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1. How do you know the voice assistant understood you correctly?

Q: Find me companies in Vancouver.
-y A: Company A, Company B, Company C

Example adapted from: Principles of Query Visualization. IEEE Debull. 2022. http://sites.computer.org/debull/A22sept/p47.pdf
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/
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1. How do you know the voice assistant understood you correctly?

Visualize
" the avswer

INFO VISUALIZATION

some axis &7
Company A
Company B
Company C

Q: Find me companies in Vancouver.
-y A: Company A, Company B, Company C

Example adapted from: Principles of Query Visualization. IEEE Debull. 2022. http://sites.computer.org/debull/A22sept/p47.pdf
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/
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1. How do you know the voice assistant understood you correctly?

QUERY VISUALIZATION

Headquarter (Wiki)

name name city="Vancouver'

id

id

\

INFO VISUALIZATION

some axis
Company A
Company B
Company C

rd

Visualize
" the avswer

\ ' Visualize

N__

(what the assistant
- = the duery uwnderstood, and &

how sources are used)

Q: Find me companies in Vancouver.
-y A: Company A, Company B, Company C

Example adapted from: Principles of Query Visualization. IEEE Debull. 2022. http://sites.computer.org/debull/A22sept/p47.pdf
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/
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1. How do you know the voice assistant understood you correctly?

QUERY VISUALIZATION

Office (registry)

name name city="Vancouver'

id

id

\

INFO VISUALIZATION

some axis
Company D
Company E
Company F

rd

Visualize
" the avswer

\ ' Visualize

(Do you mean companies

- = the query with headguarter or
office in Vanconver?)

N__

Example adapted from: Principles of Query Visualization. IEEE Debull. 2022. http://sites.computer.org/debull/A22sept/p47.pdf
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/
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Q: Find me companies in Vancouver.
-y A: Company D, Company E, Company F
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1. How do you know the voice assistant understood you correctly?

QUERY VISUALIZATION

1 )
SELECT| [ sid |e{ sid

sname [~ shame bid < bid
color = "red'

This will be our ruvning example

- / (for didactic reasons)

Q: Find sailors who reserved all red boats

N——

Example adapted from: Principles of Query Visualization. IEEE Debull. 2022. http://sites.computer.org/debull/A22sept/p47.pdf
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/
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2. Helping students see SQL patterns

select S.sname
from Sailor S
where not exists (
select *
from Reserves R, Boat B
where R.sid = S.sid
and R.bid = B.bid
and B.color = 'red’)

Example taken from: https://queryvis.com/example.html

select S.sname
from Sailor S
where not exists (
select *
from Reserves R
where R.sid = S.sid
and not exists (
select *
from Boat B

where B.color = 'red'
and R.bid = B.bid))

Sailor (sid, sname, rating, bdate)
Reserves (sid, bid, day)
Boat (bid, bname, color, pdate)

select S.sname
from Sailor S
where not exists (
select *
from Boat B
where B.color = 'red'
and not exists (
select *
from Reserves R
where R.bid = B.bid
and R.sid = S.sid))

Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/
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2. Helping students see SQL patterns

Sailor (sid, sname, rating, bdate)
Reserves (sid, bid, day)
Boat (bid, bname, color, pdate)

Sailors who have not reserved a red boat

Sailors who reserved only red boats

Sailors who reserved all red boats

sSQL

select S.sname
from Sailor S
where not exists (
select *
from Reserves R, Boat B
where R.sid = S.sid
and R.bid = B.bid
and B.color = 'red’)

select S.sname
from Sailor S
where not exists (
select *
from Reserves R
where R.sid = S.sid
and not exists (
select *
from Boat B

where B.color = 'red'
and R.bid = B.bid))

select S.sname
from Sailor S
where not exists (
select *
from Boat B
where B.color = 'red’
and not exists (
select *
from Reserves R
where R.bid = B.bid
and R.sid = S.sid))

Example taken from: https://queryvis.com/example.html

Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/
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2. Helping students see SQL patterns

Sailor (sid, sname, rating, bdate)
Reserves (sid, bid, day)
Boat (bid, bname, color, pdate)

Sailors who have not reserved a red boat

Sailors who reserved only red boats

Sailors who reserved all red boats

select S.sname
from Sailor S
where not exists (
select *
from Reserves R, Boat B

select S.sname
from Sailor S
where not exists (

select *
from Rese

rves R

select S.sname
from Sailor S
where not exists (
select *
from Boat B

saL where R.sid = S.sid where R.sid = S.sid where B.color = 'red'
and R.bid = B.bid and not exists ( and not exists (
and B.color = 'red’) select * select *
from Boat B from Reserves R
0‘@51/]60‘ IOOX where B.color = 'red' where R.bid = B.bid
= no+ @X]gkg\ and R.bid = B.bid)) and R.sid = S.sid))
- mm——— N (r \)
Em : o ———
v [[EEECT] [[sid Hpf si [sELect] | sia H| sid SELECT| | sid le] sid
Q sname = sname | | bid bid I || sname = sname bid HP> bid sname = sname bid | bid
I color = "red' : \ Z | color = 'red' color = "red'
e e - \ / S <)

Example taken from: https://queryvis.com/example.html

Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/
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Sailor (sid, sname, rating, bdate)
Reserves (sid, bid, day)
Boat (bid, bname, color, pdate)

not only all
Sailors
. have not reserved reserved only reserved all
renting
a red boat red boats red boats
boats

Example taken from: https://queryvis.com/example.html
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/ 10
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Student (sid, sname)
Takes (sid, cid, semester)
Course (cid, cname, department)

Sailor (sid, sname, rating, bdate)
Reserves (sid, bid, day)
Boat (bid, bname, color, pdate)

not only all
Sailors
. have not reserved reserved only reserved all
renting
a red boat red boats red boats
boats
|
|
n
Stu.de ts took no art took only art took all art
taking
class classes classes
classes

Example taken from: https://queryvis.com/example.html
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/
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Actor (aid, aname)
Plays (aid, mid, role)
Movie (mid, mname, director)

Student (sid, sname)
Takes (sid, cid, semester)
Course (cid, cname, department)

Sailor (sid, sname, rating, bdate)
Reserves (sid, bid, day)
Boat (bid, bname, color, pdate)

not only all
Sailors
. have not reserved reserved only reserved all
renting
a red boat red boats red boats
boats
|
|
Students
, took no art took only art took all art
taking
class classes classes
classes
I
Actor . . :
|Cto, > , did not play in a played only played in all
i]zyl,r;i’ " Hitchcock movie Hitchcock movies Hitchcock movies
Vi

Example taken from: https://queryvis.com/example.html
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/

12


https://northeastern-datalab.github.io/visual-query-representation-tutorial/
https://queryvis.com/example.html

Actor (aid, aname) Student (sid, sname)
Plays (aid, mid, role) Takes (sid, cid, semester) Reserves (sid, bid, day)
Movie (mid, mname, director) Course (cid, cname, department) Boat (bid, bname, color, pdate)

Sailor (sid, sname, rating, bdate)

not only all
select S.sname select S.sname select S.sname
from Sailor S from Sailor S from Sailor S
where not exists ( where not exists ( where not exists (
&’ select * select * select *
@) from Reserves R, Boat B from Reserves R from Boat B

—_ where R.sid = S.sid where R.sid = S.sid where B.color = 'red'

E and R.bid = B.bid and not exists ( and not exists (

W and B.color = 'red') select * select *
from Boat B from Reserves R
where B.color = 'red' where R.bid = B.bid
and B.bid = R.bid)) and R.sid = S.sid))

select S.sname select S.sname select S.sname
from Student S from Student S from Student S
4‘3 where not exists ( where not exists ( where not exists (
C select * select * select *
Q from Takes T, Class C from Takes T from Class C
where T.sid = S.sid where T.sid = S.sid where C.department="art'
O and C.cid = T.cid and not exists ( and not exists (
> and C.department ='art') select * select *

; from Class C from Takes T
where C.department = ‘art' where T.cid= C.cid
and C.cid= T.cid)) and T.sid= S.sid))

select A.aname select A.aname select A.aname
from Actor A from Actor A from Actor A
where not exists ( where not exists ( where not exists (
N select * select * select *
@) from Plays P, Movie M from Plays P from Movie M
) where P.aid = A.aid where P.aid = A.aid where M.director = 'Hitchcock'
O and M.mid = P.mid and not exists ( and not exists (

< and M.director = 'Hitchcock') select * select *
from Movie M from Plays P
where M.director = 'Hitchcock' where P.mid = M.mid
and M.mid = P.mid)) and P.aid = A.aid))

Example taken from: https://queryvis.com/example.html

Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/
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Actor (aid, aname)
Plays (aid, mid, role)

Movie (mid, mname, director)

Student (sid, sname)
Takes (sid, cid, semester)
Course (cid, cname, department)

Sailor (sid, sname, rating, bdate)

Reserves (sid, bid, day)
Boat (bid, bname, color, pdate)

not only all
r " T T T \ 7 Q _
O |[SELECT] | sid I=p| sid i|sEcecT] [ sia HIM s > S |-
— : : sname sname | |
© sname sname | | bid bid "1 sname sname bid H¥ bid
n ' color = red' | ! color = 'red'
! I N 7 | color = 'red' L J
7)) ¢t - T T--=-== N ————
=
= stdent i ! — Stugernt r )
O |lseLecT] | sia H» sid . . SELECT| [ sid | sid
-c I I SELECT Sld -.’ Sld sname M~ sname bld <..- Cld
3 — — : L - : Shame 7] siame cid ™ cid Jepartment="art
n | department="art I "——/ |department="art' \ ))
(e 1
% | acor B | — * —
— - i 0 mi In mi
2 aname [=| aname | j mid |7 mid 1|| aname [Haname mid . — '
I director="Hitchcock|l ) — ' lirector="Hitchcock
\ ) director="Hitchcock \ )

https://queryvis.com/example.html

https://northeastern-datalab.github.io/visual-query-representation-tutorial/
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3. Browsing & understanding existing Queries

4 N

select S.sname
from Sailors S
where not exists
(select B.bid
from Boats B
where not exists
(select R.bid
from Reserves R
where R.bid = B.bid
and R.sid = S.sid))

€l

Sailors

name

S ——

name

sid

Reserves

bid

<«—— Sid

Boats
bid

Example taken from: Databases will Visualize Queries too. PVLDB vision 2011. https://gatterbauer.name/download/vidb2011 Database Query Visualization presentation.pdf

Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/
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3. Browsing & understanding existing Queries

/

select Team, Day

from Scores S1

where not exists
(select *
from Scores S2
where S1.Runs = S2.Runs
and (S1.Team <> S2.Team
or S1.Day <> S2.Day))

2

Team

Scores

Day

A\ 4

7~

Scores

Team

\ 4

A

Team

Day

A

\ 4

Day

Runs

Runs

N

Example taken from: Databases will Visualize Queries too. PVLDB vision 2011. https://gatterbauer.name/download/vidb2011 Database Query Visualization presentation.pdf
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/
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3. Browsing & understanding existing Queries

- N 3

select Fl.person
from Frequents F1
where not exists

(select F2.bar N

from Frequents F2 m

where F2.person = Fl.person person person person P bar

and not exists bar d drink
(select S3.drink J

from Serves S3, Likes L4

where L4.person = Fl.person person
and L4.drink = S3.drink drink
and S3.bar = F2.bar))

Example taken from: Databases will Visualize Queries too. PVLDB vision 2011. https://gatterbauer.name/download/vidb2011 Database Query Visualization presentation.pdf
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/ 17
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3. Browsing & understanding existing Queries

/

select W1.wid
from Worlds W1
where not exists
(select *
from Worlds W2
where W2.wid < W1.wid
and not exists
(select *
from Worlds W3
where W3.wid = W1l.wid
and not exists
(select *
from Worlds W4
where W4.wid = W2.wid
and W4.tid = W3.tid)))

s

wid

N ———————————

Example taken from: Databases will Visualize Queries too. PVLDB vision 2011. https://gatterbauer.name/download/vidb2011 Database Query Visualization presentation.pdf

Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/
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3. Browsing & understanding existing Queries

-~ N S

select distinct a3.fname, a3.Iname

from Actor a0, Plays p1, Plays p2, Plays p3, Plays p4,

Actor a5 aid aid aid aid aid
where a0.fname = 'Kevin' and a0.lname = 'Bacon’ mid F mid mid - mid fname="'Kevin'
and a0.aid = pl.aidand pl.mid=p2.mid | | e e e e e e e e e e = Iname='Bacon'
and p2.aid = p3.aid and p3.mid = p4.mid }
and p4.aid = a5.aid aid aid aid aid '
and not exists (select * fname [—fname mid | mid fname="Kevin' | 1

from Actor a6, Plays p7, Plays p8 Iname_—{Iname Iname="Bacon'] |
where a6.fname = 'Kevin' and a6.lname ='Bacon' | | === -mmmmmmmmm - - ’
and a6.aid = p7.aid and p7.mid=p8mid |  \r

and p8.aid = a5.aid)
and not exists (select * N p—v
from Actor a9 ! |Iname='Bacon’

where a9.fname = 'Kevin' and a9.lname = 'Bacon' D y
and a9.aid = a5.aid)

N AL 4

aid

Query Intewt: "@: Find all actors with Bacon namber 2."

Example taken from: Databases will Visualize Queries too. PVLDB vision 2011. https://gatterbauer.name/download/vidb2011 Database Query Visualization presentation.pdf
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/ 19
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"Query Visualization" (for understanding) # "Visual Query Languages" (for composition)

expression Query Visualization (QV) understanding
SELECT A
> |rrows B
WHERE B not in AHA| B
(SELECT B B
FROM S) g
Semantics Query Visualization Semantics

also: "duery diagram’
also: "query diagramming’

Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/ 20
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"Query Visualization" (for understanding) # "Visual Query Languages" (for composition)

expression Query Visualization (QV) understanding
SELECT A
> |rrows B
WHERE B not in AHA| B
(SELECT B B
FROM S) .
Semantics Query Visualization Semantics

also: "duery diagram’
also: "query diagramming’

Visual Query Languages (VQL) translation execution
SELECT A >
O |ABR | T |frows >
1A | A WHERE B not i
composition B : (SELEC'?OB " RDBMS
e FROM S)
Semantics Visualization Textual query Database

Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/ 21
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"Query Visualization" (for understanding) # "Visual Query Languages" (for composition)

expression Query Visualization (QV) understanding

SELECT A
ol in) 4
WHERE B not in A A
(SELECT B
FROMS) /N
Semantics Query m Semantics
A visual query representation is for: query rea derstandmg / explanation

N also: " auery diagram”

Both applications use "visual representations’,
but different objectives lead to different criterial ™ also: "query diagramming”

Visual Query Languages (VQL) translation execution
SELECT A Y
Sy er] - P e >
LA R WHERE B not i
composition B : (SELEC'?% " RDBMS
N FROM S)
Semantics Visualization Textual query Database

A visual query representation is used for: query writing /composition

Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/ 22
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What about visual active query builders? Say SSMS?

Q: "Find sailors who
reserved a red boat."

select S.sname
from Sailor s, Reserves r, Boat b
where S.sid=R.sid

and B.bid=R.bid
and color = 'red’

Fs

-

* (All Columns)
Csid
Msname

Fr

|

* (All Columns)
Csid
CObid

]
* (All Columns)
(e Cbid
o Clcolor v

Screenshot acknowledgement: Jiahui Zhang (4/2020), SSMS stands for SQL Server Management Studio (https://en.wikipedia.org/wiki/SQL Server _Management_Studio)

Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/
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What about visual active query builders? Say SSMS?

Q: "Find sailors who
reserved a red boat."

select S.sname
from Sailor s, Reserves r, Boat b
where S.sid=R.sid

and B.bid=R.bid
and color = 'red’

Visual elements that are relevant for
composition but vot understanding

e I —

* (All Columns)

Csid o 5 (All Columns) TI* (All Columns)
: .y _
“sname DZ’% “bid
i

Cleolor /V v

/

Other important information is not shown
(e.9. the filter symbol hides actual predicate)

Additional window reveals selection predicate

Column Alias Table Output Sort Type Sort Order Filter Or.
’ color b [] = "red'
sname s

Screenshot acknowledgement: Jiahui Zhang (4/2020), SSMS stands for SQL Server Management Studio (https://en.wikipedia.org/wiki/SQL Server _Management_Studio)
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/
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What about visual active query builders? Or dbForge?

Q: "Find sailors who Unnecessary visual elements shown that are
reserved a red boat." relevant for composition but not understandivg
select S.sname /
from Sailor s, Reserves r, Boat b & s (sailor) - B r (reserves) - = b (boat) A
. . L] *(All Columns) | *(All Columns) L] *(All Columns)
where S.sid=R.sid ~o ] sid —O» [ sid v ] bid
shame "] bid [ ] color Y

and B.bid=R.bid

and color = "red' . : S
Other important information is not shown

(e.9. the filter symbol hides actual predicate)

Additional window reveals selection predicate

Selection Joins Where Group By Having Order By

|—And

~b.color = 'red'

Screenshot acknowledgement: Jiahui Zhang (4/2020), dbForge: https://www.devart.com/dbforge/
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/ 25
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What about visual active query builders? Back to SSMS...

Q: ”Find Sailors WhO have SSVV\S dO/@S V|O+ I"@VId@I" +M6 V|6$+6d blOOkg
reserved all red boats." Query Designer /
select S.sname i s/ _|
from Sailor S % (All Columns)
. Csid v
where not exists emame
(select * Hrating
Lage
from Boat B ’
where color = 'red’
. Column
and not exists cname
(Select * EXISTS (SELECT bid FROM Boat AS B WHERE (color = 'red') AND (NOT EXISTS (SELECT b...
from Reserves R Alias Table Output Filter
where S.sid=R.sid S
. . = FALSE
and R.bid=B.bid)) N

"Not exists" is treated as an expression
with a "false" value in the filter

Screenshot acknowledgement: Jiahui Zhang (4/2020), SSMS stands for SQL Server Management Studio (https://en.wikipedia.org/wiki/SQL Server _Management_Studio)
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/
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What about visual active query builders? dbForge...

Q: "Find sailors who have
reserved all red boats."

select S.sname
from Sailor S
where not exists
(select *
from Boat B
where color = 'red'
and not exists
(select *
from Reserves R
where S.sid=R.sid
and R.bid=B.bid))

51 I Root Query

z: ISELECT

£ S (sailor)

L] *(All Columns)

v [ | sid
sname
| rating
[ ] age

Selection Joins Where Group By Having Order By

| —And

not exists (SELECT B.bid FROM mysql.boat B WHERE B.color = 't

sz 1 Unnamed Query

#:1 Unnamed Query

\

Twudividual query blocks showw in separate windows

L)

1 SELECT
5 B (boat) -
o [v| bid
[ bname
[ ] color Y

Selection  Joins  Where

|—And

#ilRoot Query | mlUnnamed Query X | #:!Unnamed Query

Group By Having  Order By

B.color = 'red'
not exists (SELECT R.bid FROM mysgl.reserves R WHERE R.bid = B.bid and R.sid = S.sid

dbForge does vot use "Expression’
+ 'Criteria to represent 'NOT' +
'EXISTS'. It directly shows 'Not
EXists' as a part of 'Where' clause

dbForge keeps joiv conditions in
WHERE clanse as avn expression

Screenshot acknowledgement: Jiahui Zhang (4/2020), dbForge: https://www.devart.com/dbforge/
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/

11§ Root Query
1 SELECT

#E R (reserves)
L] sid
bid
L] day

|—iAnd
R.bid = B.bid
R.sid = S.sid

iz Unnamed Query

Selection Joins Where  Group By

z: 1 Unnamed Query

V'S

Having  Order By
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DEFINITION ( ): The term “query
visualization” refers to both

i. agraphical representation of a query and
(alternatively: "query diagram”)

ii. the process of transforming a given query into
a graphical representation.

(alternatively: "query diagramming”)
The goal of query visualization is to help users

more quickly understand the intent of a query, as
well as its relational query pattern.

Source: Principles of Query Visualization. IEEE Debull. 2022. http://sites.computer.org/debull/A22sept/p47.pdf
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/ 28
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What does it mean for
a QL to be "visual"?

30



What is actually a "visual" representation?

 Many attempts on defining an exact notion of "visual" (it's not easy)
* |n general, authorities acknowledge a spectrum between TEXT and DIAGRAMS

TEXTUAL DIAGRAMMATIC

visual, graphical, non-
symbolic, schematic, as
picture, two-dimensional

symbolic, linguistic,
linear, sentential

The exact boundary b/w text and "visual® is not clear-cut!
(And as we will see, "visual" gets interpreted very differently)
Next: We try to develop an intuition for "practical visualization”

Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/ 31



https://northeastern-datalab.github.io/visual-query-representation-tutorial/

Let's explore the boundary between text and diagram

Sailor(sid, sname, rating, bdate)
bid > bid

Reserves(sid, bid, day)

sid

Boat(bid, bname, color, pdate —
(bid pdate) sname \ sid bname
FK Reserves.sid references Sailor rating day color
FK Reserves.bid references Boat bdate odate

UML diagram of
relational schema.

Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/
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Let's explore the boundary between text and diagram

% g O

Sailor(sid, sname, rating, bdate)
Reserves(sid, bid, day)
Boat(bid, bname, color, pdate)

FK Reserves.sid references Sailor
FK Reserves.bid references Boat

Icons by flaticon.com

Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/

sid bid > bid
sname \ sid bname
rating day color
bdate pdate

UML diagram of
relational schema.

But vo veed for icons!
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Let's explore the boundary between text and diagram

[RESERVE Z)
Sailor(sid, sname, rating, bdate)
bid

Reserves(sid, bid, day) . .
. . sid bid >
Boat(bid, bname, color, pdate — —
(bid P ) sname \ sid bname
FK Reserves.sid references Sailor rating day color
FK Reserves.bid references Boat bdate odate

UML diagram of
relational schema.

But vio need for icons!
(Actually which icons?)

Icons by flaticon.com
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/ 34
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Let's explore the boundary between text and diagram

Sailor(sid, sname, rating, bdate)

Sailor

bid — bid

Reserves(sid, bid, day) sid
Boat(bid, bname, color, pdate) — \ :

sname sid bname
FK Reserves.sid references Sailor rating day color
FK Reserves.bid references Boat / bdate odate

Sailor Reserves Boat :

. , UML diagram of

. 9y} - relational schema

sname bname .

ti | ‘
<D Z!ﬁ EZ:; B But vo weed for icons!
Game> oo (Actually which icons?)

Sail R Boat .
Gating) ] —— >@< = N> ER diagrams also use text

Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/

day
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Text vs diagrammatic representations

Sailor(sid, sname, rating, bdate)
bid

Reserves(sid, bid, day) sid
Boat(bid, bname, color, pdate) — \ :

sname sid bname
FK Reserves.sid references Sailor rating day color
FK Reserves.bid references Boat bdate odate

Observations:

1. We prefer +ext as names/labels for
atowmic elements (+ables, attributes)

2. We prefer +o "visualize" relationships
(the "structure") between these elements.

Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/

> bid
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Text vs diagrammatic representations

Sailor(sid, sname, rating, bdate)
bid > bid

Reserves(sid, bid, day) ? sname sid bname

/ O rating day color
bdate pdate

Boat(bid, bname, color, pdate)

Observations:

1. We prefer +ext as names/labels for
atowmic elements (+ables, attributes)

2. We prefer +o "visualize" relationships
(the "structure") between these elements.

Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/ 37
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There seems to be a sweet spot for visualizing relations

Sailor(sid, sname, rating, bdate)

\

Reserves(sid, bid, day)

e

Boat(bid, bname, color, pdate)

Csid D
Gname)
Cating>

Sailor

-

sname sid bname
rating da color
bdate pdate
Sailor Reserves Boat
sid {day} bid
shame bname
rating color
bdate pdate
Sailor @ Boat

1. We prefer text as
names/labels for
atomic elements
(tables, attributes)

2. We prefer to
"Visualize" relationships
(the "structure")
between these elements.

Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/ 38
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There seems to be a sweet spot for visualizing relations

g

Sailor(sid, sname, rating, bdate)
Reserves(sid, bid, day)
Boat(bid, bname, color, pdate)

FK Res id re es Sailor
FK Reserves- nces Boat

Sailor(sid, sname, rating, bdate)

\

Reserves(sid, bid, day)

e

Boat(bid, bname, color, pdate)

Csid D
Gname)
Cating)

sid bid [—= bid
sname \ sid bname
rating da color
bdate pdate
Sailor RERENEE Boat
sid {day} bid
shame bname
rating color
bdate pdate
Sailor @ Boat

Cpdate)

sid bid [—* bid
sname \ sid bname
rating da color
bdate pdate

1. We prefer text as
names/labels for
atomic elements
(tables, attributes)

2. We prefer to

"Visualize" relationships
(the "structure")

between these elements.

Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/
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Text (= words) vs. pictures in Comics

GENERALLY
SPEAKING, THE MORE
IS SAID WITH WORDS,
THE MORE THE PIC TURES
CAN BE FREED TO GO
EXPLORING AND
VICE VERSA.

2
A A__l__ﬁ\\

Bl

1
-

P = pictures W = words (text)

Scott McCloud. Understanding comics: the invisible art. 1993. https://en.wikipedia.org/wiki/Understanding Comics
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/ 40
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Text vs. visualization for "information visualization"

Show It or Tell It?
Text, Visualization, and Their Combination

Marti A. Hearst
hearst@berkeley.edu

University of California, Berkeley
Berkeley, CA, USA

How much text should appear on a visualization?

What should it say?
Where should it be placed?
And how do the visual and the language components

interact?

Marti Hearst. Show It or Tell It? VIZ 2022 keynote. Also upcoming CACM 2023 paper. https://people.ischool.berkeley.edu/~hearst/papers/hearst CACM2023.pdf
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/
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What "structures" /
relationships do we actually
have in relational queries?

42



Textual vs diagrammatic representations

Q: "There is a sailor with the same name as a boat,
and that boat was purchased before the sailor was born."

select exists

* sname=bname
(select _ _ A bdate<pdate shame bname
from Sailor, Boat Sailor Boat bdat dat
>
where sname=bname ate < pdate
and bdate<pdate)
Database to run SQL queries is available as schema 341 at https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql/ 43

Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/
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Textual vs diagrammatic representations  ,rewnesd snows

Q: "There is a sailor with the same name as a boat, "bdate < pdate’

and that boat was purchased before the sailor was born."

sname=bname

(select *

bd d sname 7 bname
from Sailor, Boat A Fe<peate Boat !

