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Goal—Understand this:

Qu: Twitter on 2016/11/09

Qu: Twitter on 2017/08/13
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Site (papers, examples, code):
http://compstorylab.org/allotaxonometry/ @

Foundational papers:

“Allotaxonometry and rank-turbulence divergence:

Dodds et al.,
EPJ Data Science, 12, 1-42, 2023. 1°/
EPJ Data Science version (4"

Dodds et al.,
,2020. ¢
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Rank-turbulence
Dashboards of single scale instruments helps us understand, g
monitor, and control systems. BonerEEr
Archetype: Cockpit dashboard for flying a plane Explorations
Okay if comprehendible. Ngwnel

References

Complex systems present two problems for dashboards:

1. Scale with internal diversity of components: We need meters
for every species, every company, every word.
2. Tracking change: We need to re-arrange meters on the fly.

Goal—Create comprehendible, dynamically-adjusting,
differential dashboards showing two pieces:*

1. ‘Big picture’ map-like overview,
2. A tunable ranking of components.

1See the lexicocalorimeter (4
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Justa decade o 0.1 you were born inthe Unied State around this yer these are % ?
names d generic to you, divergence
generational markers.
1650 il e, i, Moy, Cor, ol e, e, Ado A
1888 Growe,Made, Wl M, s, . Mty Co, L, Nete Probability-

1890 Mauce, My, Minic, Effie Mabel,Besie,Netie, Hattie, L, Cora

turbulence divergence

1900
1905 Glady, Vil Mabel, Myrl, Gerrude,Pear, Bessie, Blanche, Mo Ethel

1910 Thelma, Gladys, Vila, Mildred,Bearie, Lucile, Grtrude,Agnes, Hazel,Etel
1915 Mildred, Lucille, Thelma,Helen, Beric, Pauline, Eearor, Beatrice,Ruth, Dorothy

Explorations

HE5 FI0 HT5 BBO M85 HA0 B95 2000 2005 200 205

1925 Dori,dune, Betty, Marjoric, Doothy, Lorrine, Lis, Norma, Virinia, Juanita
1830 Dolores, Bety, o, il Doris, Norma, Lois,Blly une, Mariyn
1905 e Bobby, Bty i " ‘The actors were actully born in the late 1960s, on the very early edge of the

1940 oo i care conlm In other word: Nutshell
Tows " p

190 Lins Gy Ly i, Do Brind -

hs o . et Falicie :

1060 Debbic, K, e, Cidu, Kty ot Liuri, Lor, Db Kicky towindupinacti il References

1968 Lis, Tarmy, Lor,Todd, Kim, Rhonde, Trcy, Tina, Dawn, Michle

1970 Tamimy, Tony, Trcy, Todd, Dan, Tin, Staey, Stay, Michl, Lisa We get something very different if we look at the names of their characters—

1873 Gl o, e S, A Sty S, ey T Fhodbe,Joweph, Rarm, Chanle, Rachal, nd Monlca:

oo & i b g

oo i o : LKELY BRIH YEAR R
1995 Ke e e, Shel GROUP WITH NAMES
2000 D A ‘Hunter, Br h PHOEBE,

2010 Ve -y Brayde s vv L R0S5, CHANDLER,
2015 Aria, Harper, Scarlett, Jaxon, Grayson, Lincoln, Hudson, Liam, Zoey, Layla MONCA, HD

1f kids in your class were named Jef, Lisa, Michael, Karen, and David, then you
were probably born in the mid-1960s. If they were named Jayden, Isabelia, Sophia,
W Eth:

But names can reveal things about age in other ways.
Themid: 19905 TV howFriedseaturd s roommates,layed by atrs,named
D: those names
et o popuATIy o . ombine the sl can g it sevsth
roup of actors was lkely born

He5 FI0 K75 80 MBS F90 15 2000 2005 200 2065

1994, 199
and 1996, which can probably be attributed to the show putting the names in the

TV writers looking for good names for thelr characters.

How to build a dynamical dashboard that helps sort through a

massive number of interconnected time series?
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“Is language evolution grinding to a halt? The scaling of

Pechenick, Danforth, Dodds, Alshaabi, Adams, Reagan,
Danforth, Frank, Reagan, and Danforth.

