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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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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:
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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): 97,13, 1]

DB (Py || Py)

:%DKL(Pl ”%[P1+P2]>+%DKL(P2H%[P1+P2]>

1 P, P2;
e (pmlogglfwwlogzlf)

2 [pl,r+p2,‘r] 2 [pl,‘r+p2,'r]
®3)

TER] 2.

Involving a third intermediate averaged system means JSD is now finite:

0<DB(P[[P) <L

Generalized entropy divergence: (2]

DE? (Py || Py) =

1 o Pr1+Pr2\¢
A {(phaw;?a)(ﬂb T2> _(pT’1+pT’2)]'

T€R1,2;a

(4)

Produces JSD when ac — 0.
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Q: Twitter on 2016/11/09 Qp: Twitter on 2017/08/13

Tustrutiient: Sym. Gen. Entropy Div.

(Jenson-Shannon Divergence)
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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
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election (42,055
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Donald 50566
Nazi

=
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v
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————————— ss
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ara
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lemlpaniing
Symmetric. divergernce
Probability
" e R Prom T e
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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280t 73

A plenitude of
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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A plenitude of
distances
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.

The PoCSverse
Allotaxonometry
30 0f 73

A plenitude of
distances

Rank-turbulence

divergence

Probability

turbulence divergence
Explorations
Nutshell
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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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Nutshell
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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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The PoCSverse
Allotaxonometry

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) \\‘/
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A plenitude of
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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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distances

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
distances

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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A plenitude of

distances

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

The PoCSverse
Allotaxonometry
44 0f 73

A plenitude of
distances

Rank-turbulence
divergence

Probability-turbulence
ivérgenice 1| G ik

Explorations
Nutshell

References



https://pdodds.w3.uvm.edu/teaching/courses/2024-2025pocsverse

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
| % %,
DEs (@11 20) =3T4D0, // Do
o | 149100 “aaox 100
izl e 120 v IV O

o
1,000 2 X
5’ 5
10,000 2 &
2 S
% &F
100,000
1,000,000

Counts per cell

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

T T T
Cvjetanovics:
FirstStarMagicAllStar
KISSMARCREDy -
ForAllStarGamest

afeel >

Starbzp

<Bobama 2.123-1.5

< ack 2. 1
<Un-Leashed 270315
GSHDJHS»>

o
<KiligTripSaBaguio 3.1 12+
<Somali-American 3220
<DICKASS 3321
<Michellle 34121537471

Eastwatch>
<Un-leashed ST

Heyer's
4SCHOO 3921+
chazam.ensnca_lb
callejones >
amisogy 4,328=1,537.471
TLC’s>
SORIBADA >
4tRyNNa 46601537
<aLmoSt 4.671=1.537

471
471

<Ruline 5.097=1.537.471
<Steininger 51181537471
low-riser
climate-denying 5.191+1 537.471
CLITORIS >
Adityanathe
<lambo’s 5.383+1,537.471
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 : - - - - - : .
a0 Piper cordulatum 9135
Poulsenia armata 1153
p h Calophyllum longifolium
V) R AL B ,\‘ 4 ‘\‘ Psychotria Horizontalis 823
Chilif tubp:..a esmpy s 691 i Gl Eugenia galalonensis
DE(9 ]| ©) = 36D 2 R 7o) 3 Palicourea guianensis
Vi 1apc eis plackiana ) Inga acuminata
2 2 ) 23 Cecropia insignis
Z In Cupania seemannii
4 s e et 00 Xylopia macrantha
arciia rdcondjita Hasseltia floribunda 3777
0.077 Guarea bullata 3170
! Psy{hotrja hof...i Prof s Bactris barronis 137—269
ciltoea Chamguava schippii
" Protjum Inga thibaudiana
Tabhigalii pafamdusis Cotfssarda cus Cecropia obtusifolia
o IEugdnia Ocotea whitei 11—
Virola sebifera 2210
Biper c 1 Anaxagorea panamensis
i X 1 Bactris major 1550
Gifarea|bulljta, hga thargihata e A Y
Hafsseltfa flofiburkla Palicure guil..sis Tachigali panamensis 1730
A Piper cabagranum 05170
X Bactiis mpjor nga 1t . Erythrina costaricensis 103178
%, %, Trophjs cajican: Chmgava fehippii & Piper culebranum 123213
%, S Guatteria lucens 20501
%, 10 Pipet calfagrafium Inga t 26 TS <SAS L AT e
rythrina cost|..sis Cedropi4 obtfsifolia ¥ o Pipzy::;:m Eli.ii:‘l;“. i
5 ris barrdnis Cespedesfia sph...af & <Baotris coloradonis 185=308
5 fadir . Cespedesia spathulata
Tl is cqloradonis Tretha infegerfipf ) %@” B
hita ptic lecropia 5 > ema integerrima
i T Potera reticulata 0045
Pourouma bicolor
10 o o ouroun
& Conostegia cinnamomea %5135
Protium panamense
Balances Chrysophyllum argenteum

