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Goal—Understand this:

Qu: Twitter on 2016/11/09

Qu: Twitter on 2017/08/13
Instrument; Rank-Turbulence Divergence
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Site (papers, examples, code):
http://compstorylab.org/allotaxonometry/ (4"

Foundational papers:

“Allotaxonometry and rank-turbulence

Dodds et al.,
,2020. [

“Probability-turbulence divergence: A

Dodds et al.,
. 2020: 16}
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PoCS

Basic science = Describe + Explain: @pocsvox

Allotaxonometry

Dashboards of single scale instruments helps us
understand, monitor, and control systems. PRMAC L

Archetype: Cockpit dashboard for flying a plane i
Okay if comprehendible.

Rank-turbulence
divergence

Probability-
Complex systems present two problems for turbulence
dashboards: divergence

Explorations

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 A
showing two pieces:’ N

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

References
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Baby names, much studied: ' PoCs

@pocsvox
Allotaxonometry

just  decade or so. 1 you were born in the United States around this year these are A plenitude of
names tha ar more kel t seem common and genelc t you, bt are distincive
senerational markers LKELY BRIH YEAR FOR GROUP WITH distances
00 W el Moy o ot i o NAMES MATTHEL) MATTHEL) LA
wer, Maude, Will, i, Effe, May, Cora, Lula, Nettie IFER, COURTNEY, AND DAVID

£ i ettt L, Cors
5 aude, Mabel, Minni,Besie, Mamis, Myrtle, Hattie,Pear, Ethel, Bertha

1900 Mabel Myrte, Bssc, Mamie, Pea, Blanche, Gertude, Ethl Minnie,Glodys
1905 Gladys, Viok, Mabel, Myrtle, Grtrude, Pearl, Bessc Blanche, Mamie,Ethel

Rank-turbulence
divergence
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How to build a dynamical dashboard that helps sort

through a massive number of interconnected time
series? Hac 9of67
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“Is language evolution grinding to a halt? The

= Pechenick, Danforth, Dodds, Alshaabi, Adams,
- | Dewhurst, Reagan, Danforth, Reagan, and

- Danforth.
Journal of Computational Science, 21, 24-37,
2007154
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For language, Zipf's law has two scaling
regimes:
profor e < it
fatads
22 fOrr S r

When comparing two texts, define Lexical
turbulence as flux of words across a frequency
threshold:

¢N ft;’j/for fthr < fb’
fthf for fthr > fb7
Estimates: 1~ 0.77 and p/ ~ 1.10, and f,, is the scaling
break point.
; v =rot forr <,
v = rekforr > (%

Estimates: Lower and upper exponents v ~ 1.23 and
v ~1.47.
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A. Rank-turbulence histogram:
: Twitter on 2016/11/09

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

C. Randomized systems:




7 ; e PoCS
Zipf-turbulence histogram for probability: @pocsvox
Allotaxonometry

Q,: Twitter on 2016/11/09 Q,: Twitter on 2017/08/13
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So, so many ways to compare probability distributions:

k]

“Families of Alpha- Beta- and Gamma-

Cichocki and Amari,

Entropy, 12, 1532-1568, 2010. 1!
“Comprehensive survey on

Sung-Hyuk Cha,

International Journal of Mathematical
Models and Methods in Applied Sciences,
1, 300-307, 2007. ")

Comparisons are distances, divergences,
similarities, inner products, fidelities ...