Journal of Computational Science, 21, 24-37, 2017. [14]
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Estimates: Lower and upper exponents v ~ 1.23 and v ~1A47.
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A. Rank-turbulence histogram:
€ Twitter on 2016/11/09

Qy: Twitter on 2017/08/13
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B. Identical systems:

C. Randomized systems:

D. Disjoint systems:



500060650
R

e
KRS
5

%%

S
55y

0%

hatemonger

HURRICANE -5
10 Meteorite

z whitelash <

L2 JabberDuck 2K

% 0, 100 s

W, %o

=t
i AU
ini
I \

10-§0 oy
I \
| oty @ rd
1§ 100 \ % x‘?@ 10,000 Jtrinity
| \ 9, G~ as rtal;l(nént .
|l 1,000 \ ) u
| X % 100,000
1 | 10,000 %

o

| 2
| |l 100,000
y \ &%,
1 11,000,000 | /,,,/, £
I‘Counts per cell \\ /"’of\ 10,000,000 10,000,000



Balances:

Relative balance of system sizes.

Examples: Total number of words in a book, total number of
individuals in an ecology.

Fraction of types in each system as a percentage of the union
of types from both systems.

Types that are present in one system only are ‘exclusive types’.

QW-exclusive and Q?)-exclusive indicate which system an
exclusive type belongs to.

Percentage of exclusive types in a system relative to that
system’s total number of types.
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So, so many ways to compare probability distributions:

bkl

“Families of Alpha- Beta- and Gamma- Divergences:

Cichocki and Amari,
Entropy, 12, 1532-1568, 2010. 1!

“Comprehensive survey on distance/similarity

Sung-Hyuk Cha,
International Journal of Mathematical Models and
Methods in Applied Sciences, 1, 300-307, 2007. !

Comparisons are distances, divergences (4", similarities, inner

products, fidelities ...
60ish kinds of comparisons grouped into 10 families

A worry: Subsampled distributions with very heavy tails
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Rank-turbulence

divergence

“The bandwagon” =

,,,,,,,,,,,,, Probability

Claude E Shannon, Sirhuleiacdper it
IRE Transactions on Information Theory, 2, 3, Explorations
1956. 119 Nautshell

References

“Information theory has ... become something of a scientific
bandwagon.”

“While ... information theory is indeed a valuable tool ... [it] is
certainly no panacea for the communication engineer or ... for
anyone else.

“A few first rate research papers are preferable to a large
number that are poorly conceived or half-finished.”
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We want two main things:
1. A measure of difference
between systems
2. A way of sorting which
types/species/words
contribute to that
difference

For sorting, many
comparisons give the same
ordering.

A few basic building blocks:
|P, — Q,| (dominant)
maX(PLv Qz)
min(F;, Q;)

PQ;
|Pi1/ 3 1/ 2| (Hellinger)

Table 1. L, Minkowski family

d
1. Euclidean L, e = z| -0F 1)
i=1
d
2. City block L, dyy = |P -0l @
i=1
d
3. Minkowski L, du =815 -0, 17 3)
o
4. Chebyshev L., ey = max|F, —0, ‘ (4)

Table 2. L, family

5. Serensen i‘P’Q |
dor=13 (©)
2(B+0)
=)
6. Gower L& (B0 |
d=3 ©
1
—;?R*Q\ (7
7. Soergel i‘ P-0|
e ®)
Zmax(l’ Q)
8. Kulczynski d i[ P-0,|
p=i o ©
> min(P,0,)
=)
9. Canberra R0
s =9
e (10
10. Lorentzi 5
orentzian 2k ZIn(H\P o)) (11

* Ly family o ({Intersectoin (13), Wave Hedges (15),
Czekanowski (16), Ruzicka (21), Tanimoto (23), etc}.
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Information theoretic
sortings are more opaque

No tunability

Table 1. L, Minkowski family

d
1. Euclidean L, dp,. = zl P-0OF 1)
i=1
d
2. City block L, dg =Y | -0| @
i=1
d
3. Minkowski Z, du =210, 1" 3)
=
4. Chebyshev L., do = LS |7 -0 “)

Table 2. L, family

5. Serensen
(%)
6. Gower
(6)
(@]
7. Soergel
®)
8. Kulezynski d i' P-0|
p=i o ©
2 min(P.Q,)
=)
9. Canberra LIP-0
N =9
=2 P10 (10)
10. Lorentzian <
dy, =Y I+ R=0,|) an
i

* Ly family o ({Intersectoin (13), Wave Hedges (15),
Czekanowski (16), Ruzicka (21), Tanimoto (23), etc}.
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Shannon’

Kullback-

Problem:

s Entropy:
1 1
HiP o loo o = Z p-log, (1)
Pr TER, 2,0
Liebler (KL) divergence:

1 1
L (Pl B <log2 = o >

p2,7‘ pl,T P,
> pae|log, - ~log, |
= g log kb oilog 5
T€R; 9.0 i 2 P2 - % P1+
by,
= Z Pa 7 log, <. (2)
TeRl,Z;a p277-

If just one component type in system 2 is not present in

system 1, KL divergence = co.

