 4,7 . =CMU ! =
Bob { s=CMU } 5,6,7, 74'85'96-’ [74'170) ° { * } [ ) interval { > } ] Resolve: Bob { s=CMU } [4, 7)
8 = 7 Bob | {s=CMU} | [7,10) Bob | [{s=CMU}] | [7,10) | 0.33 last

[Aghasadeghi, Moffitt, Schelter, Stoyanovich, EDBT 2020]
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wZoom (“Vertex Edge”

Algorithm 5 wZoom” over VE

Require: resolve functions f7,, fe; quantifiers ry,, re
1: >Computation of new intervals
2: I’ « I.map{ i = (i, computeNewlInterval(i)) }

3: > Vertex aggregation for new intervals
4: V' « V join(I').on{ (v, (i, n)) > v.n==1i}

5: .map { (v, (i, newlnterval)) =

6: v.copyWithNewlInterval(newInterval)}

7: .groupBy{ v = (v.id, v.interval) }

8: filter{(i, vertices) = match_threshold(vertices, ry)}

9:  .reduceByKey{((va), (vp)) = fo(va, vp)}

10: >Edge aggregation for new intervals
11: E' « E.join(I").on{ (e, (i, n)) = e.interval ==n }

12: .map { (e, (i, newlInterval)) =

13: e.copyWithNewInterval(newInterval)}

14: .groupBy{ e = (e.id, e.interval) }

15: filter{(i, edges) = match_threshold(edges, r¢)}
16: reduceByKey{((eq), (ep)) = fo(eas 1)}

17: if r;, > re then >Dangling edge removal
18: E” « E’.semijoin(V’)

.on{ (e, v) = e.vidl == v.id and in_interval(e, v) }
19: E"” « E” .semijoin(V”)

.on{ (e, v) = e.vid2 == v.id and in_interval(e, v)}

20: return new TGraph (V’, E”)

[Aghasadeghi, Moffitt, Schelter, Stoyanovich, EDBT 2020]
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