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1 Comparison to Other Tools

Modeling / Reshaping Origraph Ploceus Orion Ploceus Term Orion Term
*ie Connect/Disconnect Nodes yes yes yes Create Connection Link
B Promote Attribute yes yes yes Create Promote
BE Facet Node/Edge Class yes yes yes Slice n’Dice Split
< Convert Between Node/Edge yes no no

> Project Edges yes partially*  partially*

#: Create Supernodes yes no no

¢ Roll Up Edges yes yes yes

Item Operations

Y Filter by Attributes yes no’ yes

& Connectivity-Based Filtering yes no no

Attribute Operations

% Change Edge Direction yes no no

B Derive In-Class Attributes yes yes yes

Bt Connectivity-Based Attribute yes no* no

Derivation

Table 1: Table of operations supported by Origraph, Orion [2], and Ploceus [4]. In some cases, operations are only partially

supported, as denoted by the superscripts.

* Only for immediate neighbors

T Ploceus can identify specific node values through the search function

¥ Ploceus does allow for duplication of attributes across tables



2 Gender Bias in Movies

" Network Model

8 = adult =
(o] false
1 false
2 false
3 false
4 false
5 false
6 false
7 false
8 false
9 false
10 false
1 false
12 false
13 false
14 false
15 false
16 false
17 false

Bechdel Scores

Movies

Lac]{drop_paﬂm = Lelongs-io_collecﬁon = Ludgei =]

/VuukZLgaCrho2Ar8ScI9Ht null
/aw4FOsWr2FY 373nKSxbp. {4}
/pbXgLEYh8rlG2Km5IGZPn null
/bOGkgRGdhrBYJSLpXaxhX {4}
/£4EOocY eToEuXvezZv6QA.: {4}
/mabuNsG]gRuCTquiF]ﬂW( {4}
/840rbblaLe4SVxm8gF3DN¢ null
[evg5y WM2LiNilmDmwmi null
/2Y ZeolnDyCziwCD8psOary null
/meyZOZZLLNaKIrvbmVpr null
/2uSCHUsmzb6KkQPFSxBQ' null
/6P3c80EOm7Bodnd GBUAJE {4}
/hBkPmNAO4BY g9ZQqzzv" null
/612tPx6KIiBB4TWFiW wNT {4}
/lbrg{igBGYlixSudNMBqOEJ {4}
/3s9o5uf2xWKWR5]zP2i]Z] {4}
/exnO9DUY gmFUPLOroxtltC {4}
/b6Z)ZHUIMEFECvGiDpJilf! {4}
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£ Network Sample

Figure M1: In this use case, described in Section 9.1 in the paper, we investigate gender bias in movies. Here we laded raw movies datasets, consisting of TMDB Movies, Credits, and
People [1] as well as Bechdel Scores [6].
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,. Rename

" Inferpre{ as Node

Bechdel Scores

Credits
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8 = adult = Lac]{drop_paﬂ\ = Lelongs-io_collecﬁon = Ludgei =
o false /VuukZLgaCrho2Ar8ScI9Ht null 116000000
1 false /aw4FOsWr2FY 373nKSxbp. {4} 178000000
2 false /prgLEYhSrIGQKmSIGZPn null 52000000
3 false /bOGkgRGdhrBYJSLpXaxhX {4} 300000000
4 false /£4EOocY eToEuXvezZv6QA.: {4} 88000000
5 false /mabuNsGJgRuCTuGqiFk W {4} 200000000
6 false /640:LL10L¢4Sme8gF3DN< null 36000000
7 false /engyWMQLiNilmmemi null 70000000
8 false /2Y ZeolnDyCziwCD8psOary null 43000000
9 false /meyZOZZLLNaKIrvbmVpr null 42000000
10 false /2uSCHUsmzb6KkQPFSzBQ' null 150000000
1 false /6P3ec80EOm7Bodnd GBUAJE {4} 140000000
12 false /hB]{Pxnl\IAO4BYggZquzv1 null 51000000
13 false /612tPx6KIiBB4TWFiW wNT {4} 180000000
14 false /lbrg{igBGYlizSudNMBqOe& {4} 30000000
15 false /35905af2x WKWR5]2P2i]Z: {4} 170000000
16 false /crnO9DUngFUFBOxoxHK {4} 10000000
17 false /b6Z)ZHUAMEFEC+GiDpJilf! {4} 200000000
A

Figure M2: The Bechdel Scores and Movies tables are from different sources, but both refer to movies—in order to combine them, we first + convert each to node classes.



async function (node_BechdelScores) {
let value = await node_BechdelScores.row[imdbid’]; N IoTeet s e St oy
return "tt' + value;
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Figure M3: We want to connect both classes through IMDB IDs; however, the Movies table has a “tt” string prepended to its imdb_id attribute. Here, we B derive a new attribute
based on the Bechdel Scores’ IMDB IDs, to make connection possible.