Protium tenuifolium
Psychotria marginata

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



Tnstrutiient

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
Eli2abeth
Migtelle
Lisa
Jennifed
; } Angi
B Loy
Karer
Kl >
Supah © o R Iella

i arper i
XMadison
o
x 0 A
0, % \\\Q\‘ R
1 100 <
<
§ @
£ S G
10 SRR
g ‘yﬁ
100 &
&
v
1.000) Balances:
49.2% total counts 50.8%
10,000 B0, i 36.0% all names 79.6%
Counts per cell % 100,000 100,000 N

exclusive names §0.4%

Divergence contribution 6DX _ (%)
0

T
Lisa 18815
Emma
Michelle 2261

ivia
Kimberly 51725
A

Angela 7266
Mia
Tammy 54,034
Amelia
Karen 036

Susan 10=1,081.5

Emily
Amy 13204
Elizabeth

Christine 14921
iy

ila
Patricia 15004

Cynthia 19694
ria
Pamela 201,583
Scarlett.
Dawn 211,971

48.9%—51.1%



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

0 1/4 12 341 322 3 5 oo Phavid
Johii 5.22x10 4

DR (0, || ©2,) = 0:850

2 - 2 Thoas Benjainin

Hw,‘\—{ beat } Briay Olver
et TR Jeffrg ack
; a

%
S
%
&
9
R

o
:‘3;
o252
2ot

5

SN
o
3%

s
RS

e
3

%5
XL
R

AN ;
£
S N
oo% o
I3 i
SRS
e

X
e

%8t

S

2o
S
XS

P

BRS

SERERE
R

; lex
%
v t
& &
SREREREILLS & &
SIS &
4 100 <
-
<
g S
R
) S

1,000 & ‘»0‘_ &

5
g
RS
55
:
%
KA

10,000 10,000 S
< 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
Oliver
Benjamin
Mark 7210
Elijah
Richard 8187

Lucas
Christopher 012
Mason
Brian 10-235
Logan
Jeffrey 11331
Alexander

Thomas 1219

an

Timothy 13167
acol

Scott 14—

Aid
Charles 20

Matthew
Anthony 2135

anuel
4160

Kenneth 23
Carter

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

e to be (-7
0 1/4 12 3}a 1 3/22 3 5 he had ;ld 11;/0'1
] it was 912
DR (0, ) = 0:522 ; b
3 s g of a 10216
2 from the
> >_‘ S : he was 1311
Lot for the
""“:{ } had been 1517
{ ; a
of his 1820
with the
with a 2122
was
that he 2235
into the
2427
1 5 by the 21-
in his 2530
was not
I was
that the 2835
4 do
i S he said 2033
S
fora
she was
of her
10,000 and he 3347
%, & she had
o % % o 100,000 &i"’ R and I 35+37
Tl : PR 1 have 36— 15
1,000 0% %, Qi&? < Somdf
10,000 ‘}(',! 1,000,000 1,000,000 A2 was the 3512
%, & one of
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,

o
v
0 14

12 34 1 3f22

XXX
s

X
s

RO
%

RIS 2%
2 30
5%

OPRS

AR

B
57
.
&

o8

10
100
Balances:
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
Visa Inc Class A
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

