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Motivation 2

Cryptocurrencies

All Currencies

All ~ Currencies ~ Assets ~ « Back to Top 100

“# Name Symbol Market Cap Price Circulating Supply Volume (24h) % 1h % 24h % 7d

1 © Bitcoin BTC $28,385,989,541  $1738.52 16,327,675 $675,146,000 -2.09%  -2.88% 11.27%

2 & Ethereum ETH $8,105,661,203 $88.52 91,573,871  $117,790,000  0.02%  -3.34% -6.01%

3 o Ripple XRP $7,922,190,998 $0.206814 38,305,873,865*  $117,393,000 7.19% 2.43% 109.81%

4 Litecoin LTC $1,401,208,541 $27.43 51,084,557 $107,344,000 -0.64%  -7.26% 4.76%

5 ¥ NEM XEM $1,094,094,000 $0.121566 8,999,999,999 * $10,714,900 -2.15% -0.44% 69.93%

E 1 032 Cryptos 6 = Dash DASH $621,511,724 $85.21 7,293,746 $15,712,300 -1.19% -6.29% -14.87%
7 4 Ethereum Classic  ETC $558,737,086 $6.10 91,584,833  $13,966,400 -0.25%  -6.75%  -14.81%

E cO | nma rketCa p com 8 @ Monero XMR $404,217,384 $27.97 14,454,351 $7,561,560 -0.37%  -6.39% -2.22%
. 9 Stellar Lumens XLM $355,391,179  $0.037254 9,539,806,433*  $49,138,900  2.53% -12.83%  135.66%

10 4 Augur REP $179,304,400 $16.30 11,000,000 * $1,376,920 -0.20% -4.25% -6.47%

E SOCI al m ed la Minin g 11§ Golem GNT $176,524,792  $0.215208 820,252,000 * $3,469,760  0.51%  -7.70%  -12.85%
12 \yy Steem STEEM $166,201,327 $0.712369 233,307,916 $3,889,570 -0.83% -11.30% 104.50%

13 ™ Round ROUND $163,167,700 $0.191962 850,000,000 * $1,395,820  -0.34%  45.48%  176.10%

14 4 MaidSafeCoin MAID $138,089,128 $0.305134 452,552,412 * $4,994,820  4.12%  -5.02% 5.20%

15 & Dogecoin DOGE $128,429,259  $0.001174 109,355,476,924 $5,232,350  0.99%  -550%  36.02%

16 < Stratis STRAT $123,851,359 $1.26 98,382,961 * $1,490,670  0.62%  -2.78% 5.01%

17 @ Zcash ZEC $123,607,188 $95.59 1,293,081 $4,874,940 0.35% -4.10% -6.87%

18 < Gnosis GNO $119,208,457  $107.92 1,104,590 * $789,488  0.55%  -4.49% 2.46%

SRIX
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http://coinmarketcap.com/all/views/all/

Motivation

CRIX

Unlock the value of dark data to transform it into smart data

20)» 2016 20!\

hu.berlin/crix

s
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Motivation

Current cryptos in CRIX

Current cryptocurrencies in CRIX

Coin Name Price (in $) Market Cap (in $K) Volume (in $K)

1 btc 998.05 16,045,986 3,470,830
2 eth 8.06 705,615 7,812
3 Xrp 0.01 231,687 418
4 Itc 4.50 221,302 427,541
S xmr 13.62 186,132 3,153
6 etc 1.40 122,421 3,568
7 dash 11.39 79,673 456
8 maid 0.10 43,675 455
9 rep 3.94 43,340 229
10 steem 0.16 37,154 117
Showing 1to 10 of 25rows 104 records per page « 1 2 3

DTM for bitcoin message boards



Motivation

Cryptos

[:1 Cryptocurrencies have become mainstream
[:] Domain of technophiles and radicals ?

[:] traded on many exchanges (blockchain)

[:] bottomless source of information

[:1 Crowd wisdom a powerful indicator of major events

DTM for bitcoin message boards



Motivation

What can be done?

