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Background

» Multi-criteria decision making

Employee recruitment University selection Car comparison



ackground

* Suppose you are a college basketball coach, how do you recruit the
best players?

PLAYER OFFRTG DEFRTG NETRTG AST% AST/TO AST RATIO

AJ Hammons DAL 24 22 4 18 7.4 102.2 102.8 -0.6 3.8 0.40 6.2 49
Aaron Brooks IND 32 65 36 29 13.7 101.5 104.6 -3.0 21.6 1.89 24.6 2.2
Aaron Gordon ORL 21 80 29 51 28.7 105.4 108.2 2.8 9.7 1.69 12.5 5.4
Aaron Harrison CHA 22 5 2 3 3.3 83.3 101.9 -18.6 37.5 0.00 38.1 0.0
Adreian Payne MIN 26 18 5 13 7.5 102.6 101.8 0.8 8.9 0.88 9.0 6.9
Al Horford BOS 31 68 46 22 32.3 110.7 105.8 5.0 23.9 2.93 25.7 49
Al Jefferson IND 32 66 33 33 14.1 102.3 108.1 -5.8 11.4 1.73 9.5 8.6
Al-Faroug Aminu POR 26 61 33 28 29.1 107.7 105.9 1.8 8.2 1.05 13.8 4.9
Alan Anderson LAC 34 30 20 10 10.3 103.1 114.0 -10.8 5.2 1.57 10.5 1.1
Alan Williams PHX 24 47 11 36 15.1 105.6 105.8 0.3 4.9 0.62 6.1 13.8
Alec Burks UTA 25 42 26 16 15.5 105.0 104.9 0.1 7.4 0.86 8.6 2.9
Alex Abrines OKC 23 68 37 31 15.5 106.0 108.3 2.3 Ok 1.21 9.2 1.9

Alex Len PHX 2477 21 56 20.3 99.4 110.5 -11.1 4.3 0.43 6.3 10.4




Introduction — Skyline

« Skyline algorithm: automatically select the skyline of the dataset

 In database, skyline algorithm is an important and extensively
studied problem



Introduction — Skyline

» Skyline algorithm: automatically select the skyline of the dataset
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Introduction — Skyline Definition

» Skyline: a set of superior points that are not dominated by other
points in the dataset

* Dominance:

e |f p dominates q, then:
* pis not worse than g in all attributes
* pis at least better than g in one attribute



Introduction — Skyline Example

» Skyline: a set of superior points that are not dominated by other

points in the dataset Rebound

Bob
25 O
 Players | Block | Rebound @ o
A 15 10 20 | O
an o
Bob 20 25 15 |
O Alan
10 | O O
O O
S O

Bob dominates Alan (block & rebound) '5 1'0 1'5 2'0 2'5 3'0 3'5 n
OC



Introduction — Skyline Example

» Skyline: a set of superior points that are not dominated by other

points in the dataset

25
_Players_|__Block | Rebound _

Alan 15 10 20
Bob 20 25 15
Calvin 25 20 10
5

Calvin dominates Alan (block & rebound)

Rebound

Bob
O
O O Calvin
O

O

O Alan
O O
O O

5 10 15 20 25 30 35 Block



Introduction — Skyline Example

» Skyline: a set of superior points that are not dominated by other

points in the dataset

__Players | _Block | Rebound
Alan 15 10
Bob 20 25
Calvin 25 20
Daniel 30 10

Daniel dominates Alan (block)

Reb‘(‘)und
25 [
20
15 |
10

5_

Bob
O
O Calvin
O
O
Alan Daniel
O O
O O

O

10 15 20 25 30 35 Block



Introduction — Skyline Example

» Skyline: a set of superior points that are not dominated by other

points in the dataset Rebound

Bob
25 O
_ Players | Block | Rebound @ © Calvin
Al 15 10 20 | O
an O
Bob 20 25 15 |
: O Alan Daniel
Calvin 25 20 10 F o - )
Daniel 30 10 o
S I O
| | | | | | |