A worry: Subsampled distributions with very
heavy tails

60ish kinds of comparisons grouped into 10
families
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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(P;, Q;)
min(Pi7 Qz)
Pz'Qi
[

(Hellinger)

Table 1. L, Minkowski family

1. Euclidean L, dp =y Z“J,*Q\z 1)
i=1
d
2. City block Z; dey =Y | P -0 @
i=1
d
3. Minkowski Z, dy =8| B-0, 17 3)
&

4. Chebyshev L., d e = oAz |\P.=0/] 4)

Table 2. L, family

5. Serensen
)
6. Gower
©)
)
7. Soergel
®)
=
8. Kulezynski d i‘ P-0|
TR e o ©)
2 min(P.Q,)
i
9. Canberra LIP-0|
e i~
=2 P10 (10)
10. Lorentzian &
10 = 2,00+ | B~0, ) (11)
il

* 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, dr == Z| =0 § (1)
i=1
d
2. City block L, da =Y | -0 @
i=1
d
3. Minkowski L, dyy =4 Z\ PO 3)
=
4. Chebyshev L,, ey =max| £ =0, | (4)
Table 2. L, family
7
5. Serensen Sip-0
T, (5)
2(R+0)
=
6. Gower 1 1R-0]
d,, = (6)
1 ;
P, (@)
7. Soergel
®)
8. Kul ki d S
ulczynski Z\E*Q,\
Al ©
> min(P,Q,)
=
9. Canberra SIETO |
AN el
Can Z P+0, (10)

10. Lorentzian

Ay ZIH(H\P (o)) (11)

* Ly family > {Intersectoin (13), Wave Hedges (15),
Czekanowski (16), Ruzicka (21), Tanimoto (23), etc}.
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Shannon's Entropy:

1 1
H(‘P) T <|Og27> = Z pTlong (1)

P TER 2.0 Pr

Kullback-Liebler (KL) divergence:

1 1
9l I | R <Iog2 = Iog2>
P,

p2,7’ pl,‘l‘
£ Z p2-r|:|0g2 . —|0g2 ; :|
TERl,z;u ; p2,7' pl,T
Pa,
= D palog, @)
TER) 5.4 p27-,—

Problem: 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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PoCS
@pocsvox
Jensen-Shannon divergence (JSD): [9,7,13,1] Allotaxonometry

DS (P || P.
( 3 || 2) Aplenitude of

=1ipK <P1 | 51P+ PQ]) +1DK <P2 | %P+ PZ]) distances

Rank-turbulence

1 P1r Do - divergence
= Py g s e o Do BB S e e [ ;

2 Z ( s (X HE 4 B 2 1 I8 Probability-

TER] 2.0 2 [pl’T p2’T] 2 [pl’T pZ’T] turbulence

(3) divergence

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

Generalized entropy divergence: (2]
DR? (P || Pp) =

1 S B TR
e {(pi,f%pl,g“)(%”) —(pf,ﬁpf,z)]

TER) 2. $

(4) | '

Produces JSD when « — 0.

ovo
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Q: Twitter on 2016/11/09

15 1
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1
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Q;: Twitter on 2016/11/09

1,000
10,000
100,000

1,000,000
Counts per cell

hatemonger ¢
T

A. Rank-turbulence histogram: B. Identical systems:

Q,: Twitter on 2017/08/13

our
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yal
donald
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elected
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C. Disjoint systems:

simpsons
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harambe
opport torches
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10
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i D. Randomized systems:

%
O’/, /\ 10,000,000 10,000,000 2



We call types that are present in one system only
‘exclusive types'.

When warranted, we will use expressions of the
form QM-exclusive and Q(?-exclusive to indicate
to which system an exclusive type belongs.
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ULt L ke

Rank-based.

Symmetric.

Semi-positive: D (Q, || Q5) > 0.
Linearly separable, for interpretability.

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

Zipfophilic: Able to handle systems with
rank-ordered component size distribution that are
heavy-tailed.

. Scalable: Allow for sensible comparisons across

system sizes.
Tunable.