L
where sname=bname I bdate f< pdate
< . . : . . o .
and bdate<pdate) a vew syntactic device "A Juxtaposition of conjunctive information
for conjunction, used in text (we perceive them independently)

Database to run SQL queries is available as schema 341 at https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql/
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/ 44
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Textual vs diagrammatic representations

Q: "There is a sailor with the same name as a boat,
and that boat was purchased before the sailor was born."

select exists

sname=bname

(select *
bd d sname bname
from Sailor, Boat A Fe<peate Boat
-
where sname=bname bdate < pdate
and bdate<pdate)
Q: "There is a sailor who shares
the same name with 2 different boats."
oa
select exists )
(select * bid
from Sailor, Boat B1, Boat B2 Boat B1 bname

where shame=B1.bname
and sname=B2.bname

and B1.bid<>B2.bid) Sailor B1.bid<>B2.bid shame
bid

bname

<>

Database to run SQL queries is available as schema 341 at https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql/
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/ 45
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Textual vs diagrammatic representations

Q: "There is a sailor with the same name as a boat,
and that boat was purchased before the sailor was born."

select exists

Sailor Boat
(select * sname=bname

: ) A bdate<pdate sname bname

from Sailor, Boat Sailor Boat odat ot
-

where sname=bname ate pdate

and bdate<pdate)

Q: "There is a sailor who shares
the same name with 2 different boats."

New fact can be inferred "perceptually”

sellewi @i from a path (w/o mavipulation) bid
(select *
from Sailor, Boat B1, Boat B2 Boat B1 \ bname
where sname=B1.bname ‘

<>

and sname=B2.bname ) _ .
and B1.bid<>B2.bid) Sailor B1.bid<>B2.bid shame
2 bid
= B1.bname=22.bname bname

(the +wo boats share the wames too!)

Database to run SQL queries is available as schema 341 at https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql/
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/ 46
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Textual vs diagrammatic representations

Q: "There is a sailor with the same name as a boat,

and that boat was purchased before the sailor was born."

select exists
(select *
from Sailor, Boat
where sname=bname
and bdate<pdate)

sname=bname

. A bdate<pdate
Sailor

Q: "There is a sailor who shares the name with one boat

and the birthday with the purchase day of another boat."

select exists

(select *

from Sailor, Boat B1, Boat B2
where sname=B1.bname
and bdate=B2.pdate

and B1.bid<>B2.bid)

= B DiZme=Biame.

Sailor

Boat

No path between the boats!

Boat B1

B1.bid<>B2.bid

Sailor

sSname

bdate

Sailor

sShame

> pdate

bdate

Database to run SQL queries is available as schema 341 at https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql/

Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/

bname

bid

bname

\ bid

pdate

<>
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"Textual" vs "Diagrammatic" Representations

TEXTUAL DIAGRAMMATIC

visual, graphical, non-
symbolic, schematic, as
picture, two-dimensional

symbolic, linguistic,
linear, sentential

"Diagram: a simplified drawing showing the appearance, structure, or
workings of something; a schematic representation." [Oxford languages]

"Diagram: a graphic design that explains rather than represents; especially: a
drawing that shows arrangement and relations (as of parts)" [Merriam-Webster]

"Logic diagram: a two-dimensional geometric figure with spatial relations that
are isomorphic with the structure of a logical statement" [Gardner, 1958, p. 28]

"The relationships established between two sets of elements constitute a diagram.”
[Bertin, 1981, p. 129]

[Oxford languages]: https://www.google.com/search?g=diagram, [Merriam-Webster]: https://www.merriam-webster.com/dictionary/diagram,
[Gardner, 1958]: Martin Gardner, Logic machines and diagrams, McGraw-Hill 1958. https://archive.org/details/logicmachinesdia227gard/mode/2up,

[Bertin, 1981]: Jacques Bertin. Graphics and graphic information-processing. de Gruyter. 1981
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/
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Now we have a sha
Next: What are des

red notion of "diagrams”

iderata for QV?

We call those "principles”. But they are not meant to be

irrevocable axioms, but

rather Intuitive objectives, whose

formulation help us develop a shared vocabulary to discuss
various approaches. They can be revisited when needed.

49



Algebraic Visualization Design [Kindlmann, Scheidegger 2014

Goal: describe how changes in data lead to
changes in the visualization

AD > AV

Data — Representation — Visualization Key insight: visualizations don't act on data
itself, but on representations of data

Conceptual framework: Kindlmann, Scheidegger. An Algebraic Process for Visualization Design. TVCG 2014. https://doi.org/10.1109/TVCG.2014.2346325
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/
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Algebraic Visualization Design [Kindlmann, Scheidegger 2014

Goal: describe how changes in data lead to

AD >AV changes in the visualization
Data — Representation — Visualization Key insight:
D &1 >R v >/ Formulate 3 "algebraic" design principles
in the language of a commutative diagram.
a h W | |
Vertical arrows represent transformations.
T v "no difference"” expressed as identity
D >R >V transformation, e.g. a = I fora(D) =D

Conceptual framework: Kindlmann, Scheidegger. An Algebraic Process for Visualization Design. TVCG 2014. https://doi.org/10.1109/TVCG.2014.2346325
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/
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3 algebraic visualization principles by [Kindlmann, Scheidegger 2014]

Data — Representation
— Visualization

P3 «a) Jw

Conceptual framework: Kindlmann, Scheidegger. An Algebraic Process for Visualization Design. TVCG 2014. https://doi.org/10.1109/TVCG.2014.2346325
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/ 52
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3 algebraic visualization principles by [Kindlmann, Scheidegger 2014]

Data — Representation
— Visualization

/7 P1: PRINCIPLE OF REPRESENTATION INVARIANCE
P1 l,h iw A different representation, for the same data, does
\ >/ not lead to a different visualization. (a = Ip = w = Iy)

(%

D&) Remiviscent of logical data independence (however
P2 Cll,/)V you vormalize, you get the same information)
D (%

D U
P3 «a) Jw
D v

Conceptual framework: Kindlmann, Scheidegger. An Algebraic Process for Visualization Design. TVCG 2014. https://doi.org/10.1109/TVCG.2014.2346325
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/ 53
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Example of P1: Representation Invariance for InfoViz

Data

Underlying
thing of
interest

[(a graph)}

Vis methods use computational representation

Representation Visual
How we can measure “Show data variation,
not design

or store it on computer variation” [Tufte 1983]

V=(A,B,C,D); ‘A B C D
E=(A-B,B-C,A-C,A-D) @

. N Y

not equal: bug?{/ -
V=(D,A.,B,C); D A B C
E=(A-B,B-C,A-C,A-D) TR RS

\_ _J

Invariance example: Graph layout

Representation: lists
of verts, edges

Data: a A B C D
4 vertices
D h: permute W#1: layout
vert list
(=) depends on
D A B () Vvertex
R o_w ordering

Source: Slides by Kindlmann, 2016: Introduction to an Algebraic Process for Visualization Design. https://people.cs.uchicago.edu/~glk/talks/pdf/Kindimann-IntroAlgebraicVis-Geilo-2016a.pdf

Invariance example: Graph layout

Representation: lists

of verts, edges
Data: a

graph on 1
4 vertices v B A
D h: permute w=1: with
vert list P
(=) v C order-
invariant
R layout

Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/
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3 algebraic visualization principles by [Kindlmann, Scheidegger 2014]

Data — Representation
— Visualization

/7 P1: PRINCIPLE OF REPRESENTATION INVARIANCE
P1 l,h \1,(1) A different representation, for the same data, does
\ >/ not lead to a different visualization. (a = Ip = w = Iy)

(%

D&) P2: UNAMBIGUOUS DATA DEPICTION PRINCIPLE
P2 C(\l, V "An interesting a applied to the data should
D%) induce a non-trivial w." (w = Iy = a = Ip)

D (% P3: CORRESPONDENCE PRINCIPLE ("congruence")
P3 al/ \1,(1) "w somehow makes sense, given a." (@ = w)
D > >/ (also: noticeable, "meaningful” changes)

Conceptual framework: Kindlmann, Scheidegger. An Algebraic Process for Visualization Design. TVCG 2014. https://doi.org/10.1109/TVCG.2014.2346325
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/
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3 algebraic visualization principles by [Kindlmann, Scheidegger 2014]

Data — Representation

We will adapt these 3 "principles”, origivally meant

— Visualization £y Tyfoviz, instead +o Query Visualization

-

T/17R Tad 4
Jh Jw

%R

P1 D

7>V

_/
D—————>V
P3 «a) Jw
D v >/

P1: PRINCIPLE OF REPRESENTATION INVARIANCE

A different representation, for the same data, does
not lead to a different visualization. (a = Ip = w = Iy)

— 4 bijection principles for Query Visualization
P2: UNAMBIGUOUS DATA DEPICTION PRINCIPLE

"An interesting a applied to the data should
induce a non-trivial w." (w = Iy = a = Ip)

— 7F correspondence privciples for Query Visualiz.
P3: CORRESPONDENCE PRINCIPLE ("congruence")

"w somehow makes sense, given a." (o = w)
(also: noticeable, "meaningful” changes)

Conceptual framework: Kindlmann, Scheidegger. An Algebraic Process for Visualization Design. TVCG 2014. https://doi.org/10.1109/TVCG.2014.2346325
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/ 56
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An Algebraic Framework for Query Visualization

expression Query Visualization (QV) understanding
SELECT A
@ SO ) S e ] - D @
WHERE B not in ARA B
(SELECT B B
FROM S) e
Semantics Query Visualization Semantics
Query Visual Query
as Text Representation
r
q > U
lAq lAv
I r 1
q > U
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An Algebraic Framework for Query Visualization

expression Query Visualization (QV) understanding
SELECT A
(SELECT B BB
FROM S) L
Semantics Query Visualization Semantics
Query Visual Query
Semantics as Text Representation
€1 r
S > (] > U
lAs lAq lAv
e r
SI 2 )ql > UI
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4 Bijection principles of Query Visualization

P1. REPRESENTATION INVARIANCE

r

e/q——)v

s VAq g
\q' o

P2. UNAMBIGUOUS
S—>q
D
Sl ql
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4 Bijection principles of Query Visualization

Wore on this controversial
privciple later (+hus "seven")

/

P1. REPRESENTATION INVARIANCE p7-
q__) v FUNCTION Visualizations abstract away from
/‘LA “‘M (instead syntax details ("syntactic invariance"):
q of Relation) Each query semantics gets mapped to

\q —'

exactly one visualization AS=0 = AV=0

P2. UNAMBIGUOUS Y V P2:
S > CI\ * y | Visualizations are unambiguous:
\LM »L/U (NJECT'VE Every visualization represents at
J preserve :
—_— TESEl most one query semantics
S q distinction)
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4 Bijection principles of ngry Visualization

P1. REPRESENTATION INVARIANCE
r
e yq—>V
s g ¢
q'—>v'
P2. UNAMBIGUOUS
S—>q
DL
Sl ql

S

V

TOTAL (COMPLETE,
instead of Partial)

>TOTAL FUNCTION

FUNCTION
(instead
of Relation)

INJECTIVE
(preserve
distinction)

P1:

The visual query representation is
relationally complete: every query
semantics can be represented

P7:

Visualizations abstract away from
syntax details ("syntactic invariance"):
Each query semantics gets mapped to
exactly one visualization AS=0 = AV=0

P2:

Visualizations are unambiguous:
Every visualization represents at
most one query semantics
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4 Bijection principles of ngry Visualization

S

P1. REPRESENTATION INVARIANCE
r

e yq—>V

s g ¢
q—>V

P2. UNAMBIGUOUS Y
S—>q o
DL
Sl ql

V

TOTAL (COMPLETE,
instead of Partial)

>TOTAL FUNCTION

FUNCTION
(instead
of Relation)

INJECTIVE
(preserve
distinction)

SURJECTIVE
(covering)

P1:

The visual query representation is
relationally complete: every query
semantics can be represented

P7:

Visualizations abstract away from
syntax details ("syntactic invariance"):
Each query semantics gets mapped to
exactly one visualization AS=0 = AV=0

P2:

Visualizations are unambiguous:
Every visualization represents at
most one query semantics

P3:

Visualizations are sound: Every valid
visualization has some valid
interpretation (query semantics)
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Those were the 4 bijection principles

Next: 7 additional "correspondence”
orinciples

63



P4: Existing visual metaphors as starting point

‘iti Data in Table ‘Persons’ in ‘PeoplelnMyLifetime’ on ‘(local)*

L_|* (all Columns) i
|V |PersonID
|V |FirstName
VL astName
| |GenderlD
v
<0 i) >
| Column | alias | Table |output | Sort Type |Sort Order | Criteria [or... A
PersonID Persons v =
FirstName Persons v ~
LastName Persons v
Gencer Gencers v
v
<) >
SELECT Persons.PersonID, Persons.FirstName, Persons.LastName, Genders.Gender
FROM Persons INNER JOIN
Genders ON Persons, GenderID = Genders,GenderID
WHERE  (Genders.Gender = Female")
| | | 1 ~
A
<) >
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P4: Existing visual metaphors as starting point

e

iy _ __ e

sample.sqgl

field_options camp_general
field_name YARCHAR (100 — c_uuid YARCHAR(E0)  [PK]
option_code VARCHAR(Z20) hame VARCHAR(E0)
option_description VYARCHAR(S0) ¢ location_id VARCHAR(20) [FK]

E opt_camp_type VARCHAR(10)

- || | address TEXT
location | |capacity int
loc_uuid YARCHAR(E0)  [PKI L shelters int
parent_id YARCHAR (B0 area YARCHAR(Z20)
opt_location_type YARCHAR(10) personsPerShelter int
hame VARCHAR(100)
iso_code VARCHAR(20)
description TEXT resource_to_shelter
¥_uuid VARCHAR(EO) [PK]

¢l c_uuid  VARCHAR(EO)Y [PK, FKI
Legend
[FK1 Foreignh Key
[PK1 Primary key

Created by SOL::Translator 0.07

Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/
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e N i

BT S i B W W L S Wt by A I SIS A

P4: Existing visual metaphors as starting point

date

request_method

request_uri

server_protocol

http_headers

user_agent

request_entity

key

4 355 rows

wp_comments wp_links
comment_ID link_id
comment_post_ID link_url
comment_author link_name
comment_author_email link_image
comment_author_url link_target
comment_author_IP link_category
comment_date link_description
comment_date_gmt link_visible
comment_content link_owner
comment_karma link_rating
comment_approved link_updated
comment_agent link_rel
comment_type link_notes
comment_parent link_rss
user_id 7 rows

215 rows

Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/
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P4: Existing visual metaphors as starting point

= RS |
|

Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/ 67



https://northeastern-datalab.github.io/visual-query-representation-tutorial/

P4: Existing visual metaphors as starting point

. L I I ey 3 (e

|
]
EE (
EmployeeAddress &) Employee
= Properties = Properties
? 5 EmployeelD o — ? 3 EmployeelD
? %5 AddressD 5 NationalIDNumber
2? rowguid ﬁ ContactID
% ModifiedDate %F LoginID
J ﬁ ManagerID
4 P Title
% BirthDate
%5 MaritalStatus
1 Gender
f HireDate
& ’JﬁSalariedFlag
) _’f VacationHours
Address = % SickLeaveHours
f CurrentFlag
= Properties %P rowguid
? % AddressD % ModifiedDate
% AddressLinel A o A
% AddressLine2 b
=57 City
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P4: Existing visual metaphors as starting point

SNSRI R

|
|
I~ =N y- =
Region Customer Orders Lineitem
r_regionkey < c_custkey ‘ 0_orderkey Lid
r_name c_name (_\— o_custkey <—|— _orderkey ,
r_comment c_address o_orderstatus — |_ps_id
— c_nationkey o_totalprice |_linenumber 8
Nation c_phone o_orderdate |_quantity
: | | | c_acctbal o_orderpriority |_extendedprice
%}/_ = c_mktsegment o_cleark |_discount
n_regionkey [ c_comment o_shippriority |_tax L
n comment 0_comment |_returnflag
= |_linestatus
|_shipdate
Part (_] |_commitdate
p_partkey Supplier Partsupp |_receiptdate
p_name s_suppkey Rs_id < |_shipinstruct
p_mfgr s_name ps_partkey |_shipmode S
p_brand s_address ps_suppkey |_comment
p_type L— s_nationkey ps_availgty ||
p_size s_phone ps_supplycost
p_container s_acctbal ps_comment
p_retailprice s_comment M
p_comment S
T Y ‘

EAddressLinez
j City
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P4: Existing visual metaphors as starting point

Eemmee
I~ = £
Region Customer Orders Lineitem
r_regionkey < c_custkey 0_orderkey <_]_ Lid
r_name c_name o_custkey | |_orderkey
r_comment c_address o_orderstatus — |_ps_id
— c_nationkey o_totalprice |_linenumber
Nation c_phone o_orderdate |_quantity
n_nationkey, <l c_acctbal o_orderpriority |_extendedprice
n name 1 | c_mktsegment o_cleark |_discount
n_regionkey | c_comment o_shippriority |_tax
n comment o0_comment |_returnflag
= |_linestatus
|_shipdate
Part (_] |_commitdate
p_partkey Supplier Partsupp |_receiptdate
p_name s_suppkey ps_id |_shipinstruct
p_mfgr s_name ps_partkey |_shipmode
p_brand s_address ps_suppkey |_comment
p_type L— s_nationkey ps_availgty
p_size s_phone ps_supplycost
p_container s_acctbal ps_comment
p_retailprice s_comment
p_comment
'_4" T v
% AddressLine2 L ‘

\/sname bid bid
sid sid

color = 'red'

Q: "Find sailors who reserved a red boat."

P4: Start from known visual UML
metaphors for relational schemas

Conjunctive queries resewmble schewma
notation with FK/PK constraints
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P5: Compositionality of the relational model

Q: "Find sailors who reserved a red boat."
select distinct S.sname

. il R Boat
trom Sailor 5, Reserves R, Boat
| |

where S.sid=R.sid \/S;Zme i olor = rod
and B.bid=R.bid
and color = 'red’

TRC (Tuple Relational Calculus)

{ | 3s€Sailor, ArEReserves, AbEBoat |
=s.sname A r.sid=s.sid A
b.bid=r.bid A b.color="red']}

Datalog

Q(x) :- Sailor(y,x, , ),Reserves(y,z, ), Boat(z, ,'red', )

Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/ 7 1
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P5: Compositionality of the relational model

Q: "Find sailors who reserved a red boat." / P5: Show the output relation
select distinct S.sname

from Sailor S, Reserves R, Boat B
where S Sid=R Sid shame shame bid bid

and B bi'd_R bld sid sid color = 'red'

e Esler = e Relational queries are compositional:

e Tuput are relations (+ables)

TRC (Tuple Relational Calculus) o Output are tables
{ | 3s€Sailor, ArEReserves, AbEBoat | .
=s.shname A r.sid=s.sid A _ Explicit output table
b.bid=r.bid A b.color="red']} sallomame

also allow renaming of

tables and attributes
Datalog

Q(x) :- Sailor(y,x, , ),Reserves(y,z, ), Boat(z, ,'red', )

Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/ 72
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P5: Compositionality of the relational model

Q: "Find sailors who reserved a red boat." / P5: Show the output relation
select distinct S.sname

from Sailor S, Reserves R, Boat B
| |

where S.sid=R.sid Sl Sn;;ne <id olor = Tod
and B.bid=R.bid
and color = 'red’

Relational composition:
e Ovie may want to use/define

TRC (Tuple Relational Calculus) intermediate relations
{ | 3s€Sailor, ArEReserves, AbEBoat |
=s.sname A r.sid=s.sid A
b.bid=r.bid A b.color="red']} Sname sname .
sid sid
Datalog
Q(x) :- Sailor(y,x, , ),Reserves(y,z, ), Boat(z, ,'red', ) bid bid
sid sid color = "red'
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P6: Progressive visual complexity

Q: "Find sailors who reserved a red boat."

select distinct S.sname

from Sailor S, Reserves R, Boat B
where S.sid=R.sid

and B.bid=R.bid
and color = 'red’

Q: "Find sailors who
reserved only red boats."

?

Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/

shame

sname

bid

bid

sid

sid

color = 'red'
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P6: Progressive visual complexity

Q: "Find sailors who reserved a red boat."
select distinct S.sname

) Sail R Boat
from Sailor S, Reserves R, Boat B

. . sname sname bid bid
theréebs.jldR=E:chld sid sid color = 'red'
an DId=R.DI

and color = 'red’

+@7%0 more SQL text
Q: "Find sailors who

reserved only red boats."

select distinct S.sname
from Sailor S
where not exists
(select *
from Reserves R
where S.sid=R.sid
and not exists
(select *
from Boat B
where R.bid=B.bid
and color ='red'))

Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/ 75
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P6: Progressive visual complexity [pe: conjunctive queries are simplest,

Q: "Find sailors who reserved a red boat.” then gradually add visual metaphors

select distinct S.sname

: Sail R Boat

from Sailor S, Reserves R, Boat B

. ] sname sname bid bid

where S.sid=R.sid : . —
d B bid_R bld sid sid color = 'red

and B.bid=R.

and color = 'red’

+@7%0 more SQL text
Q: "Find sailors who

reserved only red boats."

select distinct S.sname
from Sailor S
where not exists

+12% Wore
"Visual symbols"

(select *

from Reserves R

where S.sid=R.sid [aptlnlnlalululs N il \

and not exists M Reserves X i
(select * sname sname : bid M9 bid '
from Boat B ! X !
where R.bid=B.bid sid [—» sid 11 [color ="red"|]
and color = "red’)) T Smmmmm- Ptemmmm e ’

interprete duery block with dashed block as wegated

Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/ 76
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P6: Progressive visual complexity

Q: "Find sailors who reserved a red boat."
select distinct S.sname

P6: Conjunctive queries are simplest,
then gradually add visual metaphors

from Sailor S, Reserves R, Boat B

. . shame shame bid bid
where S.sid=R.sid :

and B.bid=R.bid
and color = 'red’

sid sid color = "red'

Variable-length entropy codes

+@7%0 more SQL text
Q: "Find sailors who Al 0

+13%0 Wore

reserved only red boats." Frequency
of symbols B 7 1

0 "Visual symbols”

select distinct S.sname oA K

1 0

from Sailor S Dl 1

1 1

where not exists 1 bit 2 bit 3 bit

(select *
from Reserves R
where S.sid=R.sid

Size

and not exists

(select *
from Boat B

sname sname

where R.bid=B.bid
and color = 'red'))

—7 ~
interprete duery block with dashed block as wegated

11
sid % sid |, |color="red'
J \

Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/
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P7: Abstract away from syntax details
Are these two SQL queries identical?

select distinct S.sname select distinct S.sname
from Sailor S, Reserves R | from Sailor S
where S.sid=R.sid where exists (

select S.sname
from Reserves R
where S.sid=R.sid)

Example queries from "Databases will visualize queries too", by G, VLDB 2011. https://doi.org/10.14778/3402755.3402805
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/ 78
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P7: Abstract away from syntax details 7 STNTACTIC INIARIANCE

yq—)?f
Q: "Find sailors who made some reservation." S JAq @)(
\q' e
select distinct S.sname select distinct S.sname
from Sailor S, Reserves R ' from Sailor S
where S.sid=R.sid where exists ( sname sname | [

select S.sname
from Reserves R
where S.sid=R.sid)

sid sid

P7: Ignore peculiarities of SQL
and focus on common logical
core of relational queries

These two SQL gqueries are identicall

TRC (Tuple Relational Calculus)

{g(sname) | IseSailor, areReserves [g.sname=s.sname A r.sid=s.sid]}
{g(sname) | IseSailor [q.sname=s.sname A dreReserves]r.sid=s.sid]]}

Example queries from "Databases will visualize queries too", by G, VLDB 2011. https://doi.org/10.14778/3402755.3402805
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/
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P7: Abstract away from syntax details 7. SYNTACTIC ISJARIANCE

/CI—”’
Q: "Find sailors who made no reservation."” JAq Q)(
\q'——>v'
select distinct sname select distinct S.sname
from Sailor from Sailor S —— - ‘
where sid not in ( where not exists ( sname sname | | (RSN |
select sid select S.sname sid [+ _sid \ :
from Reserves R) from Reservesh === =-- /

where S.sid=R.sid)

: ‘ ‘ P7: Ignore peculiarities of SQL
These two SQL queries are also identical and focus on common logical

(if R.sid contains no NULL value ...) core of relational queries

TRC (Tuple Relational Calculus)

{g(sname) | IseSailor [g.sname=s.sname A -(3reReserves]r.sid=s.sid])]}

Example queries from "Databases will visualize queries too", by G, VLDB 2011. https://doi.org/10.14778/3402755.3402805
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/ 80
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P&: Expose (and not hide) relational patterns
Si

select distinct R1.sid bid
from Reserves R1
where not exists

(select *

from Reserves R2

where R1.sid <> R2.sid

and not exists

(select *

from Reserves R3
where R3.sid = R2.sid

and not exists
(select *
from Reserves R4
where R4.sid = R1.sid
and R4.bid = R3.bid)) u
and not exists
(select *

from Reserves R5
where R5.sid= R1.sid
and not exists
(select *
from Reserves R6
where R6.sid = R2.sid
and R6.bid= R5.bid)))

31
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P&: Expose (and not hide) relational patterns

select distinct R1.sid
from Reserves R1
where not exists
(select *
from Reserves R2
where R1.sid <> R2.sid
and not exists
(select *
from Reserves R3
where R3.sid = R2.sid
and not exists
(select *
from Reserves R4
where R4.sid = R1.sid
and R4.bid = R3.bid))
and not exists
(select *
from Reserves R5
where R5.sid= R1.sid
and not exists
(select *
from Reserves R6
where R6.sid = R2.sid
and R6.bid= R5.bid)))

sid

= Find sailors s.t. there is not other sailor
that reserved the same set of boats

Reserves

sid

Q: "Find sailors with a unique set of reserved boats"

|
|
|
sid |, bid :
bid —*// sid | |
1

[
I
[
[
I
[
[
\

1
|
== sid

|
STTTTTTTNTIIIIIIIN
( 1
: (oo B
! sid 1] sid [0
' | bid H  bid |
| I\ ______ s 11
N e e e e e === — 7 1

For a formal definition of "relational query patterns" see "Relational Diagrams: a pattern-preserving diagrammatic representation of non-disjunctive Relational Queries". https://arxiv.org/pdf/2203.07284
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/
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P&: Expose (and not hide) relational patterns

select distinct R1.sid
from Reserves R1
where not exists
(select *
from Reserves R2
where R1.sid <> R2.sid
and not exists
(select *
from Reserves R3
where R3.sid = R2.sid
and not exists
(select *
from Reserves R4
where R4.sid = R1.sid
and R4.bid = R3.bid))
and not exists
(select *
from Reserves R5
where R5.sid= R1.sid
and not exists
(select *
from Reserves R6
where R6.sid = R2.sid
and R6.bid= R5.bid)))

Q: "Find sailors with a unique set of reserved boats"

= Find sailors s.t. there is not other sailor
that reserved the same set of boats

Reserves

sid

sid sid

P8: Preserve a 1-1 mapping to
the relations used in a query.

sid

sid

bid
sid

Reserves

sid

\_______

\

For a formal definition of "relational query patterns" see "Relational Diagrams: a pattern-preserving diagrammatic representation of non-disjunctive Relational Queries". https://arxiv.org/pdf/2203.07284
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/
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P&: Expose (and not hide) relational patterns
Are these two SQL queries identical?

select distinct R1.sid select sid
from Reserves R1 from Reserves
where not exists group by sid
(select * having count(distinct bid)=1

from Reserves R2, Reserves R3
where R2.sid = R3.sid

and R2.bid<R3.bid

and R2.sid=R1.sid)

Database to run SQL queries is available as schema 341 at https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql/
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/ 84
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P&: Expose (and not hide) relational patterns

select distinct R1.sid
from Reserves R1
where not exists
(select *
from Reserves R2, Reserves R3
where R2.sid = R3.sid
and R2.bid<R3.bid
and R2.sid=R1.sid)

select sid

from Reserves

group by sid

having count(distinct bid)=1

These two SQL gqueries give the same answers,
but arguably use very different patterns (that
aoes bevond syntax). The underlying logic differs.