Mastercard Inc
Procter & Gamble Co 515
Schering-Plough Corp 7111575
<Alcon Inc 7641575
Charter Communicati
Altria Group Inc 125
QEMC Corp 834,157.5
aAnheuser-Busch Inc. 5711575
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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€: Pride and Prejudice, first half Q,: Pride and Prejudice, second half Divergence contribution 5D:’x)/4_7 (x1073%)
8 6 4 2 0 2 4 6
Tustrutiient: Probability-Turbulence Divergen;
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of the
<and Gardiner 317+ 144.665.5
glad to
young ladies
at Pemberley 2012 951.5
and aunt 201-°2.951.5

<every thing 381-44.665.5
1 have

it was 10=20
honour of
T must 89118
you are
have been 15.5-35.5
the Parsonaget
ato Brighton 130116655
I 3

young man
me to
and the
10,000 R Balances toall 2011444
of @
AT % total counts 50.09 Z‘;‘:sfot
100,000 & 2-grams 58.4%

Counts per cell

71.3% exclusive 2

rams 71.4% 50.0%—50.0%



Q;: Pride and Prejudice, first half

rutiient

0 14 12341 322 35 o

10,000

100,000

Probability-Turbulence Divergen;

Counts per cell

Qy: Pride and Prejudice, second half

of Lady,

Balances

71.3% exclusive 2

 total counts 50.0%

all 2-grams 58.47

Divergence contribution 6D, (x1073%)

15 1 0.5 0f 0.5 1

15

<and Gardiner 317+ 44.665.5
<every thing 381416655
the Parsonaget
<ato Brighton 4301416655
a ball>

met witho
to dance
said Darcy b
<amuch I 576+44,665.5
<letter from 576=44,665.5
leave tor

athe housekeeper 66111655
in to 664—44,665.5
his father >
Charlotte Lucast

<ought not 771+14.665.5
ayou did 771446655
afrom it 771-44.665.5
his twor
the dances
and soon®

she continued >
speaking to>
by Darcy>
of ment
<was certain 915-11.665.5
<t possible 015416655
<his brother 915-11.665.5
<athat such 91544.665.5

is quites
my feelings >
am convinced >

50.0%—50.0%



Q;: Pride and Prejudice, first half Qy: Pride and Prejudice, second half

Tnstrutiient: Probability-Turbulence Divergengé

0! 14 12341 322 3 5

DE, (€ | 0).=10785

10,000 & Balances
el 5 % S ] total counts 50.0%
100,000 W & 2-grams 58.4%
Counts per cell ¥

71.3% exclusive 2-grams T1.4%

Divergence contribution 6D¥, _ (%)
0.1

0

02

of her 1
had been (10
to the

have been 15535

such a

for the

17

it is

on the

and T
he was 21.5=20

that she 23
lo not

was not 24.5=33.5

he had

not
245

with the

%:

Lady Catherine
all the 265

&
Miss.
she could 2%

that T

and she 20305
in her 30.5

by the 32.5

47.0%

12



Q;: Twitter on 2020/03/12 Qy: Twitter on 2020/05/30 Divergence contribution 6D}, . (x107%)

14,7
5 0
Tustrumnent: Probability-Turbulence Divergen, T T
a=1/4 Minneapolis
Floyd
[ 1/4 1/2 3/41 322 3 5

loy

coronavirus 31 76%
police
George

DY, (]| 22) = 0568 protesting

\E!ﬂ‘f i

protest

protestors

protesters

looting

Gobert 427164,877.5

Hanks 32048 943.5
black

Coronavirus 722,352

protests
PROTEST
Chauvin

2
10,000 “% 1074
72
100,000 © Balances
5k total counts 59.6%
1,000,000 LR % all words 66.3%
G o e S &
‘ounts per cell %

57.4% exclusive words




Q2 Twitter on 2020/03/12 Qy: Twitter on 2020/05/30 Divergence contribution 6Dy, - (x107*%)

6 4 2 0 2 4 6
Tnstrutiient: Probability-Turbulence Divergen;