. Story-finding: Features 1-8 combine to show

which component types are most ‘important’
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Allotaxonometry

Working with ranks is intuitive
Affords some powerful statistics (e.g., Spearman’s e

rank correlation coefficient) disfanges
: : Rank-turbulence
Can be used to generalize beyond systems with divergence
pI’ObabllltIeS Probability-
turbulence
divergence
Explorations
References
1 1
e (5)
TT, 1 7‘.’_72

Inverse of rank gives an increasing measure of
importance \‘/

High rank means closer to rank 1 I
We assign tied ranks for components of equal ‘size’
Issue: Biases toward high rank components

DA 250f67
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A plenitude of
1 1 1/04 distances
— (6)  Rankturbulence
[r ] i [7, ] B ! divergence
751 T Probability-
turbulence

divergence

As o — 0, high ranked components are
increasingly dampened

Explorations

References
For words in texts, for example, the weight of
common words and rare words move increasingly
closer together.
As o — oo, high rank components will dominate.
For texts, the contributions of rare words will \\\‘///

vanish. I
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The limit of &« — 0 does not behave well for

; ; 1/a
[7"7,1]& 7 [7“7,2]&
The leading order term is:
(1-9 Jalis In_z:L e
AT rra ;

which heads toward co as o — 0.
Oops.
But the insides look nutritious:

rT,l

In

TT,Q

is a nicely interpretable log-ratio of ranks.

(7)
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5‘DEL,T(R1 H Ry)

a+1 1

Keeps the core structure.
Large « limit remains the same.
a — 0 limit now returns log-ratio of ranks.
Next: Sum over 7 to get divergence.

Still have an option for normalization.

DY(R, || Ry) =

N12a TER 5.0

DR

(Ry || Ro)

(9)
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PoCS
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Allotaxonometry

A plenitude of

distances
Take a data-driven rather than analytic approach presntils
to determining ‘Nl 2,0 Pmtbalbw\\Ly—
Ei turbulence
Compute IV, ,., by taking the two systems to be ojf et
disjoint while maintaining their underlying Zipf T
dIStrIbutlonS References

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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Allotaxonometry

A plenitude of
distances

Rank-turbulence

divergence
Summing over all types, dividing by a normalization éf&f@&@}
prefactor V, ,.., we have our prototype: ok
1/(E><p\(;;)anons
Reterehces
Dg(R1||R2>:#L+1 Z : oaE - (Y
N 1Zia s TER 5.4 [ 7-,1] [7“.,_’2]
(10)
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PoCS
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Allotaxonometry

lif the Zipf distributions are disjoint, then in Q()’s

merged ranking, the rank of all Q(2) types will be et
r= Ny + 3Ny, where N, and N, are the number
of distinct types in each system. dfv’;rgtgnrcge”ce
Similarly, 22’s merged ranking will have all of Bighahils:
Qs types in last place with rank r = N, + 2 N. divergence
The normalization is then: ;X‘;“““O”S
: : 3 1/(a+1)
(6%
N1,2,a = S = : =
TER, [7’7,1] [Ny + 5 N,]
: : 1 1/(c+1)
ol Bt e : \¢
o e | [Ve s NG E e ] AR
(11)
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T’T,].
DR(E iR )= ¥ oD} _N In-—i,
TER, 5.4 1,2;0 TER, 5.4 7,2
(12)
where
r

_7\[ g LIRS de |n+2
(13)

Largest rank ratios dominate.
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TERLZQ
1 1
250 TR TT,l TT,2
where
1 1
N1,2:00 = Z " ] Z 1
TER, 7,1 TER, 7,2

Highest ranks dominate.

(15)
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p - 1 O[-'—l a_ o 1/(a+1>
Da(Pll\PQ)_iqu;a—a s e

’TGRLZQ

(16)

For the unnormalized version (V] ., =1), some
troubles return with 0 probabilities and o« — 0.