P8: Preserve a 1-1 mapping to
the relations used in a query.

Contrast this privciple with P7:

"Abstract away from syntax details”

Database to run SQL queries is available as schema 341 at https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql/
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P9: Minimal visual complexity

Q: "Find sailors who reserved a red boat."

select distinct S.sname

from Sailor S, Reserves R, Boat B
where S.sid = R.sid

and B.bid id
and color = Tred’

SQL reduires aliases (which implies an inconvenient indirection to the database schewma)

Q(x) :- Sailor(y,x, _@ Reserves(y,z, ), Boat(z, ,'red', )

Datalog needs to show all attributes
due to positional encodivg (thongh it
allows the use of "anonymouns
variables", via underscores)
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P9: Minimal visual complexity

Q: "Find sailors who reserved a red boat."

select distinct S.sname
from Sailor S, Reserves R, Boat B
where S.sid = R.sid

and B.bid id
and color = Tred’

P9: Obey some kind of minimality criteria:
only show information relevant for a query

shame

shame bid bid

sid sid color = "red'

SQL reduires aliases (which implies an inconvenient indirection to the database schewma)

Q(x) :- Sailor(y,x, _@ Reserves(y,z, ), Boat(z, ,'red', )

Datalog needs to show all attributes

Owly use as much "ink" as necessary

due to positional encodivg (thongh it
allows the use of "anonymouns
variables", via underscores)

Data-ink ratio

= proportion of a graphic’s ink devoted to the

data-ink

total ink used to print the graphic

non-redundant display of data-information

"Data-ink ratio" screenshot from "Tufte. The visual display of quantitative information, 2nd ed, 2001. https://www.edwardtufte.com/tufte/books vdgi "
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/
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P10: Output-oriented reading order

Q: "Find sailors who reserved a red boat."

select distinct S.sname

from Sailor S, Reserves R, Boat B
where S.sid = R.sid

and B.bid = R.bid
and color = 'red’

TRC (Tuple Relational Calculus)

{ | 3seSailor, AreReserves, 3beBoat |
=s.sname A r.sid=s.sid A
b.bid=r.bid A b.color="red']}

Datalog

Q(x) :- Sailor(y,x,_, ),Reserves(y,z, ), Boat(z, ,'red', )

Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/ 88
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P10: Output-oriented reading order

Q: "Find sailors who reserved a red boat."
select distinct S.sname

P10: use an output-oriented reading

order (as in SQL, Datalog, calculus)

from Sailor S, Reserves R, Boat B

where S.sid = R.sid sname

sname

bid

bid

and B.bid = R.bid
and color = 'red’

Start with the output on the left!

TRC (Tuple Relational Calculus)

{ | 3seSailor, AreReserves, 3beBoat |
=s.sname A r.sid=s.sid A
b.bid=r.bid A b.color="red']}

Datalog

Q(x) :- Sailor(y,x,_, ),Reserves(y,z, ), Boat(z, ,'red', )

Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/
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P10: Output-oriented reading order [pio: use an output-oriented reading

' ' " order (as in SQL, Datalog, calculus
Q: "Find sailors who reserved a red boat. ( Q g )

select distinct S.sname

: ] R Boat
from Sailor S, Reserves R, Boat B

. . sname sname bid bid
the;ebs_jld |; E(Sjld sid sid color = 'red'
an DOId = R.DI

and color = 'red’

Start with the output on the left!
TRC (Tuple Relational Calculus)

Notice that this is notably different

{ | 3seSailor, IreReserves, 3IbeBoat | from typical workflow visualizatiouns!
=s.sname A r.sid=s.sid A | 1
b.bid=r.bid A b.color="red']} nput I~

operation——>0utput

Datalog

Q(x) :- Sailor(y,x,_, ),Reserves(y,z, ), Boat(z, ,'red', )
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P11: Logic-based visual transformations

Q: "Find sailors who reserved only red boats."
select distinct S.sname

———————————————

N @ | L N Getlaladatade \ ( bl N
o) Sear s “sator [lresorves J eot b “saior MlResorvos B Soat It
where not exists sname [—| sname | ! [ bid - bid ; sname [ sname | | bid [ bid :

(Select * sid :‘= sid :: color = red' : sid : sid : color = 'red' ::

______ A ——— \ A —
from ReservesR | STmoommmmsmemes
where S.sid=R_sid {g.n | Is€Sailor[g.n=s.n A 7(IreReserves[r.s=s.s A 7(IbeBoat[b.b=r.b A b.c="red"])])]}
and not exists

(select *
from Boat B

where R.bid=B.bid
and color = 'red"))

Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/ 9 1
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P11: Logic-based visual transformations

Q: "Find sailors who reserved only red boats."
select distinct S.sname

P11: Allow limited visual
transformations that help
reading nested negations

——————————————

ilor ! === W einlatalabaie \ ( == w»
RS SElerS “sator [Mlirescrvoo il coat | “saior Mirosonooll sos
Where not EXIStS sname [ sname : bid =:= bid : sname [ sname | 1 bid : bid ::
(Select t 3 sid :‘= sid :: color = 'red' : sid : sid : color = 'red' ::
from Reserves R | Tttt TomoomEEEEEeEs
where S.sid=R_sid {g.n | Is€Sailor[g.n=s.n A 7(IreReserves[r.s=s.s A 7(IbeBoat[b.b=r.b A b.c="red"])])]}
a”(d ”IOt ei'StS {0.n | 3s€Sailor[g.n=s.n A (VreReserves[r.s=s.s » (IbeBoat[b.b=r.b A b.c="red])])]}
select
from Boat B Double negation in logic allows a rewritivg

where R.bid=B.bid
and color = 'red"))

and replacing with universal quantification

sname [ sname bid > bid sname [— sname bid bid
sid > sid color = 'red' sid sid color = 'red'

/

Double lives represent for all Vv

shaded areas without nvew symbols

Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/
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3. Logical foundations of relational query languages
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* One database schema
e 4 queries =4 slides
5 Query Languages (QLs)
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Example query 1 |
_ TRC (Tuple Relational Calculus) sid [+ sid |4 bid

Q: "Find boats { | 3beBoat [ =h.bname A Sname bd__f7 bname
n ratin a color

that are red or blue. (b.color="red' v b.color="blue")J} T Sdate

select distinct bname

from Boat o DRC (Domain Relational Calculus)
where color = 'red {(x) | 3y,z,u [Boat(z,x,y,u) A {(%) |5|y [Boat(_,x,y, )
or color = 'blue’ (y="red' v y="blue")} (y= red/w\/ ='blue' )}
Avonymous variables are possible
Datalog in both TRC and Datalog
Q(x) :- Boat(_, ,'red',:/) Q(x) :- Boat(_,x,y, ), (y="red"; y="blue")

Q(x) :- Boat(_,x,'blue’, )

Disjunctions in Patalog are vot standard but used
Relational Algebra i some Datalog implementations like Souffle (see
https://souffle-lang.github.io/rules#disjumction)

O color="red' V color="blue

Database to run SQL queries is available as schema 341 at https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql/
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Example query 2 Em

_ , TRC (Tuple Relational Calculus) sid [+ sid |4 bid
Q: "Find sailors who { | 3s€Sailor, IreReserves sname, | _bid T |bname
" ’ ’ ratin a color

reserved a red boat. JbeBoat [ —s.sname A ot dats

. r.sid=s.sid A b.bid=r.bid A b.color="red']}
select distinct S.sname

from Sailor 5, Reserves R, Boat B | pRc (Domain Relational Calculus)

where S.sid = R.sid ((x) | 3v,z,w,y,t,u,s [Sailor(v,x,z,w) A
and B.bid = R.bid Reserves(v,y,t) A
and color = 'red' Boat(y,u,'red’,s)}

Datalog

Q(x) :- Sailor(y,x,_, ), Reserves(y,z, ), Boat(z,_,'red', )

Relational Algebra
T[sname(s MR O-color='red'B)

Database to run SQL queries is available as schema 341 at https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql/
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Example query 3 |
_ , TRC (Tuple Relational Calculus) sid [+ sid |4 bid

Q: "Find sailors who { | Is€Sailor | =s.sname A sname b tbname
" , , ratin a color

reserved only red boats. ~(3reReserves [r.sid=s.sid A bad;tg 4y dats

—(3beBoat [b.bid=r.bid A b.color="red'
select distinct S.sname ( [ DDI}

fr‘;m SalIoRS) DRC (Domain Relational Calculus)
where not exists {(x) | Fv,z,w [Sailor(v,x,z,w) A .

from Reserves R 7(3u,s [Boat(y,u,'red',s)])])]}

where S.sid = R.sid view due to safety

Non-recursive og with negation

and not exists . .
(select * RedBoat(z) :‘-/Boat(z,_,'red', ) BadSids: sailors
from from Boat B BadSid(y) :“Reserves(y,z,_), not RedBoat(z) )1, reserved

Q) - Salorly.x,_._), not BadSid(y) some wov-red boat.

where R.bid=B.bid

and color = 'red")) Relational Algebra

T[sname(s X (T[sidS_T[sid(R[X] O-color='red'B)))
T[sname(s X T[sid(R[>q O-color='red'B)))

Database to run SQL queries is available as schema 341 at https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql/
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/ 97
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Example query 4 |
_ , TRC (Tuple Relational Calculus) sid [+ sid |4 bid

Q: "Find sailors who { | 3s€eSailor [ =s.sname A sname, | _bid T |bname
" a color

reserved all red boats. ~(3beBoat [b.color="red' A ] T date

7(3reReserves [b.bid=r.bid A r.sid=s.sid])])]}
select S.sname

from Sailor S DRC (Domain Relational Calculus)
where not exists {(x) | 3v,z,w [Sailor(v,x,z,w) A
(select * =(3y,u,s [Boat(y,u,'red’,s) A

BadSids: sailors who have

from Boat B —(3t [Reserves(v,y,)])])]}
where color = "red' . Qg//wofr reserved all red boats.
Non-recursive Datal ith negation

and not exists

select * (y.2) - Reserves(yz, )
BadS|d(y) Sailor(y, ,_, ), Boat(z, ,'red', ), not l(y,z,)

from Reserves R SalloY(\K _), not BadSid(y)

where S.sid=R.sid Relati I Aloeb 'Damloq requires another Sailor relation!

and R.bid=B.bid)) elational Algebra . Notice the cross product!
T[sname(SN(T[sidS_T[sid((T[sidS X T[bido-color='red'B) _ T[sid,bidR)))
T[sname(S[>< T[sid(( S X Ucolor='red'B) X T[sid,bidR)))

Database to run SQL queries is available as schema 341 at https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql/ . . 98
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Intended Agenda today

1. Why visualizing queries and why now?

2. Principles of Query Visualization

3. Logical foundations of relational query languages
4. Early diagrammatic representations

5. Visual Query Representations for Databases

6. Various Open Challenges

Skipped due to time constraints
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Intended Agenda today

5. Visual Query Representations for Databases

https://northeastern-datalab.github.io/visual-query-representation-tutorial/
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Visual Query Representations in the Database Literature

Please leave feedback

How the selection of work we see was made: on the tutorial page ©
1) if highly cited or influential, or

2a) it represents an didactically interesting type of visualizations, and

2b) documentation was easy enough to find and use

DISCLAIMER 1: | may be missing relevant work. If you think | did, please let me know.

DISCLAIMER 2: my best effort to understand the visual representation implied by an
approach, based on available information (it's surprisingly hard to create
visualizations for new queries, based on paper write-ups). | may have gotten things
wrong. If you spot an error, let me know where, and how it can be fixed.

DISCLAIMER 3: query composition has its own challenges separate from visualization.
Thus the focus of some tools may not have been on the "visual alphabet" and have
contributions other than our focus today: the visual representation.

Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/ 101
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Comparing various approaches from database literature

5. Visual Query Representations for Databases
1. QBE (1977): Query-By-Example



QBE (1977
Query-By-Example

Zloof. Query-by-Example: A Data Base Language. IBM Systems Journal 16(4). 1977. https://doi.org/10.1147/s{.164.0324

Ramakrishnan, Gehrke. Database management systems, 2nd ed, 2000. Section 6. https://pages.cs.wisc.edu/~dbbook/openAccess/thirdEdition/gbe.pdf
Elmasri, Navathe. Fundamentals of Database Systems, 7th ed, 2015. Appendix C. https://dl.acm.org/doi/10.5555/2842853

Various extensions are nicely compared in "Ozsoyoglu, Wang. Example-Based Graphical Database Query Languages. Computer, 1993. https://doi.org/10.1109/2.211893 "
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QBE (Query-By-Example)

* Developed in 1970s and thus one of the

Figure 19 Retrieval of collected output from multiple tables

first "graphical” query languages “ ;H:; P/xﬁ;\
developed for database systems. — U
* Influential for later interactive query A
oy . . SALES DEPT ITEM SU/(PLY ITEM SUPPLIER
composition tools, in particular — —
" : ToY INK INK IBM
Example-Based Graphical Database U
Query Languages”
e User specify queries using . The "examples" are actually variables,
motivated from DRC (domain relational calculus).
e " " would be more appropriate.

* Called by the creator Zloof as "the first visual programming language".
But is QBE really "visual”, i.e. is it diagrammatic?

Picture from: Zloof. Query-by-Example: A Data Base Language. IBM Systems Journal 16(4). 1977. https://doi.org/10.1147/si.164.0324
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/ 104
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QBE (Query-By-Example)

Q: "Find boats
that are not red."”

+— Original visnalization in

Boat bid | bname | color date , )
P 1477 paper, inspired by

select bname P I=red the way relations were
from Boat 101 [ntertaka | b written out. Also used by
where color = "red' nieriake | blue 4/10/13 [@ehrke Ramakrishvan'00]

103 | Clipper | green (4/10/13

Relational schema

provides a template \ Boat
y bid | bname |color | pdate

TInfluenced by TRC av - ™~ Wore modern variant,
similar to Datalog i =red based on UML notations.

Also used by
[Elmasri Navathe'15]

P(x) :- Boat(_x,y, ), y!="red’ P. = "Priut" = part of output

Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/ 105
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QBE (Query-By-Example)

Q: "Find boats
that are red or blue."

select bname
from Boat

where color = 'red’
or color = 'blue’

Boat
bid | bname |color | pdate
P. red
P. blue <— Covditious in distinct rows

are convected by "OR"

P(x) :- Boat(_,x,'red’, )
P(x) :- Boat(_,x,'blue’, )

9
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QBE (Query-By-Example)

Q: "Find boats that are red or blue
and purchased before 1980."

select bname

from Boat

where (color = 'red'
or color = 'blue’)
and pdate < 1980

Boat

bid | bname |color | pdate
P. red <1980
P. blue |<1980

P(x) :- Boat(_,x,'red',z), z<1980
P(x) :- Boat(_,x,'blue',z), z<1980

—

/ Conditions in the same row

are connected by "AND"

<— Cowditions in distinct rows
are convected by "OR"

Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/
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QBE (Query-By-Example)

Q: "Find boats that are red or blue
and purchased before 1980."

select bname
from Boat
where (color = 'red'

1 1 iables bitrar
or color = 'blue’) Variables (of ar Y

name) are expressed with

and pdate < 1980 underscores
Boat " . .
. Jﬂ/ A "conditions box" allows to
bid | bname | colef | pdate express more complicated
P. e _d conditions in a strictly
linguistic wa
Conditions 7 !

~d<1980 and (_c=red or _c=blue)

P(x) :- Boat(_,x,'red',z), z<1980
P(x) :- Boat(_,x,'blue',z), z<1980

9
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QBE (Query-By-Example)

- Question to the andience:

Q: "Find boats that are red 0”r blue which of those two duery expressions ?
and purchased before 1980. s "visual’, which one is vot? .

select bname

from Boat

where (color = 'red'

or color = 'blue')

and pdate < 1980
Disjunctions in Patalog are ot Boat

standard but used in some Datalog
implemevtations like Souffle

(see Wttps://souffle- P. _C _d
lang.github.io/rules#disinnction)

bid [ bname |color | pdate

Conditions
~d<1980 and (_c=red or _c=blue)

P(x) :- Boat(x, ,y,z), z<1980, (y=red; y=blue)

Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/ 109
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QBE (Query-By-Example)

Question to the audience:

Q: "Find boats that are red 0”r blue which of those two duery expressions
and purchased before 1980. s "visual’, which one is vot?
select bname
wWhat about now?
from Boat ?
where (color = "red' o

or color = 'blue')
and pdate < 1980

Disjunctions in Datalog are not Boat

standard but used in some Datalog .

. : : bid [ bname |color | pdate
implementations like Souffle

(see ttps://sonffle- P. _C _d
lang.github.io/rules#disinnction)
we vow chose more "readable”
variable nvames

Conditions
~d<1980 and (_c=red or _c=blue)

P(bname) :- Boat(bname, ,color,pdate), pdate<1980, (color=red; color=blue)

Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/ 110
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QBE (Query-By-Example)

Q: "Find sailors who
reserved a red boat."

select S.sname
from Sailor S, Reserves R, Boat B
where S.sid=R.sid

and B.bid=R.bid
and color = 'red’

Sailor

sid

sSname

rating

bdate

_Y

P.

Reserves

sid

bid

day

_Y

X

Boat

bid

bname

color

pdate

red

Q(z) :- Sailor(y,z,_, ), Reserves(y,x, ), Boat(x, ,'red', )

Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/
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QBE (Query-By-Example)

Q: "Find sailors and red
boats they reserved."”

select S.sname, B.bname
from Sailor S, Reserves R, Boat B
where S.sid=R.sid

and B.bid=R.bid
and color = 'red’

Sailor

sid | sname | rating | bdate

N

Reserves

sid | bid

day

Yy | X

NewOutputTable

sSname

bname

P. z

P. w

bid | bname | color

pdate

red

Q(z,w) :- Sailor(y,z, , ), Reserves(y,x, ), Boat(x,w,'red", )

Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/
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QB E (QU e ry— By— Exa m p | e) Double negations veed to create an
intermediate table, just like in Patalog

Q: "Find sailors who

reserved only red boats." Symbel for negation

Boat Reserves BadSid
select S.sname \ bid | bname | color | pdate sid | bid | day sid
from Sailor S -y o x|y L[ x
where not exists
(select * T
from Reserves R Sailor BadSid  £le “Badeid enlors.
where S'Slqu'Sld sid | sname | rating | bdate sid who reserved at least
and not exists 2P . one von-red boat
(select * — ~
from Boat B

where R.bid=B.bid
and color = 'red'))

RedBoat(y) :- Boat(y, ,'red', )
BadSid(x) :- Reserves(x,y, ), not RedBoat(y)
Q(w) :- Sailor(z,w, , ), not BadSid(z)

Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/ 113
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QB E (QU e ry— By— Exa m p | e) Double negations veed to create an
intermediate table, just like in Patalog

Q: "Find sailors who

reserved only red boats." Symbel for negation

Boat Reserves BadSid
select S'_S”ame bid | bname | color | pdate sid | bid | day sid
from SallorS. Ay o < |y L x
where not exists T

(select *

from Reserves R Insert into temporary

where S.sid=R sid Sailor BadSid  +,ple "BadSid" sailors
' ,_ ' sid | sname | rating | bdate sid who reserved at leas+
and not exists > | p | 2 one wov-red boat
(select * =
from Boat B Datalog's safety conditions do vot allow negation of (avonymous) variables

where R.bid=B.bid | +hat are not aunarded. Thus we veed an intermdiate +able "RedBoat”. But
and color ='red')) | for anowymous variables that counld be a simple syntactic extension...

RedBoat(y) :- Boat(y, ,'red’, ) - . \‘ o
BadSid(x) :- Reserves(x,y, ), not RedBoat(y) BadSid(x) :- Reserves(x.y,_), not Boat(yx redM

Q(w) :- Sailor(z,w, , ), not BadSid(z)

Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/ 114
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QBE (Query-By-Example)

Q: "Find sailors who
reserved only red boats."

Double negations veed to create an
intermediate table, just like in Patalog

BadSid

sid

Reserves
sid |bid | day
X Y

Boat
select S..sname bid | bname | color | pdate
from Sailor S | -y red
where not exists
(select *
frcr)]m Resg;ves R°d Sailor
where S.si .‘R'S' sid | sname | rating | bdate
and not exists
z | P
(select *
from Boat B

where R.bid=B.bid
and color = 'red’))

RedBoat(y) :- Boat(y, ,'red', )
BadSid(x) :- Reserves(x,y, ), not RedBoat(y)
Q(w) :- Sailor(z,w, , ), not BadSid(z)

A possible way +o make i+
more succinet (wot 100%

sure if possible in current
implementations)

Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/ 115
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QBE (Query-By-Example)

_ . Sailor Reserves
Q: "Find sailors who sid | sname | rating | bdate sid | bid | day
reserved all red boats."
X X Y
select S.sname
from Sailor S _
: Boat BadSid
where not exists
% bid | bname | color | pdate sid
(select y I
from Boat B =Y © ==
where color = 'red'
and not exists _ _
(select * S-allor . B.adS|d
from Reserves R sid | sname | rating | bdate sid
where S.sid=R.sid _z |P =
and R.bid=B.bid))
(x,y) - Reserves(x,y,_) BadSid: sailors who have vnot
BadSid(x) :- Sailor(x,_,_,_), Boat(y,_,red',_), not I(x,y) reserved at least ove red oot

Q(w) :- Sailor(z,w, , ), not BadSid(z)

Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/
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QBE (Query-By-Example) »

. . Sailor Reserves -
Q: "Find sailors who sid | sname | rating | bdate sid | bid |day
reserved all red boats." y [ x [y
select S.sname _z |P
from Sailor S _
: Boat BadSid
where not exists
% bid | bname | color | pdate sid
(select - |
from Boat B = © =
1 1 1 Z
where color = 'red =
and not exists Not clear if any currently available system supports the
(select duery in this more compact representation (using every
from Resgrves R table only once). But i+ looks evewn more complicated when
where S.sid=R.sid rensing the tables (what is the order in which +o read?)

and R.bid=B.bid))

I(x,y) :- Reserves(x,y, )
BadSid(x) :- Sailor(x, , , ), Boat(y,_,'red’, ), not I(x,y)
Q(w) :- Sailor(z,w,_, ), not BadSid(z) 117
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QBE (Query-By-Example)
which duery is "visual" and which is not ?

