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First Generation Data ﬁ..ﬂ

Management
*-

Developers: Build DB & }

applications

Business analysts: Pose
queries

DB admin: Tune &
monitor performance

End users: Generate
data, query data

* Functionality

\ ) \ J N/

l° Performance ‘

Abadi et al. The Beckman report on database research. Commun. ACM 59(2): 92-99 (2016)




Emergence of Network Data =

Social network Ecological network

WWW

The emergence of network maps:

Movie Actor Network, 1998:

World Wide Web, 1999.

C elegans neural wiring diagram 1990
Citation Network, 1998

Metabolic Network, 2000;

PPI network, 2001

Human PPl network



Querying Graphs T

A large set of small/medium-sized graphs
A large graph/network
Massive graph

Query Formulation

Formal query language
 SPARQL, Cypher

Query Processing

-Efficient algorithms and optimization techniques to..

. 1 . T e \!\ 3
process queries “quickly i 5. IX

Mi; “
s —_—
;M'\



Fifth Generation Data j*ﬂ

Management
*-

End Users: Generator,
processor, and consumer

Increasingly complex
data and computation

|
J

chemist

journalist

Abadi et al. The Beckman report on database research. Commun. ACM 59(2): 92-99 (2016)




Querying Graphs: The First
Generation Approach

lpretix wp: <http://vocabularies.wikipathways.org/wp#=
Zprefix dcterms: <http://purl.org/dc/terms/=

Sprefix foaf: <http://xmlns.com/foaf/0.1/=

4

Sselect (str(7organismMame) as 7organism) 7page 7genel 7gene2 ?interaction where {

& 7genel a wp:GeneProduct .

7  7gene2 a wp:GeneProduct .

2 ?ilnteraction wp:source 7genel ;
g wp:target Tgene? ;

10 a wp:Conversion ;

11 dcterms:isPartOf 7pathway .

12  ?pathway foaf:page ?page ;

13 wp:organismMame ?organismiMame .
14  FILTER (?genel != ?gene2)

15? ORDER BY ASC(?organism)

What are you getting from
& writing code all day?

Lots of compilation errors.

And sadness.

v Seen 1:07am




Reality Check! L

Reality

Thirty years of research on query languages can be summarized
by: we have moved from SQL to XQuery. At best we have moved
from one declarative language to a second declarative language
with roughly the same level of expressiveness. It has been well
documented that end users will not learn SQL; rather SQL is
notation for professional programmers.

The Lowell Database Research Self-Assessment,
Communication of the ACM (May 2005)




Performance

Usability Matters! 3

-

Functionality




Usability [Preece et al.]

What is it?

How well users can use the
system’s functionality

Dimensionality

- Learnabillity: is it easy to
learn?

- Efficiency: once learned, is it
fast to use?

- Memorability: is it easy to
remember what you learned?

- Errors: are errors few and
recoverable?

- Satisfaction: is it enjoyable to
use?

entertaining

R

/-Iun \
satisfyin emotionally
el tulfiliing

efficient
to use

935)1’)‘0 effective rewarding
remember vin
how Lo use \ : /lo use
usability
goals

easy lo / ‘ ' \ safe

learn 1o use supportive
of creativity

have good
utility

helpfu! aesthetically

pleasing
\ /

motivating



Visual Graph Querying -

\
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Different Worlds | :

HCI World
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Lessons from HCl: »i¥

Schneiderman’s 8 Golden Rules

Strive for consistency. .
Give shortcuts to the user.
Offer informative feedback. .,

Make each interaction with
the user yield a result.

Offer simple error handling.
Permit easy undo of actions.
Let the user be in control.

Reduce short-term memory
load on the user.

DO YOU REALIZE THAT
YOUR USER REQUIRE - NO HUMAN WOULD BE GOOD POINT.
HUNDRED FEATURES. WITH THAT LEVEL OF “EASY TO USE"

sy, diiberboom

| 1'§,A1‘/‘

jlribes = 3001 unime s




g
Tutorial Overview -

Strive for consistency

e Give shortcut to the user

Visual Interfaces for Graph Queries

* Informative feedback
* Simple error handling

Visual Graph Query Formulation
Guidance / ‘

Make each
interaction with the

Visual Action-aware Graph Query

Processing “user yield a result

Query Results Exploration & Visualizatior

* Make each interaction with
the user yield a result
* Let the user be in control



Visual Interfaces for

Graph Queries




Visual Graph Query «:§

Manual

Data-
driven

2N

Functionalities
VS
Aesthetics



Manual Visual Graph

@ ChemQuery Search by st X

-

< C 0 \ @& Secure | https://www.drugbank.ca/structures/search/small_molecule_drugs/structure
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Similarity threshold

07

Molecular Weight Filter

e.g 100 to e.g 250

Maximum Results

100

Drug Types (default all):

) Approved [ Vetapproved [ Nutraceutical
[ IMicit ©) Withdrawn [ Investigational
] Experimental

® MarvinJs Tutorials

Drugs v n

X Load example




Manual Visual Graph 3%
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Hardcoded labels, patterns
Limited variety

Manual maintenance I\\B

Not portable P\




Data-driven Visual Interface — »:}

Construction & Maintenance

Q @

# i . =T
e Diverse content

Intenance




Data-driven Construction

Content selection
« Which patterns should be

in the palette?