Weep not: V% .., will save the day.
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Allotaxonometry

A plenitude of
distances

Rank-turbulence

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

References

a+1 af(a+l) a+1 a/(a+1)
NI;,Q;Q = a Z [p‘r,l] 1 a Z [pT,Q]
TER, TER,
(17)
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Allotaxonometry

A plenitude of
distances

Rank-turbulence
divergence

if both e =0 and w5l then g%%%g%g;g@g@
; a + 1 = i 1/(a+1) p 2 Explorations
I|ma‘>0 = | [pT,l] e [pT72] ‘ == Inp:,l References

(18)

Butifp, , =00rp, , =0, limit diverges as 1/a.
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Allotaxonometry

A plenitude of
distances

Rank-turbulence

Normalization: divergence
Probability-turbulel
1 divergence ]
N?,Q;a T & (Nl e NQ) 1 (1 9) Explorations
References

Because the normalization also diverges as 1/q,
the divergence will be zero when there are no
exclusive types and non-zero when there are
exclusive types.
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Allotaxonometry

A plenitude of

distances
1 Rank-turbulence
DB(Pl H P2> T Y Z (5;; o+ 9o p ) . mvc‘gc.n,cc
BEM e T e
(20) Explorations
References
The term (4, o+ 0o, ,) returns 1if either
p,1 =00rp, ,=0,and 0 otherwise when both
pr1>0andp, 5 >0.
Ratio of types that are exclusive to one system
relative to the total possible such types, ‘/
Y
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In terms of contribution to the divergence score,
all exclusive types supply a weight of 1/(N; + N5).
We can order them by preserving their ordering as
a — 0, which amounts to ordering by descending
probability in the system in which they appear.

And while types that appear in both systems make
no contribution to DY (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 a=oc for probability-turbulence
divergence

il

DI;O (Pl ” P2) = § Z (1 e 6177—,1:?1—,2) X (p‘r,17p7-,2>
TER .00
(21)
where
NE ST (pq_’l 188 ): 1o 00
TGRLz;m
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a = 0: Similarity measure Sgrensen-Dice
coefficient* 1% 101 F, score of a test's
accuracy '/ 191,

a = 1/2: Hellinger distance '/ and Mautusita
distance!'".

« = 1: Many including all L(®)-norm type
constructions.

o = oo: Motyka distance ©°.
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Q: Twitter on 2016/11/09 Qy: Twitter on 2017/08/13 Divergence contribution 6D},  (x107*%)
0.5 0

Tnstrutiient: Rank-Turbulence Divergence

a=1/3
v

]
0 1412 a1 322 35 o

100

%

1,000 2,

% 100,000 100,000 A
10,000 2 &

“7, 'S
100,000 Balances:
59.9% total counts 40.1%

1,000,000

63.29
60.8Y% exclusive words 59.8%

all words 61.6%

Counts per cell 10,000,000 10,000,000

election (1

voted
Hillary 70
Donald 50
Nazi

zi
president 15
tru

won (92536

He;
Clinton 1251761
elected 151=-2,787

o
America 10161

Gaga
Cyjetanovics
Obama 76375
wins 114 209
violence
August
Lad

nazis
Heather
electoral 446152
torches
JabberDuck 003+540.052
hatemonger 750 120,156
Antifa
opport 672=62.603
neo-nazis
Harambe (58+56.005
Michelle 261,115

40.8%




Q: Twitter on 2016/11/09 Qp: Twitter on 2017/08/13

Tnstrumient: Probability-Turbulence Divergengé|
a=1/12
v

0! 1412 341 322 35

S b1

D, 50 ]| ) =37 4DF . / cavxio SIS i
1357 |p! pr 315x10° 315x10°

2 N
1,000 2 »
(D‘/ 5
10,000 2, &
& S
% &%
100,000
1,000,000

Counts per cell

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

T T T
Cvjetanovics:
FirstStarMagicAllStar >
KISSMARCRED;
ForAllStarGames

afeel >

Starbzb

<Bobama 2,12

<Oarack .
<Un-Leashed 2,703

GSHD.

o
<KiligTripSaBaguio 3 112
<Somali-American 3
<DICKASS 332115
<Michellle 5,11

eyer'sb
4SCHOO 3921
uncharacteristicaly
callejones >
amisogy 4,328=1,537.471
TLC’s>
SORIBADA >
atRyNNa 4.660=1,537.471
<aLmoSt 4,671=1,537.471