1: 2:

Sailor Reserves
I(sid,bid) :- Reserves(sid,bid,_) sid | sname | rating | bdate sid | bid | day
BadSid(sid) - Sailor(sid, . . ), Boat(bid, .'red’, ) = =1
not I(sid,bid) Boat BadSid
bid | bname | color | pdate sid
Q(snhame) :- Sailor(sid,sname, , ),
not BadSid(sid) Y red X
Sailor BadSid
sid | sname | rating | bdate sid
z | P Al z

Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/ 118
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Comparing various approaches from database literature

QBD (1990): Query By Diagram
TableTalk (1991)

O0-VQL (1993): "Object-Oriented" VQL
DFQL (1994): DataFlow QL
Visual SQL (2003)
QueryVis (2011)

Dataplay (2012)

SIEUFERD (2016)

10 SQLVis (2021)
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Comparing various approaches from database literature

5. Visual Query Representations for Databases
1. QBE (1977): Query-By-Example

QBD (1990): Query By Diagram

TableTalk (1991)

O0-VQAL (1993): "Object-Oriented" VQL

DFQL (1994): DataFlow QL

Visual SQL (2003)

QueryVis (2011)

Dataplay (2012)

SIEUFERD (2016)

1O SQLVis (2021)
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QBD (1990
Query By Diagram

Angelaccio, Catarci, Santucci. QBD*: a graphical query language with recursion. IEEE TSE 1990. https://doi.org/10.1109/32.60295

Angelaccio, Catarci, Santucci. Query by Diagram: a fully visual query system. JVLC 1990. https://doi.org/10.1016/51045-926X(05)80009-6

Santucci, Sottile. Query by Diagram: a Visual Environment for Querying Databases. SPE 1993. https://doi.org/10.1002/spe.4380230307

Catarci, Santucci. Query by diagram : a graphical environment for querying databases. SIGMOD demo 1994. https://doi.org/10.1145/191839.191976
Catarci, Costabile, Levialdi, Batini. Visual query systems for databases: a survey. JVLC 1997. https://doi.org/10.1006/jvlc.1997.0037
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QBD (Query-By-Diagram)

 Based on an ER model of the data, thus separates entities and relationships

* User navigates the ERD and creates " " b/w entities when specifying the query
« Describes a mapping of the RA (relational algebra) operators to labels on edges

* Our focus is here just the visual metaphors as possibly applied to relations directly

st | AIH|E|E A|oV| =2 i |
A A
0 ] BRIDOE l |—E
1+ | rexeon |E]|D‘@I—)€l|»| < |<x|d> STATE t+
SURNAME /s,mm: 1
i |NamME = S_INHABI
.’ FISCAL_C
DRIV_LIC
DATE_BIR
o + <
] :sIA'ie_ ! = L™ | LT
| g UGN = ——
L™ ] =
= fusrseiy >

Figure source: "Catarci, Costabile, Levialdi, Batini. Visual query systems for databases: a survey. JVLC 1997. https://doi.org/10.1006/jvlc.1997.0037"

citing "Angelaccio, Catarci, Santucci. Query by Diagram*: a fully visual query system. JVLC 1990. https://doi.org/10.1016/5S1045-926X(05)80009-6"
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/ 122
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QBD (Query-By-Diagram)

Q: "Find sailors who
reserved a red boat."

select S.sname

from Sailor S, Reserves R, Boat B

where S.sid=R.sid

and B.bid=R.bid
and color = 'red’

Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/

Sailor

C

Returved attributes and selections
are ot displayed in +he main pavel

Relational Algebra

Tlsname (S MR O-color='red'B)

:@»

Boat

)
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QBD (Query-By-Diagram)

Q: "Find sailors who

reserved only red boats." . o
A "bridge” convects entities that are

select S.sname not convected in the original ERD
from Sailor S l
where not exists
(select * Sailor [-- = - -| Sailor -QIEF- Boat
from Reserves R \
where S'Slc.jzR'Sld Set difference as algebraic operator
and not exists is shown by a labeled edge
(select *
from Boat B

where R.bid=B.bid
and color ='red’)) | Relational Algebra

Tsname (S X (T[sidS _ (T[sid(RM O-color='red'B))))

Figure drawn based on best understanding of "Santucci, Sottile. Query by Diagram: a Visual Environment for Querying Databases. SPE 1993. https://doi.org/10.1002/spe.4380230307"

and "Angelaccio, Catarci, Santucci. QBD*: a graphical query language with recursion. IEEE TSE 1990. https://doi.org/10.1109/32.60295 "
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/ 124
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QBD (Query-By-Diagram) »
Q: "Find sailors who QBD is origivally an ER model, so "Reserves” would be

reserved all red boats. a relationship. For RA it needs +o be treated as table

select S.sname
from Sailor S

where not exists
(select * Sailor - -~ --| Sailor -2~ - - Salilor AR <=®-~>
from Boat B \ EBR
where color = 'red' L
, Seduence of algebraic Boat
and not exists operators (vesting) is
(select * ambiguons

The Cross Product is treated as join +hus

from Reserves R o T EATEE ee B
covmects two entities via a "bridge

where S.sid=R.sid
and B.bid=R.bid)) |  Relational Algebra

T[sname(SM(T[sidS_T[sid((T[sidS X T[bido-color='red'B) _ T[sid,bidR)))

Figure drawn based on best understanding of "Santucci, Sottile. Query by Diagram: a Visual Environment for Querying Databases. SPE 1993. https://doi.org/10.1002/spe.4380230307"

and "Angelaccio, Catarci, Santucci. QBD*: a graphical query language with recursion. IEEE TSE 1990. https://doi.org/10.1109/32.60295 "
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/ 125
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Comparing various approaches from database literature

5. Visual Query Representations for Databases
1. QBE (1977): Query-By-Example

QBD (1990): Query By Diagram

TableTalk (1991)

O0-VQL (1993): "Object-Oriented" VQL

DFQL (1994): DataFlow QL

Visual SQL (2003)

QueryVis (2011)

Dataplay (2012)

SIEUFERD (2016)

1O SQLVis (2021)
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Tablelalk (1991

Epstein. The TableTalk query language. JVLC, 1991. https://doi.org/10.1016/51045-926X(05)80026-6
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Tabletalk

* A flowchart inspired visual representation based on blocks

BOOKS
PUBLISHER’s NAME is “ADDISON-WESLEY”
and '
PRICE > BOOKS
S | n AUTHOR's NAME is “LAUREL, BRENDA" subquery
The program is “run —_
'l'OP"dOWV], ﬁVld dlSP[ﬂ\v{S maximum
results of the query at N/ | Books TITLE NAME of AUTHOR PRICE
B6 AN INTRODUCTION TO B :

the bottom . DATABASE SYSTEMS PATE, CHRES °%0

Figure source: "Epstein. The TableTalk query language. JVLC, 1991. https://doi.org/10.1016/51045-926X(05)80026-6"
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/ 128
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Tabletalk

Q: "Find boats row #:
that are not red."”

1
select bname 2
from Boat 2
where color = 'red'

seduence processing language
with rows and +iles (is read
top down)

Boat

/

class row (= table containing
objects of interest)

color = "red” +— Ppredicate row: specifies a

bname

logical conditiow

scalar +ransformer

Figure drawn based on "Epstein. The TableTalk query language. JVLC, 1991. https://doi.org/10.1016/5S1045-926X(05)80026-6"

Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/
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Tabletalk

Q: "Find boats
that are red or blue.’

I

predicate row contaiving

Boat
p

select bname, color color = "red" multiple tiles

from Boat of color = "blue"

where color = 'red' bname | color +— multiple +iles for output
or color = 'blue Interlake| red

Interlake| blue T——4Uery answers
Marine red

Figure drawn based on "Epstein. The TableTalk query language. JVLC, 1991. https://doi.org/10.1016/5S1045-926X(05)80026-6"
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/ 130
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Tabletalk

Q: "Find sailors who
reserved a red boat."

select S.sname
from Sailor S, Reserves R, Boat B
where S.sid=R.sid

and B.bid=R.bid
and color = 'red’

Boat

color = "red"

Reserves

+

rid

Sailor

sname

"object transformer”
(assumes FK-PK constraints)
"travsforms +he primordial
objects of the main processing
seduence into new primordial
objects whose class is the
codomain class of the object
attribute."

Figure drawn based on "Epstein. The TableTalk query language. JVLC, 1991. https://doi.org/10.1016/5S1045-926X(05)80026-6"
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/
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Tabletalk

Q: "Find sailors who
reserved a red boat."

select S.sname, B.bname
from Sailor S, Reserves R, Boat B
where S.sid=R.sid

and B.bid=R.bid
and color = 'red’

Boat

_— apply "product” to

color = "red"
-t

Reserves

wot "forget”

rid

bname

Sailor

sname

Figure drawn based on "Epstein. The TableTalk query language. JVLC, 1991. https://doi.org/10.1016/5S1045-926X(05)80026-6"

Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/
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Tabletalk

Q: "Find sailors who
reserved a red boat."

Sailor
select S.sname Reserves
from Sailor S | _ Nested gqueries are
where exists sid=| bia= Boat evaluated inside ont
(select * color = "red"
from Boat B bid
where color = 'red’ bid
and exists sname
(select *
from Reserves R
where S.sid=R.sid
and R.bid=B.bid))
Figure drawn based on "Epstein. The TableTalk query language. JVLC, 1991. https://doi.org/10.1016/S1045-926X(05)80026-6" 133

Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/



https://northeastern-datalab.github.io/visual-query-representation-tutorial/
https://doi.org/10.1016/S1045-926X(05)80026-6

Tabletalk

Q: "Find sailors who
reserved all red boats."

select S.sname
from Sailor S
where not exists
(select *
from Boat B
where color = 'red'
and not exists
(select *
from Reserves R
where S.sid=R.sid
and R.bid=B.bid))

To express nested correlated dueries, we
first have to umvest and +hew follow a
dataflow strategy.

This requires a cross-product and
differevce, similar to Datalog and QBE.

But paper does ot discuss a difference or
other von-monotone operator...

Figure drawn based on "Epstein. The TableTalk query language. JVLC, 1991. https://doi.org/10.1016/5S1045-926X(05)80026-6"
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/
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Comparing various approaches from database literature

5. Visual Query Representations for Databases
1. QBE (1977): Query-By-Example

QBD (1990): Query By Diagram

TableTalk (1991)

O0-VQL (1993): "Object-Oriented" VQL

DFQL (1994): DataFlow QL

Visual SQL (2003)

QueryVis (2011)

Dataplay (2012)

SIEUFERD (2016)

10 SQLVis (2021)
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‘O0-VQAL" (1993
'‘Object-Oriented VQL®

Mohan, Kashyap. A visual query language for graphical interaction with schema-intensive databases. TKDE 1993. https://doi.org/10.1109/69.243513
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O0-VQL (Object-oriented VQL)

 Developed for an object-oriented data model, thus separates entities and relationships
 We again focus here on the visual metaphors as possibly applied to relations directly

* Notice that "VQL" is ambiguous: The term has
been used multiple times in the literature for
proposed visual languages, even for the term
Visual Query Language. So we use here
O0-VvQL for "Object-Oriented VQL"

Manufacturer

BESTOEREERY o e
b3 oA ol HL RS of o o «
Hd"v:H-,-l ArdAnsde HakRb A3

Figure source: Mohan, Kashyap. A visual query language for graphical interaction with schema-intensive databases. TKDE 1993. https://doi.org/10.1109/69.243513
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/ 137
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O0-VQL (Object-oriented VQL)

Q: "Find boats
that are not red."”

select bname

i Bga Class wode (~ table)

where color I="red’ . : :
Returned attribute via Attribute node
question mark "?" and variable with condition

|

m— Boat -—m

?.X I=red

DRC (Domain Relational Calculus)
{(x) | Sailor(_,x,y, ) A (y!'='red")}

Figure drawn based on "Mohan, Kashyap. A visual query language for graphical interaction with schema-intensive databases. TKDE 1993. https://doi.org/10.1109/69.243513 "
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/
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O0-VQL (Object-oriented VQL)

Q: "Find boats
that are red or blue."

select bname
from Boat

where color = 'red’
or color = 'blue’

Disjunction

color

Cm— Boat i red

?.X !
color

blue

DRC (Domain Relational Calculus)

{(x) | Sailor(_,x,y, ) A
(y="red' v y="red')}

Figure drawn based on "Mohan, Kashyap. A visual query language for graphical interaction with schema-intensive databases. TKDE 1993. https://doi.org/10.1109/69.243513 "
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/ 139
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O0-VQL (Object-oriented VQL)

Q: "Find sailors who

reserved a red boat." (sname J——{ sailor Assumes PK-FK
o relationships,
which are wot
explicitly showw

select S.sname

from Sailor S, Reserves R, Boat B
where S.sid=R.sid

and B.bid=R.bid

and color = "red’

Reserves

Boat ~ color )

red

DRC (Domain Relational Calculus)
{(x) | Fv[Sailor(v,x, , ) A

Jy[Reserves(v,y, ) A
Boat(y, ,'red', )]

Figure drawn based on "Mohan, Kashyap. A visual query language for graphical interaction with schema-intensive databases. TKDE 1993. https://doi.org/10.1109/69.243513 "
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/ 140
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O0-VQL (Object-oriented VQL)
Q: "Find sailors who o i

reserved only red boats." -
X

select S.sname

from Sailor S
where not exists Reserves ( bid )

(select *
from Reserves R /

where S.sid=R.sid A "uviversal quantifier” is

and not exists added +o attribute "bid" Boat (" color )
(select * red
from Boat B
where R.bid=B.bid | hpc (Domain Relational Calculus)
and color = 'red')) () | 3v[Sailor(v.x, . ) A

(Vy[Reserves(v,y, ) —
(Boat(y,_,'red’,_))]I}

Figure drawn based on "Mohan, Kashyap. A visual query language for graphical interaction with schema-intensive databases. TKDE 1993. https://doi.org/10.1109/69.243513 "
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/ 141
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O0-VQL (Object-oriented VQL) >

Q: "Find sailors who
reserved all red boats." (Csname )—— sailor

?.X
select S.sname
from Sailor S Visualization can become
where not exists aW\bl@(AO(AS becanse SOOP.WI@ Reserves
(select * canot always be graphically
represented in umambiguons way
frer Besl & o (e.9. isReserves still part of the
where color = ‘red universal quantification under o
and not exists Boat, or is i+ existentially Boat all(y)

(select * quantified nuder Boat?)
from Reserves R \CW)

where S.sid=R.sid red
and B.bid=R.bid))

DRC (Domain Relational Calculus)
{(x) | 3v[Sailor(v,x, , ) A
(vy[Boat(y, ,'red', ) —
(Reserves(v,y, )}

Figure drawn based on "Mohan, Kashyap. A visual query language for graphical interaction with schema-intensive databases. TKDE 1993. https://doi.org/10.1109/69.243513 "
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/ 142
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When the quantifier scope becomes ambiguous

RS

return A A

B

forall T

C

D

B

C

51

iw+erpre+a+iovy

This figure allows
2 witerpretations

err@m-ﬁow 2

Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/
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When the quantifier scope becomes ambiguous

RS

G| A

/

B

forall T

C

D

B

C

51

interpretation 4
{(@) | Ib[R(2,b) /
(vc[S(b,c) —

(3d.e[T(c,d) A U(d.e))])]}

This figure allows
2 witerpretations

Wrwc—l—m‘iow 2

{(2) | 3b,d,e[R(a,b) A U(d,e)
(vc[T(c,d) —
(S(b,c))DI}

Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/ 144
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When the quantifier scope becomes ambiguous

forall T
This figure allows

o - -
" / . o / . 2 lnterpretations
D E : .
interpretation 2

B C

interpretation 4
select distinct R.A {(2) | 3Ib[R(a,b) / select distinct R.A {(2) | 3b,d,e[R(a,b) A U(d,e)
fr‘r’lm R . (Ve[S(b,c) — frf]m RU - (ve[T(c,d) —
W (esreelenccit*emsts (Hd,e[T(C,d) A U(d,e)])])]} W (esreelengct*emsts (S(b,C))])]}
from S fromT
where R.B=35.B { | IreR[q.A=r.A A where 1.D=U.D { | IreR, ueU[q.A=r.A
and not exists "(EISES[r B=s B A and not exists "(EItET[t D=uD A
lect * ' ) lect * ' '
ey ~(3teT, 3ueU[s.C=t.C i ~(3s€S[r.B=s.B
where S.C=T.C A L.D=u.D])DI} where R.B=S.B A LD=u.D]}
and T.D=U.D)) and S.C=T.C))
See example database "708" at: https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql 145
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When the quantifier scope becomes ambiguous

return A A

EH H E
B C D
B/C/D/E

interpretation 3

Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/

This figure also allows
2 witerpretations

interpretation 2
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When the quantifier scope becomes ambiguous

RS

G| A

B

T

C

D

B

/

C

/

D

/

E

interpretation 3

{a(A) | 3reR, seS[g.A=r.A

Ar.B=s.B A
(3teT[s.C=t.C A

“(JueUlt.D=u.D])D]}

This figure also allows
2 witerpretations

interpretation 2

{g(A) | AreR, ueU[q.A=r.A
(3teT[t.D=u.D A
(3seS[r.B=s.B

A LD=u.D]}

Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/ 147
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When the quantifier scope becomes ambiguous
This figure also allows

? 2 interpretations
return
dredwnd

B C D E

wterpretation 3 interpretation 2

select distinct R.A {(2) | 3b,c[R(a,b) A S(bjc) A select distinct R.A {(2) | 3b,d,e[R(a,b) A U(d,e)
frfr’]m R:RSB . (vd[T(c,d) —» fr?]m R, Ut " (vc[T(c,d) -
where R.B=S. where not exists
2nd not exists (Fe[U(d,e)))DI} (select * (S(b,c))DI}
(select * fromT
from T {q(A) | 3reR, seS[g.A=r.A where T.D=U.D {q(A) | 3reR, ueU[g.A=r.A
where S.C=T.C and not exists
BN, 'exi&S Ar.B=s.B A (select * 2(3teT[.D=u.D A
(select * 7(3teT[s.C=t.C A oo @ 7(3seS[r.B=s.B
from U “(JueUlt.D=u.D])D]} where R.B=S.B A LD=u.D]}
where T.D=U.D)) and S.C=T.C))
SONO OGO I OL 070 S08
See example database "708" at: https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql 148
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When the quantifier scope becomes ambiguous

?7A

M fe

forall T

( return A )—

B

D/E

interpretation 1/

0 0 0 0
\1

0 0 0 0
1/

0 0 0 0
\1

CLOR0a

C/

\+er1>r6+a+|ow 2 /

0 0
\1

)0 0

0—>0——0
—

0 0
\1

X0

See example database "708" at: https://github.com/northeastern-datalab/cs3200-activities/tree/master/sal

Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/
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Comparing various approaches from database literature

5. Visual Query Representations for Databases
1. QBE (1977): Query-By-Example

QBD (1990): Query By Diagram

TableTalk (1991)

O0-VQL (1993): "Object-Oriented" VQL

DFQL (1994): DataFlow QL

Visual SQL (2003)

QueryVis (2011)

Dataplay (2012)

SIEUFERD (2016)

10 SQLVis (2021)
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DFQL (1994
DataFlow QL

Clark, Wu. DFQL: Dataflow query language for relational databases. Information& Management, 1994. https://doi.org/10.1016/0378-7206(94)90098-1
Girsang. The comparison of SQL, QBE, and DFQL as query languages for relational databases, Master thesis, Naval Postgraduate School, 1994. https://core.ac.uk/download/pdf/36723678.pdf
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DFQL (DataFlow Query Language)

* Example visual representation that is we will ignore the "Display
relationally complete by mapping its operator that sends output

visual symbols to the operators of RA to the screen
e Actually many Visual Query Languages

(VQLs) become "visual" by introducing

visual representations of RA operators in

d dataﬂOW — cou::ij cr:;:"CSiO'
lect | instructo
* Here, represent the ) select | instructor

Partial #1

ri.che =r2.cno
3

instead of edges as in QBD
 We chose DFQL as representative since it
has a nice documentation

DISPLAY

Partial ¥2

o project CS10 INSTRUCTOR
DISPLAY J\ —

DISPLAY
\/ Fig. 19.

Figure source: "Clark, Wu. DFQL: Dataflow query language for relational databases. Information& Management, 1994. https://doi.org/10.1016/0378-7206(94)90098-1 "
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/ 152
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DFQL (DataFlow Query Language)

Q: "Find boats Boat color!="red'
that are not red."” S o

select sname

select bname \ /

from Boat project

Where COIOr != Iredl /

boxes model the operators
of RA (relational Algebra)
in a top down "dataflow"

Relational Algebra

1Tsname(O-color=!'red'B)

Figure drawn based on "Mohan, Kashyap. A visual query language for graphical interaction with schema-intensive databases. TKDE 1993. https://doi.org/10.1109/69.243513 "
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/ 153
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DFQL (DataFlow Query Language)

Q: "Find boats Boat color="red' or color='blue'
that are red or blue." ~ o

select sname

select bname \ /

from Boat project
where color = 'red'
or color = 'blue’

conditions are in text

Relational Algebra

T[sname(o-color='red' vV z='blueB)

Figure drawn based on "Mohan, Kashyap. A visual query language for graphical interaction with schema-intensive databases. TKDE 1993. https://doi.org/10.1109/69.243513 "
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/ 154
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DFQL (DataFlow Query Language)

Q: "Find sailors who
reserved a red boat."

select S.sname

from Sailor S, Reserves R, Boat B

where S.sid=R.sid
and B.bid=R.bid
and color = 'red’

Boat color="red’

o o

select

Reserves b.bid=r.bid

A ur/

a[m? on 6466? —{.’O Sailor join s.sid=j.sid
avold ambiguities T

. join sname
new alias for L
intermediate result project

Relational Algebra

T[sname(s DR O-color='red'B)

Figure drawn based on "Mohan, Kashyap. A visual query language for graphical interaction with schema-intensive databases. TKDE 1993. https://doi.org/10.1109/69.243513 "
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/
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DFQL (DataFlow Query Language)

Q: "Find sailors who Boat color="red'
reserved only red boats." o o
‘ . select | Reserves  b.bid=r.bid
select S.sname ’I’Mgdlﬁ’ operator is same x /’
from Sailor S as binary minus (-) inRA. e BN
where not exists Notice that order of input i /’
matters!

*
(SElECt Sailor | project

from Reserves R \ /

where S.sid=R.sid
Sailor diff

and not exists < 1. s.sid=j.sid
(select * S Lo

from Boat B jom 55

where R.bid=B.bid A /

and color = 'red’)) project

O

Relational Algebra
T[sname(s X (T[sidS _ (T[sid(RM O-color='red'B))))

Figure drawn based on "Mohan, Kashyap. A visual query language for graphical interaction with schema-intensive databases. TKDE 1993. https://doi.org/10.1109/69.243513 "
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/ 156
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DFQL (DataFlow Query Language) The +autology "0 = 0" in

join operator is needed for
Q: "Find sailors who Boat color="red' a Cartesian product

o o

reserved all red boats." o |
Sailor sid |_select bid
select S.sname AN «f N _ o
from Sailor S proc’»ed\_pjoie:t/gig Rese{‘”:ﬁa bid
where not exists join project
(select * T~
from Boat B Sg{r (/S'i'd diff sid
where color = 'red' . I/
. project project
and not exists .
(select * Sailor diff r1.sid = r2.sid
from Reserves R ﬁi\u I /
where S.sid=R.sid J'Oj,”\n shame
and B.bid=R.bid)) s

Relational Algebra
T[sname(SM (T[sidS_T[sid((T[sidS X T[bido-color='red'B) — T[sid,bidR)))

Figure drawn based on "Mohan, Kashyap. A visual query language for graphical interaction with schema-intensive databases. TKDE 1993. https://doi.org/10.1109/69.243513 "
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/ 157
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DFQL (DataFlow Query Language)

Q: "Find sailors who order left/right is crucial here
reserved all red boats."

The "groupContain" operators takes the

select S.sname RESERVES relation r and the second relation
: b (with red boats) and groups the tuples in r o
from Sailor S according to the grouping attribute r.sid. It Bga\tnC:I;ru— red
where then compares with attributes b.bid to see if
. one r.sid has all the b.bid values from b. If so, select bid
(select R.bid the sid is selected N
from Reserves R Reserves rsid b.bid project

where S.sid=R.sid) Tnvewnted SQL operator \ j//

NTAIN L : i
&o : ‘/swmlar +o relational EREUETE

(select B.bid division (bt does not Sailor Ic{ls/smjj c.sid

from Boat B :
where color = 'red’) mateh exactly )

join sname

“\n

project
[©)

Relational Algebra

T[sname(S X (T[sid,ridR ~ T[bido-color='red'B)

Figure drawn based on "Girsang. The comparison of SQL, QBE, and DFQL as query languages for relational databases, Master thesis, Naval Postgraduate School, 1994. https://core.ac.uk/download/pdf/36723678.pdf "
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/
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Comparing various approaches from database literature

5. Visual Query Representations for Databases
1. QBE (1977): Query-By-Example

QBD (1990): Query By Diagram

TableTalk (1991)

O0-VQL (1993): "Object-Oriented" VQL

DFQL (1994): DataFlow QL

Visual SQL (2003)

QueryVis (2011)

Dataplay (2012)

SIEUFERD (2016)

1O SQLVis (2021)
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Visual SQL (2003

Jaakkola, Thalheim. Visual SQL -- high-quality ER-based query treatment. ER workshops, 2003. https://doi.org/10.1007/978-3-540-39597-3 13

Thalheim. Visual SQL -- Eine ER-basierte Einfuehrung in die Datenbankprogrammierung. Teil |. Report 1-08/03 of the Computer Science Institute at BTU Cottbus, Cottbus, 2003.

Thalheim. Visual SQL as the alternative to Linear SQL. Talk slides. 2013. Originally available online at:
https://www.is.informatik.uni-kiel.de/fileadmin/arbeitsgruppen/is_engineering/visualsgl/HERM.VisualSQL.Talk2013.pdf (4/2020)
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Visual SQL

 The goal of Visual SQL was primarily query specification (but an implementation also
supports to some extent the reverse functionality)

* The tool focus on representing syntactic details and some details are not shown visually
* Notice that the notation uses a more visually familiar UML notation

. . . . . Student S1 B Supervisor ﬁ)
* Notice that the original website has since Porson Pl _ | Stalo |- Siodo | _ Hiofomor B _ [ Somegtr |
disappea red and Other unrelated tOOIS can V/BirthDatg—=— BirthData BirthData |— BirthDatalj_ BirthData
T " v/ Address /
now be found under the name "VisualSQL

{ L.CougeNo } = { E.CourseNo }
S1 =182 S
Student S2 Enroll E
StudNo =
Name CourseNo
BirthData
Result |—NOT NULL |

Fig. 1. Visual SQL Involving Equality On Two Visual SQL Subqueries

Figure source: Jaakkola, Thalheim. Visual SQL -- high-quality ER-based query treatment. ER workshops, 2003. https://doi.org/10.1007/978-3-540-39597-3_13
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/ 161
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Visual SQL

Q: "Find boats
that are red or blue."

select bname

from Boat Boat
bid (K
where color = 'red \/b'nafm;
pdate [ ='red' or ='blue’

Disjuuctions are explicitly
expressed inside a box

Figure drawn based on Figure 14 in "Thalheim. Visual SQL -- Eine ER-basierte Einfuehrung in die Datenbankprogrammierung. Teil I. Report I-08/03 of the Computer Science Institute at BTU Cottbus, 2003."
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/ 162
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Visual SQL

Q: "Find boats
that are red or blue."

select bname

from Boat Boat
bid (K
where color = 'red' d ()
v bname

S | 1
or color = 'blue olor —
pdate <D£
='blue’

An alternative suggestion was
+o conect two alternative linves
with an "OR" labeled cownector

Figure drawn based on Figure 14 in "Thalheim. Visual SQL -- Eine ER-basierte Einfuehrung in die Datenbankprogrammierung. Teil I. Report I-08/03 of the Computer Science Institute at BTU Cottbus, 2003."
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/ 163
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Visual SQL

Q: "Find sailors who
reserved a red boat."

select S.sname
from Sailor S, Reserves R, Boat B
where S.sid=R.sid

and B.bid=R.bid
and color = 'red’

Boat B

Sailor S Reserves R
sid (K) ——  sid (K)
v/ shame bid (K) S
rating day (K)
bdate

bid (K)

Joins use double-lined arcs. Pirection
is determined by the predicate

... B.bid=R.bid ...