* Formulate query easily

and faster

» Give shortcuts
*|ssues

*Size of the palette

Maximally covers the DB
* Minimal redundancy

among patterns
 Aesthetics-aware

le Database Query View: Help

I _n‘ ) ‘ @ ‘ @ ‘ BuildIndex Generate Paﬁems‘

rrzow®mnyavm=p00

Hi
Se
Si
v
Sn
I
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Li
g

£ 20

RpsoFe

Query Formulation Steps

‘i(}uewﬂme ¥ Exact Candidates » Slmuanwcanmdales‘
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Data-driven Maintenance

DaVinci
- rle Database Query View Help
C 0 nte nt M a I nte n a n ce I 5| 7 o] 8| 8 Buidindex Generate pattems |
K localho: Y | query1

 How do we maintain the
labels and patterns as
underlying data changes?

*Issues
*Real-time maintenance
 Batch vs Incremental
« Enhance usability (gain
In coverage and reduction
in redundancy)
 Leverage usage
patterns and query
workload (if available)

rrzow®mnyavm=p00

Hi
Se
Si
v
Sn
I
F
Li
g

£ 20

RpsoFe

Query Formulation Steps

‘i(}uewﬂme ¥ Exact Candidates » Slmuanwcanmdales‘

=a-ozz= po
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DAVINCI: Initial Effort ﬁn:_t
[ICDE 15, VLDB 16]

Canned
patterns

Online

TN
Closure graphs =

Offline

=P
\———/ Graph set Closure graph

Large set of clustering Topologically- set generation
small/medium sized similar partitions

graphs




Visual Graph Query

Formulation &
Guidance




Opportune Query Feedback = "%

Modeling feedback

0 An alert or notification for a secondary task when a user is

working on a primary task

Needs

* Detect efficiently

* Notify opportunely
 Ineffective to notify

at the end of query

formulation

Efficient detection
algorithm

Immediate
notification

Cognitive impact on
users doesn’t matter!



When to notify?

Breakpoint

 The moment of transition
between two observable,
meaningful units of task
execution, and reflects a
change in perception or action
[Newton, 1973]

« Coarse, Medium, and Fine

« Best moment to interrupt a user
is on breakpoints between

tasks [Igbal & Bailey, CHI 2008]
« Defer the notification to appear
in the next breakpoint

Adopt defer-to-breakpoint-based strategy for
interrupting query formulation tasks

Reduction of Interruption

cost and frustration

~

4

React faster to
tifications

~

U

Task-relevant
notifications should be
delivered at Medium or

Fine breakpoints




Modeling Optimal Notification ~ »§
Time

&l GBLENDER | Query Options

File Database Query Help

_ _ P Deliver notification
E IJ_-l 2 ‘@ ‘f() Current querny has no exact Results before the
i AIDS@localhost Y| Query 12 % L construction of the
=~ AIDE ~ succeeding query
: condition is finished
(Optimal
breakpoints)

Modify the Queny Similarity Search |

Querny Designer

Fine

El'

EI

Br
ca How do we

M estimate the time
As available for deliver

Al of notification at

Mi
Se
Si

LW

optimal breakpoint?




HCI-Inspired Quantitative B
Model |

M8l GBLENDER | Query Options %]
File Database Query Help
3 1= £ \‘.?(' Current queny has no exact Results
B+ n_-| o = 51’
N . AIDS@localhost T T [ —
"’;_""J A?I;ESE o5 = Query 12 % | Modify the Queny | Similarity Search |
e O i Query De |'I oo INE
| T, = a+ blog, -—_+n-— + 1 .
Cog *[‘Hw} 7) } [Accott & Zhai, CHI 03]
M

T, =m+nx(log,(p+1))

2" [Ahistidm, cHI 05]
Er i




The iSERF Framework I
[CIKM 15)