" Network Model

8 = Bechdel Scores Movies
110170016 3090 43
10244244 3310 38
110241527 | 3332 19
10295297 | 34564 33
10319343 3590 26
10325980 3629 30
10304141 3762 42
110848228 5969 31
142294629 6564 48
2015381 6594 18
142872718 6734 49
10816692 6830 41
12310332 6651 40
29011666 | 6932 44
12395427 7144 45
13183660 7372 13
0974015 7568 23
11856101 | 7665 46

A

& ® o

Bechdel Scores Movies People Credits

50

Modified IMDB ID=imdb_id

£ Network Sample

Figure M4: The state of the network model after “ connecting Bechdel Scores and Movies
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lified IMDB ID=imd]

Bechdel Scores

Choose a value
Index
Attributes:

id

rating

imdbid

yecu'

title

Modified IMDB ID

Choose a function
Custom
In-class:
Duplicate
Across Classes:
Count
Sum
Mean
Median
Mode

Concatenate

Name the new attribute

Bech&el sCOre
Preview

title
Venom
Mission: Impossi}.‘zle -
Fallout
Bohemian Rhupsody
Avengers: Infinity War
The Predator
Incredibles 2
A Star Is Born
First Man
The Girl in the Spider's
Web
The House with a Clock in
Its Walls
The I\Aea

1
1

Bechdel Score

Advanced Mode Cancel

Figure M5: The standard B+ attribute derivation interface, showing how attributes can be derived from connected nodes and edges. Here, we are computing the median rating for a
Movie, based on its connected Bechdel Score. Because Movies and Bechdel Scores have a 1-1 mapping, this de-facto simply copies the rating.
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Movies

£ Network Sample

W title = video = vote_average = vote_count = B Bechdel Score =

false 6.5 2747 1
Impossible - Fallout false 72 2463 1
n Rhapsody false 82 1847 2
s: Infinity War false 83 9693 3
ator false 5.2 1031 1
es 2 false 7.6 3964 3
Born false 74 1977 3
n false 7.2 905 3
in the Spider's Web false 53 137 3
se with a Clock in Ii false 62 350 1
i false 59 1806 3
1 and the Wasp false 7 3614 3

false 55 630 (o]
: Beasts and Where false 7.4 10323 3
ch Asians false 69 592 3
World: Fallen Kingd false 6.5 4492 3
en false 6.4 1005 3
nther false 7.3 9231 3
FONDN ') AR 0 puie 5 PON 70 1R 407 z

A

Figure M6: The remaining classes, now that the Bechdel Scores class is no longer needed, and has been deleted.
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Movies Pe°P1¢ Credits
ﬁ’ Promote Distinct Values
‘ Use as Label % Expand Cells as Rows
[E:.] (R -

id = cast = crew =
e B reiy v
424694 [33] [44]
299536 (58] [247] © Show Hidden Attributes [ ]
346910 [43] [363]
260513 [29] [256]
369972 [90] [46] ® °
446807  [16] [20]
463821 [22] [23]
345040  [33] [155]
363088  [65] [467]
399360  [17] [17] ® ®
259316 [164] [116]
455207 [27] [35]
35186  [35] [257]
404130 [43] [50]
284054  [79] [279]

B« =~

Figure M7: Here, we unroll nested crew structures (displayed as bracketed counts in the table) as a distinct crew class.
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A