7

Figure drawn based on a result by Jiahui Zhang visualized with a code available on the website of University of Kiel around 4/2020

Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/

bname

color

pdate

> ="red’
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Visual SQL

Q: "Find sailors who
reserved a red boat."

Nested dueries preserve the scope of vestings

select S.sname T
from Sailor S Sailor S EXISTS
where exists sid (K) _ Reserves R
v/sname Pbsid (K)
(select * rating >{v4bid (K)
from Boat B bdate Boat B = Aday (K)
bid (K
where color = 'red’ vjbid (K)
: ¥ [fbname
and exists ool
from Reserves R

where S.sid=R.sid
and B.bid=R.bid)) Check-marks are labeled with indices likely based on

whewn the subduery appears in the SQL text.
SELECT * leads +o all attributes being checked.

Figure drawn based on a result by Jiahui Zhang visualized with a code available on the website of University of Kiel around 4/2020
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/ 165
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Visual SQL

NOT exists
Q: "Find sailors who
reserved all red boats."
select S.sname NOTEXISTS
from Sailor S Sailor § NOTEXISTS
where not exists sid (K) - Reserves R
v/sname Pbsid (K)
(SElECt * rating >\4bid (K)
from Boat B bdate Boat B = Aday (K)
bid (K
where color = 'red' vibid (K)
: v{bname
and not exists /color
(select * V/pdate s =red
from Reserves R
where S.sid=R.sid
and B.bid=R.bid))
Figure drawn based on a result by Jiahui Zhang visualized with a code available on the website of University of Kiel around 4/2020
. i g y 166
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Visual SQL

Q: "Find sailors who
reserved all red boats."

Awn alternative proposal +hat visually
represents "NOT EXISTS" as connection
between a table and the subduery

select S.sname

NOT EXIST
from Sailor S Sailors | =0
. sid (K) Reserves R =3.si
where no’:< exists oname Zsid (<) _|_>
(select rating oT ExisTs | P9 > =B.bid
from Boat B bdate Boat B > [\4day (K)
bid (K
where color = 'red' \‘ﬁb'na(mi
. 1
and not exists /color
(select * V/pdate > ='red’

from Reserves R
where S.sid=R.sid
and B.bid=R.bid))

Figure drawn based on Figure 49 in "Thalheim. Visual SQL -- Eine ER-basierte Einfuehrung in die Datenbankprogrammierung. Teil I. Report I-08/03 of the Computer Science Institute at BTU Cottbus, 2003."
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/ 167
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Visual SQL

Q: "Find sailors who

"NOT IN" is represented as conmection between
an attribute and the subduery. The projected
attribute in the subguery is important.

reserved only red boats."
select S.sname \
from Sailor S S?ZO(rKS) NOT |N\\ - -
0 . Si 2 eserves

where S.sid r_]Ot N /'shame v{sid (K) NOT IN Boat B

(select R.sid rating bid (K) s\ [Void ()

from Reserves R bdate day (K) bname

where R.bid not in color > ='red!

pdate

(select B.bid
from Boat B
where color = 'red'))

Figure drawn based on Figures 38/49 in "Thalheim. Visual SQL -- Eine ER-basierte Einfuehrung in die Datenbankprogrammierung. Teil I. Report 1-08/03 of the Computer Science Institute at BTU Cottbus, 2003."
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/ 168
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Comparing various approaches from database literature

5. Visual Query Representations for Databases
1. QBE (1977): Query-By-Example

QBD (1990): Query By Diagram

TableTalk (1991)

O0-VQL (1993): "Object-Oriented" VQL

DFQL (1994): DataFlow QL

Visual SQL (2003)

QueryVis (2011)

Dataplay (2012)

SIEUFERD (2016)

1O SQLVis (2021)
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QueryVis (2011
also QueryViz

Danaparamita, Gatterbauer. QueryViz: Helping Users Understand SQL queries and their patterns. EDBT demo. 2011. https://doi.org/10.1145/1951365.1951440
Gatterbauer. Databases will Visualize Queries too. PVLDB vision 2011. https://doi.org/10.14778/3402755.3402805,
presentation slides: https://gatterbauer.name/download/vidb2011 Database Query Visualization presentation.pdf,
video: https://www.youtube.com/watch?v=kVFNnQRGAQIs&list=PL_72ERGKF6DR4R0Cowx-LnnngLXRf4ZjB
Leventidis, Zhang, Dunne, Gatterbauer, Jagadish, Riedewald. QueryVis: Logic-based Diagrams help Users Understand Complicated SQL Queries Faster. SIGMOD. 2020. https://doi.org/10.1145/3318464.3389767
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QueryVis (formerly QueryViz)

* The goal of QueryVis is the reverse functionality of
VQLs and to with
simple, easy-to-read diagrams

* Inspired by diagrammatic reasoning systems, uses
topological properties, such as enclosure, to
represent logical expressions and set-theoretic
relationships

e The EDBT'11 demo takes a SQL query as input and
returns a query visualization. It has been online
since then (with interruptions):
http://demo.queryvis.com

Figure source: Danaparamita, Gatterbauer. QueryViz: Helping Users Understand SQL queries and their patterns. EDBT demo. 2011. https://doi.org/10.1145/1951365.1951440
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/

Example Example
+
schema query

|
QueryVig

Your Input

Specify or choose a p3 e-defiTed schema
| Employee and Department

Resulting
visualization

help

EMP (eid,name,sal,did)
DEPT(did,dname,mgr) @

Specify or choose an SQL Query
| Query 8

help

SELECT el.name
FROM EMP el, EMP e2, DEPT d

WHERE el.did = d.did
AND d.mgr = e2.eid L 2
AND el.sal > e2.sal

Submit

QueryViz Result|

DEPT
o I 5T |
did
did —"|
name name i e

EMP

eid

sal \G‘/

sal
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QueryVis (formerly QueryViz)

Q: "Find boats
that are not red."”

select bname

from Boat

where color !="red' sname bid

color = 'red'

An output table is explicitly models
(allows e.9). renaming of attributes)

Figure drawn based on "Danaparamita, Gatterbauer. QueryViz: Helping Users Understand SQL queries and their patterns. EDBT demo. 2011. https://doi.org/10.1145/1951365.1951440 "
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/ 172
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QueryVis (formerly QueryViz)

Q: "Find boats
that are red or blue."

select bname
from Boat
where color = 'red’ shame
or color = 'blue’

Disjunction was never implemented in online QueryVis.
Also, this is incomplete for more general disyumctions
(more on this later)

Figure drawn based on the presentations for "Gatterbauer. Databases will Visualize Queries too. PVLDB vision 2011. https://doi.org/10.14778/3402755.3402805":

https://www.youtube.com/watch?v=kVFnQRGAQIs&list=PL_72ERGKF6DR4R0Cowx-LnnnglLXRf4ZjB
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/ 173
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QueryVis (formerly QueryViz)

Q: "Find sailors who
reserved a red boat."

select S.sname
from Sailor S, Reserves R, Boat B
where S.sid=R.sid sname sname bid bid

and B.bid=R.bid sid sid color = 'red'
and color = 'red’

TRC (Tuple Relational Calculus)

{ | 3seSailor, AreReserves, IbeBoat|

A = A = A ='red']}

Figure drawn based on "Danaparamita, Gatterbauer. QueryViz: Helping Users Understand SQL queries and their patterns. EDBT demo. 2011. https://doi.org/10.1145/1951365.1951440 "
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/ 174
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QueryVis (formerly QueryViz)

Q: "Find sailors who
reserved a red boat."

select S.sname

where exists

shame shame bid bid

(select * . ; .
e [P s [ sid sid color = "red
where S.sid=R.sid
and exists

](cse'ecft ’ ot B QueryVis does not focus on the way +the duery

rom from Boat t is written but assumes the existewtial

where R.bid=B.bid , .

and color = 'red")) duavtifiers pushed up as much as possible.

TRC (Tuple Relational Calculus)

{ | 3s€Sailor, AreReserves, AbeBoat]| = A r.sid= A b.bid=r.bid A b.color="red"]}

{ | 3seSailor| = A dreReserves|r.sid= A AbeBoat[b.bid=r.bid A b.color="red"]]}

Figure drawn based on "Danaparamita, Gatterbauer. QueryViz: Helping Users Understand SQL queries and their patterns. EDBT demo. 2011. https://doi.org/10.1145/1951365.1951440 "
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/ 175
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QueryVis (formerly QueryViz)

Arrows encode the readivg order
Q: "Find sailors who

reserved only red boats."

select S.sname

from Sailor S

( \
where not exists sname sname : |
(select * - - - -
sid —?» sid 1 ! |color ="red'| !
from Reserves R L I !
where S.sid=R.sid | T TTTn gTTTTITTr
and not exists V
(select * .
from from Boat B Dashed lives represent
where R.bid=B.bid "ot exists" (A)
and color ='red'))
TRC (Tuple Relational Calculus)
{ | 3seSailor| = A 7(3reReserves|r.sid= A (3beBoat[b.bid=r.bid A b.color="red"])])]}

Figure drawn based on "Danaparamita, Gatterbauer. QueryViz: Helping Users Understand SQL queries and their patterns. EDBT demo. 2011. https://doi.org/10.1145/1951365.1951440 "
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/ 176
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QueryVis (formerly QueryViz)

Q: "Find sailors who The theory of QueryVis (but not the onlive dewmo) allows a rewriting
reserved only red boats." and replacing double negation with uiiversal quantification

select S.sname

from Sailor S

——————

e e - - -

. |

where no’iemsts sname sname .
(select ; . ! o
sid —» sid 1 | [color ="red

from Reserves R \ '

where S.sid=R.sid

and not exists _
(select * Sailor Reserves

from from Boat B sname sname bid
where R.bid=B.bid sid r sid color = 'red'

and color ='red')) /\

Double lines represent for all V
TRC (Tuple Relational Calculus) ° P fo

{ | 3s€Sailor| = A 7(3reReserves|r.sid= A ~(3beBoat[b.bid=r.bid A b.color="red'])])]}
{ | 3s€Sailor| = A (VreReserves|r.sid= — (3beBoat[b.bid=r.bid A b.color="red'])])]}

Figure drawn based on "Danaparamita, Gatterbauer. QueryViz: Helping Users Understand SQL queries and their patterns. EDBT demo. 2011. https://doi.org/10.1145/1951365.1951440 "
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/ 177
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QueryVis (formerly QueryViz)

Q: "Find sailors who Correlated nested dueries pose o problem.
reserved all red boats." But votice the chavged arrow direction!

select S.sname

from Sailor S

where not exists sname sname bid

(select * e -
from Boat B sid ! sid
where color = 'red'
and not exists

(select *

from Reserves R

where S.sid=R.sid

and B.bid=R.bid))

e e - - -

- o - = o -

TRC (Tuple Relational Calculus)
{ | 3seSailor| = A 7(3beBoat[b.color="red"' A 7(3reReserves[b.bid=r.bid A r.sid= DD}

Figure drawn based on "Danaparamita, Gatterbauer. QueryViz: Helping Users Understand SQL queries and their patterns. EDBT demo. 2011. https://doi.org/10.1145/1951365.1951440 "
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/ 178
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QueryVis (formerly QueryViz)

Q: "Find sailors who
reserved all red boats."

select S.sname

from Sailor S

\
|
|
° |
where no’iemsts sname sname . |
(select ” s KRN povmrme K
SI 1 SI color = re
from Boat B ! ! !

- o - = o -

where color = 'red’

and not exists .
(select *

bid <

from Reserves R shame shame

where S.sid=R.sid sid [«— sid color = 'red'

and B.bid=R.bid)) \ Z
TRC (Tuple Relational Calculus)
{ | 3seSailor| = A 7(3beBoat] =red' A 7(3reReserves]| = A = DI}
{ | 3seSailor| = A (VbeBoat| ='red' —» (3reReserves| = A = DI}

Figure drawn based on "Danaparamita, Gatterbauer. QueryViz: Helping Users Understand SQL queries and their patterns. EDBT demo. 2011. https://doi.org/10.1145/1951365.1951440 "
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/ 179
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The quantifier example from OO-VQS is not ambiguous

?7A

M fe

forall T

B

T -

C

E

interpretation 1/

CLOR0a

/ ( return A )—

/

\+er1>r6+a+|ow 2 /

X0

See example database "708" at: https://github.com/northeastern-datalab/cs3200-activities/tree/master/sal
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/ 180
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The quantifier example from OO-VQS is not ambiguous

forall T

i B

I B ki I
C

D

return A A B
4

B

Y Cm—A/B/C/

E

E B C D

interpretation 1/ \ivi—l'crpr@m-i-iow 2 / Yﬂ'crpr@mﬂow 3

/

qi I B
CI

B

_——— _———

——— —

(
I
I
I

C

4
8-

Vel T

C

"I D

?2A

98]

S0t Gz0z0: JECt oz 0t

See example database "708" at: https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql

Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/
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With nesting depth 4, arrows also become ambiguous

One visualization:

Two interpretations:

A C A E
© O 0@ ® @0 ©@

Example used from: "Gatterbauer, Dunne, Riedewald. Relational Diagrams. arXiv:2203.07284. 2022. https://arxiv.org/pdf/2203.07284 "
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/ 182
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With nesting depth 4, arrows also become ambiguous

select distinct * select distinct *
from R from R
where not exists where not exists
(select * (select *
from S from V
where not exists where not exists
(select * ( | (select *
fromT | I from T
where TA =R.A [ | where TA =R.A
and T.B=S.B A A : and T.D = V.D
and not exists : , and not exists
(select * : I (select *
from U I ) from U
where U.C=S.C | where U.E = V.E
and not exists and not exists
(select * (select *
fromV from S
where V.D =T.D where S.B=T.B
and V.E = U.E)))) and S.C = U.Q))))

A C A E
© O 0@ ® @0 ©@

Example used from: "Gatterbauer, Dunne, Riedewald. Relational Diagrams. arXiv:2203.07284. 2022. https://arxiv.org/pdf/2203.07284 "
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/ 183
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Comparing various approaches from database literature

5. Visual Query Representations for Databases
1. QBE (1977): Query-By-Example

QBD (1990): Query By Diagram

TableTalk (1991)

O0-VQL (1993): "Object-Oriented" VQL

DFQL (1994): DataFlow QL

Visual SQL (2003)

QueryVis (2011)

Dataplay (2012)

SIEUFERD (2016)

1O SQLVis (2021)

© 00N O U A WN
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Dataplay (2012

Abouzied, Hellerstein, Silberschatz. DataPlay: interactive tweaking and example-driven correction of graphical database queries. UIST 2012. https://doi.org/10.1145/2380116.2380144
Abouzied, Hellerstein, Silberschatz. Playful Query Specification with DataPlay. VLDB demo 2012. https://doi.org/10.14778/2367502.2367542
Video tutorial: https://vimeo.com/45918228
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Dataplay

* Dataplay allows users to interactively explore data starting from ERD-inspired tree
representation of the database schema (similar in spirit to OO-VQL [Mohan, Kashyap'93])

 Goalis arepresentation that doesn't change too much with regard to simple syntactic
changes like "find sailors who reserved a red boat" vs. "only red boats"

some in student.takes.course.area == "Systems"
* Example of a system where the navigation path —_—
is implicitly expressed by transforming the | -
query schema into a tree and tables appear in VAN Wrrs, o
the selected order. (T e |
e The visualization is interpreted bottom-up e v st
* Shows the query, and also the results ﬁ‘!i:{?:*i?é’:‘i%”&fﬁii?é’
grade to. Users can toggle the
* QOur focus here is on the visual abstractions and ?532?32?2$§°£2$§ﬁfe””a'
some of the advanced interactions and °
innovations (like hoovering, brushing) are not
reflected in the visualization

Figure source: "Abouzied, Hellerstein, Silberschatz. Playful Query Specification with DataPlay. VLDB demo 2012. https://doi.org/10.14778/2367502.2367542 "
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/ 186
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Dataplay

Q: "Find boats
that are not red."”

select bid
from Boat
where color = 'red'

"constraint node"

[ ]
T+ has vo visual (.V/// %/
bid

bname
pdate color

Figure drawn based on "Abouzied, Hellerstein, Silberschatz. DataPlay: interactive tweaking and example-driven correction of graphical database queries. UIST 2012. https://doi.org/10.1145/2380116.2380144
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/



https://northeastern-datalab.github.io/visual-query-representation-tutorial/
https://doi.org/10.1145/2380116.2380144

Dataplay

Q: "Find boats
that are red or blue."

select bid

from Boat

where color = 'red’
or color = 'blue’

O/[ B]oat

bid { color == "red", color == "blue" }

bname
pdate color

Figure drawn based on "Abouzied, Hellerstein, Silberschatz. DataPlay: interactive tweaking and example-driven correction of graphical database queries. UIST 2012. https://doi.org/10.1145/2380116.2380144
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/
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Dataplay [ |
Q: "Find sailors who O/ Sailor
reserved a red boat." 2
S| { color =="red" }
select S.sname sname
from Sailor S, Reserves R, Boat B (
where S.sid=R.sid rating [ ]
and B.bid=R.bid bdate / Reserves

and color = 'red’ The dquantifier on top refers

day +o an attribute at the
bottom. It is read as: in the
nested tuples for a sailor,

The query tree can be

: , [ ] there exists a red boat
interpreted as an evaluation O/ Boat
tree but wow bottom-up bid

bname
— pdate color

TRC (Tuple Relational Calculus)

{g.sname | 3seSailor[g.sname=s.sname A 3IreReserves|r.sid=s.sid A AbeBoat[b.bid=r.bid A b.color="red"]]}

Figure drawn based on "Abouzied, Hellerstein, Silberschatz. DataPlay: interactive tweaking and example-driven correction of graphical database queries. UIST 2012. https://doi.org/10.1145/2380116.2380144
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/
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Dataplay

Q: "Find sailors who
reserved a red boat."

select S.sname
from Sailor S, Reserves R, Boat B
where S.sid=R.sid

and B.bid=R.bid
and color = 'red’

TRC (Tuple Relational Calculus)

[ )
Sailor
S%Z/ { color =="red" }
sname. {b \
rating [ ]
Reserves

bdate /

day

Hoovering shows where
i+ can be placed

[ J
Boat
b <i>d/ \ /
bname }D

pdate color

{g.sname | 3seSailor[g.sname=s.sname A AreReserves|r.sid=s.sid A AbeBoat[b.bid=r.bid A b.color="red"]]}

Figure drawn based on "Abouzied, Hellerstein, Silberschatz. DataPlay: interactive tweaking and example-driven correction of graphical database queries. UIST 2012. https://doi.org/10.1145/2380116.2380144
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/
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Dataplay

Q: "Find sailors who
reserved a red boat."

select S.sname
from Sailor S, Reserves R, Boat B
where S.sid=R.sid

and B.bid=R.bid
and color = 'red’

TRC (Tuple Relational Calculus)

{ | I3seSailor| =

Figure drawn based on "Abouzied, Hellerstein, Silberschatz. DataPlay: interactive tweaking and example-driven correction of graphical database queries. UIST 2012. https://doi.org/10.1145/2380116.2380144

A dreReserves|r.sid=

.

]
rating / [ ]

shame
bdate Reserves

Now It 1S a constraint,
day thus there are +wo
different visualizations
J

O/[ Boat

bid { color =="red" }

bname
pdate color

A 3beBoat[b.bid=r.bid A b.color="red"]]}

Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/
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Dataplay

[
Q: "Find sailors who
reserved a red boat." S%Z//

select S.sname sname

from Sailor S

where exists rating
(select * bdate

from Reserves R
where S.sid=R.sid

and exists day Visualization

]

Reserves

)

Sailor
Rolor =="red" }
</[

ﬁg:ﬁcésat 3 [ ] determined by schema
where R.bid=B.bid Boat A PK-FKs. Thus
and color ='red')) o/ rewrite of query does
bid not change the tree.
bname
pdate color

TRC (Tuple Relational Calculus)

{g.sname | 3seSailor[g.sname=s.sname A AreReserves|r.sid=s.sid A AbeBoat[b.bid=r.bid A b.color="red"]]}

Figure drawn based on "Abouzied, Hellerstein, Silberschatz. DataPlay: interactive tweaking and example-driven correction of graphical database queries. UIST 2012. https://doi.org/10.1145/2380116.2380144
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/
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Data P l ay Changing the dquantifier to

s : [ S]ailor uaiversal means that all tuples
Q Flnddsalllors \Ad/lz)o r o/ comivg up the tree veed to be red
reservea only re odats. .

sid { color =="red" }

select S._sname sname
from Sailor S
where not exists rating ]

(select * bdate Reserves
from Reserves R
where S.sid=R.sid

and not exists This change does not day
correspond to a change

(select * . . )
from Boat B in quantifiers in TRC ( ]
where R.bid=B.bid Boat
and color = 'red')) o/
bid
bname
pdate color

TRC (Tuple Relational Calculus)

{g.sname | 3seSailor[g.sname=s.sname A (VreReserves|r.sid=s.sid — (IbeBoat[b.bid=r.bid A b.color="red'])])]}

Figure drawn based on "Abouzied, Hellerstein, Silberschatz. DataPlay: interactive tweaking and example-driven correction of graphical database queries. UIST 2012. https://doi.org/10.1145/2380116.2380144
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/
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Dataplay

Q: "Find sailors who . ¢ puyet visualize correlated vested queries becanse the nesting
reserved all red boats. hierarchy (and thus order of duantifiers) is predetermined
select S.sname « However, Dataplay can express the query *for a fixed database
from Sailor S imstance* by interaction. As example:
where not exists - create a bar chart of boat colors
f‘?g:icl;oat . - brush bar for red (this creates a predicate expression of
where color = 'red' (bid="123", bid="236', bid="724', ...))
and not exists - Add this predicate expression to an exists quantifier
(select * - cover the quantifier this becomes exists bid=123" AND
from Reserves R exists bid='226" AND ...

where S.sid=R.sid

and R.bid=B.bid)} - The resulting duery asks for sailors such there exist

reservations for all +hese boats (which is an explicit list of
the red boats in the current database)

TRC (Tuple Relational Calculus)

{g.sname | 3seSailor[g.sname=s.sname A (VbeBoat[b.color="red' — (3reReserves[b.bid=r.bid A r.sid=s.sid])])]}

Figure drawn based on "Abouzied, Hellerstein, Silberschatz. DataPlay: interactive tweaking and example-driven correction of graphical database queries. UIST 2012. https://doi.org/10.1145/2380116.2380144
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/
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Comparing various approaches from database literature

5. Visual Query Representations for Databases
1. QBE (1977): Query-By-Example

QBD (1990): Query By Diagram

TableTalk (1991)

O0-VQL (1993): "Object-Oriented" VQL

DFQL (1994): DataFlow QL

Visual SQL (2003)

QueryVis (2011)

Dataplay (2012)

. SIEUFERD (2016)

10. SQLVis (2021)
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SIEUFERD (2016)

Schema-Independent End-User Front-Eno
for Relational Databases

Bakke, Karger. Expressive query construction through direct manipulation of nested relational results. SIGMOD 2016. https://doi.org/10.1145/2882903.2915210
SIEUFERD: A Visual Query System. https://www.youtube.com/watch?v=W6xmaqcb8hFQ

196


https://doi.org/10.1145/2882903.2915210

SIEUFERD (2016)

The crow's foot (one-to-mawny relationship between tables) is ot

necessary for understanding tables and we don't show i+ subseduently
 SIEUFERD is a direct manipulation spreadsheet-like interface that lets users manipulate the

actual data. The interface consists of a "result he
We focus here only on the result header, whic

\

& [Niednagel / } Formula Bar
courses < ® OO0
title readings < / sections < Resu‘t Fields I Filter I
. title E__f 2 meetings < instructors_sections {
o Th e pa pe r Cla I l I IS to be 3 % & ?:r?é E’r‘:e— inISt:tUdors ft Header v (¥ {{@ instructors_sections {
|5 a irs — .
Roman Art  Roman Art L 01 T 14:30 15: yer Hugo [Hl instructor_id
SQL_92_Com Iete Th e Art and Tllusion Th 14:30 15:20 v 5 B8 instructors €
. P 01 Th 19:30 20:20 Meyer Hugo - — ‘
. o Comedy The Miser L 01 M 11:00 11:50 Barkan  Leonard [iHil id pafinstructor_id
most interesting aspect for jis i B peopesftey
g p Art P01 W 12:30 13:20 Lachman  Kathryn - =
P02 W 12:30 13:20  [Niedr---"1 s
M H P03 W 13:30 14:20 Niedr  Fields... o [ first
us ere WI e lllo e Ing P04 F 11:00 11:50 Barke  Hide Sy
Plos| W(1430(15:20 | FisM .\ 0o coed Filtered CHl middle
. . R . P 06| Th 11:00 11:50 Fishe ... Unhide Sorted/Filterec Lﬁjsufﬁx
n egatl O n Wlt h I e I I I OI n S Russian Little Tragedies S 01 T 11:.00 12:20 Hasty . .
o J Drama The Seagull Th 11:00 12:20 = Sort Ascending [ section_id pe[sections\i
. _ The Duck Hunt T Sort Descending
a n d ﬁ Ite rS O n n u I I Va I u es American L 01 M 11:00 11:50  Trour = Sort Ascending after Previous
Politics W 11:00 11:50 — & &
POl W 13:30 14:20 Trour = 2 Sort Descending after Previous [ XeXGs)
P02 M 13:30 14:20 Gada Clear Sorting Fields Filter |
POl W 13:30 14:20 Gada i
P03 M 1430 1520 Gada Y Filter... 5. Search: |
P04 W 14:30 15:20 Gada : last
P 05 Th 09:00 09:50 Trour \ H'd? Parent If Empty o (nclude All)
“ _ Clear Filter 8 (Include
Y Aaraj
R I { Collapse Duplicate Rows 23’?"5
—~< One-to-Man 03
esull Context ' Abbate
Area M Join... Abdallah
. Abdelfattah
Menu fx Insert Calculated F!eld Before Abdeljabbar
fx Insert Calculated Field After Ahidi

Figure source: https://www.youtube.com/watch?v=W6xmacb8hFQ

Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/

Delete

Including all values

er", optional popups, and the result area.
encodes the structure of the query”

Field
Selector

Filter
Popup
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S | E U F E R D ( 2 O 1 6) Relation names are bold, (attributes are ot bold)

Q: "Find boats
that are not red."”
Boat

<elect bid bname|color Y Funvel icon (1) iwéigaﬁes filter: |
actual filter condition is only showw in
a separate "filter popup" window. In
that popup window, all colors other
thaw red are chosew.

from Boat
where color !="red'

All attributes that are visible are returved.
Other attributes can be hidden in the "result
header", but thew the query logic is vot visible

Figure drawn based on: Bakke, Karger. Expressive query construction through direct manipulation of nested relational results. SIGMOD 2016. https://doi.org/10.1145/2882903.2915210
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/ 198
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SIEUFERD (2016)

Q: "Find boats
that are red or blue."

select bid

from Boat

where color = 'red'
or color = 'blue’

Figure drawn based on: Bakke, Karger. Expressive query construction through direct manipulation of nested relational results. SIGMOD 2016. https://doi.org/10.1145/2882903.2915210
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/

Boat

bname

color Yt

Header does vot change:
actual filter condition is ouly
shown in a separate "filter
pop” up window where colors
"red" and "blue" are chosen
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SIEUFERD (2016)

Q: "Find sailors who
reserved a red boat."

select S.sname
from Sailor S

join Reserves R

on S.sid=R.sid

join Boat B

on R.bid=B.bid
where color = 'red’

select S.sname
from Sailor S, Reserves R, Boat B
where S.sid=R.sid

and B.bid=R.bid
and color = 'red’

7

Sailor /
Reserves X /
sname | sid Bogt x
X bid |color ¥

"Nest equijoins” are by default
treated like left joins (all
tuples on the left+ of the join
are showw evew if there is vo
match on the right). To
remove tuples on the left+-hand
side of the operator, a special
"hide parent if empty" setting
is required and indicated by the
arrow-towards-root icon (R)

Join conditions with attributes in outer scope are ot visible
and only showw in a separate "field selector” popup window.
Both attributes Reserves.sid and Boat. bid could also be hidden.