1 Dynamic topic modelling (DTM), text mining and machine learning
[:] detect events: new trends in currencies, fraudulent schemes

[:] unsupervised DTM opinion evolution of topics

[:] test hypothesis of self-fulfilling prophecies and herding behaviour

[:1 Smailovic et al. (2013) : improve prediction from Twitter sentiments

DTM for bitcoin message boards



Motivation

Introduction

[ Amount of unstructured dark data is growing
] Conventional ways: read, search and links?

] Theme based exploration offers more possibilities

DTM for bitcoin message boards



Motivation

Desiderata

[:] label/ tag all documents with corresponding topics

-] ,Zoom in“ and ,,zoom out® to find specific or broader themes
[:] Find new connections and changes over time

[:]1 But to read all the available documents is not in human power

[:] Solution: probabilistic topic modeling

DTM for bitcoin message boards




Topics and words

Word distribution

Topic: NASDAQ
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Topics and words

Latent Dirichlet allocation (LDA)

[] Simple topic model

] Document may exhibit several topics

[:] Each topic is a distribution over a fixed vocabulary
[:]1 Topics are generated first, before the documents

[:] Data is arising from a generative process

DTM for bitcoin message boards



Topics and words

LDA: Generative Process

Words are generated in a two-stage process:
1, Randomly choose a distribution over topics.
2. For each word in the document
a) Randomly choose a topic from the distribution over topics

b)  Randomly choose a word from the corresponding
distribution over the vocabulary.

11

= s
DTM for bitcoin message boards @ RI X



Topics and words 12

Example 1 13. Silent Night! Holy Night!

From the Third (nnpublished) Part of * Hyuxs Axp Mosic yor Tax Yousa, By permission of the Anthor,

o Observed data e L

1. SiJent night { Ho-ly night  All is ealm, all is bright ; Round yon Vingis Mother and Child !

o 2 documents R ] - = -Eﬁ

o 155 distinct words

1”2 number of topics

o Unobserved variables

Dashing through the snow
In a one horse open sleigh . .
\& Orer e fieds we o » topic assignment of
g Laughing all the way
Bells on bob tails ring
6 Making spirits bright WO rdS
\ What fun it is to laugh and sing

e A sleighing song tonight wi¥
i

Oh, jingle bells, jingle bells * per—document tOplC
Jingle all the way ' .
Oh, wha fun t s o ride proportions (final
Injn;?: t?ec:lr:eji?\ztle:tféifh resy |’[)
Jingle all lhg way

ML cidh s i 8 e 8 A -*'

.//0
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Topics and words 13

Examp|e 2 Example 2: Shakespeare's tragedies
T = {art, bear, call, day, dead, dear, death, die, eye, fair, father, fear

friend, god, good, heart, heaven, king, ladi, lie, like, live, love,

make, man, mean, men, must, night, queen, think, time}

T — special vocabulary selected among 100 most frequent words.

Hamlet . I . 05
— 04
JCaesar } - . 0.3
02
oo i O n 01
| R S . S — 1 T T T T 1 T 1 1 | I — T 1 00

124 126

1
M2 13 4 t5 6 t7 18 120 110 t12 114 116 118 120 122 128 130 132

Ficiira 1N Heaatman Af T in 2 +raacdadiac

1 Doc 1: Hamlet (words 16769)
1 Doc 2: Julius Caesar (words 11003)
1 Doc 3: Romeo and Juliet (words 14237)

[l ? number of topics

.//0
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Topics and words

Example 3

1 NASDAQ docs 2009 - 2017.1
1 Lemmatization, negation

1 ? number of topics

300
250
200

i 150
100
50

10

Word | Freq. (in k) Freq. for Top 5 Sectors
tfree 649
well 238
gold 235
best 207
fool 200
strong 196
like 172
top 167
better 162
motley 152

D O W ot Ot Ot © = O

Table 1: Most frequent words used in NASDAQ articles

DTM for CRIX message boards
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Words for toplc Flnance

300
250
200

u_ 150

B2

o

Words for topic "IT"

Figure 2: Distribution of words by topic (31 and 52)
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Topics and words