Solution:

If we can’t compare a spork and a platypus directly, we

create a fictional spork-platypus hybrid.

New problem: Re-read solution.
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Jensen-Shannon divergence (JSD): [9,7,13, 1]

DS (P [| Py)
:%DKL(PlH%[Pl'*‘Pﬂ)‘*‘%DKL(PZH%[P1+P2]>
1 Pi,r P2,r
== pralog o ——— = iElgol ot )
2TE§2;0¢< i g2%[p177‘+p2a7'] o gQ%[p1,7'+p2,T]
®3)

Involving a third intermediate averaged system means JSD is now finite:
0<DS(P || Py) < 1.

Generalized entropy divergence: 2]
D (Py || Pp) =
1

TERLQ;Q
(4)

Produces JSD when o« — 0.

. il pilh o Do N
m Z [(P-lr,laer-lr,za) <%) *(P-r,l +p7—,2)}'
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Q: Twitter on 2016/11/09 Qp: Twitter on 2017/08/13

Tustrutiient: Sym. Gen. Entropy Div.

(Jenson-Shannon Divergence)

2 1 24 0 14 12341
9%

3.49x10

34910 910

34910 349x10°7

349107 349%10"

0

i )= SapH
DH(®, || ) = 3 oD

107!

100
1,000
G
7
10,000 %
100,000

1,000,000

Counts per cell

15

0.5 0 0.5
T

Divergence contribution 6D, (%)
1

T T
Trump 1160
voted 581,002
Donald 50+
election (42,055

president 15

trumy = 7
America 10164
won (9536
Charlottesville
My

Nazis
Clinton 1251761
Obama 76375

1216
supremacists
Gaga

23,115



500060650
R

e
KRS
5

%%

S
55y

0%

hatemonger

HURRICANE -5
10 Meteorite

z whitelash <

L2 JabberDuck 2K

% 0, 100 s

W, %o

=t
i AU
ini
I \

10-§0 oy
I \
| oty @ rd
1§ 100 \ % x‘?@ 10,000 Jtrinity
| \ 9, G~ as rtal;l(nént .
|l 1,000 \ ) u
| X % 100,000
1 | 10,000 %

o

| 2
| |l 100,000
y \ &%,
1 11,000,000 | /,,,/, £
I‘Counts per cell \\ /"’of\ 10,000,000 10,000,000



Q. Twitter on 2016/11/09 Divergence contribution §DJ,  (x10
B e b ol 1 0.5 0 0.5 1
t: Rank-Turbulence Divergence i T T T T
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Semi-positive: DX (Q, || Q) > 0. turbulence divergence
g . o1 Explorations
Linearly separable, for interpretability. i
Nutshell

Subsystem applicable: Ranked lists of any principled subset
may be equally well compared (e.g., hashtags on Twitter, stock

References

prices of a certain sector, etc.).

. Turbulence-handling: Suited for systems with rank-ordered
component size distribution that are heavy-tailed.

. Scalable: Allow for sensible comparisons across system sizes.

8. Tunable.

. Story-finding: Features 1-8 combine to show which
Cs 3,
component types are most ‘important \\\‘///
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distances

Working with ranks is intuitive

Rank-turbulence

iy di
Affords some powerful statistics (e.g., Spearman’s rank dirgence
. . Probability
correlation coefficient) sabuledsedivertatd
Can be used to generalize beyond systems with probabilities Explocitions
Nutshell

References

— = )

Tr1 Tr2
Inverse of rank gives an increasing measure of ‘importance’
High rank means closer to rank 1

We assign tied ranks for components of equal ‘size’

Issue: Biases toward high rank components \\\‘///
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Lenisidiliin..

1/a Probability

1 1 turbulence divergence
3 A 63 % (6) Explorations
[Tr,l] [Tr,2] {i

Nutshell

References

As a — 0, high ranked components are increasingly

dampened

For words in texts, for example, the weight of common words
and rare words move increasingly closer together.

As oo — 00, high rank components will dominate.

For texts, the contributions of rare words will vanish.
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The limit of & — 0 does not behave well for

1 1 1/a
[TT,l]a = [TT,Q]Q
The leading order term is:
1/a
& T’T,].
(1 % 6TT,1TT,2) a'/* |In E ) (7)

which heads toward co as a — 0.
Oops.