Figure drawn based on: Bakke, Karger. Expressive query construction through direct manipulation of nested relational results. SIGMOD 2016. https://doi.org/10.1145/2882903.2915210

Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/
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SIEUFERD (2016)

Q: "Find sailors who
reserved a red boat."

"Nest eduijoins” are by default

treated like left joins (all
/ tuples on the left+ of the join

Sailor
select S.sname
from Sailor S, Reserves R, Boat B SInEie
where S.sid=R.sid

and B.bid=R.bid
and color = 'red'

Tutuitively, STEUFERD
expresses negation via left
Joins. We see here on the
right a SQL variant that
most closely mirrors that
join-based semantics

7 are showw even if there is vo
Reserves X / match on the l”i@l/]’{‘). To
s sid Boat % remove tuples on the left-havnd
2abid color Y| sjde of the operator, a special

____— select S.sname

from Sailor S
join Reserves R
on S.sid=R.sid

join Boat B

on R.bid=B.bid

where color = 'red'

"hide parent if empty" setting
is required aud indicated by the
arrow-towards-root icon (&)

Join conditions with attributes in outer
scope are vot visible and only shown in a
separate "field selector” popup window.
Both attributes Reserves.sid and
Boat.bid conld also be hiddew.

Figure drawn based on: Bakke, Karger. Expressive query construction through direct manipulation of nested relational results. SIGMOD 2016. https://doi.org/10.1145/2882903.2915210

Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/
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SlEUFERD (2016) Since we vieed +o use a left join

the "hide parent if empty"

Q: "Find sailors who setting is vot used, thus vo

reserved no boat.” Sailor 7 arrow-towards-root icon (%)
select S.sname sname | £, sid ¥ ':e:igrves
from Sailor S
where not exists
(select *
from Reserves R
where S.sid=R.sid) Since the "is null" condition weeds to be
applied to the result of +he left join
Iutuitively, STEUFERD — select S..sname (vot the reserves table directly), we
expresses negation via left f“f?t”f‘ $a||or > need to add a "reference formula" under
Joins. We see here on the et join Reserves R the sailor relation that repeats +he
right a SQL variant that on S.sid = R.sid y values of Reserves.sid *after* the join.
most closely mirrors that where R.sid is null Avd then apply a filter condition "is vull”

Join-based semantics

Database to run SQL queries is available as schema 341 at https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql/

Figure drawn based on: Bakke, Karger. Expressive query construction through direct manipulation of nested relational results. SIGMOD 2016. https://doi.org/10.1145/2882903.2915210
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/ 02
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SIEUFERD (2 01 6) We need to apply the "arrow-towards-root” icon ("hide parent if empty")
for Boat, but must vot apply it for Reserves! See SQL explavnation below

Q: "Find sailors who /
reserved no red boat." :
Sailor /
select 5.sname sname |f, sid ¥ Resernves Boat'vk
from Sailor S x il _
where not exists NI ()
(select *
from Reserves R, Boat B
where S.sid=R.sid
:23 E.Eé?;iﬁledd') select S.sname The duery veeds o propagate +he
' from Sailor S filter from Boats +o Reserves (thus
left join (Reserves R |] *no* left join) forming the right part
join Boat B of a left join from Sailor. This
on R.bid = B.bid g operatiov is *not* associative, thus
and color = 'red') the required parenthesis here (and
on S.sid = R.sid ’ "hide parent if empty" above)

where R.sid is null

Database to run SQL queries is available as schema 341 at https://github.com/northeastern-datalab/cs3200-activities/tree/master/sal/

Figure drawn based on: Bakke, Karger. Expressive query construction through direct manipulation of nested relational results. SIGMOD 2016. https://doi.org/10.1145/2882903.2915210
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/ 203
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SIEUFERD (2016)

Q: "Find sailors who
reserved only red boats."

Sailor
select S.sname Reserves
from Sailor S sname |f, count Y 5 sid Bogt LS
where not exists > bid |color ¥
(select * An alternative syntax using
from Reserves R agaregation and COUNT=D

where S.sid=R.sid

and not exists select S.sname

% from Sailor S
f‘iglrﬁcéoat B left join (Reserves R

where R.bid=B.bid joinBoatB
and color = 'red')) on R.bid=B.bid

and color !="red’)
on S.sid = R.sid
group by S.sid, S.sname
having count(R.sid) =0

Database to run SQL queries is available as schema 341 at https://github.com/northeastern-datalab/cs3200-activities/tree/master/sal/
Figure drawn based on: Bakke, Karger. Expressive query construction through direct manipulation of nested relational results. SIGMOD 2016. https://doi.org/10.1145/2882903.2915210
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/ 04
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S | E U F E R D (20 1 6) 1. Reference +o Sailor.sid [ filter

2. Filter for for Sailor.sid=Reserves.sid is true
Q: "Find sailors who color="red y Left Join, +hus wo "arrow-towards-root"
reserved all red boats." \
Sailor N \
select S.sname | M\ \
from Sailor S SO WO ey | 2 v ':essig"";:si N7

where not exists

(select * 4. Reference to Reserves.bbid [ then filter "is nall”
from Boat B
where color = 'red’ \ ,
and not exists 5. Red boats that are vot reserved by each Sailor
(select *
from Reserves R @. References to Boat.bid [ thew filter "is vall"

where S.sid=R.sid

and R.bid=B.bid))
Notice how the duery header by itself does vot allow
a user to nnderstavnd a gquery's semantic.

Database to run SQL queries is available as schema 341 at https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql/
Figure drawn based on: Bakke, Karger. Expressive query construction through direct manipulation of nested relational results. SIGMOD 2016. https://doi.org/10.1145/2882903.2915210
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/ 205
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Comparing various approaches from database literature

5. Visual Query Representations for Databases
1. QBE (1977): Query-By-Example

QBD (1990): Query By Diagram

TableTalk (1991)

O0-VQL (1993): "Object-Oriented" VQL

DFQL (1994): DataFlow QL

Visual SQL (2003)

QueryVis (2011)

Dataplay (2012)

SIEUFERD (2016)

10 SQLVis (2021)

© 0N U A WN
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SQLVis (2021

Miedema. Towards successful interaction between humans and databases. Master thesis. Eindhoven University of Technology. 2019.
https://research.tue.nl/en/studentTheses/towards-successful-interaction-between-humans-and-databases

Miedema, Fletcher. SQLVis: Visual Query Representations for Supporting SQL Learners. VL/HCC 2021. https://doi.org/10.1109/VL/HCC51201.2021.9576431

SQLVis library: https://github.com/Giraphne/salvis (8/2023)
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SQLVis

 The Goal of SQLVis is to represent SQL queries visually while a user is composing a query.
* Itis thus closely capturing the actual syntax of SQL

SOL visualizer  Help

multipleWhere Query History
select MAX(quantity) multipleSubquery [i1]
from purchase AS pur, product as p
WHERE p.pID = pur.pID purchase pur
AND p.pID < 50 tiD | cID | sID | pID | date | quantity | price multipleWhere n
AND pur.price > 10; T MAX. | >10.

subquery o

product.plD = purchase.plD
simple [ii]

product p
pID | pName | suffix
<50, I whereString ]

multipleConditions 1]

MAX(quantity)
multipleNumbers o
11

multipleNumbersSub @

Figure source: "Miedema. Towards successful interaction between humans and databases. Master thesis. Eindhoven University of Technology. 2019.

https://research.tue.nl/en/studentTheses/towards-successful-interaction-between-humans-and-databases "
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/ 208
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SQLVis: one table

Q: "Find boats Tables are by defanlt "collapsed”.
that are not red.”

select bname
from Boat
where color !="red'

Boat

Figure drawn based on Miedema, Fletcher. SQLVis: Visual Query Representations for Supporting SQL Learners. VL/HCC 2021. Fig 3. https://doi.org/10.1109/VL/HCC51201.2021.9576431
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/ 209



https://northeastern-datalab.github.io/visual-query-representation-tutorial/
https://doi.org/10.1109/VL/HCC51201.2021.9576431

SQLVis: one table

Q: "Find boats Tables are by defanlt "collapsed”.

that are not red." ‘ .
The expanded view shows all attributes

select bname horizontally, in a +abular form inspired by QBE
from Boat
where color !='red"’ Returned attributes in orange

(alias not possible)

Selections in greew.
|

| \ \1 Boat h

Boat > bid bname color'| pdate

I=red

Figure drawn based on Miedema, Fletcher. SQLVis: Visual Query Representations for Supporting SQL Learners. VL/HCC 2021. Fig 3. https://doi.org/10.1109/VL/HCC51201.2021.9576431
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/ 210
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SQLVis: one table

Q: "Find boats
that are red or blue."

select bname

from Boat
where color = 'red'
or color = "blue Disjuuctions are written in
different rows (like for QBE)
|
é Boat h
bid bname color'| pdate
red
blue
\—— _J
Figure drawn based on https://github.com/Giraphne/sqalvis (8/2023) 211

Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/
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SQLVis: multiple tables

Q: "Find sailors who
reserved a red boat."

Sailor S
select S.sname

from Sailor S, Reserves R, Boat B
where S.sid=R.sid Sailoy.sid =

and B.bid=R.bid Reseryes.sid
and color = 'red’

Reserves R

Boat|bid =

Join conditions showw as " Reserfesbid

atomic label (text) ow
line betweewn tables Boat B

Figure drawn based on Miedema, Fletcher. SQLVis: Visual Query Representations for Supporting SQL Learners. VL/HCC 2021. Fig 4b. https://doi.org/10.1109/VL/HCC51201.2021.9576431
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/
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SQLVis: multiple tables

Q: "Find sailors who
reserved a red boat." - Sailor S )

sid sname rating | bdate

select S.sname

from Sailor S, Reserves R, Boat B — /
where S.sid=R.sid Sailot.sid =
and B.bid=R.bid Reseryes.sid
and color = 'red' [ ReservesR )
sid | bid | day
\ y
S Boat/pid =
Join conditions shown as Resertes.bid
atomic label (+ext) on 4 Boat B )
line between +ables bid | bname | color | pdate
red
\ y

Figure drawn based on Miedema, Fletcher. SQLVis: Visual Query Representations for Supporting SQL Learners. VL/HCC 2021. Fig 4b. https://doi.org/10.1109/VL/HCC51201.2021.9576431
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/
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SQLVis: multiple tables

Q: "Find sailors who

reserved a red boat." : Sailor S D
. . sid sname rating | bdate
select S.sname boxes with different
from Sailor S saturation drawn for L J
where exists subgueries Sailof.sid =
(SElECt * Reseryes.sid
from Boat B [ ReservesR
where color = 'red' sid | bid | day
and exists L )
(select * |
/ Boat|bid =
fiefin REsEmEs Join conditions shown as Reserfes.bid
where S.sid=R.sid | jt6mic label (text) on a Boat B )
and R.bid=B.bid)) line between +ables bid | bname | color | pdate
red
" J

Figure drawn based on Miedema, Fletcher. SQLVis: Visual Query Representations for Supporting SQL Learners. VL/HCC 2021. Fig 4b. https://doi.org/10.1109/VL/HCC51201.2021.9576431
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/
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SQLVis: multiple tables

Q: "Find sailors who

reserved all red boats." 2 Sailor S R
. . sid sname rating | bdate
select S.sname boxes with different
from Sailor S saturation drawn for L J
where not exists subgueries Sailo}.sid =
(select * Reseryes.sid
NOT NQF
from Boat B negation for vegated _— [ ReservesR |
where color = 'red' subdueries are sid | bid | day
and not exists expressed in words g )
(select * |
Boatlbid =
from Reserves R Join conditions showv as " Resen{es.bid
where S.sid=R.sid | jt6mic label (text) on r Boat B A
and R.bid=B.bid)) line between tables bid | bname | color | pdate
g red )

Figure drawn based on Miedema, Fletcher. SQLVis: Visual Query Representations for Supporting SQL Learners. VL/HCC 2021. Fig 4b. https://doi.org/10.1109/VL/HCC51201.2021.9576431

Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/
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Intended Agenda today

1. Why visualizing queries and why now?

2. Principles of Query Visualization

3. Logical foundations of relational query languages
4. Early diagrammatic representations

5. Visual Query Representations for Databases

6. Various Open Challenges
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1: Showing Disjunctions diagrammatically is hard

Text: bid

color = 'red' or 'blue’

Diagram: ?
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1: Showing Disjunctions diagrammatically is hard

Text: bid But i+ can get far

color = 'red' or 'blug’ more cow\P[ica‘['@d ®

Diagram: bid =red' bid red bid
color <E color < red
color
='blue’

'blue’ blue

Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/ 2 18



https://northeastern-datalab.github.io/visual-query-representation-tutorial/

1: Showing Disjunctions diagrammatically is hard R(Af(g

How +o visually represent arbitrary Boolean formulas?

select exists
(select *
from R
where (R.B=0
and exists f?
(select *
from S
where R.A =S.A))
and exists
or (RB=1
and R.C = 2))
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1: Showing Disjunctions diagrammatically is hard R(Ag%(g

How +o visually represent arbitrary Boolean formulas?

select exists
(select *
from R
where (R.B=0
and exists f?
(select *
from S
where R.A =S.A))
and exists
or (RB=1
and R.C = 2))

duickly becomes ambiguons
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1: Showing Disjunctions diagrammatically is hard

Institute [1

‘nf'r Insthlame (k)

5'| LIKE "%nformatik"

OF

w‘r Fhone

“u“r Address

OF

w‘f Faculty

w‘r Head

AMD

‘nf'r Fosthox

w‘f Budgetho

w‘r FoomSecr

H LIKE "k5%"

There is no simple way to represent Boolean formulas.

Figure from "Thalheim. Visual SQL as the Alternative to Linear SQL, Talk slides, 2013."
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1: Why is visualizing disjunctive information harder?

| see a car that is blue j>
AND that has a flat tire

| see a car that is blue :: > ?

OR that has a flat tire -
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1: Why is visualizing disjunctive information harder?

| see a car that is blue j>
AND that has a flat tire
OR
| see a car that is blue j> Z 1 ™
OR that has a flat tire
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1: Why is visualizing disjunctive information harder?

| see a car that is blue j>
AND that has a flat tire

color="blue"
AND tire="flat"

| see a car that is blue j>
OR that has a flat tire

color="blue" tire="flat"

Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/ 224
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1: Why is visualizing disjunctive information harder?

| see a car that is blue j>
AND that has a flat tire

color—"blue" AND tire= "ﬂat( )

| see a car that is blue j>
OR that has a flat tire

O color="blue" OR tire= "ﬂat( )
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1: Why is visualizing disjunctive information harder?
"A situation ovly displays

conjunctive information."
| see a car that is blue :: >
AND that has a flat tire

color—"blue"(o-nre "ﬂat( ))

| see a car that is blue j>
OR that has a flat tire

O-color="blue" OR tire="flat ()

* Sun-Joo Shin, "The logical status of diagrams", Cambridge university press 1994. https://doi.org/10.1017/CB0O9780511574696
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1: Why is visualizing disjunctive information harder?
Diagrammatic reasoning systems and their expressiveness

Lﬁ.,l.boﬁm o objects. Conjunctive information is more naturally represented by diagrams

Iht OGKM-STATUS S e e b than by linguistic formulz. For example, a single Venn diagram can

U Dichs [ty

 This book challenges this prejudice
against visualization in the history of
/\  — i RO Still, not all relations can be viewed as membership or inclusion. Shin
‘/ 4] wm;:o:;am. has been careful throughout her book to restrict herself to monadic
a formal system of representation systems. Relations per se (polyadic predicates) are not considered. And
y P Y p

/ i e oot while it may be true that the formation of a system (such as Venn-II) that

B ks T is provably both sound and complete would help mitigate the prejudice

then extended to the equivalent of a

first-order monadic language. The

soundness of these diagrammatic

systems refutes the contention that

graphical representation is misleading

in reasoning. The validity of the

| me e e perception. In her discussion of perception she shows that disjunctive
to fallacies. concludes . . . . ) . .

with a discussion of some fundamental information is not representable in any system. In doing so she relies on

differences between graphical systems

and linguistic systems.

This groundbreaking work will have

important influence on research in

logic, philosophy, and knowledge

representation.

Source: Sun-Joo Shin, "The logical status of diagrams", Cambridge university press 1994. https://doi.org/10.1017/CB09780511574696
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2: A theory on visual minimality
How +o measure "visual minimality"?

And what objective should we actually mivimize?
(alphabet size, time-to-learn a represevtation,
time-to-solve a problem, "visual happiness’, ...)
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3. Other extensions beyond FOL for SQL

aggregates

select avg(price)
from Car
where maker='Toyota'

groupings ;

select product, sum(quantity)
from Purchase

where price > 1

group by product

Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/ 229
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3. Other extensions beyond FOL for SQL

aggregates
select avg(price) QueryVis has actually beew
from Car supporting simple groupings

where maker='Toyota' 4" aggregates (again, it can
get duickly wore complicated,

think disjunctions but wmore
complicated, a general

groupings solution still open,...)

select product, sum(quantity)
from Purchase

where price > 1

group by product

= Your Input

1. Specify a Schema

Purchase(product, quantity, price)

Y

2. Specify or choose a Query Supported grammar

[103 Bars: Persons who frequent some bar that serves some drink they like. v]

select product, sum(quantity)
from Purchase

where price > 1

group by product

Y

Submit |  Reset | http://queryviz.com/ (Version: 2011.03.22)

Image loaded.

=~ QueryViz Result

Purchase

product product
SUM(quantity) SUM(quantity)
price > 1
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3. Other extensions beyond FOL for SQL

aggregates arithmetic predicates
select avg(price) select sum(price * quantity)
from Car from Purchase

where maker='Toyota'

sroupings * bag semantics
select product, sum(quantity) * outer joins ’?
from Purchase * null values :
where price > 1 * recursion

group by product
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4. We need a principled notion of relational patterns

What are "relational patterns"'?

For first steps towards "relational patterns" see: "Gatterbauer, Dunne, Riedewald. Relational Diagrams. arXiv:2203.07284. 2022. https://arxiv.org/pdf/2203.07284 "
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5. "Nice" layouts: Automatic layout algorithms
Typical layout algorithms cannot handle hierarchies well

name
id : :
name
pid pid aid
\ mid mid fname = 'Kevin'

Iname Iname
- Iname = 'Bacon’
aid
fname

?
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5. "Nice" layouts: Automatic layout algorithms

Typical layout algorithms cannot handle hierarchies well

name

name

id

fname

Iname

N

Iname

How do we design principled layered node-link visualizations?

SELECT
drinker

N

drinker

aid

fname

pid

mid

pid

/! p—-mmmmmmEmm—_—

& g \

:: 1 beer : beer

1 A drinker I drinker

W ~ === -

I

W --—-—_——_—_-——_——

I

I _____________

| _____

:
I ;

1] drinker drinker

11 beer l‘ beer

S o

o —

mid

aid

fname = 'Kevin'

Iname = 'Bacon’

L ——

‘

L Ot
]

:
Y
@
b4
§,'

S memememm--

u9
o
u7

o 0% O

050505 05

Source: STRATISFIMAL LAYOUT: A modular optimization model for laying out layered node-link network visualizations, IEEE TVC 2021, https://doi.org/10.1109/TVCG.2021.3114756
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6. Principled User Studies (preregistered, beyond students)

How to design privcipled, reproducible, lovgitudival user studies?

Typing speed Kinesis 199,

-58%

»

Time using the tool

" Self-test and test with first-time user (in 2011): 3 repetitions, 2-minute typing test from http://hi-games.net/typing-test/
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/. Revisiting P7: syntactic invariance is maybe too strong

What is the appropriate level of abstraction? (ivtewt vs. debuggivg)

I P — Correlated nesting is preserved
ENFORCE.E . S
MateNr = SMatNr] Team > Team [< Team
Student § HJPOT EXISTS Semester Day » Day |« Day
MatrNr KursNr
v/ Name Note 4‘18 NOT NULL‘ Runs l! Runs )
v/ Gebdatum
Query Graph Model Most VQL" such as Visual SQL
Pirahesh et al. [Sigmod’92] Jaakkola & Thalheim [ER WS'03] http://queryviz.com
Query Plan SQL Query Query Intent
>
more abstract
* Note that VAL (Visual Query Languages) do not provide the reverse functionality of query visualization

Source: Gatterbauer. Databases will visualize queries too. VLDB 2011. https://gatterbauer.name/download/vidb2011 Database Query Visualization presentation.pdf
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8. What are other "better" visual metaphors?

relations instead of boxes

person person B person
bar N drink
. — A\ .
QueryViz: default reading order ¥z,
and logical equivalences drink

Fﬁm
person person = = person - — =% person
bar \ drink
\
W Sorves |
Arrows encoding logical bar
drink

T IIIIIIIIII
/4 I’ \\ \
M_L ! bl
person person | person —» person ' -
i |bar i drink ' i
1 1
1 1 1
R \ 1
retain original : i N par i
1 1 - 1!
A 1
nesting '\\ \Ldrink A )i
select(person)
Frequents(©,0)
Something Frequentgﬂ
completel . 0/ \O
. P y Likes(O, Serves(0O,0)
different

Source: Gatterbauer. Databases will visualize queries too. VLDB 2011. https://gatterbauer.name/download/vidb2011 Database Query Visualization presentation.pdf
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/

237


https://northeastern-datalab.github.io/visual-query-representation-tutorial/
https://gatterbauer.name/download/vldb2011_Database_Query_Visualization_presentation.pdf

9. What about interaction with diagrams?

R4.sid = R1.sid -

@ sid

Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/
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9. What about interaction with diagrams?

But recall: we don't want interaction

required to understand a query

(interactions should "enhance", not

replace visunal perception)
\@ b L|y

(All Columns)
Ubi
) ) Hceolor v
R4.sid = R1.sid -

U

Filter

= 'red’
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10. An ecosystem of tools that can translate between languages
Relax: relational algebra calculator (https://dbis-uibk.github.io/relax/):

Example Example Resulting
Relational Algebra SQL Group Editor + 5 . ;

schema query visualization
M 6 P < 2 T Y A v A = # 2 £ N U + - x M X X X ¥ D = - /" { I

D& 2 QueryVif
1 -- all pizzas that wer n by le order than 25 H
2:81 a= I"lppli::aa :Ga:gee: :Sat(;ers)onp:::t:))e o Om[lv]c +OO[S -For Your Input

-- all pizzerias that offer these pizzas

.
4 52 = Serves M S1 +rav‘ S la | ‘ v‘ 6 b/w Specify or choose a pje-defiged schema help

-- Add pizzerias that also offer other pizzas ( Employee and Departnjient ﬂ
A\ "

©:S3 = Serves - S2

.
-- Final solution: all pizzerias that only serve the pizzas in S1 VarloMS M@r EMP(eid, name,sal,did)
DEPT(did,dname,mgr)

S4 = M pizzeria Serves - T pizzeria S3 A 4

10 -- Output lav‘ 6 Ma@ 65 Specify or choose an SQL Query help

11 s4 [ Query 8 )

SELECT el.name

FROM EMP el, EMP e2, DEPT d
WHERE el.did = d.did

AND d.mgr = e2.eid L
AND el.sal > e2.sal

Relational Playground by Michael Mior

. L N Submit
(https://relationalplayground.com/): e
Relational Playground QueryViz Result
SQL Query = rs
did —1_ % EMP
SELECT = FROM Patient JOIN Doctor ON hame name M~ eid
Patient.primaryDoctor=Doctor.id WHERE sal sal
Doctor.firstName="Erwin" \Q/

QueryVis:
Query Optimization ] Tree view ] .
poctor.firsthane - eruin( Patient http://demo.queryvis.com

Mpatient.primaryDoctor = Doctor.id Doctor )

Screenshot sources: "Specht, Kessler, Mayerl, Tschuggnall. RelaX -- Interaktive Relationale Algebra in der Lehre. Datenbank Spektrum 2021. https://doi.org/10.1007/s13222-021-00367-x ",
"Mior. Relational Playground -- Teaching the Duality of Relational Algebra and SQL, DataEd@Sigmod. 2023. https://doi.org/10.1145/3596673.3596978",
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Some take-aways from today

e Visualizations of Relational Expressions have been investigated

for > 100 years

« The inverse functionality of query visualization (# VQLs from the
1990s) has not gotten much attention, yet new reasons to revisit

« Many (unresolved) issues lie in the actual details
e Solving those need rigorous and principled approaches

Thawnks for your attention
and for leaving feedback ©

Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutoria
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alele (Ve

Excerpts from original literature that
were used to derive the illustrations in
section o of this tutorial
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Comparing various approaches from database literature

5. Visual Query Representations for Databases
1. QBE (1977): Query-By-Example

QBD (1990): Query By Diagram

TableTalk (1991)

O0-VQL (1993): "Object-Oriented" VQL

DFQL (1994): DataFlow QL

Visual SQL (2003)

QueryVis (2011)

Dataplay (2012)

SIEUFERD (2016)

10 SQLVis (2021)

© 0N O U WN



QBE (19//)
(Query-By-Example)
Backup



QBE (Query-By-Example)

Retrieval using a negation. Print the departments that sell an
item not supplied by the Pencraft Company. This query is
shown in Figure 17. Here the not (1) operator is applied against
the entire query expression in the SUPPLY table. This query may
be paraphrased as follows. Print department names for items
INK such that it is not the case that PENCRAFT supplies INK. In
other words, the system is to look for (INK, PENCRAFT) through-
out thé entire table, and only if it does not find that entry is the
corresponding department printed. This query is different from
the following one.