Points: Daniel > Calvin > Bob

Rebound: Bob > Calvin > Daniel 5 10 15 20 25 30 35 Block



Introduction — Skyline Example

» Skyline: a set of superior points that are not dominated by other

points in the dataset

__Players | Block | Rebound _
Alan 15 10
Bob 20 25
Calvin 25 20
Daniel 30 10

Skyline: Bob, Calvin, Daniel

Rebound

Bob
25
O O Calvin
2
’ o T
15
O Alan Daniel
10 O O
O o )
o O
| | | | | |

5 10 15 20 25 30 35 Block
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Introduction — Challenges

Scalability Interpretation Comparison

The size of skyline increases The reasons that make a The strength and weakness of
with the number of attributes point in skyline is unclear each skyline point is implicit
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SkyLens — Visual Components

Projection View

Tabular View
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SkyLens — Demo!

Projection View

Comparison View

hris Paul

Skyline Query Modifier
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G<70

[

Load Data:
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SkylLens — Video

SkyLens: Visual Analysis of Skyline on Multi-dimensional Data

Projection View Comparison View Skyline Query Modifier Load Data: NBA B
No existing skyline point filter.
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SkyLens — Projection View

Projection View

Projection View: provide an overview of skyline (clusters and outliers)
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Projection View

* Methods: t-SNE projection and skyline glyphs
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Projection View — Skyline Glyph

* Normal mode: show the attribute value distribution of skyline

_Attribute | Value At |
5

v

Attr.
Attr

3

Attr. IV 1

Attr. V 3 “
1 :

Attr. IV
Attr. VI

Attr. 1l

Attr. V
Attribute value
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Projection View — Skyline Glyph

* Normal mode: show the attribute value distribution of skyline
* Dominating score (superiority metric):
o # of points dominated by this point

Rebound '
25 I O
O O Calvin ‘ ‘
————————— -©
20 © l >‘
15 | - ' \ 4
~ |
10 [ O O
e © .
S I 1 O Dominating score
] | ] ] | ] ]

5 10 15 20 25 30 35 Points

Higher

Dominating score

Lower
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Projection View — Skyline Glyph

* Focus mode: highlight how other points differ from a focused one

Point A Point B
Attribute oot o

,«‘u

Attr.

Attr 3

Attr. I V4
Attr. IV 1
3

1

7

Attr. V
Attr. VI

W o1 01 O B

. 4
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Projection View — Skyline Glyph

* Focus mode: highlight how other points differ from a focused one
using color map

Point A Point B Better
m (focused poin)

Attr. 3 (diff. = -2) N I
Attr 3 4 (diff. = 1) §
Attr. 111 7 6 (diff. = -1) ' ‘ S
Attr. 1V 1 5 (diff. = 4) | °
Attr. V 3 5 (diff. = 2) "" V 3
Attr. VI 1 3 (diff. = 2) |
Value dlfference Worse
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Projection View — Case Studies
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Projection View — Case Studies
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Projection View — Case Studies

4"
eensereited ll\

Attr. === =-=

Dwight Howard

Switching to focus mode : three clusters can be found

Dwight Howard
(defense player)
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Projection View — Case Studies

Point made-related I' e
Attr.

4»

Lamar Odom

Dwight Howard

LeBron James
Switching to focus mode : three clusters can be found

LeBron James
(pointer player)

Dwight Howard
(defense player)
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Projection View — Case Studies

' Assist-related

‘ } Attr.
4»

Lamar Odom Dwight Howard
(defense player)

R

LeBron James Chris Paul
(point player) (assist-player)

Chris Paul
Dwight Howard

LeBron James
Switching to focus mode : three clusters can be found
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SkyLens — Tabular View

Tabular View

| ’_||I 1w L

AST

bl |\]I il g,

1 ke UL e R 1| AL

MR EEO0 L1 | | /1]

11 AT A A0 A AR A

(LT AT

11 TECDRTCETATE O A A MO OO0 AN 0ORRE A
(AL N LA

110 LA I
1L 0 A R

1100 A AR I

L0 A AR AR A AR Y

Gabular View: infer the underlying reasons that make a point in skyline)
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Tabular View

* Methods: matrix representation & in-cell bar chart visualization
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Tabular View

* Methods: matrix representation & in-cell bar chart visualization
 Each row represents a skyline point
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Tabular View