8 = cast_id = character =

o 10 Eddie Brock / Venom

1 13 Anne Weying

2 12 Carlton Drake / Riot

3 15 Dr. Dan Lewis

4 19 Roland Treece

5 14 Dora Skirth

6 60 Maria

7 122 John Jameson

8 63 Joey-8 Year Old Boy

9 59 Dr. Rosie Collins

10 123 Noisy Neighl:or Ziggy
1 119 Dapper Dog Walker

12 38 NeigkLorhood Couple
13 18 Donna Diego

14 39 Jack the Bartender

15 45 Parolee

16 44 Jack

17 69 Donna Dieio / old woman

Movies

credit_id =
591£425ac3a368774e039245 2
59cbebd2¢3a368773d017419 1
598£2d2b9251416723014730 2
59e547cb92514145c0000cd3 2
5a30d4a40e0a264cbel80b27 2
59d43973c3a368453f00adf4 1
5bb53d3b0e0a267f0c007fae 1
5bc6201e92514179b6075¢8a 2
5bb636£59251410dc60100de 2
5bb4952a0e0a261a0b00e4a 1
5bc620360e0a2613b00le04¢ 2
5bba0b899251410a21028b55 2
5b3258fd0e0a26401c00f2bf 1
5a30d4910e0a264ccd188f54 1
5b32596e9251413¢8900cfa0 2
5b9d2af6925141260000081d 2
5b7d1be6925141416c0094ca 2
5bb637£d9251410ddd011612 1

2697

cast

7704

gender =

People

£ Network Sample

Figure M8: The state of the network model after crew and cast have been unrolled.




Movies nodes - Connections per Movies node 335983 111270797
Index 353081 14912910
Attributes: 404694 1727824
:d“ﬁl N 299536 14154756
ac. Irop-pa
Lelongsf{oﬁcollechon 346910 | 143829266
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Figure M9: The . connection interface, where users select a pair of attributes to join, in order to establish a connection between classes. Histograms at the top and bottom indicate how
many connections per item will be created. The stacked bar chart in the center shows how each class contributes to an overall heuristic (see Section 6.4 in the paper) that is suggestive of
which pairs of attributes may be a sensible match. The tables on the right are linked to provide context, giving a preview of the values that will be matched with each other.
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Figure M10: Here we unroll nested production company structures; as before, the count of nested objects within each list is displayed in brackets in the table.
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[ pemermmcmere—rs

L J
15
156
168
12
16
72
140
22
103
151
8l
162
171
8
75
30
40

logo_paﬂq = 12 name = origin_country 1
/A7W CkG3FONFviGCwUnc! 1492 Pictures us
/A7W CkG3FONFviGCwUnec! 1492 Pictures Us
/810iCvgiqOzTrtP9le WD3kL 16:14 Entertainment us
/qZCellty 5FzX30aOCVRBLz 20th Century Fox uUs
/qZCellty 5FzX30aOCVRBLz 20th Century Fox uUs
/qZCellty 5FzX30aOCVRBLz 20th Century Fox uUs
/qZCellty 5Fz2X30aOCVRBLz 20th Century Fox uUs
null 22 & Green us
null 2DUX*
null 3Foot7 NZ
null 40 Acres & A Mule Filmwo: US
/5SarYupipdiejsEqUkwulSp? 87Eleven uUs
/9WOE5AQUXbOtLU6GTw Alcon Entertainment us
/2xtmvbEse87LM70JXVksv, Alibaba Pictures Group CN
null Allison Shearmur Production US
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Figure M11: With production company objects unrolled, we can see that there are many duplicates in the name column—these are redundant items from the original dataset that need

to be combined.
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_'l. crew @ Produced byY'L Movies - Produced Ezl A d CompaniesT'l. name

8 =

Columbia Pictures
Marvel Entertainment
Sony Pictures

Avi Arad Productions
Paramount

Bad Robot

shydunce Media

TC Productions
Alibaba Pictures Group
GK Films

Regency Enterprises
Queen Films

20th Century Fox
Marvel Studios

Davis Entertainment
TSG Entertainment

Dark Castle Entertainment

Canada Film Capital

181 116
@ @ 18l @@ @ @ 16 @

Movies - Produced By name
Produced by Companies

£ Network Sample

name
Columbia Pict
Marvel Enterd
Sony Pictures
Avi Arad Prod
Paramount
Bad Robot
Skydance Me
TC Production
Alibaba Pictul
GK Films
Regency Entes
Queen Films
20th Century
Marvel Studid
Davis Entertai
TSG Entertain
Dark Castle Ey
Canada Film |

Figure M12: The state of the network after B promoting the name attribute of the duplicate items.
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Columbia Pictures
Marvel Entertainment
Sony Pictures

Avi Arad Productions
Paramount

Bad Robot

shydunce Media

TC Productions
Alibaba Pictures Group
GK Films

Regency Enterprises
Queen Films

20th Century Fox
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TSG Entertainment
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Figure M13: Here, we have <» converted the intermediate, redundant items into edges, for a cleaner network model.