T T T T T T T
George Floyds
the coronavirus 10500
the police
in Minneapolis
black people
tested positive 2601
ositive for 316,12
the virus 281,404
for coronavirus 15130785
of coronavirus 50149985

a=3/4

1412 341 322 3 5

of George
Tom Hanks (2192 366
lives matter
white people
lives
Rudy Gobert 071 1755801
police officer
has tested 9115662
corona virus 733,111
the black
due to 37245

cops are
the Coronavirus 11 3,204.5

will be §—2
spread of 119-10.611
to cancel 128=13.725.5
the protest
toilet paper 13217.650.5
to stop
for the 57
sick leave 169-159,500
the people
1,000 the spread 135 11,252

Corona virus 158+39.796

10,000 A police brutality
& of police
100,000 & peaceful protest
1,000,000 4 Balances 1If you
. = ;) i 40.3% total counts 59.7% ﬁﬁmﬁ ]
10,000,0¢ v
e 55.3% all words 62.4%
Counts per cell % 68.0% exclusive words 71 51.6%—48.4%




: Twitter on 2020/03/12 Qp: Twitter on 2020/05/30 Divergence contribution 6D¥, _ (%)

003 002 001 0 001 002 003
Tnstrutiient: Probability-Turbulence Divergengé

T T T T T T T
tested positive for 11,9755

of George Floydi
T i S the White House
[ 1/4 1/2 3/4 1 322 3 iesteoa in front of

one of the 21
has tested positive 311,870
positive for coronavirus 111,705
e spread of 5 64.5
going to be (3
out of the
black lives matter
community in Minneapolist-
is going to 7105
to do with
part of the
you want to
World Health Organization 5= 1420
to the ground
for the coronavirus 975,705
the death of
for George Floyd>
positive for the 1053912
due to the 11603
has announced that 1222 7535
needs to be
Support from the
be able to 1347
the rest of 11—113.5
in the world 1530
This is the
because of coronavirus 16=277.12

h
LECTE.
Mannah mo...and

i

15

» because of the 17+ 631.5
1,000 P athat dogs cannot 18-13.073.107
10,000 C C$ the United States 10-22
<announced that dogs 20
100,000 & Health Organization has 2117
1,000,000 & the corona virus 221,121
it &% Balances: adogs cannot contract 23-13.073.107
10,009,000 s g O <Organization has an...ced 2413073107
00,000,009 50.8% all words 59.4% IETEE blacks.
Counts per cell %

80.0% exclusive words 82.9% 50.4%—49.6%



;: Barro Colorado Island, 1985 Census ©y: Barro Colorado Island, 2015 Census Divergence contribution 6D}, (%)

2 15 1 0.5 Of =905 1

Tnstrutiient: Probability-Turbulence Divergengf

T T T T T T T T
Piper cordulatum 91
I
Isenia armata 1153
4 Calophyllum longifolium
Inga acuminata
Palicouten guianensis
Bactris barronis 137
Bactys caloradonts 135408
ugenia galalonensis
Trema integerrimab
Xylopia macrantha
Cecropia insignis
<Trema unidentified 209 30%
Inga thibaudiana
Chamguava schippii
Piper playablancanum 110236
<Inga unidentified 215305
Cecropia obtusifolia
Protium stevensonii
Guarea bullata 3170
g, U
Piper culebranum 123
Viola sebifern 2240
Cespedesia spathulata
Piper cabagranum 95170
Erythrina costaricensis 103 178
Hasseltia floribunda 3777
Xylosma oligandra 97105
<Geonoma interrupta 225305
<Koanophyllon wetmorei 231305
Conostegia cinnamomea 57135
ris coloniata 116155
Solanum asperum >
& Psychotria gracilifiora
naxagorea panamensis
<aPsychotria tenuifolia 211308
Garcinia recondita
Halances: Psychotria limonensis
¢ Aegiphila panamensis 113215
Pourouma bicolor

a=1/3
v

blaned ocNentalis
14 12 341 322

100

tifolia'e,
giba hybrjs. fiens citrif
o o

51.5% total individuals

95.6% all species 92.5%

100
Counts per cell 7.8% exclusive species 4.7% 50.4%—49.6%



Flipbooks for RTD:

&> Twitter:
allotaxonometer-flipbook-1-rank-div.pdf [

&> Market caps:
allotaxonometer-flipbook-4-marketcaps-6years-rank-div.pdf {4 @

< Baby names:
allotaxonometer-flipbook-5-babynames-girls-5Oyears-rank-div.pd f i &


https://pdodds.w3.uvm.edu/videos/figallotaxonometer9000-2016-11-09-2017-08-13-all-rank-div_combined_noname.pdf
https://pdodds.w3.uvm.edu/videos/figallotaxonometer9000-2016-11-09-2017-08-13-all-prob-div_combined_noname.pdf
https://pdodds.w3.uvm.edu/videos/figallotaxonometer9000-2016-11-09-2017-08-13-storywrangler-all-entropy-alpha-div_combined_noname.pdf
https://pdodds.w3.uvm.edu/videos/figallotaxonometer9000-siblis_flipbook001_marketcaps001_combined.pdf
https://pdodds.w3.uvm.edu/videos/figallotaxonometer9000-babynames-1-50-decade-combined.pdf
https://pdodds.w3.uvm.edu/videos/figallotaxonometer9000-babynames-2-50-decade-combined.pdf
https://pdodds.w3.uvm.edu/videos/figallotaxonometer9000-babynames-rtd-072-alpha-0-1-combined.pdf
https://pdodds.w3.uvm.edu/videos/figallotaxonometer9000-babynames-rtd-072-alpha-0-2-combined.pdf

The PoCSverse
Allotaxonometry
630f73

A plenitude of

distances

Rank-turbulence
divergence

Probability-
turbulence divergence

&% Google books: Explorations
allotaxonometer-flipbook-7-google-books-onegrams-rank-div.pdf RS



https://pdodds.w3.uvm.edu/teaching/courses/2024-2025pocsverse
https://pdodds.w3.uvm.edu/videos/figallotaxonometer9000-google-books-fiction-1948-1987-onegrams-rank-div-lcs-combined_noname.pdf
https://pdodds.w3.uvm.edu/videos/figallotaxonometer9000-google-books-fiction-1948-1987-bigrams-rank-div-lcs-combined_noname.pdf
https://pdodds.w3.uvm.edu/videos/figallotaxonometer9000-google-books-fiction-1948-1987-trigrams-rank-div-lcs-combined_noname.pdf

Flipbooks for PTD:

) Jane Austen:
Pride and Prejudice, 1-grams (S

&% Social media:
Twitter, 1-grams (S

=2 Ecology:


https://pdodds.w3.uvm.edu/videos/allotaxonometer-flipbook-1-probability-divergence-pride-and-prejudice-1-grams.pdf
https://pdodds.w3.uvm.edu/videos/allotaxonometer-flipbook-2-probability-divergence-pride-and-prejudice-2-grams.pdf
https://pdodds.w3.uvm.edu/videos/allotaxonometer-flipbook-3-probability-divergence-pride-and-prejudice-3-grams.pdf
https://pdodds.w3.uvm.edu/videos/allotaxonometer-flipbook-4-probability-divergence-twitter-1-grams.pdf
https://pdodds.w3.uvm.edu/videos/allotaxonometer-flipbook-5-probability-divergence-twitter-2-grams.pdf
https://pdodds.w3.uvm.edu/videos/allotaxonometer-flipbook-6-probability-divergence-twitter-3-grams.pdf
https://pdodds.w3.uvm.edu/videos/allotaxonometer-flipbook-7-probability-turbulence-divergence-barro-colorado-island.pdf

Code:
https://gitlab.com/compstorylab/allotaxonometer

The PoCSverse
Allotaxonometry
650f 73

A plenitude of
distances
Rank-turbulence
divergence
Probability-

turbulence divergence

Explorations

Nutshell

References



https://pdodds.w3.uvm.edu/teaching/courses/2024-2025pocsverse
https://gitlab.com/compstorylab/allotaxonometer