Cursor moving towards Schema Panel

dCompute movement time T
dSuspend notification by T _ time

Cursor in Schema Panel

Interruption-Sensitive dCompute selection time T,

Notification Module dSuspend notification by T, time for item to
be selected

Notification delivery

L Deliver appropriate notification
identifying condition(s) for empty result

Empty Result Detection
Module




More on the Feedback Module Q'E

Query Autocompletion




Query Autocompletion Demo I

0 http llwww comp.hkbu.edu. hkl~csppyllautogl

D ————
(- -» c A [ cs9170.comp.hkbu.edu.hk:8000/autoc / e

AutoC
Init Graph Editor Suggestions

Directed 0

Autocomplete Lol © Showlds
1

12

s3




Autocompletion Comparisons

1
P

3

Keyword Search

Visual Graph Query

User Action | keystroke Drag, click
Atomic Unit | char:'a’, 'b’, 'c', ... edge: C-C, C=(, ...
Logical Unit | keyword: "world", "clock", ... subgraphs
Query concatenated keywords graphs

"world clock", "world cup”, ... C=C-C=C-C=(C, ...




The AutoG Framework ﬁnﬂ
[VLDB 16, VLDBJ 17}

Client Server

@D Submit query ¢
and user intent 4

/C
Q‘\\L

®) Review

suggestions

T




User Preference / Intent F”E!

User intent value of a query (suggestion) set

util(Q’) = a x % > sel(q’) + B x : > dist(q;. q’)

k(k —1
q’'€Q’ ( ) a’ .q; €Q’ . i#]

(MCCS) Distance between two graph suggestions

lcs(g1, g2)]
max{|g1|, |g2|}

diSt(gl,gg) =1 —

Property: util is submodular — greedy



Optimizations

The FDAG index

Index c-Prime features and their
pairwise compositions

Prune automorphic suggestions
(redundant suggestions) early

Online ranking

dApproximate selectivities of query

suggestions

Prune empty suggestions early

L Optimize diversity computation
dtrimming the common parts
between suggestions

PARTIAL FDAG

FDaG Structure

c-prime features

0 1 1 o

f4 fm\\C?
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More on the Feedback Module

Action Guidiance




j N
Orion Y

Overview

UiInteractive visual query builder with suggestions
lteratively suggest edges based on their relevance to the user’s
query intent, according to the partial query graph so far
JEdge ranking: query-specific random decision paths
The use of statistics based on data graph, query logs, and so on.

Suggestions: Grey nodes/edges

JAccepted by users: Positive
edges (become blue)
Reject or ignored by users:
Negative edges

User’s intent can be
derived from these edges




Dynamic list of all
possible user
actions at any
given moment

Control panel for
various settings
and tips

Orion GUI

Click on other grey nodes to be included in the query graph.

Click on the grey edge to select i, or click on 2 grey edge to display
the other occurrences of the grey edgei, if any.

Click on the empty canvas tn add the selected nndes and edges to the
query graph while ignoring the unselected grey nodes, and display
new siggestions.

Click on selected nodes (in blue) to unselect them.

United

Submit

Useful Tips

Edge Types
Settings

Clear Canvas

FIL

Refresh Suggestions

L

OR



Orion Implementation A
Q Prototype a Video Introduction
http://idir.uta.edu/orion http://bit.ly/2pShvrm




Visual Action-aware

Graph Query
Processing




Subgraph Queries

Subgraph

Containment

Subgraph

Similarity

Given a graph DB D and «
query graph Q, find all data

graphs in D in which Q is a
subgraph !
Subgraph isomorphism from Q

to G €D

Data graphs that
“approximately” contain the
query graph

Use subgraph distance based

on maximum connected
common subgraph (MCCS)



Classical Visual Querying ﬁ-ﬂ

Paradigm

-

& 40+ years old query paradigm!

Large collection
of small graphs

Query formulation Query processing
Time >




Visual Graph Query Formulation w3
Meets Query Processin |

Rethink the classical query paradigm

Why walit for the complete visual query to be constructed before
initiating query evaluation”? How can we blend these two steps?
By initiating query processing “early”, can we significantly reduce
the system response time?

Query processing

Query formulation

time >




R
Non-traditional Challenges = ¢
T

Partial query-aware indexing schemes
Materialization of intermediate results

Selectivity-free query processing

Focus on waiting time of users

“Computing time (power) is getting cheaper but users’ time isn’t..”