Choose a path Choose a value Name the new attribute
Index

Attributes: Cast Gender Bias
also_known_as
gender
birthday

known_for_department

deathday title Cast Gender E
id Venom 0.8387096774]
Mission: Impossible - 0.875

Fallout

Preview

name

Liogrqphy

Bohemian Rhapsody 10303030303
Choose a function Avengers: Infinity War 153448275862

Produced by Custom The Predator 1465116279065

In-class: Incredibles 2 12413793103 44
Duplicate A Star Is Born 1217391304347

Across Classes: -

C (Carreit First Man 0.5888888888!¢
e Soren, The Girl in the Spider's 1375

Mean Web
Median The House with a Clock in  1.36363636363
Mode Its Walls
Concatenate The Meqa 0.9696969696'

Advanced Mode Cancel

Figure M14: We wish to better understand gender bias in Movies, however, the gender attribute only exists on People. Here we begin to B derive a Cast Gender Bias metric through
cast edges, first by choosing the mean calculation as a template that we will adapt.



async function (node_Movies) {
let nWomen = ©;
let nMen = ©;
const classl = origraph.currentModel.findClass(‘cast’);
for await (const edge_Cast of node_Movies.edges({ classes: [classl] })) { Cast Gender Bias
const class2 = origraph.currentModel.findClass('People');
for await (const node_People of edge_Cast.nodes({ classes: [class2] })) { .
let value = await node_People.row['gender']; Preview
if (value

nliomen++; .
} else if (value = title Cast Gender E

nMen++; Venom 0.52941176470
} ¥ Mission: Impossible - 0.68
} Fallout
SR O /) (e S ) Bohemian Rhapsody 0.8888888888t
Avengers: Infinity War 0.6792452830!
The Predator 0.909090909¢(
Incredibles 2 0.6363636363«
A Star Is Born 075
First Man 0.89285714285
The Girl in the Spider's 0.57142857142
Web
The House with a Clock in  0.6666666666
Its Walls
The Meqa 0.77777777777.

Name the new attribute

}

Template Mode Cancel

Figure M15: To calculate gender bias, we adapt the auto-generated code for mean, changing eight lines of code (2-3; 9-13; 16) to derive a custom value.
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n  Mamma Mial Here We Go 4 fu]se 0.38636363636363635 4/
Ready Player One false 77 0.4166666666666667 47
The Spy Who Dumped Me  false 6.4 0.419354838709677 44 38
To All the Boys I've Loved B false 8 0.45 54

1 rea A Dog's Purpose false 71 0.45454545454545453 ‘¢

wrdir Fantastic Beasts and Where false 74 0.48 199

han Crazy Rich Asians false 69 0.5 20 arner Bros. Pigures
Blade Runner 2049 false 74 0.5238095238095238 64t Helena BOn]'ldn.xnﬁfefqhng

upe: Venom false 6.5 0.5294117647058824 ol Sandra Bulloe
The First Purge false 58 0.5555555555555556 371
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iize. Ant-Man and the Wasp false 7 0.5641025641025641 134 g
The Girl in the Spider's Web false 53 0.5714285714285714 114

2 wi. Frozen false 73 0.6190476190476191 73: *
Incredibles 2 false 7.6 0.6363636363636364 82
Justice League false 6.3 0.6363636363636364 33 ’...2‘
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c b CNLahidacmeelan £a1an 77 N AR TA1 I,{

[

® O 15 e

Compqnies

£ Network Sample

Figure M16: If we sort by our custom Cast Gender Bias, we see that Ocean’s Eight has the lowest gender bias of the Movies in this dataset.
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This notebook has been edited since publishing. View changes?
Fork of Scatterplot Matrix by €) D3

Gender Bias and Bechdel Scores
The scatterplot matrix visualizes relationships (or lack thereof) between Cast Gender

Bias, Crew Gender Bias, and Bechdel scores for the 50 movies in Origraph's example
Movies dataset.
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Figure M17: To better understand the relationships between Bechdel Scores, Cast Gender Bias, and Crew Gender Bias, we can export the Movies class as a CSV file, that we can
visualize in an Observable Notebook scatterplot matrix. Green dots indicate movies that pass the Bechdel test.
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Figure M18: We can also export the network that we have modeled to other general-purpose visualization systems; in this case, we loaded the exported graph in Gephi.