<Ruline 5097+
aSteininger 5,115
ow-riset
aclimate-denying 5.191+1 537471
CLITORIS>
Adityanathp
<lambo’s 5.383+1,537.471
DeliHasret >
FikBel>
Walker-Peters >
<KBAT 5,617=1,537,471
UNIDAS®>
<stunnered 56531537 471

49.9%—50.1%




Q4 Barro Colorado Island, 1985 Census

Instrumient: Rank-Turbulence Divergence
a=0
0 1/4 142 3/a 1 35 oo
Dii(& [|$22) = 37 3D; Oerfocarpus shap
Xz
| B Psyfhotrfa hof...li
orfoceal affinf
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Biper
1 P
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Hapseltia flofibunida
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%, %, Trophjs cajican:
%, e
¢ 10 Pipe} cabjagrajium
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is barrdnis
6(\ is cofloradonis
3
% hta pdiiolata
10

100
Counts per cell

1,000

Qy: Barro Colorado Island, 2015 Census

b
,\‘ 4 ‘\‘
Thesmby is 691 i 691
Alseis plackiana 61 a6
2. . B3
Sfvartgia sifnple 090
(arciia rgcondjita
Prof s
[Protfum
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1
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Inga t i 10 ¥
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C 1 s t\(&
lecropia lc $ >
T &
3
)
Balances:
51.5% total counts 48.5%
95.6% all types
1,000

7.8% exclusive types 4.7

Divergence contribution §DF, (%)
3 2i 1 0 1 2 3

T T T T T T T
Piper cordulatum 9135
Poulsenia armata 1153
Calophyllum longifolium
Psychotria horizontalis 52
Eugenia galalonensis
Palicourea guianensis

Cupania seemannii
Xylopia macrantha
Hasseltia floribunda 3777
Guarea bullata 31- 70
Bactris barronis 137269
Chamguava schippii
Inga thibaudiana
Cecropia obtusifolia
Ocotea whitei 115
Virola sebifera 2210
Anaxagorea panamensis
Bactris major 15— 50
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)

Tachigali panamensis 17— (
Piper cabagranum 05170
Erythrina costaricensis 103175
Piper culebranum 123213
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Xylosma oligandra 97165
Piper playablancanum 110236
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ema integerrima
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Protium panamense
Chrysophyllum argenteum
Profium tenuifolium
Psychotria marginata

50.0%—50.0%



©;: Baby girl names in 1968 Qy: Baby girl names in 2018 Divergence contribution 6DX _ (%)

5 0
Tnstrutiient: Rank-Turbulence Divergence

T T

Lisa 1888
ma
263

a=00

i 2
00 1/a 12 341 322 35 o Michelle 2
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Kimberly 3170

DR, || 22) = 0.926 Ava

Eldpeth

S MigHelle
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Jennig
| } A
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I

Suzdh @' S
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Tammy %8R b

Susan 101,079
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PR 50 o

%

$XGenesis Kelly 12618

Eliz

S Christine 11026
la

Patricia 15011
Ella

S Julie 16555

& Cynthia 10601

ria
E Balances; Pamela 201,582
19.3% 3 50.7% Scarlett
2, 49.3% total counts 50.7% e T
10,000 36.1% all names 79.5%

Counts per cell % 100000 100,000 S 56.7% exclusive names 80.3% 4B.9%—51.1%




©;: Baby girl names in 1968 Qy: Baby girl names in 2018 Divergence contribution 6DX _ (%)

5 0
Tnstrutiient: Rank-Turbulence Divergence

T T
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2, 49.3% total counts 50.7% e T
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Qu: 1948 Google Books Fiction

ion Divergence contribution 6DX _ (%)
08 06 04 02 0 02 04 06 08
e T

Qy: 1987 Google Books Fi

Tnstrutiient: Rank-Turbulence Divergence

a=00

00 1/a 12 341 322 3 5

DR (0, || 0,) =/05522

ol

that the 28=35
Tde

A lo
S & he said 2033
/ , ¢ fora
< she was
//’ 3 of hier
10 )| and he 3347
%, she had
100 {97 % o i Sia ree and I 35+37
D 020 100, 000 & & T have 3615
1,000 &% & k°jb<;‘ e o
10,000 ‘}5{ % Lowoooo @ %\0 was the 35— 12
.
100,000 % & f
10,000,000 Balances: i
1,000,000 e
S 5.4% total counts 84.6% ™~ ;
0000000 i 100,000,000, 7 & all bigrams 93.6%