Figure 17 Retrieval using a negation

Reétrieval using a negation. Print the departments that sell items
supplied by a supplier other than the Pencraft Company. This
query is illustrated by Figure 18. Here the system retrieves data
in the suppLY table with suppliers different from Pencraft, and
then retrieves the relevant departments. Note that (INK, PEN-
CRAFT) might also exist.

Figure 18 Retrieval using a negation

SALES

DEPT

ITEM

SUPPLY

ITEM

SUPPLIER

INK

—_

INK

PENCRAFT

SALES

DEPT

ITEM

SUPPLY |

ITEM

‘ SUPPLIER |

P.

INK

Source: Zloof. Query-by-Example: A Data Base Language. IBM Systems Journal 16(4). 1977. https://doi.org/10.1147/sj.164.0324
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QBE (Query-By-Example)

Retrieval of collected output from multiple tables. Print out each
department with its corresponding suppliers. Since the output
must be a new table, the user must generate a third table skele-
ton, and fill it in with examples mapped from the two existing
tables that satisfy the stipulation of the query. Since it is a user-
created table —and, therefore, does not correspond to stored
data —the user can fill in the required descriptive headings or
leave them blank. This is shown in Figure 19.

Figure 19 Retrieval of collected output from multiple tables

277 THING XXX
P. TOY P.lB_M_
SALES } DEPT ‘ ITEM l SUPPLY ‘ ITEM SUPPLIER
‘ ToY ‘ INK 1 ‘ INK IBM

Source: Zloof. Query-by-Example: A Data Base Language. IBM Systems Journal 16(4). 1977. https://doi.org/10.1147/sj.164.0324
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QBE (Query-By-Example)

Print the names of employees whose salary is between $10000
and $15000, provided it is not $13 000, as shown in Figure 22.
The use of the same example element JONES in all three rows
implies that these three conditions are ANDed on the employee
JONES.

Figure 22 Implicit AND operation

Print the names of employees whose salary is either $10000 or
$13000 or $16000. This is illustrated in Figure 23. Different
example elements are used in each row, so that the three lines
express independent queries. The output is the union of the
three sets of answers. (In this example, the P.’s alone would
have been sufficient.)

Figure 23 Implicit OR operation

EMP NAME SAL
P.JONES >10000
JONES <15000
JONES — 13000

Figure 24 AND operation using

condition box

NAME

SAL

S1

CONDITIONS

Sl= {>10000 & < 15000 & —113000)

EMP NAME SAL
P. JONES 10000
P. LEWIS 13000
P. HENRY 16000

Figure 25 OR operation
condition box

EMP

NAME

SAL

S1

CONDITIONS

S1 =(10000 | 13000 | 16000) ‘

Source: Zloof. Query-by-Example: A Data Base Language. IBM Systems Journal 16(4). 1977. https://doi.org/10.1147/sj.164.0324

using
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QBE (Query-By-Example)

We can print the names of sailors who do not have a reservation by using the —
command in the relation name column:

Sailors | sid | sname | rating | age || Reserves | sid | bid | day
Id | P..S - 1d

The use of — in the relation-name column gives us a limited form of the set-difference
operator of relational algebra. For example, we can easily modify the previous query
to find sailors who are not (both) younger than 30 and rated higher than 4:

Sailors | sid | sname | rating | age || Sailors | sid | sname | rating | age
Id | P..S = 1d > 4 < 30

Source: Ramakrishnan, Gehrke: Database management systems, 2nd ed (2000). Section 6. https://pages.cs.wisc.edu/~dbbook/openAccess/thirdEdition/gbe.pdf
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QBE (Query-By-Example)

Q: "Print the names of sailors who are younger than 30 or older than 20."

Sailors | sid | sname | rating | age

P. < 30
P. > 20

Q: "Print the names of sailors who are both younger than 30 and older than 20."

Sailors | sid | sname | rating | age

Id | P. < 30
1d > 20

Source: Ramakrishnan, Gehrke: Database management systems, 2nd ed (2000). Section 6. https://pages.cs.wisc.edu/~dbbook/openAccess/thirdEdition/gbe.pdf
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QBE (Query-By-Example)

Find sailors who have reserved all boats.
{{I, N,T,A) | (I, N,T,A) € Sailors N\—3(B, BN, C) € Boats
(=3(Ir, Br, D) € Reserves(I = Ir AN Br = B))}

One way to achieve such control is to break the query into several parts by using
temporary relations or views. As we saw in Chapter 4, we can accomplish division in
two logical steps: first, identify disqualified candidates, and then remove this set from
the set of all candidates. In the query at hand, we have to first identify the set of sids
(called, say, BadSids) of sailors who have not reserved some boat (i.e., for each such
sailor, we can find a boat not reserved by that sailor), and then we have to remove
BadSids from the set of sids of all sailors. This process will identify the set of sailors
who’ve reserved all boats. The view BadSids can be defined as follows:

Sailors | sid | sname | rating | age || Reserves | sid | bid | day
1d - Id | B

Boats | bid | bname | color || BadSids | sid
B I. 1Id

Given the view BadSids, it is a simple matter to find sailors whose sids are not in this
view.

Source: Ramakrishnan, Gehrke: Database management systems, 2nd ed (2000). Section 6. https://pages.cs.wisc.edu/~dbbook/openAccess/thirdEdition/gbe.pdf
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QBE (Query-By-Example)

WORKS_ON

(@ | Essn | Pno | Hours
P_ES 1
P_ES 2
WORKS_ON

(b) | Essn | Pno | Hours
P_EX 1
P_EY 2
CONDITIONS
_EX=_EY

Now consider query QOC: List the social security numbers of employees who work on
both project 1 and project 2; this cannot be specified as in Figure C.4(a), which lists
those who work on either project 1 or project 2. The example variable _ES will bind
itself to Essn values in <—, 1, —-> tuples as well as to those in <-, 2, —> tuples. Fig-
ure C.4(b) shows how to specify QOC correctly, where the condition (_EX = _EY) in

the box makes the _EX and _EY variables bind only to identical Essn values.

Source: Elmasri, Navathe. Fundamentals of Database Systems, 7th ed, 2015. Appendix C. https://dl.acm.org/doi/10.5555/2842853

Figure C.4

Specifying EMPLOYEES who work
on both projects. (a) Incorrect
specification of an AND condition.
(b) Correct specification.
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QBE (Query-By-Example)
EMPLOYEE
Fname | Minit | Lname | Ssn | Bdate | Address | Sex | Salary | Super_ssn | Dno

. P. _SX

DEPENDENT
Essn | Dependent_name Sex | Bdate | Relationship

Figure C.7
— [ SX llustrating negation by the query Q6.

Query 6. Retrieve the names of employees who have no dependents.

Qe6: SELECT Fname, Lname
FROM EMPLOYEE
WHERE NOT EXISTS ( SELECT *
FROM DEPENDENT
WHERE Ssn=Essn);

Q6: {g, s | (3t)(EMPLOYEE(grstuvwxyz) AND
(NOT(31)(DEPENDENT(Imnop) AND t=I)))}

Source: Elmasri, Navathe. Fundamentals of Database Systems, 7th ed, 2015. Appendix C. https://dl.acm.org/doi/10.5555/2842853
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QBE variant: Catalyst One Sysdeco

Q: "List employees who earn more than 40,000. In the same

list, we want to include employees who work in departments 4
and 5 and have a surname in the interval between Floyd and
Smith, irrespective of how much they earn.”

Using a tool called "visual query editor”
which combines ideas from QBE with a
visual Join syntax.

cl x|

gbedemo.dbo.Employee

2 x
Emp —(=)— gbedemo.dbo.Job
Dept p(3)._dept . L
i join
Firstname p(1). salary p(4)._salary
Lastname p(2)._lastname Emp
Sex Titleno
Married Startdate
Birthdate
Conditions [ x

_salary>4eeee or _dept in (4,5) and _lastname > "Floyd" and _lastname < "Smith"

Source: http://www.sysdeco.no/documentation/17/querybuilder/index.html#!WordDocuments/orvisualqueryconditionboxoperator.htm
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QBD (1990)
(Query By Diagraom)
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QBD (Query-By-Diagram)

At this point the query session can begin. To retrieve the desired pilots the user
selects in sequence the entities PILOT and PASSENG(er), creating an effective bridge
with the condition PILOT.surname=PASSENG(er).surname. The window mechanism
used to put conditions on attributes is shown in Figure 8 (the image comes from a
previous version of QBD*: the window mechanism in the Windows environment is
under development).

The new relationship, represented by a dotted line and the letters BR, is shown

in Figure 9.

| |

T B[O > =] <[] o [mmxm
CONFIRM EMP_DATE
FNAME FNAME
PAYED F_HOURS
PcD PCD
SEX SEX

0 |snanE - SNAME
TEL TIL

4

Figure 8. The windows mechanism for the ‘bridge’

Query by Diagram - final.epb [..
File Edit Attributes Query Browse Extract

QBD* - Select Function

WEAERE

| | 1
[ As00 |[ATR_42 | [LEARJET

O 5 s D 0 0 o W

Figure 9. The new relationship

Source: Santucci, Sottile. Query by Diagram: a Visual Environment for Querying Databases. SPE 1993. https://doi.org/10.1002/spe.4380230307
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QBD (Query-By-Diagram)

Relationship model. For example, in QBD* a query primitive is available that allows
joining entities not explicitly linked in the schema [4].

These "bridges” are also necessary for cross joins

o] JEFARE] | 1 1 1%l == [ [ "1 11 EENREE o] [ ? |
A A
' m I BRIDOT l |—E
()] (Qn) 7EaT -~ 7
> S 1 HEGEE—"
SURNAME /s.m.m: 1
1 NAME - S_NHABI
.’ FISCAL_C
DATE:B]R
| + <
- | = L | L™ |
E— RTTT =  —
I | =AIL I ;
- s >

Figure 11. Unconnected path in QBD* (from Angelaccio et al. [4])

Source: "Catarci, Costabile, Levialdi, Batini. Visual query systems for databases: a survey. JVLC 1997. https://doi.org/10.1006/jvlc.1997.0037"
citing "Angelaccio, Catarci, Santucci. Query by Diagram*: a fully visual query system. JVLC 1990. https://doi.org/10.1016/5S1045-926X(05)80009-6"
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Tabletalk (1991)

EXAMPLE 1. Give the titles, author names and author photos for all books whose
price 1s over $40-00.

row #:
1 BOOKS
Q PRICE > 400
3 AUTHOR
TITLE NAME PHOTO
AN INTRODUCTION TO DATE, CHRIS
DATABASE SYSTEMS
THE ART OF HUMAN- LAUREL, BRENDA
COMPUTER INTERFACE
DESIGN

Source: "Epstein. The TableTalk query language. JVLC, 1991. https://doi.org/10.1016/51045-926X(05)80026-6"
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Tabletalk (1991)

EXAMPLE 2. Give the book numbers, titles, order numbers, and customers for

those orders for books published by Addison-Wesley that are out
of stock.

BOOKS
IN_STOCK =0
- and
NAME of PUBLISHER = “ADDISON-WESLEY”
ORDERS
BOOK# TITLE ORDER# CUSTOMER
B5 A GUIDE TO DB2 ORD5S BB o
ORD6 BEE
B6 AN INTRODUCTION TO ORD6 g O
DATABASE SYSTEMS

Source: "Epstein. The TableTalk query language. JVLC, 1991. https://doi.org/10.1016/51045-926X(05)80026-6"
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"‘Object-orienteoc VQL'
(1993)
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OO_VQI— (O bJ ect-o ri c nted VQI—) Non-graphical variables

. : . for returved predicates
InletNeedle (idNumber, diameter, length, weight)

Q2: Find the idNumbers of all the InletNeedles that have

diameter greater than 0.25 and have length greater
than 12.5.

z1l: (InletNeedle, (z1, > 0.25, > 12.5, _))

Q3: Find the idNumbers of all the InletNeedles that have

either diameter greater than 0.25 or have length Dis;i +i
greater than 12.5. ISjneTion

x1: (InletNeedle, (z1. > 0.25, _, ))

(b)
V(InletNeedle, (z1, _, 12.5, __)) Fig. 6. Conjunctive and disjunctive queries.

Figures from: Mohan, Kashyap. A visual query language for graphical interaction with schema-intensive databases. TKDE 1993. https://doi.org/10.1109/69.243513
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O0-VQL (Object-oriented VQL)

C:Iass| Name

Instance

(a)

Attribute Name

Attributle Value

(b)

Fig. 3. Visual query primitives.

Instance

©

Figures from: Mohan, Kashyap. A visual query language for graphical interaction with schema-intensive databases. TKDE 1993. https://doi.org/10.1109/69.243513

Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/

262


https://northeastern-datalab.github.io/visual-query-representation-tutorial/
https://doi.org/10.1109/69.243513

O O _\/ QL ( O bj e Ct_ O r‘i e n t e d VQL) InletNeedle (idNumber, diameter. length, weight)

Manufacturer (name, streetAddress, city)
MadeBy [InletNeedle.idNumber. Manufacturer.name]

(Q4: Find the names of those manufacturers who

manufacture InletNeedles with diameters greater
than 0.25.

Manufacturer inletNeedle

diameter

E
2,
=z
e TN 7

Fig. 7. An associative “Join” query using the “Interaction” link.

x2: (I, MadeBy, (z1, 22))
[(InletNeedle, (z1, > 0.25, _, ),
(Manufacturer, (22, _, _))]

Figures from: Mohan, Kashyap. A visual query language for graphical interaction with schema-intensive databases. TKDE 1993. https://doi.org/10.1109/69.243513
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O0-VQL (Object-oriented VQL) Dcprimentfame, sie, locaon] o -

Sells [Department.name, item.name]

Item [name, color, size, weight]
. . Supplier] [Ttem |
Supplies [Supplier.name, item.name] _m—

Q5: Find the suppliers that supply an item sold by Supplier [name, street, city, zip]
the TOY department.

Fig. 8. Portions of two separate schemas.

Not clear why the same itewm object
canot be used for both relationships

z2: (I, Sells, (_, x1))[(Department,

(Toy, _s ), (Item, _)]
(I, Supplies, (_, x1))[(Supplier,

/ (52, _, . ), (Ttem, )]

DlSjMVIC“’lOVI here seems +o be an error Fig. 9. A “Join” query that links unconnected schemas.

Figures from: Mohan, Kashyap. A visual query language for graphical interaction with schema-intensive databases. TKDE 1993. https://doi.org/10.1109/69.243513
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O0O-VQL (Object-oriented VQL}

Q6: Find the names of those employees that earn more
than their managers.

Nov-graphical variables for bult-in predicates

z1: (I, ManagedBy, (z1, z2)) Fig. 11. A query involving a reflexive relationship.

Figures from: Mohan, Kashyap. A visual query language for graphical interaction with schema-intensive databases. TKDE 1993. https://doi.org/10.1109/69.243513
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OO0-VQL (Object-oriented VQL)  Depiment fame, sice tocation) - FI™

Item [name, color, size, weight]

Manu-

ee ffacturer

Manufacturer [name, street, city, zip] =
MadeBy(mname, ipname)

7

Q7: Find those departments that sell all the items Sells(dname, iname) ment |2

Item

that are manufactured by the manufacturer “Ping”

This expression seems uvsafe and Would likely
be writtev iv today's notation as follows:

{(x) | Department(x,_,_) A R
(vv[MadeBy(v, 'Ping’) - It is vot evident how this diagram

Sl distinguishes between "that sells a
(Sells(x,v))); items by Ping" vs. "st. that all sold
items are by Ping"

zl: Vy(I, MadeBy, (y, Ping))[(Item, _),
(Manufacturer, _ )] —

(I, Sells, (x1, y))[(Department, _ ), (Item, _)]

Manufacturer

R
SN IR O

Fig. 12. A query that uses the “all” operator.

Figures from: Mohan, Kashyap. A visual query language for graphical interaction with schema-intensive databases. TKDE 1993. https://doi.org/10.1109/69.243513
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DFQL (1994)
DataFlow QL
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DFQL (DataFlow Query Language)

input nodes

operator
body

\/\ output node

Fig. 3.

'4’//////////////////////////////////

This method
calculates
y=mx+b

P L L A D
Fig. 2.

DEQL

relation condition
o ]
3, (3
9

relation attribute list

o D
3, E,
O

relation 2

relation 1 join condition

relation 1 relation 2
relation 1 relation 2

grouping attributes
n

relation

SOL

SELECT DISTINCT *
FROM relation
WHERE condition;

SELECT DISTINCT attribute list
FROM relation;

SELECT DISTINCT *
FROM relation! rl, relation2 12
WHERE join condition;

SELECT DISTINCT *
FROM relation]
UNION

SELECT DISTINCT *
FROM relation2;

SELECT DISTINCT *
FROM relationl
MINUS

SELECT DISTINCT *
FROM relation2;

count aﬂnbute SELECT DISTINCT grouping atributes

COUNT(*) count attribute
FROM relation
GROUP BY grouping attributes;

Fig. 4,

Clark, Wu. DFQL: Dataflow query language for relational databases. Information& Management, 1994. https://doi.org/10.1016/0378-7206(94)90098-1
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DFQL (DataFlow Query Language)

TABLE 2.1: BASIC DFQL OPERATORS AND THEIR SQL EQUIVALENTS

Input nodes
Body I/ l{
——— Qutput node

Figure 2.2: Operator Construction

SQL —] Description SQL Equivalent 1‘
Implements  the relational algc_b_ra SELECT DISTINCT *
- s selection operator. The algebraic | FROM relation
relation condition hotation is: WHERE condition
O <condition> (<relation>).
. It retrieves tuples from the relation
(Cselect ) . . -
< which fits the specified condition. There
SELECT are no duplicate tuples in the result.
Implements the relational algebra | SELECT DISTINCT
. ) .| projection operator. The algebraic | attribute list
relation attribute list notation is: FROM relation

PROJECT

n<at:ribz§te lise>(<relation>).
The attributes list, separated by commas

contains the names of attributes to be
retrieved from the relation . The project
operator eliminates duplicate tuples from
the result.

Girsang. The comparison of SQL, QBE, and DFQL as query languages for relational databases, Master thesis, Naval Postgraduate School, 1994. https://core.ac.uk/download/pdf/36723678.pdf
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DFQL (DataFlow Query Language)

Query 3: "For every project located in Houston, list the project name, the controlling alias on ed @@5 +0
department number, and department manager's last name, ssn, and sex.” . .
avoid ambiguities

PROJECT Plocation = Hgusto

DEP&%MEHT
W @ r1.Dnum = r2 _Dnumber
u\’v .

EMPLOYEE V oin/' SSN = Mgrssn
SELECT PNAME, DNUM, LNAME, SSN, SEX 7 ., A Pname , Dnum, Lname, ssn, sex
FROM EMPLOYEE, DEPARTMENT, PROJECT h. g
',/A' roject
WHERE MGRSSN = SSN AND DNUM = DNUMBER .
y/' - s

AND PLOCATION = ‘Houston’

Girsang. The comparison of SQL, QBE, and DFQL as query languages for relational databases, Master thesis, Naval Postgraduate School, 1994. https://core.ac.uk/download/pdf/36723678.pdf
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DFQL (DataFlow Query Language)

Query 5: "For each department retrieve the first names and

the last names of employees who have no dependents."
DEPENDENT

EMPLOYEE

=

Y
project’;

s5n = es8Sn

i
SELECT DNO FNAME, LNAME Fname, Lname

At
FROM EMPLOYEE \ /
WHERE NOT EXISTS (SELECT * project’
FROM DEPENDENT
WHER SSN = ESSN)

isplay

GROUP BY DNO

Girsang. The comparison of SQL, QBE, and DFQL as query languages for relational databases, Master thesis, Naval Postgraduate School, 1994. https://core.ac.uk/download/pdf/36723678.pdf
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DFQL (DataFlow Query Language)

PRO.JECT Pnum =35
EMPLOYEE WYORKS_ON
SSn = essn e e % Pnuber
Query 9: "Retrieve the first name and last name of each employee ” Vs
who works on all the projects managed by department number 5." ayy essn oeeicot?
A % q Pno R 2
Based on the description of the operator, there seewms +o be v 2

an error in the visualization: the "gronpContain’ only returns —— ps-tba
the esswn's, and a subsedquent join with Employee is necessary

SELECT FNAME, LNAME
FROM EMPLOYEE
WHERE (SELECT PNO
FROM WORKS_ON
WHERE SSN = ESSN)

SELECT FNAME, LNAME
FROM  EMPLOYEE
WHERE NOT EXISTS
(SELECT *
FROM WORKS_ONB
WHERE (B.PNO IN (SELECT PNUMBER
FROM PROIJECT

WHERE DNUM = 5)) (SELECT P ER
AND FROM PROJE
NOT EXIST (SELECT * WHERE DNUM = ‘5"

FROM WORKS_ON C
WHERE C. ESSN =SSN
AND C.PNO =B. PNO))

Fname, Lname

T@pcmwr takes the WORKS_ON relation (rl) and the second

relation (r2) and groups the tuples according to the grouping attribute essn. It then compares

attribute Pno to see if one essn has all the Pno values contained in r2. If so, the essn is

selected.

1. GroupContain operator is a part of Group Set Comparation. GroupSet Comparation also pro-
vides GroupEqual and GroupContainBy operators. These operators are discussed in class notes of
Dr. C. Thomas Wu, Computer Science Department, Naval Postgraduate School, Monterey, CA.

e

Notice that the CONTAINS cbmparison operator in this query is similar

in function to the DIVISION operation of the relational algebra [Elma 89].

Girsang. The comparison of SQL, QBE, and DFQL as query languages for relational databases, Master thesis, Naval Postgraduate School, 1994. https://core.ac.uk/download/pdf/36723678.pdf
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Visual SQL (2003)
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Visual SQL

Q: "Return ("successless") students
who no enrollment with null as result."

Check-marks show
selected attributes

Arrows preserve the
order of +he attributes

in the predicate

e

EXISTS /| NOT EXISTS written ont with
words and different from IN / NOT IN

I

Attributes "selected" in a
subduery are marked with a
/ labeled check mark

All attributes from a table

7 N

NOT EXISTS
student 51 Enroll E1
\ StudNo (k) =T ¥ StudNo (9
‘Vf Mame / v“1 Studhame
's/ EirthDate / CourseMNo
semester
Result

IS NOT NULL | w|

are showw evew if not used.

\ Constants for

¥ SQL-Query

selection predicates
are in separate boxes

SELECT 51.NMame, 51 .Binthjlrate
FROM Student 51

WHERE NOT EXISTS|(SELECT E1.5tudMNo E1.StudName

FROM Enroll E1

*[ E1.5tudMo = 51.5tudNo )

Figure from "Thalheim. Visual SQL as the Alternative to Linear SQL, Talk slides, 2013."
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Visual SQL

Provide data on students who have successfully completed those and only those
courses which have successfully been given or which are currently given by the
student’s supervisor?