YA sl b The PoCSverse

Allotaxonometry
660f73
Needed for comparing large-scale complex systems: e
. . . . . g distances
Comprehendible, dynamically-adjusting, differential i
Rank-turbulence
dashboards. s
Many measures seem poorly motivated and largely et el
unexamined (e.g., JSD). Bl
Of value: Combining big-picture maps with ranked lists. Nutshel

References

Online tunable versions of rank-turbulence divergence now
exist:

App version: bEtp§:{/flllgEa§}3.}7§1'§§lflh)}3{C)J'

Observable version:
https://observablehq.com/@jstonge/allotaxonometer-4-all &

Future: Probability-turbulence divergence plus many other
instruments.

1: Baby girl names in 1968

Rank-Turbulenc

£ Baby girl names in 2018 Divergence contribution DX _ (%) . ‘
s o s 2
‘ ‘ : W

0 i G2 a1 322 35w

r 4344
Tsabella


https://pdodds.w3.uvm.edu/teaching/courses/2024-2025pocsverse
https://allotaxp.vercel.app/
https://observablehq.com/@jstonge/allotaxonometer-4-all
https://github.com/jstonge/allotaxp

The PoCSverse

References I Al i

67 of 73

A plenitude of
distances

Rank-turbulence
[1] S.‘H. Cha. divergence
Comprehensive survey on distance/similarity measures s
turbulence divergence
between probability density functions.
International Journal of Mathematical Models and Methods

in Applied Sciences, 1:300-307, 2007. pdf (4"

Explorations

Nutshell

References

[2] A. Cichockiand S.-i. Amari.
Families of Alpha- Beta- and Gamma- divergences: Flexible
and robust measures of similarities.
Entropy, 12:1532-1568, 2010. pdf(4'

[3] M.-M. Deza and E. Deza.
Dictionary of Distances.

Elsevier, 2006. ‘ |



https://pdodds.w3.uvm.edu/teaching/courses/2024-2025pocsverse
http://pdodds.w3.uvm.edu/research/papers/others/2007/cha2007a.pdf
http://pdodds.w3.uvm.edu/research/papers/others/2010/cichocki2010a.pdf

The PoCSverse

References 11 Al i

68 0f 73

A plenitude of
distances

Rank-turbulence

divergence
[4] 1 'L.R Dice. b
Measures of the amount of ecologic association between curbulence divergence
species. Explorations
Ecology, 26:297-302, 1945, Natshel

References

[5] P.S.Dodds,].R. Minot, M. V. Arnold, T. Alshaabi, J. L.
Adams, D. R. Dewhurst, T. J. Gray, M. R. Frank, A. J.
Reagan, and C. M. Danforth.

Allotaxonometry and rank-turbulence divergence: A
universal instrument for comparing complex systems.

EPJ Data Science, 12(37):1-42, 2023.

Available online at https://arxiv.org/abs/2002.09770. pdf[?:'


https://pdodds.w3.uvm.edu/teaching/courses/2024-2025pocsverse
https://arxiv.org/abs/2002.09770
http://pdodds.w3.uvm.edu/research/papers/others/2023/dodds2023a.pdf

The PoCSverse

References 111 Alosonomery
9 of 7.
A plenitude of
distances
[6] P.S.Dodds,].R. Minot, M. V. Arnold, T. Alshaabi, J. L. SRR
Adams, A. J. Reagan, and C. M. Danforth. divergence
Probability-turbulence divergence: A tunable T

allotaxonometric instrument for comparing heavy-tailed Eafocstises
categorical distributions, 2020. Nutshell
Available online at https://arxiv.org/abs/2008.13078. Pfifg Reterentss

[7]1 D.M. Endres and J. E. Schindelin.
A new metric for probability distributions.
IEEE Transactions on Information theory, 2003. ,P,d,f &

[8] E.Hellinger.
Neue begriindung der theorie quadratischer formen von
unendlichvielen verinderlichen.