* Methods: matrix representation & in-cell bar chart visualization

 Each row represents a skyline point
 Each column represents an attribute

|"|’| ]

POlntA IN'PI I"I'l'“ll'"l A priehel Lot s J.lu.l.lll.l]l‘lltllll N g‘"mmmw ml‘lh"* q\].lll Lo by s lHl.]lJ.ll ,ul W"'F'

Point B mmmwrj ‘vrr**'I T Ulﬂllﬂ"“'”wfh byt +HJ&N&A L]Lu;rml J]ll"'f"ﬂ PITW NIV I,,,lu.ﬁleJJ-.lL.lll
Point C Wu,,n] ﬂ,l.].umn uJuuhuLm.Lle.llnd*x,LULllLululuLuLJmthl] s J.Jlll'.LlliLulLllaUL:LﬂblthiJl.llJlﬂwd:dlh*ﬂhhlﬂthﬂl"lfﬁH |.ml|duﬂl.ul;l. Jod L l.hmullminhhl,xh.l.luhdhmh.lj

Bl

b bl | |

i"’! [ ml!lLth.

| il

POInt D l‘jﬂl‘“ﬂll 1"]’T'T'L L'lll' I‘I J’Jﬂﬁf\wl‘u‘w‘l J L Ilnlan'r‘rl]p* l‘q'ﬁh l'lr"J"'ﬁJ""-J‘r nc‘f-*"] ITIJ"L"FJI[ ’Iwrﬂ |' T‘v.\”'ﬁ'\’-rr,-mllm.lll P'Lu"r' |JLILJ.|J.

r r J ]'\1['1,, l“"'l'l‘lll Lm,IJI.L .',Lua,[.‘LlLlulL.lIJ,.

29



Tabular View

» Table cell — divergent bar chart visualization
e Goal: summarize the overall differences among skyline points
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Tabular View

» Table cell — divergent bar chart visualization
e Goal: summarize the overall differences between skyline points

Attr. | ,
Point A

Point A I.II.I I_II_IrI_Il.I.IJIJI.I |‘|I'II'I1"“'| -_ILI._I!I_"

Each vertical bar represents a skyline point: [} current point (Point A) [l other points
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Tabular View

» Table cell — divergent bar chart visualization
e Goal: summarize the overall differences between skyline points

Attr. |

Point A I.II.I rlnrl_lll.ljl_lrl I_Il.ll.lll_u_l -_ILI._I!I_Il

Min Bar order: sorted by the current attribute value (Attr. I) Max
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Tabular View

» Table cell — divergent bar chart visualization
e Goal: summarize the overall differences between skyline points

Attr. | . .
Positive diff. &

Point A I.II.I I_II_IrI_Il.I.IJIJI.I |‘|I'II'I1"“'| -_ILI._I!I_II_

Bar length: other skyline points’ average value differences compared with point A

Negative diff. —+
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Tabular View — Case Studies

» Table cell — divergent bar chart visualization
e Goal: summarize the overall differences between skyline points

Attr. I: games played ml““[l"]“l‘]"mmwwnmpnmm"rTIL-%mqumnp‘q[n"lnwﬂTanm

LeBron James:

» High ranking on points & assist
L

i
Attr. Il: points mmwmmﬂm[qulllmmmqllﬂnmmlqnlmnqpﬂnﬂlmmlm PR T ':'
T

|
Attr. 11l; assist Nl‘q]”:"mmﬂlﬂr'mﬂ'r']l'l'r‘wnﬂlT|'ll"|'fnrw"|"ll1T‘T'Iirll"ll" !"E :"'

Attr. IV: block |“"'"|||||I|[Il“'|‘l""'"|"I"'I"IIIT”|"ITI"I""IWII"""'+‘l"'l'lf"""l|'l"‘r"’r'“"”"‘"
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Tabular View — Case Studies

» Table cell — divergent bar chart visualization
e Goal: summarize the overall differences between skyline points

Attr. I: games played mmwwmp']mnmwﬂmp'm'ﬂ'l"r1'|L-+wwll'|"|""r|“TII""IW[]H‘IIWTTIIt'lT[ LeBron James:

* High ranking in points & assist
Attr. 1I: points 'mWmﬂnmﬁqﬁmﬁmﬁwmmﬁnﬁlmﬁman'"'lrnl"nﬁqﬁ"F'fr‘-"+, - Better overall performance
’" ____________________ | than most skyline points

Attr. 1ll: assist mmqlnrmw[m]rw'mp]r[nmlrl“]rln]'r'lm‘rrrmr 'Wr']"||1T‘]"IWW'|]|W|+'\'“|T|

Attr. IV: block |||m|v‘I“IIII"["’]lv]lmrmlrl“"l“'rlul:rm'""m““-mm+'l|l|[|“'|'rr'lll]'n'l‘ﬂﬁr--mr-;‘u
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Tabular View — Case Studies

» Table cell — divergent bar chart visualization
e Goal: summarize the overall differences between skyline points

Attr. I: game played “|m["wm[rp"u|m“qm«n|nnn|'rTvp.+mnmm"lmr[m'llnm]|n[pn|r|||'r1‘||"|'r| L eBron James:

Dwight Howard —, ~ * High ranking in points & assist
Attr. Il: points Nm|||[I]IIIIIFH'"I“IFIlﬂ"]'l"""lﬂ'"l"”"""'“'“'"llﬂ'"'""T‘"rm"”"'l""r‘(fl""k » Better overall performance than
= most skyline points
* Dwight has an overall comparable
Attr. Il assist mm"]ﬂ'mwmprw’m"ll["p'l'r'wnm'q'm‘rr'lfu"""]"]|1'|"r‘lww'm"ﬂv+n'ﬂm performance with LeBron

Attr. IV: block l‘lmr‘mmlﬂml]lpllmlnIml]l“".“- rmTlnlnﬂmnﬂ‘mmy{[‘] |!||l||'| ""'l[‘]"'"’"”‘"‘""""

36



Tabular View

» Table cell interaction: expanding a row for detailed information

U I S S S S S S S S B B B S B B B DI B B B B B B S B B B S S B B B S S B S S S S S S S S B B B e e e s ..
Iﬂl UL LR LR I LR UL A et i I | P e men nen | LR R UL LR N LSRN LR L LA I \ | IlI
1T ECENE O A A0 A A O 11O DO ORI 100 0 A 1 AR 011D N 11RO A T A 11 AR R T |

Immmmwmwmwm QMO TR ACAN OO At A R A 11O A1 A LALLM AL 11 AN U 1A AR T A
11T AR A0t 10O TN T T T |
I R R 11 AL TR AR AR | 0 PO0 O O PRDE Y000V HNDAD RSO 00
10T T I 111 AT YA AR A 1 | COMAOELOAE O AL OO0 SARPNRRRE 0000 oo,
VAL U N A A T L |1 LALLM 1A 1 | AR A1 T
MCOEE O 000000 OO O RO AR 1T WA A A A AR 1 TR 0 g 1
[T L A RSN AN MO A A 00 RNARD 01OV O OO 000000 (0 SO MO O 0 A O L \HHHHHNWMMIWHI
L0100 01 1A OO 10T AR 0 A0 O 100000 1 10T O A 10 1 AT

000 OVNSON O 0 000 00O VRO OO AN O OO0 OO 0000 OO OO OO0 O CRL AU A CARAC TN |0V OCOOOOOE 1 0O 0RO VOO0 OO OO0 OO0 00 0000 UNRDOT 000000 O L0

tﬂﬂMWMWWWHHM A0 11O AU 1OV AU 110 0N 01RO HMMMIHWHIIWHHHMMIH]MHI
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Tabular View

» Table cell interaction: expanding a row for detailed information

LLLab 1 I-Il'|l'1r| ol ||”I

1 Ny W

I[rreeTe ]
puded el sl et - il | 2
ot FHEEEEEEERETED ) U
At | FEHEIHHe e i i
A I I 1] MR}
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Tabular View

» Table cell interaction: expanding a row for detailed information

.l |I”I

o I-Il-rl'-lr.