Counts per cell ¥ 17:2% exclusive bigrams 67.3%



€y: Market caps, 2007-Q4 Divergence contribution 5D¥,z;,.—(%)

045 01 005 0 005 01 015 02

Q,: Market caps, 2018-Q4
ficrosoft Corp

Instrutient: Rank-Turbulence Div

rgence

e T e T
General Electric Co 275
Facebook Tnco
Excxon Mobil Corp 10
Amazon.com Inc
Visa Inc Class A>
Apple Inc
Microsoft Corp
AbbVie Inco
<aGenentech Inc 31 187
AT&T Inc 419
Anheuser-Busch InBe.../NV >
aWachovia Corp 331,157
< Twenty-First Century Fox 401,157
Broadcom Ltd
Berkshire Hathaway ...s B 35253
Philip Morris Inter...Inc>
<Time Warner Inc 474 157
aWyeth Corp 181,187
PayPal Holdings Inco

Exxon Mobil Corp,

a
v

0 14 12 341

AIG Inc 17159
<Monsanto Co 51 187
" Netflix Inc
by <Merrill Lynch & Co (64,157
3 Mastercard Inc
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S aSchering-Plough Corp 711,157
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Balances: aLehman Brothers Holding 1034157
S 0.8% ok € 602 PMorgan Chase & Co
? 39.8% total market cap 60.2 e B ﬁ\‘_
1,000 3 78.8% all companies 61.5%
Counts per cell Gy & 48.8% exclusive companics 34.4° 49.6%—50.4%




Effect of subsampling: e

@pocsvox
N=31 N=100 N=316 N=1000 N=10,000 N=100,000 N=1,000,000 Allotaxonometry
& A plenitude of
distances
N=31 N=100 N=316 Rank-turbulence
s divergence
i
£
g Probability-
3 turbulence
& divergence
Explorations
N=31 N=100 N=316 N=1,000 N=10,000 =162 o i | D RS SRt L e
g References
H
H 4
= L
)
2
3
]
N=31 N=100 N=10,000 N=31,622 F 3
3
£
H
H
3 4
z
2
]
N=31 N=100 N=10,000
£ / o
8 N\ N )
= Ol
2
£l
= Do 49of 67



https://pdodds.w3.uvm.edu
https://pdodds.w3.uvm.edu/

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

Instrutient: Probability-Turbulence Divergen

a=3/4

0! 14 12341 322 35 o

100

1,000

10,000 2 Balances:
2 5 S o
B, b N E R 50.0% total counts 50.0%
100,000 e & 58.3% all 2-grams 58.4%

Counts per cell 7L3% exclusive 2

rams 71.4%

Divergence contribution 6D;’;,4_7 (x1073%)

6 4 2 0 2 4
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in the
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of the
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Q;: Pride and Prejudice, first half

rutiient

0l 1

10,000

100,000

Counts per cell

12 341 322 35 o

Qy: Pride and Prejudice, second half

Probability-Turbulen;

Divergen;

107

of Lady,

Balances:

 total counts 50.0%
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rams 71.4%

71.3% exclusive 2

Divergence contribution 6D, (x1073%)
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Q;: Pride and Prejudice, first half Qy: Pride and Prejudice, second half

Instrutient: Probability-Turbulence Divergengé

0! 1412 341 322 35
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€Q;: Twitter on 2020/03/12 Q,: Twitter on 2020/05/30

Instrusiient: Probability-Turbulence Divergen
a=1/4

0 14 12311 322 35

DY, (0 [ ) = 0568
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AACED
csourtef
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1,000
10,000