SELECT P1.Name, P1.BirthData, P1. Address,

FROM

WHERE

P2.Name AS

"Name of supervisor"

Person P1, Professor P2, Student S1, Supervisor, Lecture L,

Enroll E

P1.Name = Student.Name AND P1.BirthData = Student.BirthData
AND S1.StudNo = E.StudNo

AND E.Result NOT NULL

AND S1.StudNo = Supervisor.StudNo

AND Supervi

AND Supervi

AND P2.Name

AND L.Name

AND
L.CourseNo
IN

(SELECT
FROM
WHERE

S1
E2

)

AND
E.CourseNo
IN

(SELECT
FROM
WHERE

L2
L2
)3

sor.Name = Professor.Name

sor.BirthData = Professor.BirthData

= Professor.Name AND P2.BirthData = P2.BirthData

= Professor.Name AND L.BirthData = Professor.BirthData

E2.CourseNo
Enroll E2

.StudNo = E2.StudNo AND
.Result NOT NULL

L2.CourseNo
Lecture L2

.Name = P2.Name AND
.BirthData = P2.BirthData

Lecture L

Student S1 Supervison CourseNo
Person P1 StudNo StudNo Brofessor P Semester
v/ Name Name Name v/ Name Name
V/BirthDat4 BirthData BirthData —— BirthData BirthData
/ Address . .. o
S1 — 2 { L.CourseNo } = { E.CourseNo }
Student S2 Enroll E
StudNo StudNo
Name CourseNo
BirthData
Result 4{ NOT

Fig. 1. Visual SQL Involving Equality On Two Visual SQL Subqueries

Source: Jaakkola, Thalheim. Visual SQL -- high-quality ER-based query treatment. ER workshops, 2003. https://doi.org/10.1007/978-3-540-39597-3 13
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/

The Visualization contains fewer tables and +he
translation between +he visualization and SQL is ot
explained in the paper.
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Visual SQL

Q: "Find students who have taken classes
from all lecturer who were born after 2000"

® 0 SQL-Query

SELECT S1.StudNo,S1.Name,S1.BirthDate
FROM Student S1
WHERE NOT EXISTS (SELECT L1.Lecturer,L1.BirthDate,L1.Credits,L1.Semester,L1.CourseNo
FROM Lecture L1
WHERE  L1.BirthDate > 2000 AND
NOT EXISTS (SELECT E1.StudNo,E1.StudName,E1.From,E1.To,E1.CourseNo,E1.Semester,E1l.Lecturer,E1.Result
FROM Enroll E1

WHERE S1.StudNo = E1.StudNo AND
L1.Lecturer = E1l.Lecturer )
)
Selection of connection to database:DBMSDriverServer Database Port Login Password
MySQL r I C I

Default

Send to DB

double-live is assumed a bug and vot
part of +he motivation

Student S1 OV BT
\/ NOT EXISTS
v StudNo (K) = Lecture L1 Enroll E1
J elie V] Lecturer =V, StudNo
BirthDat .
IrthDate \/1 BirthDate \/2 StudName
\/1 Credits \/2 From
\/1 Semester (K) \/2 To
\/1 CourseNo (K) \/2 CourseNo (K)
\/2 Semester (K)
=\, Lecturer
> 200071
\/2 Result

/

outline of L1 is overlapping with the
connection between S1 and €1 and is
better moved to the right or below)

Figures drawn by Jiahui Zhang around 4/2020 with a code at the time still available on the website of University of Kiel
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/
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Visual SQL

Source: Figure 40 in Thalheim. Visual SQL -- Eine ER-basierte Einfuehrung in die Datenbankprogrammierung. Teil I. Report 1-08/03 of the Computer Science Institute at BTU Cottbus, 2003.
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/

Subdueries conmected other than "(vot) exists" are
conected at the whole nesting level of the subguery.

This live likely should start at SA.MatrNr. +o mean:

(select S2.Matr.Nr from...

Student S1
Person MatrNr
v/ Name - Name .
_ ... and S1.MatrNR not in
Gebdatum Gebdatum
NOT IN
hoert H2
Student S2 KursNr
v/ MatrNr Semester
Name v, MatrNr
Gebdatum Note 4{6 {2,3,4,5}’

Bild 40: Teilanfrage mit Differenzbildung
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Visual SQL

Institut
IName LIKE “%_nformatik %”
Complicated Boolean expressions are J/ Telefon O
hard to visualize (by nature) Fakultit op IV 2.4
Anschrift
Sprecher
Postkasten
Kostenstelle OR NOT ETWEEN AND 3009999
v/ RaumSekretariap LIKE “LG 2%”

Bild 20: Auswahl in Klassen mit AND, OR und NOT

SELECT Telefon, RaumSekretariat
FROM Institut
WHERE (IName LIKE "%_nformatik’%" OR Fakultaet NOT 1IN (2,3,4))
AND (RaumSekretariat LIKE "LG 2%" OR
Kostenstelle NOT BETWEEN 2000000 AND 3999999) ;

Source: Figure 20 in Thalheim. Visual SQL -- Eine ER-basierte Einfuehrung in die Datenbankprogrammierung. Teil |. Report 1-08/03 of the Computer Science Institute at BTU Cottbus, 2003.
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/ 278
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Visual SQL

Institut

IName | LIKE “%_nformatik%”
Complicated Boolean expressions are o/ Telefon OR;
hard +o visualize (by nature) Anschrift yd LIKE LG 297

Fakultat / i = 1
>AND2

H@{re fl'l/l@ nesting sequence is captured o eyé i — p—
by indices -
Stkasten
... XorYor(AandB)...
///}(ostensteﬂe
/ v/ RaumSekretariaf
or is higher nested, thus index 1
and then has index 2 Bild 19: Auswahl in Klassen mit AND und OR

SELECT Telefon, RaumSekretariat
FROM Institut
WHERE Anschrift LIKE "Y%LG 2%" OR IName LIKE ¢°‘%_nformatik\%’’
OR  (Fakultaet = 1 AND Sprecher LIKE "KJ");

Source: Figure 19 in Thalheim. Visual SQL -- Eine ER-basierte Einfuehrung in die Datenbankprogrammierung. Teil |. Report 1-08/03 of the Computer Science Institute at BTU Cottbus, 2003.
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/ 279
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Visual SQL

Eingeschriebenln DELETE
Stud.MatrNr
SName
Von > 7.10.2002 OR < 1.1.1993
Bis

Bild 14: Streichen von Objekten mit

Disjunction of values
on one predicate

DELETE FROM Eingeschrieben
WHERE Von > 7.10.2002 OR Von < 1.1.1993;

Source: Figure 14 in Thalheim. Visual SQL -- Eine ER-basierte Einfuehrung in die Datenbankprogrammierung. Teil |. Report 1-08/03 of the Computer Science Institute at BTU Cottbus, 2003.
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/
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Visual SQL

Belegt
MatrNr 7O Person
v KursNr 7O v/ Name O
/ Semester @ \/ Gebdatum T
Geburtsort
Additional box is used Note Adresse

for Cartesian product

Bild 28: Kartesisches Produkt mit Projektion

SELECT KursNr, Semester, Name, Gebdatum
FROM Belegt, Person;

Source: Figure 28 in Thalheim. Visual SQL -- Eine ER-basierte Einfuehrung in die Datenbankprogrammierung. Teil I. Report 1-08/03 of the Computer Science Institute at BTU Cottbus, 2003.
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/
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VI S U a | SQI— Student S = Professor P

MatrNr v/ Name
v/ Name v/ Gebdatum
v/ Gebdatum InIName

Bild 47: Vereinigung von zwei [vollstédndig typengleichen Relationen

Union
SELECT S.Name, S.Gebdatum
FROM Student S
UNION
SELECT P.Name, P.Gebdatum
FROM Professor P;

Source: Figure 47 in Thalheim. Visual SQL -- Eine ER-basierte Einfuehrung in die Datenbankprogrammierung. Teil |. Report 1-08/03 of the Computer Science Institute at BTU Cottbus, 2003.
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/
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Visual SQL

hoert
KursNr
Student Semester
Person MatrNr = ANY v/, MatrNr
v/ Name = Name Note ‘; 1
Gebdatum = Gebdatum

Bild 38: Teilanfrage mit\Vergleich

Subquery with ANY

SELECT Name
FROM Person, Student
WHERE Person.Name = Student.Name AND Person.Gebdatum = Student.Gebdatum AND
MatrNr = ANY
(SELECT S1.MatrNr
FROM hoert S1
WHERE Note = 1);

Source: Figure 38 in Thalheim. Visual SQL -- Eine ER-basierte Einfuehrung in die Datenbankprogrammierung. Teil I. Report 1-08/03 of the Computer Science Institute at BTU Cottbus, 2003.
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/
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Visual SQL

KursNr

v/ KursBez

Beschreib

V., Informatik

Subdquery with ALL —1— T

= ALL
Eingeschriebenl Student hoert
StudMatrNr = MatrNr = MatrNr
v/, SName Name KursNr = K.KursNr
Von Gebdatum Semester
Bis Note

SELECT K.KursBez
FROM Kurs K Bild 52: Korrelierte Teilanfragen mit ALL
WHERE "Informatik" = ALL

(SELECT  SName
FROM hoert, Student, EingeschriebenIn
WHERE K.KursNr = hoert.KursNr
AND Student.MatrNr = hoert.MatrNr
AND EingeschriebenIn.StudMatrNr = Student.MatrNr );

Source: Figure 52 in Thalheim. Visual SQL -- Eine ER-basierte Einfuehrung in die Datenbankprogrammierung. Teil |. Report 1-08/03 of the Computer Science Institute at BTU Cottbus, 2003.
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/
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QueryVis (2011)
(also QueryViz)
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QueryVis (formerly known as QueryViz)

not exists / all

-

I3 AY
—) |

k___l

exists

. x=y
* x=ANY (selecty)
¢ EXISTS (select where x=y)

o x<>ALL (select y)
* not EXISTS (select where x=y)

* X IN (select y) * not IN (selecty)
e N\
—@— «—
* X<>Y #

* x=ALL(select y)
* not EXISTS (select where x<>y)

o

AY
1 ; r 3
\ ) )

Nm——

* x<>ANY (select y)
* EXISTS (select where x<>y)

_®_>

x>y
* x>ANY (select y)
* EXISTS (select where x>y)

* x<=ALL (select y)
* not EXISTS (select where x>y)

Figure 5: Lines with optional direction and com-
parison operators, together with bounding boxes in
two line styles that group together relations suffice
to express the most important syntactic constructs
of nested SQL queries.

R(a,b,c), S(d,e)

q2 select a qs select a
from R from R
where b <> ALL where b not IN
(select d (select d
from S) from S)
qa select a
from R

v [

where not exists , ,
(select * 2 al i
s b [ d |

from S = = !
where b=d)
g2: a:3b.3c.(R(a,b,c) AVdVe.(S(d,e) = d#D))
g3: a:3b3c.(R(a,b,c) Nb¢ {d|Te.S(d,e)})
ga: a:3b.3c.(R(a,b,c) A —3d.3e.(S(d,e) Ad=D))
Va: a:3b.(R(a,b, ) A—(3d.(S(d,-) Ad=Db)))

Figure 4: Schema with three equivalent queries (¢
to ¢3), their common QueryViz representation V2 and
their respective translations into FOL.

Scores(team,day,opponent,runs)

qs select Sl.team, Sl.day

from Scores S1

where not EXISTS
(select *
from  Scores S2
where S1.runs=S2.runs
and  (Sl.team<>S2.team OR

S1.day<>S2.day))

vs

team team [ team
day day [¢ day
runs » runs

gs: t,d:3o3r.(S(t,d,o,r) A =(3tz.3d2.F02.37s.
(S(tz, da, 02, 7‘2) Ara=rA (tz #tV da ;éd))))
Vs: t,d:3r.(S(t,d,_,r) AVt2.Vda.Vrs.
(S(tz, da, _, ’1‘2) Are=r =ta=t A d2=d))

Figure 6: Query for “teams and days on which the
team had a run that was neither repeated on another
day nor by another team,” its QueryViz representa-
tion, and their respective translations into FOL.

Figure source: Danaparamita, Gatterbauer. QueryViz: Helping Users Understand SQL queries and their patterns. EDBT demo. 2011. https://doi.org/10.1145/1951365.1951440
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/ 286
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QueryVis (formerly known as QueryViz)

SELECT F.person

FROM  Frequents F, Likes L, Serves S
WHERE F.person = L.person

AND F.bar = S.bar

AND L.drink = S.drink

bar
o

bar
person person
\ drink
person

Figure 5: Visualizing a conjunctive query closely fol-
lows an all-familiar UML notation. Q: Find persons
who frequent some bar that serves some drink they
like. There is nothing really new here.

SELECT F.person
FROM  Frequents F
WHERE not exists
(SELECT *
FROM Serves S
WHERE S.bar = F.bar
AND not exists
(SELECT L.drink
FROM Likes L
WHERE L.person = F.person
AND S.drink = L.drink))

bar

person person

Figure 6: Visualizing a nested query still fol-
lows familiar UML notations, but now adds visual
metaphors for 3 (dashed box) and reading order (ar-
rows). Q: Find persons who frequent some bar that
serves only drinks they like = ... some bar that serves
no drink that is not liked by them.

Serves

bar

Frequents

bar

' drink
person person
\ drink
person

Figure 7: The visualization from can be fur-
ther simplified by using another visual metaphor for
V (double-lined box), a logical and intuitive operator
that does not exist in SQL. Q: Find persons who fre-
quent some bar that serves only drinks they like = ...

some bar so that all drinks served are liked by them.

Figure source: "Gatterbauer. Databases will Visualize Queries too. PVLDB vision 2011. https://doi.org/10.14778/3402755.3402805 "

Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/
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QueryVis (formerly known as QueryViz)

SELECT A
SELECT A FROM R
FROM R WHERE not exists
WHERE B not in (SELECT *
(SELECT D FROM S
FROM S) WHERE B=D)
{ )
A A | I
1 |
B : B !
\ )

Figure 4: Two queries which are equivalent except
if the column S.b contains NULL values. Ignoring
this one case, they are equivalent. Hence, the query
intent can be shown by the same representation.

Figure source: "Gatterbauer. Databases will Visualize Queries too. PVLDB vision 2011. https://doi.org/10.14778/3402755.3402805 "
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/ 288
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QueryVis (formerly known as QueryViz)

@ Query Interpretation |LA IS
—_) .
Query Re- ———=  Query Vi-
finement PELEST R sualization
FROM R
e WHERE B not in
——..  Query Composition (SELECT D

FROM S) 7

Figure 8: The vision: In the near future, DBMSs
will visualize queries too, and not just data (as in
information and scientific data visualization). This
feature will allow iterative query refinement and will
enhance the usability of databases.

Figure source: "Gatterbauer. Databases will Visualize Queries too. PVLDB vision 2011. https://doi.org/10.14778/3402755.3402805 "
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/ 289
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Dataplay

Other observations:

1.
(a) (b)
Sebyc
id
Student I
name
age
- dept takes
grade @ @
grade 2"‘

course
course
name
2.

prerequisites

Figure 1: (a) ER-diagram of a school database; (b)
The nested-UR schema with student as pivot.

id

Every query includes all
tables from +he schewma.
Thus duerying one table
(like red boats) redquires
showing all tables
Self-joins (one table
appearing multiple times)
seems ot to be handled
Cyclic schemas are
represevted by using a
spawiing tree and a tex+t-
based join (reuse of
variables)

Source: Abouzied, Hellerstein, Silberschatz. Playful query specification with DataPlay. VLDB demo 2012. https://doi.org/10.14778/2367502.2367542

Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/
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Dataplay

Other observations:

Figure 3 illustrates two QT's: one for finding students with 1. Pre determined vestin 0

at least one A and one for finding straight-A students. Since

the nesting hierarchy for a query is predetermined, users do hie I"ﬁl"&l/]\'( PY’@\/@VI“'S correlated
not need to specify how to group tuples for quantification. nested 0|(A6|"i es to be 6XPI"@SS@0|
More importantly, modifying the quantifier type is localized

to simply changing the symbol from 3 to V on the constraint (6‘@‘ students who have taken
node; the structure of the QT is preserved. all ¢S 0[&3565)

C ) C )

student student
grade = V

grade = E

takes takes
grade grade

Figure 3: (a) Students with some A’s (b) Straight-
A’s

Source: Abouzied, Hellerstein, Silberschatz. Playful query specification with DataPlay. VLDB demo 2012. https://doi.org/10.14778/2367502.2367542
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/ 292
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Dataplay

Other observations:

1. Ambiguity if multiple tables
contain an attribute named "id"
(€.9. course id or prerequisite id)

2. All quantifiers are shown at +he
root of the tree, even if
attributes appear in leaves.
"Location" of attributes in the
schema and their use can be
separated (now-local)

{ grade == "A"}
id=="CS11" ,id=="CS16" ,id =="CS18"}

course

Source: Abouzied, Hellerstein, Silberschatz. DataPlay: interactive tweaking and example-driven correction of graphical database queries. UIST 2012. https://doi.org/10.1145/2380116.2380144
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/ 3
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SIEUFERD (2016)

Filter. Using the filter popup (Figure 2), a filter can be defined
on any field, indicated by the filter icon (V). Filters on relation
fields restrict the set of tuples retrieved in that relation, while filters
on primitive fields restrict the tuples of the parent relation. In t
following example, the MEETINGS relation is filtered to show
tuples for which the DAY is W:

Filter icon (Y) indicates filter. Here the
meetings relation is filtered +o show ouly
tuples with day = W (actual filter conditiov

ly only showw in separate "filter popup" window)

— "Nest equijoins” are by default treated like
ttle max readings < sections <%, / left joins (all tuples on the left of +he join are
E th tit 22 ti . .
i i ¢ 315 Moy T st Jerd shown even if there is no match on the
Comedy 99 Moliere The Miser L 01 W 11:00 11:50 1 _
Feydeau A Flea in Her POl W  12:30 13:20 l”!@l/]‘l‘)\ To remove tuples on 'l‘l’\“@ |6‘F‘l‘ hand .
A Ear P02 W 1230 13:20 side of the operator, a special "hide parevt if
eza P03 W 13:30 14:20 . . . . .
plos| W 14:30 |15:20 empty" setting is required and indicated by
American Politics 78 L 01 W 11:00 11:50 _ _ 3
LjoL| W |1 the arrow-towards-root icon (X)
P01 W 13:30 14:20
P04 W 14:30 15:20
Judicial Politi 24 R berg, The Holl L 01 W 11:00 11:50 . .
Helcal FOTe Gerald " |Hope ST Notice that filters are applied o the
| azariic Clacad n Nna \AJ 11.NN  141.CN

relation, not the result of a join. This is
important for modeling vegatiow

Figure source: Bakke, Karger. Expressive query construction through direct manipulation of nested relational results. SIGMOD 2016. https://doi.org/10.1145/2882903.2915210
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/ 295
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SIEUFERD (2016)

Flat joins. Traditional flat joins can be expressed by referencing
a descendant relation from a formula without enclosing the
reference in an aggregate function. In the following example,
each course title is repeated once for each distinct author name
in the reading list, because the AUTHOR REFERENCE field in the
COURSES relation references the READINGS relation without the
use of an aggregate function:

courses <
title exam_ author eadings <

type reference fx author_name title

Roman Art Other Gombrich Gombrich Art and Illusion

Roman Art Other Ramage Ramage Roman Art
Comedy Final Feydeau ~ Feydeau

Comedy Final |=[author_name]| |

Comedy Final Reza Reza

Russian Drama Other Chekhov Chekhov The Seagull
Russian Drama Other Pushkin Pushki Little Tragedies
Russian Drama Other Vampilov pilov The Duck Hunt
American Final

Politics

Junior Other Pierre Loti Pierre Loti India
Seminars

Tndirial Final lazarc Il azariie FAuwmard Clacad Chamhare

The actual behavior is that of a left join, with a null value being
returned for the course AMERICAN POLITICS, which has no read-
ings in its reading list. To express an inner join instead, the HIDE

In order to apply a filter *after* a left join, a
"reference formula” needs to be added that
represents a "referevce” to an attribute in
the right side of the left joiv

Filters and aggregate functions. When an aggregate function
references a relation with a filter applied to it, the filter is evaluated
before the aggregate.

It is equally valid to define a filter on the output side of an aggre-
gate, e.g. on TITLE or TOTAL DURATION in the example above.

Figure source: Bakke, Karger. Expressive query construction through direct manipulation of nested relational results. SIGMOD 2016. https://doi.org/10.1145/2882903.2915210
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/
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SIEUFERD (2016)

Negation (set differewce) is modeled via a
left join. Siuce filters are by applied to the

e Set difference. Here, we can filter for null values generated "'5[“"“‘:'”/ ot the result Of 4 join, one W?@ds to
by a left join. If e = e, — ¢,, with n = N(e), then t(e) = add a "reference formula" +o the relation on

(T eal1D)—el11,....(ealnly—eln1 (T¢u 1S NULLy(€a Mc €3,))) Where > is the left side of the join, followed by a filter
a left outer join, C = (e,[1] = ¢,[1]1 A ... A e,[n] = ¢,[n]), and
e, adds an arbitrary non-nullable attribute M to ¢, e.g. e, =

.....

be to COUNT values in ¢, and filter for zer

Here +he filter "is vull" needs +o be applied to
the relation resulting from the join, not the
relation on the right side

Figure source: Bakke, Karger. Expressive query construction through direct manipulation of nested relational results. SIGMOD 2016. https://doi.org/10.1145/2882903.2915210
Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/ 297
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SIEUFERD (2016)

The following is a simple query that instantiates the table called
COURSES and displays a selection of its fields:

courses <

id area title may_ may_ exam_type

_id pdf audit

56 2 Roman N Y Other
177 2 Comedy Y Y Final
845 2 Russian Dra N N Other
1795 4 American Politi i i Y Final
2566 Junior Seminars N N Other
3921 4 Judicial Politics Y Y Final

Crow's foot is showw for sivgle table.
The symbol is not veeded for understavding a duery, and
was also removed from later systems by +he anthors.

Figure source: Bakke, Karger. Expressive query construction through direct manipulation of nested relational results. SIGMOD 2016. https://doi.org/10.1145/2882903.2915210
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SIEUFERD (2016)

Negation of a filter color = 'red' +o instead color 1= "red' reqduires
choosing all other values. But it is achieved with a sequence of:
*  first choosivg "include all®,

*  thewn unselecting "red"

This travslates ivto a filter "color <> 'red' ", which makes the

e _ duery resilient to chavges in data: thus i+ still works after
Hid : " _ "
I thide Sorted/Filtered ﬂddw]@ a hew COlOr, Sﬂ\{ 'FY‘O@ @V‘@@V\

= Sort Ascending
= Sort Descending
=, Sort Ascending after Previous

=, Sort De.scending after Previous 8 00 - w4 Filter popup: Allows
Clear Sorting | Fields | Filter the user to associ-
Y Filter... » Search: | / || ate a filter with the
Clear Filter ™ (Include All) field. The list of val-
(| Aaraj ues available to filter
{ Collapse Duplicate Rows U Azr?ns on is generated au-
v —< One-to-Many H ﬁbzaﬁz tomatically using a
, = separate = database

M Join | | Abdallah Filt b
. (| Abdelfattah query. Filters may be
fx Insert Calculated F!eld Before | Abdeljabbar associated with either
fx Insert Calculated Field After [ Ahidi primitive fields or re-

Delete Including all values lation fields.

Figure source: Bakke, Karger. Expressive query construction through direct manipulation of nested relational results. SIGMOD 2016. https://doi.org/10.1145/2882903.2915210
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S | E U F E R D (20 1 6) 1. Reference +o Sailor.sid [ filter

2. Filter for for Sailor.sid=Reserves.sid is true
Q: "Find sailors who color="red y Left Join, +hus wo "arrow-towards-root"
reserved all red boats." \
Sailor N \
select S.sname | M\ \
from Sailor S SO WO ey | 2 v ':essig"";:si N7

where not exists

(select * 4. Reference to Reserves.bbid [ then filter "is nall”
from Boat B
where color = 'red' \ ,
and not exists 5. Red boats that are vot reserved by each Sailor
(select *
from Reserves R @. References to Boat.bid [ thew filter "is vall"

where S.sid=R.sid

and R.bid=B.bid))
Notice how the duery header by itself does vot allow
a user to nnderstavnd a gquery's semantic.

Database to run SQL queries is available as schema 341 at https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql/
Figure drawn based on: Bakke, Karger. Expressive query construction through direct manipulation of nested relational results. SIGMOD 2016. https://doi.org/10.1145/2882903.2915210
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SIEUFERD (2016)

Q: "Find sailors who
reserved all red boats."

select S.sname
from Sailor S
where not exists
(select *
from Boat B
where color = 'red’
and not exists
(select *
from Reserves R
where S.sid=R.sid
and R.bid=B.bid))

Figure source: Personal communication with Eirik Bakke

Jx | =countd ([Bid1)) = count ( [All Red Boats])

Sailor
Sid Sname  fx Y countd( Reserves ™\
Boat
P4 Bid Bname
1 Popeye true 52 Staatsraaden
56 Unsinkable Il
3 Dylan true 52 Staatsraaden

56 Unsinkable Il

select S.sname
from Sailor S, Boat B, Reserves R
where R.sid=S.sid
and R.bid=B.bid
and color = 'red’
group by S.sid
having count(distinct B.bid) =
(select count(B2.bid)
from boat B2
where B2.color='red’)

Color ¥
Red
Red
Red
Red

All Red Boats =
Bname Color ¥
Staatsraaden Red
Unsinkable Il Red
Staatsraaden Red
Unsinkable Il Red

The preferred way of
expressing universally
duantified dueries v
STEUFERD Is Via
GROUP BY and
COUNTING

Wolfgang Gatterbauer. A Tutorial on Visual Representations of Relational Queries, VLDB tutorial 2023. https://northeastern-datalab.github.io/visual-query-representation-tutorial/

301


https://northeastern-datalab.github.io/visual-query-representation-tutorial/

SQLVis (2021)
Backup



SQLVis

SELECT SR
FROM siID sName street city

WHERE city != London; I=London

Fig. 3: SQLVis representation for a simple query (collapsed
on the left, expanded in the middle).

Source: Miedema, Fletcher. SQLVis: Visual Query Representations for Supporting SQL Learners. VL/HCC 2021. Fig 3. https://doi.org/10.1109/VL/HCC51201.2021.9576431
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SQLVis

SELECT
FROM customer AS c
WHERE city = "Amsterdam" OR city = "Utrecht";

customer c
cID  cName | street city
Amsterdam
Utrecht

Source: https://github.com/Giraphne/sqlvis (8/2023)
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SQLVis

SELECT c.cName

FROM customer AS c, purchase AS p customer ¢
WHERE p.cID = c.clID;
purchage.clD =
customer.cID
purchase p

Source: https://github.com/Giraphne/sqlvis (8/2023)
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SQLVis

All complex SQL queries contain subqueries and other
types of nesting. To visualize these subqueries in the most
intuitive way, SQLVis draws boxes around these subqueries as
suggested by Thalheim [38]. To distinguish between different
subqueries on the same level, and nested subqueries on differ-
ent levels, SQLVis draws each level of nesting in a different

saturation (see Figure 4). The use of these different colors
Telps to give an immediate overview of the level of nesting in
the query. In case a subquery is negated, for example by using
NOT EXISTS or NOT IN, SQLVis displays this negation in
words. Other options, such as a different background color or
a border for the box led to a very cluttered representation.

SELECT §. - T
FROM AS s
WHERE NOT EXISTS (
SELECT p.pID
FROM product AS p
WHERE NOT EXISTS (
SELECT
FROM inventory AS i
WHERE s.sID = i.sID
AND 1.pID = p.pID))

(b) A query to find stores
with all items in stock.

product p

invento

inventory i

store.

invent

51D =
pry.siD

store s

Source: Miedema, Fletcher. SQLVis: Visual Query Representations for Supporting SQL Learners. VL/HCC 2021. Fig 4b. https://doi.org/10.1109/VL/HCC51201.2021.9576431
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