ARt e
Attr. i|,|||||||||||||| 1
At 11 1 HUBHUNHINII e
Attr. ||:_:| 1 I H 1 1] 1

Each column is an extension of the corresponding vertical blue bar
and represents the same skyline point

Value difference

Better

Worse
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Tabular View

» Table cell interaction: expanding a row for detailed information

Better

LLLab 1 I-Il'rl'-lr. ol Illjl

1 L - @
AR E I Ainaa
AR Il =
Atr. I HHEHTRNe gl il
II Worse

Atr. I \I 1 I 1 1 1

Matrix cell color: the value difference of the corresponding attribute (Attr. IlI)
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Tabular View — Case Studies

PTS

I‘Il'mm"mmmnw'ww‘ LA
G 1 JCORUA SRR O L i LIRR!
PTS |31/ DH 0000010000000 000 000000000 OO00ED PO EOCORD0ERC PR ||||||||||||||| 111 |
AST T E T PO e i e s s
STL MBI I.IIIIJII.llI.III.IlIlLIIIlJIJ.IILLIlIL L0 LU | 1L
BLK 1 [ IB 80PV DOE R0 P OOHCORUTAMVUMEIOY | COMCOODIDN.CROCOOD B D000 OO0 OOt TS TN iR
TRB 1 |11 00 00001008000 0A0 0000009000000 0000000000000 DOUSE B0 ORI CRORPUME v ety
(@ 1238 WV (1[I TCEVARMC TR EFRAPARRAL RS EEREACEEETOO AR ICCRE RIENT
LI {1111V ETTETARURL BT CRERMTE TR AR AR e LRI
3P% “ I W SR R I SR R
3P L DB D TOORE Y ODMPOROONY ONOR LB ¥ RO DODNNE [{R
FG%  IF T SRR H0TDMSPIRMORIL 3 0CPOCDRHIOR )RV VSE R OOTDR (ORIDND 00000 PRRE OO PPHDURE R0 PSR gg R wtnmre
FG B DR AO0Y 0000000000 0000001000000 090 D HUBORODDER B o Il

Dwight Howard:
* No players has better performance
than him in defense-related attributes
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Tabular View — Case Studies

PTS

I\I\Iﬂlllllmnmmwwr-w'w" -

G NN LU
PTS S IEHAE S 4 IiHII’rHIIlHIIHHIHHHHIH-HIH-HIH -
AST UNIETE 00000 I B | e
STL ‘Ml I'IIIHII'III'III'IIIII1\IIII'I1IITIHT Sl 'TIII1II'II

= =

11 Dwight Howard:
T T « No players has better performance

LK NN N S I -
TR 000000 10 than him in defense-related attributes
ORB NI I e e e L km ¢+ Many players outperform him in AST
R {10000 0
3P% I AT T T I W T
N T O R R
R U R e S T

FG 000000001

LTI L
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SkyLens — Comparison View

Comparison View

Boone L%
(Comparison View: support a thorough comparison between skyline points)
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Comparison View

* Methods: radar charts & domination glyphs
e Comparing attribute values
 Examining dominating scores
* |nvestigating dominated points

Goal: a thorough comparison
on 2 ~ 5 skyline points
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Comparison View

» Radial layout for the radar charts & domination glyphs

) ) Jason Kid
Jason Kid Omer Asik FG NP
MP FG MP FG MP FG% PTS
FG% PTS FG% PTS 3p AST
PTS “
3P% STL
3P AST 3P ) AST
. o | | | or3 ORB TRB B
A 3P% STL ps N STL

DRB BLK DRB BLK . (‘.‘

ORB TRB ORB TRB

Omer Asik
FG

FG%

STL

DRB BLK

g
ORB TRB )
‘4

.‘ DeAndre Jordan Omer Asi
FG MP FG MP

FG% o [m ) PTS I ‘ FG% PTS

w2 LB Y ‘~ L/ ‘\ 3p L AsT
“«
@) N D () > 7

(“ .'.. 3P% W \. ¢ ST > s 3P% STL

DRB BLK DB BLK

ORB TRB ORB TRB
Y
Kurt Thomasg »
FG MP
FG% £TS Kurt Thomgs .
- FG MP l‘.l
3P N e AST FG% PTS Kurt Thomas
) ! FG MP
” 4 3P 1 AST FG% PTS
- STL X | 3P g
> STL STL
DRB BLK ORB BLK DRB BLK
ORB TRB ORB TRB ORB TRB