But the insides look nutritious:

il
ot =

TT,Z

is a nicely interpretable log-ratio of ranks.
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a+1 1 1
5DR (Ry || Ry) ox - i)

Keeps the core structure.

Large o limit remains the same.

o — 0 limit now returns log-ratio of ranks.
Next: Sum over 7 to get divergence.

Still have an option for normalization.

DX(Ry || Ry) == > DX (R ||Ry) (9

1,2 TEnga
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Take a data-driven rather than analytic approach to
determining V' 5.,

Compute NV 5., by taking the two systems to be disjoint
while maintaining their underlying Zipf distributions.
Ensures: 0 < DR(R, | Ry) < 1

Limits of 0 and 1 correspond to the two systems having
identical and disjoint Zipf distributions.
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A plenitude of
distances

Rank-turbulence

Tgencs
Probability
turbulence divergence
Summing over all types, dividing by a normalization prefactor Eyforsiiafs
N1 2. We have our prototype: Nutshell
References
1/(a+1)
L ey 1
Da(RlHR2):N a T @
1,20 I [r-a] [rr.2]
(10)

4
N\
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34 0f 73
1 A plenitude of
Lif the Zipf distributions are disjoint, then in Q1) merged distances
i (2) i =4 1 Rank-turbulen
ranking, the rank of all ' types will be r = N; + 5 Vo e

where N; and N, are the number of distinct types in each STty
System. turbulence divergence
Explorations

Similarly, QIEUN merged ranking will have all of Q1) types in
last place with rank r = N, + %Nl.

Nutshell

References

The normalization is then:

1/(o+1)

a+1 1 1
N o T e a
& iR

1/(a+1)

a+1 1
+ by
o Z [No 3N [rea)”

TER,

(11) \\‘/


https://pdodds.w3.uvm.edu/teaching/courses/2025-2026pocsverse

The PoCSverse
Allotaxonometry
350f 73

A plenitude of
distances

Rank-turbulence

Probability

turbulence divergen

DX(R,|Ry)= Y 6D}, = N S Imit| b it

-
TER, 20 L,20 reR; 5.0 7,2 Nutshell

References

where

Tra Tr2
MNopore Badlyt Cal i ND L U
v "N, + 1IN, ) e

TER, TER, 2

Largest rank ratios dominate.

ce
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Rank-turbulence

(Rl H Rz Z (5D Probability

turbulence divergence
TERLZQ
Explorations

L ]\f; Z (1_57“7,17”7,2)me 1 ’i ; (14) Nutshell

i g1 '8 References
1,2;00 TeRl,Z;a Tostl. T2 S

where

Highest ranks dominate.
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Q. Twitter on 2016/11/09 Divergence contribution §DJ,  (x10
B e b ol 1 0.5 0 0.5 1
t: Rank-Turbulence Divergence i T T T T
Trump 1160
Charlottesville
election (42,055
voted 581,002
Hillary 701,505
Donald 50566
Nazi

=
| Tnstruger

! a=1/3
v
00 14z Y41 322 3 s

(]| ) = 0:493

————————— ss
supremacists
ara
won 69=536
Heyer
Clinton 125=1.761
elected 151 787
Nazi
demn
E America 40=164
BTS

nazis
Heather
electoral 446+15,272

torcl
JabberDuck 00310.082
> hatemonger 756+120.186

1,000 <,

% 100,000 100,000 o 3
10,000 %, & Autita
“2, <& opport (7262603
100,000 <2 Balanc
. & Harambe 65856,

39.9% total counts 40.1% Michelle 26123 115

1,000,000 & 63.2% all words 61.6% g

0 LB T SR 60.8% exclusive words 59.8% 49

Counts per cell



P < 1 a+1 ‘ e «a ‘
Da<P1 H P2> g Nli,2;a o Te;g;a [pT,I] [pﬂ?]

(16)

For the unnormalized version (N} 5. =1), some troubles
return with 0 probabilities and oo — 0.

Weep not: N7 ., will save the day.