Journal fiir die reine und angewandte Mathematik (Crelles ‘ =
Journal), 1909(136):210-271, 1909. pdf Tl


https://pdodds.w3.uvm.edu/teaching/courses/2024-2025pocsverse
https://arxiv.org/abs/2008.13078
http://pdodds.w3.uvm.edu/research/papers/others/2020/dodds2020g.pdf
http://pdodds.w3.uvm.edu/research/papers/others/2003/endres2003a.pdf
http://pdodds.w3.uvm.edu/research/papers/others/1909/hellinger1909a.pdf

The PoCSverse
References IV Al i

70 of 73
A plenitude of
distances
[9] J. Lin' Rank-turbulence
divergence
Divergence measures based on the Shannon entropy. S
IEEE Transactions on Information theory, 37(1):145-151, wrbulence divergence
1991. pdf@ Explorations
T Nutshell
[10] J Looman and] B. Campbell References

Adaptation of Serensen’s k (1948) for estimating unit
affinities in prairie vegetation.
Ecology, 41(3):409-416, 1960. pdf (5

[11] K. Matusita etal.
Decision rules, based on the distance, for problems of fit, two
samples, and estimation.
The Annals of Mathematical Statistics, 26(4):631-640, 1955.
pdf &



https://pdodds.w3.uvm.edu/teaching/courses/2024-2025pocsverse
http://pdodds.w3.uvm.edu/research/papers/others/1991/lin1991a.pdf
http://pdodds.w3.uvm.edu/research/papers/others/1960/looman1960a.pdf
http://pdodds.w3.uvm.edu/research/papers/others/1955/matusita1955a.pdf

The PoCSverse

References V Alessonomery
A &
[12] R.Munroe. s
How To: Absurd Scientific Advice for Common Real-World [ viene
Problems. mh:mm
Explorations
[13] F. Osterreicher and I. Vajda. Nutshell
A new class of metric divergences on probability spaces and References
its applicability in statistics.
Annals of the Institute of Statistical Mathematics,
55(3):639-653, 2003.
[14] E. A. Pechenick, C. M. Danforth, and P. S. Dodds.
Is language evolution grinding to a halt? The scaling of lexical
turbulence in English fiction suggests it is not.
Journal of Computational Science, 21:24-37, 2017. Rdf[’;'
[15] Y. Sasaki. | \\‘// %

The truth of the f-measure, 2007.


https://pdodds.w3.uvm.edu/teaching/courses/2024-2025pocsverse
http://pdodds.w3.uvm.edu/research/papers/others/2017/pechenick2017a.pdf

The PoCSverse

References VI Alossonomery
720t 7.
A plenitude of
distances
Rank-turbulence
[16] C.E.Shannon. b i
The bandwagon. Probability-
IRE Transactions on Information Theory, 2(1):3, 1956. modlence diehreas
pdf‘g Explorations
e Nutshell
[17] T Sorensen. References

A method of establishing groups of equal amplitude in plant
sociology based on similarity of species content and its
application to analyses of the vegetation on Danish
commons.

Videnski Selskab Biologiske Skrifter, 5:1-34, 1948.

[18] C.]. Van Rijsbergen.
Information retrieval. =
Butterworth-Heinemann, 2nd edition, 1979. A
| N\



https://pdodds.w3.uvm.edu/teaching/courses/2024-2025pocsverse
http://pdodds.w3.uvm.edu/research/papers/others/1956/shannon1956a.pdf

The PoCSverse

Refel' €nces VII Allotaxonometry

73 0f 73

A plenitude of
distances

Rank-turbulence
divergence

Probability-
turbulence divergence

Explorations

[19] J.R. Williams, J. P. Bagrow, C. M. Danforth, and P. S. Dodds.  wuche

Referenss
Text mixing shapes the anatomy of rank-frequency
distributions.

Physical Review E, 91:052811, 2015. pdf (4"



https://pdodds.w3.uvm.edu/teaching/courses/2024-2025pocsverse
http://pdodds.w3.uvm.edu/research/papers/others/2015/williams2015b.pdf

	A plenitude of distances
	Rank-turbulence divergence
	Probability-turbulence divergence
	Explorations
	Nutshell
	References