3 Money and Political Support for the War in Yemen
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I a0

twitterPolitics/senateTweetsjson
twitterPolitics/senateMembersjson

@K oDl

twitterPolitics/pressReleasesjson

twitterPolitics/senate _votes_yemen json
twitterPolitics/allContributionsjson

8 = fec_committee = fec_committee_name = candidate_name = -
(0] /committees/C90015025 json Everytown for Gun Safety Ac LAMAR ALEXANDER )
1 /committees/C90015025 json Everyfown for Gun Sqfe{y Ac LAMAR ALEXANDER i
2 /committees/CO0341396 json MoveonAOrg Political Action TAMMY BALDWIN ¢
3 /committees/C00341396 json Moveon.Org Political Action TAMMY BALDWIN 0
4 /committees/CO0341396.json Moveon.Org Political Action TAMMY BALDWIN
5 /committees/C00481200.json National Association For Gun TAMMY BALDWIN '
6 /committees/C00481200.json National Association For Gun TAMMY BALDWIN ]
7 /committees/C00481200 json National Association For Gun TAMMY BALDWIN 0
8 /committees/C00481200 json National Association For Gun TAMMY BALDWIN
9 /committees/CO0481200.json National Association For Gun TAMMY BALDWIN i
10 /committees/CO0488486.json Communications Workers Of TAMMY BALDWIN '
1 /committees/CO055627 4.json Usw Works Tqmmy Baldwin i
12 /committees/C00488486.json Communications Workers Of TAMMY BALDWIN '
13 /committees/C00488486.json Communications Workers Of TAMMY BALDWIN !
14 /committees/C90017542.json CENTER FOR POPULAR DEMN Tammy Baldwin
15 /committees/C90017542json CENTER FOR POPULAR DEM Tqmmy Baldwin
16 /committees/C90017542json CENTER FOR POPULAR DEM Tqmmy Baldwin ¢
17 /committees/C90017542json CENTER FOR POPULAR DEN Tammy Baldwin

[

Figure Y1: In this use case, described in Section 9.2 in the paper, we combine data from ProPublica [5] and Twitter [7] to investigate the relationship of donors and US senators,
specifically how senators voted about the war in Yemen.
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Figure Y2: We begin by <* converting each raw table to a node class.
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Figure Y3: To connect individual tweets to senators, we first expand nested user information. The curly braces in the cells indicate that a single object is nested in each row, with 42
attributes of its own.
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Figure Y4: With user objects expanded, we can see there are many duplicates—there is a distinct user object for each tweet. At this stage, we could B? promote repeated values,
however our objective is only to connect tweets to senators.
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Figure Y6: We clean up the network by <» converting the intermediate user nodes to edges.
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Figure Y7: With tweets connected, we add also % connect the Contributions and Press Releases classes based on their native IDs.
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Figure Y8: As we are interested in how Senators voted, we B facet the Votes class before connecting them to Senators.
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A

Figure Y9: We are also interested in donors, and their relationships to Senators—however, the Contributions table contains many rows from the same donor. To identify individual
donors, we B2 promote the fec_committee_name attribute.
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Figure Y10: To clean up the network model, we now <= convert the Contributions class to an edge class.
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Figure Y11: Political contributions can be made both in favor, or in opposition to, a Senator. To distinguish between these different relationships, we facet the Contributions edge class.
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[

Figure Y12: If we wish to model relationships between donors and the votes on the Yemen bill, we can £* project edges that bypass Senators, connecting donors and votes directly.
Here, we produce four new edge classes: links between donors that financially supported, or opposed, votes in favor, or against the bill.
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Figure Y13: Projected edges, donors, and votes are exported to Gephi. We highlight the NRA, as it did not donate to any senators who voted Yes—only to those who voted No, and
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Figure Y14: To ascertain which Senators were more or less vocal about the issue, we can B derive attributes that indicate whether or not strings of interest appeared in their tweets or
press releases. In this instance, we compute whether the string “Khashoggi” appears in the text of a Senator’s tweet.
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Figure Y15: Whether senators tweeted about, issued press releases, and/or voted Yes, visualized in UpSet [3]. We can see that, with the exception of only three senators, all senators
who voted No were relatively silent about their votes.
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