With no matching types, the probability of a type present in one
system is zero in the other, and the sum can be split between the
two systems’ types:

NII),Z;a il 0‘7 E [pﬂl] /( +1>+aT Z [pﬂg] /(a+1)

TER, TER,

(17)
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A plenitude of
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Rank-turbulence

divergence

Probability-turbulence

if both pLg > 0and B = 0 then Explorations

Nutshell

: ek o
ilglo - ‘ [pT 1 o [pT,Q] ‘ I lnlf’l

1/(a+1) Dro (18) References

Butifp, ; = 0orp, o = 0, limit diverges as 1/ cv.
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Normalization:
- |
M1,20 = 1 (Ny + Ny). (19)
Because the normalization also diverges as 1/, the divergence

will be zero when there are no exclusive types and non-zero
when there are exclusive types.
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D8<P1 H Pz) G

1

(N1 + N)

TER; 5.9

7P7,2) i

(20)

The term ((5“,1’0 + (507“’2) returns 1 if either p, ; = 0 or
P2 = 0,and 0 otherwise when bothp, ; > Oandp, , > 0.

Ratio of types that are exclusive to one system relative to the
total possible such types,
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Rank-turbulence

In terms of contribution to the divergence score, all exclusive dirgerics
types supply a weight of 1/(IN; + N,). We can order them by ~ Frebabiinzuurbulence
preserving their ordering as & — 0, which amounts to e it

ordering by descending probability in the system in which Notshel
they appear.

References
And while types that appear in both systems make no

contribution to D (P, || P,), we can still order them

according to the log ratio of their probabilities.

The overall ordering of types by divergence contribution for
a=0 is then: (1) exclusive types by descending probability and
then (2) types appearing in both systems by descending log

ratio.
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Limit of =00 for probability-turbulence divergence

1
DEO<P1 I ) = 9 Z (1 i 6p7_,1,p7_72> max (]%,1:]%,2)

TER ST

143

(21)
where

NE,Z;OO = Z (pr,l +p7',2 )Z 1 g 1=2 (22)

T€R1,2;oo
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o = 0: Similarity measure Serensen-Dice coefficient [4,17, 10]
F, score of a test’s accuracy 1% 1),
o = 1/2: Hellinger distance 18] and Mautusita distance !

a = 1: Many including all L®) _norm type constructions.

o = 00: Motyka distance (31,

¥
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Q: Twitter on 2016/11/09
Tnstrument: Rank-Turbulence Divergence
a=1/3

v

Y
0 1412 ya1 3220 35 o

1,000

7 100,000 100,000
10,000 2
“4,
4
100,000
1,000,000

10,000,000 10,000,000

Counts per cell

Qp: Twitter on 2017/08/13

&% R
59.9% total counts 40.1%
63.2% all words 61.6%
60.8% exclusive words 59.8%

Divergence contribution 6DY

(x1073%)

/
1 05 0 1
T T T T
Trump 1160
Charlottesville
election 612,05
voted 581,002

Nazi
president 45500
trump 771,357
My
Larsson
supremacists

won (92536

eyer

Clinton 12517

elected 1512
Nazi

co
America 10161
BTS
his
Gaga
Cyjetanovics

nazis

Heather
electoral 416152

torche

orches
JabberDuck 003+540.052
hatemonger 750+ 120,156
Antifa
opport 672=62.603
neo-nazis
Harambe (58-56.005
Michelle 261-3.115

49.8%




Q;: Twitter on 2016/11/09 Q,: Twitter on 2017/08/13

Tnstrutiient: Probability-Turbulence Divergengé]

a=1/12
v

0! 14 12341 322 3 5

9.13x10° 4 S oazxa00
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o | 149100 “aaox 100
izl e 120 v IV O

o
1,000 2 X
5’ 5
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2 S
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Counts per cell

Divergence contribution 6D},  (x1071%)
1 0 1

T T T
Cvjetanovics:
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ForAllStarGamest

afeel >

Starbzp
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o
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SORIBADA >
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DeliHasret>
FikBel>
Walker-Peters >
<KBAT 5,617=1,537,471
UNIDAS»>
<stunnered 5.653<1.537.471

49.9%—50.1%




Qy: Barro Colorado Island, 1985 Census Qy: Barro Colorado Island, 2015 Census Divergence contribution ED“,‘J(%)

4 3 ik 1 0 1 2in3
Tnstrutiient: Rank-Turbulence Divergence : - - - - - : .
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Poulsenia armata 1153
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4 s e et 00 Xylopia macrantha
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10 o o ouroun
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1.5% total counts 48.5%

%
%

95.6% all types

1,000 1,000 7.8% excliusive types 4.7 50.0%—50.0%

100
Counts per cell
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00 1/a 12 341 322 35 o

Rank-Turbulence Divergence

€ Baby girl names in 1968 Qy: Baby girl names in 2018

a=00

0.926
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10,000 B0, i 36.0% all names 79.6%
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Divergence contribution 6DX _ (%)
0
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Cynthia 19694
ria
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48.9%—51.1%