100,000

Balances:

total counts 59.6%
% all words 66.3%

57.4% exclusive words

1,000,000

Counts per cell % &

Divergence contribution 6D}, . (x107*%)
0
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PROTEST
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Q: Twitter on 2020/03/12

3/4,7

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

Qy: Twitter on 2020/05/30 Divergence contribution 6D}, = (x10~%)

6

a=3/d George Floyds

fi Aol AT Gl STy SOA the coronavirus 10506
the police
0 14 12341 322 35 w in Minneapolis
black people

tested positive 20-6,125.5
positive for 31

he virus 28

for coronavirus 45 13.078.5
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Q: Twitter on 2020/03/12

Tnstrutiient: Probability-Turbulence Divergengé

0 14 12 341

10,000,000
100,000,000

Counts per cell

322 3 jos

Q,: Twitter on 2020/05/30

Balances

2% total counts 59.8%

50.8% all words 59.4%

80.0% exclusive words 82.9%

Divergence contribution 6D¥, _ (%)
0.03 0.02 0.01 0 0.01 0.02 0.03
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4 Organization has an...ced 24-43.073.107

white vs blacks>
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Divergence contribution 6D}, (%)

Q,: Barro Colorado Island, 2015 Census
2 15 1 0.5 0 0.5 1

Q4 Barro Colorado Island, 1985 Census

Piper cordulatum 01
Peyalitria horizontlis §22
Isenia armata 1153
Calophyllum longifolium
Inga acuminata

Palicourea guianensis
Bactris barronis 137
Bactris coloradonis 155

Instrutient: Probability-Turbulence Divergengf

a=1/3
v

Wlaned ocNentalis
0! 1412 341 322 35

DY (0, ][ 22) Y,/)‘_

Ao i

alalonensis
Trema integerrimat-
Xylopia macrantha
Cecropia insignis
<Trema unidentified 200303
Inga thibaudiana
Chamguava schippii
Piper playablancanum 110236
<Inga unidentified 215405
Cecropia obtusifolia
Protium stevensonii
100 Guarea bullata 3170
Cuj pmla seemannii
Piper culebranum 123
Viola sebifern 2240
Cespedesia spathulata
% Piper cabagranum 95
> Erythrina costaricensis 103178
Hasseltia floribunda 3777
Xylosma oligandra 97105
<Geonoma interrupta 225305
<Koanophyllon wetmorei 231305
Conostegia cinnamomea 55135

‘alboping
ozanih pid¥eri

4, o,
%5, 6@6 Aelbrdea Hiilolias actris coloniata 16+ 155
% % ARgiba hybrjil, Solanum asperum >
J Psychotria gracilifiora
10 naxagorea panamensis
aPsychotria tenuifolia 241308
Garcinia recondita
Balances: Psychotna limonensis
5 RS0 Aegiphila panamensis 1432
51.5% total individuals
. s Pouroims bicoloe
o i N 95.6% all species 92.5% L :
Counts per cell v 7.8% exclusive species 4.7% 50.4%—49.6%



Flipbooks:

oo Twitter:
instrument-flipbook-1-rank-div.pdf

<= Market caps:
instrument-flipbook-4-marketcaps-6years-rank-div.pdf

<= Baby names:
instrument-flipbook-5-babynames-girls-50years-rank-div.pdf i

<> Google books:
instrument-flipbook-7-google-books-onegrams-rank-div.pdf



Flipbooks:

Pride and Prejudice, 1-grams i
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Needed for comparing large-scale complex
systems:

Comprehendible, dynamically-adjusting,
differential dashboards

Many measures seem poorly motivated and
largely unexamined (e.g., JSD)

Of value: Combining big-picture maps with ranked
lists

Maybe one day: Online tunable version of
rank-turbulence divergence (plus many other
instruments)

Q: Baby girl names in 1968 Qy: Baby girl names in 2018 Divergence contribution A‘D‘;L(%)
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