2-point comparison 3-point comparison 4-point comparison
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Comparison View — Radar Chart

Attr. |
A
0 Attr. VI Attr. 11
—_y ~ - N‘
Attr. V Attr. 111
Attr. IV

I Skyline point A
" Skyline point B
" Skyline point C

The radar chart encodes:
attribute values and dominating score
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Comparison View — Domination Glyph

A

’

9

C Domination glyph: summarize the differences among
I Skyline point A 7 skyline points from a domination perspective.
. . /

" Skyline point B :
" Skyline point C ——!
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Comparison View — Domination Glyph

A
9
C | Inner sector angle: the ratio of points that are
I Skyline point A ;7 i dominated by skyline point B
" Skyline point B ‘I
" Skyline point C ——!
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Comparison View — Domination Glyph

A
’ b
v
C | Outer sector angle: the ratio of points that are
B skyline point A Rl . exclusively dominated by skyline point B
" Skyline point B ‘I
" Skyline point C ——!
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Comparison View — Domination Glyph Interaction

Hovering interaction: pop-up window showing the overlaid radar chart
A B Attr. |

O O Attr. VI Attr. Il
-
» >
S b Attr. V Attr. Il
C Attr. IV
M Skyline point A .’ - Gray polylines represent the points that are

" Skyline point B

exclusively dominated by skyline point B
" Skyline point C =




Comparison View — Case Studies

Comparing Dwight, LeBron, and Chris in the perspective of domination relation

)

Dwight Howard (.‘“

Chris Paul

LeBron James

-

)
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Comparison View — Case Studies

Comparing Dwight, LeBron, and Chris in the perspective of domination relation

- -

LeBron James

Dwight and LeBron have similar dominating scores
Chris has a smaller dominating score compared with them

s~.-"' =
Ve N\
\
Dwight Howard (/ {.‘\ \
|
\ @Y .
SNl _7

Chris Paul
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Comparison View — Case Studies

Hovering over the points that are exclusively dominated by Chris against LeBron

" LeBron James PTS M Chris Paul
AST

LeBron James STL

Dwight Howard

BLK

TRB

ORB
3P% DRB

Chris Paul



Comparison View — Case Studies

Hovering over the points that are exclusively dominated by Chris against LeBron

" LeBron James PTS M Chris Paul
AST

G

LeBron James

Dwight Howard

BLK

TRB

) ORB
3P% DRR

Chris Paul



Evaluation — Case Studies

* Two case studies using the NBA and Numbeo quality-of-life data

 NBA 2010 - 2011 regular season statistics
o 452 players and 12 numerical attributes

 Numbeo quality-of-life data
e 176 cities and 8 numerical attributes
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Evaluation — User Study

 Qualitative user study
e 12 participants recruited from the local university
* 10 tasks covering all important aspects in skyline analysis
* 19 questions related with SkyLens usage in a post-session interview

Task Completion Time (seconds)

Task 1 Task 2 Task 3 Task 4 Task 5 Task 6 Task 7 Task 8 Task 9 Task 10

60
50
40
30
20

10

0



Future Work

* Include nominal attribute analysis
» Support data with uncertain values

» Track temporal changes of skyline

S7
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Agenda

Background
Introduction
SkylLens

* Projection View

e Tabular View

e Comparison View
Evaluation

Future Work
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Comparison View — Radar charts

//’— -\\\
/ \
c", ' ‘ O
\ I
\ /
\\ //

I

2 Y
¥ \
Lot~/ Attribute value: radar chart
I Skyline point A y
. . I
" Skyline point B :
" Skyline point C ——!
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Comparison View

O C", I‘ l" O
-
€ ¢

v
9
Lot~/ Ranking on each attribute:
I Skyline point A y : : :
o ' radius of circle on axis
" Skyline point B
" Skyline point C ——.
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Comparison View

/’—~\\
/ \
/ \
\ /

\\ //

Dominating score: radius of dashed circles

I Skyline point A y
" Skyline point B
" Skyline point C ——
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