Overview of VOGUE [sicmob 10,

Online

w—

Offline

ﬁ”@

ICDE 12, CIDR 13]

SPIG

Candidate

1 SPIG

Subgraph
: isomorphism
] test (extension
| of VF2)

> i
N 2,
&Y
o i i /’\'J “CHs

HC )

Candidate

graph ids

raph ids

DF-Index
MF-Index

A fragment g is frequent

if its support is no less -
g ﬁ

than «|D)|

Frequent |g|=1 or all
subgraph subgraphs are
Miner (gSpan) frequent A2l Index

(DIFs)



QUBLE: Extension to Large™ »:}
%-

Online | p

iswwws-cm = | prmm——
e

o - L
ool

> ‘

‘ :e

Supergraphlet-at-a-time

Frequent
fragments

Offline

Graph
Partitioning

(METIS) ¥m/
Graphlets | [g=10rg| =
(Partition 2andis an
maximal

graphs, bridges)

\’_’/ cover graph
(SIF)

A2] Index



Performance Summary

Outperforms traditional
approaches in terms of waiting time
Not significantly impacted by
query formulation sequence
‘ Works well with small-sized queries

_ ‘,\e\N\ . |




Challenges for Performance vl
Study -

Large-scale performance study

*Traditional approach
* Randomly extract subgraphs of different
size and execute them

*Doesn’t work in this paradigm!

Why?

* Queries need to be visually constructed by users
« GUI latency is critical for performance study

Challenge

0 Users are expensive!
d How do we simulate visual query formulation?




ﬁ,ﬂ
VISUAL [icDE 15, TKDE 17} I

&2

C3: Visual
Subgraph Query
Test Simulator

Model

¥

gueries

C2: Quantitative

Model of Query
Formulation

C1: Test Subgraph
Query Generator

Graph
Index Repository




Quantitative Model for Query

Formulation Time

GBLENDER

L | e ((B) e (B) 1)
[Accott & Zhai, CHI 03]
T(s T(m)
[Cockburnt al; HEI 0
T =m; +ny x (logs(p+1)) T(e) T. =2, xt.+T,,
T(d : )
V (d)
=]
:
sb
EZ
T(m) + T(s) + T(d) + T(e) J




VISUAL Demo

W Index Database

W Create Database ‘ ‘ # Generate Queries

Database Information

Dataset Size (k):
Fragment Size:
Support:

Node List

Query Specification
Querysize|s |
No. of Query
%Frequent (0 |
% DIF
BNFo |

[ seung |
@ current Query
() Range of Query




Query Results

Exploration &
Visualization




Query Results Exploration

Two Categories
a Very few efforts!

[ Large set of small graphs vs large networks

Large set of small graphs

« Typically a decision problem

« Highlight a subgraph that
matches the query

- [SIGMOD 10, ICDE 12]

EOZERRA0ZOIATH T Y<UPIFILROHOT@EQON

)

YORRMOE &




Query Results Exploration e

Large Networks

« Summarization-based (SLQ [SIGMOD 14])
» Supergraphlet-at-a-time (QUBLE [VLDBJ 14, SIGMOD 13])

- Feature-based (R2DB [ICDE 12])

ontology-based search “Jaguar result summarization
TETAR s e
-|J f' ‘,_\‘.
S
: o ‘ “nstory” “Ameica : '
| Farthen = | '
~ : Query | history  habtet °'"‘3'\ ?pa"' '
; H ! city I '
s Panthera  "Black E 4 " | history |
' e Fantner ! G ; “America® % r '
. J - \ (continent) {country) P
. ; ... Schemaless & structureless search t T
(animal) (anima 1) (car) (car)
Panthera Black Jaguar XK XJ Line '
: Cnea Panthe Ft.!»rd i
: / \ / \ (company)—history Ofiery +.. offer, !
history habitat history habitat / \ \ / :
; / / Dearborn (city)  Chicago(cty) New York (ity) |
: |
. north American south American USA she United States
(continent) (continent) (country) (country)
result 1 result 2 result 3 result k

Summarization-based

Supergraphlet-at-a-time



Conclusions




Bridging Usability, j.ﬂ
Performance, Functionality

Visual query

C interface

Query
response time

Performance

Que;feedback

Exploratory search

HumanDB

Func’rlonoln‘y




ﬁ,ﬁ
Shifting Traditions b

1990-2015: Visual query interfaces are constructed manually

2015: Automatic, data-driven construction of visual graph query interface

1970s-2005s: Query Formulation == Query Processing

2006s: Visual query form. €= Query Processing

1990s - 2015: Visual query performances are carried out manually

2015: Automated query construction and performance benchmarking



More complex graph queries: Homomorphism-based 1
queries, multi-attribute queries, graph simulation

How can we extend data-driven GUI construction to
be aesthetics-aware?

Multi-faceted exploration and visualization of query
results

\ HCl-awareness with other types of data?




Final Words

HCl-aware Data Management

Towards usable data management systems
Making visual query interface design data-driven
Making query formulation & processing HCI-driven

Novel area of research

Multi-disciplinary effort:
Data management

HCI
Cognitive psychology

Broad goal

Stimulating a cultural shift in our thinking by HCI, cognitive
psychology and data management to ““work’ together

X