Q1 Baby boy names in 1968 Qy: Baby boy names in 2018
Tnstrument: Rank-Turbulence Divergence
Fffthac] Willian
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R
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< Balances:

49.0% total counts 51.0%
30.0% all names 89.1%

N3
1,000 %

10,000
Counts per cell

100,000 100,000

exclusive names 78.6%

Divergence contribution 6DX _ (%)
4 2 0 2 4

Michael 1-14

iam
David 222

Noah
John 32

=

illiam
Robert 571
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Aid
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4160

Kenneth 23
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49.5%—50.5!
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©;: 1948 Google Books Fi Divergence contribution 6DX _ (%)

08 06 04 02 0 02 04 06 08
T T T

Tnstrutiient: Rank-Turbulence Divergence
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0 1/4 12 3}a 1 3/22 3 5 he had ;ld 11;/0'1
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Tl : PR 1 have 36— 15
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R X o and a 41043
1,000,000 Balances
Sa /i total counts 84.6%
10,000,000

all bigrams 93.6%

&

Counts per cell 17.2% exclusive bigrams 67.3%



Q: Market caps, 2007-Q4 Qp: Market caps, 2018-Q4

ficrosoft Corp

Tnstrutiient: Rank-Turbulence Div

rgence

Exxon Mobil Corp,
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39.8% total market cap 60.2%
1,000 2 % all comps
Counts per cell Gy N S 18.8% exclusive com)

Divergence contribution 6Dy, (%)
015 01 005 0 005 01 015 02

e T e T
General Electric Co 2
Facebook Tnco
Excxon Mobil Corp 1+
Amazon.com Tnc
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Apple Inc
Microsoft Corp
AbbVie Inco
<aGenentech Inc 31 187.5
AT&T Inc 19
Anheuser-Busch InBe.../NV >
aWachovia Corp 33=4,1587.5
aTwenty-First Century Fox 10=1.157.5
Broadcom Ltd
Berkshire Hathaway ...s B 35233
Philip Morris Inter...Inc>
<Time Warner Inc 4741575
aWyeth Corp 1811875
PayPal Holdings Inco

AIG Inc 17159
<Monsanto Co 54+4,157.5
Netflix Inc
<Merrill Lynch & Co 6. 187.5
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Schering-Plough Corp 7111575
<Alcon Inc 7641575
Charter Communicati
Altria Group Inc 125
QEMC Corp 834,157.5
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Tesla Inct
Salesforce.com Inc
<DowDuPont Tnc 9141575
<Barrick Gold Corp. 9511575
Kraft Heinz Cot
HP Inc 26162
Lehman Brothers Holding 103141575
PMorgan Chase & Co
<Yahoo! Inc 10911575

Ince

49.6%—50.4%



©;: Random Comments ,: Incel Comments Divergence contribution JD{",_,_T (x1073%)

15 1 05 0 05 1 15
T

istrument: Rank-Turbulence Divergence T T T T T T

women
incel

attractive
blackpill
you

females

iq

foid

height
femoids
roastie
personality
manlet

subhuman
tinder

i de 316=4,322.5
oy i inceldom
laid

] Balances: i
2 o > 41.7% total counts 58.3% LA
1,000,000 kek

4 Rl 60.9% all words 43.9%
Counts per cell % 1,000,000 1,000,000 ¥

80.4%

xclusive words 68.7% 52.7%47.3%

FIG. 8. Rank-turbulence divergence allotaxonograph [34] of word rank distributions in the incel vs
random comment corpora. The rank-rank histogram on the left shows the density of words by their rank in the
incel comments corpus against their rank in the random comments corpus. Words at the top of the diamond are
higher frequency, or lower rank. For example, the word “the” appears at the highest observed frequency, and thus
has the lowest rank, 1. This word has the lowest rank in both corpora, so its coordinates lie along the center vertical
line in the plot. Words such as “women” diverge from the center line because their rank in the incel corpus is higher
than in the random corpus. The top 40 words with greatest divergence contribution are shown on the right. In this
comparison, nearly all of the top 40 words are more common in the incel corpus, so they point to the right. The
word that has the most notable change in rank from the random to incel corpus is “women”, the object of hatred



Effect of subsampling:
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Q;: Pride and Prejudice, first half

Tnstrutiient: Probability-Turbulence Divergen;
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Q,: Pride and Prejudice, second half
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total counts 50.0%
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