Example 4

Topics

gene 0.04
dna 0.02
genetic 0.01

—__—

life 0.02

evolve 0.01
organism 0.01

—__—

brain 0.04

neuron 0.02
nerve 0.01
data 0.02

number 0.02
computer 0.01

—__—

Topic proportions and

Documents assignments

Seeking Life’s Bare (Genetic) Necessities

COLD SPRING HARBOR, NEW YORK—  “are not all that far apart,” cspecially in
How many genes does an OFSARISI ncg comparison to the 75,000 in the hu

survive! Last week at the genome meeting
here,” two genome rescarchers with radically

different approaches presented complemen-
tary views of the basic genes needed for s
One research team, using computer analy

ses to compare known ge concluded  more

that today’s GEEERISIS can be sustained with  sequenced. “It may be a way of organizin
just 2350 genes, and that the carliest life forms any newly sequen " explains

required a mere 128 The — Arcady Mushegian, a computational mo

other researcher mapped genes  ~ lecular biologist at the Naticgg! Center

in a simple parasite and esti-  / \ for Biotechnology Information TNGBI)
/ Haemophilus .
mated that for this organism, genome in Bethesda, Maryland. Comparing ai
“\ { 1703 genes
SQOC JOeNes are |‘]L'l\!\ todo the \ "
job—but that anything short et , P— ror
of 100 wouldn’t be enough. \. ’/‘iég'mm,f for biox =4 gonee 122 genes i
. ~ -
Although the numbers don't ) = 22 genes v o
Minimal W
srecise v . 1 Ction | Mycoplasma 256 1 128 .
match precisely, those pred | “ieres e g)n:.::‘ gones| 3
469 genos \ Q

* Genome Mapping and Sequenc- S——
ing, Cold Spring Harbor, New York, Stripping down. Computer analysis yields an esti-
May 8 to 12 mate of the minimum modern and ancient genomes

/

SCIENCE o VOL. 272 ¢ 24 MAY 1996

[:] Number of topics K = 3, number of documents D = 1

DTM for CRIX message boards




Bayesian framework

Bayesian machinery

] Main difference to classical (frequentist) statistics:

[] parameters are rv’s and not fixed unknown quantities

[:1 combines prior information with data, within a decision theoretical framework
[:] provides inferences that are conditional on the data and are exact,

[:] obeys the likelihood principle

.//0
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Bayesian framework

LDA OK for more than topicing Christmas songs?

B Dynamic Topic Modelling for Cryptocurrency Community Forums

B ,an indicator for fraudulent schemes constructed using DTM, text mining and
unsupervised machine learning”

= ,study how opinions and the evolution of topics are connected with big events in
the cryptocurrency universe”

.//0
DTM for CRIX message boards @ RI X



Bayesian framework

Words are the new nhumbers

B Vegard H. Larseny and Leif Anders Thorsrud (Norges Bank) decompose a major
business newspaper using LDA

B Simple hypothesis: the more intensive a given topic is represented the more likely
it is that this topic is of importance for the economy's future

B Result: topics have predictive power for key economic variables and, especially
noteworthy, for asset prices

.//0
DTM for CRIX message boards @ RI X



Bayesian framework

LDA and Topic detection

. Food
Ju?gce )
7%
%urope Negotiations Q\J, b Newspapers
(D) i g _
Russia "' ‘C@" . S o o
‘ &b | ¥ Reasoning Success
Go ment poli \.
W Q R onS. ® .“Q\»
Norwegian politics xt @
, { ‘.' Entertalnment
East Asla 4\\ ( Calender
erv &
6 o 5
(B ®
Anglo-Saxon g i @Publlshmg
hiplSe 2®
Leaders lp.\(“ 7T & Lo
Institutional inv‘sting o
A | 7@ Education
% 'Nature

z : ark .
(1PN 4 @Olymplcs

Saghgs ® p 0” 9 (@: sNom@lan Counties
(2 S o9 ¢ @ o
anate%ankmg = lcatlogfacte ng eAwatlon
!53« 0 o
Shipping Offshore m:lshery
ergy

Automobiles .Sweden él.‘
i@ -

Figure 1. DN visualized using a topic nett. Different colors are used for words in different topics. Words
that belong to the same topic have an edge between them.
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Bayesian framework

New idea

= Use the approach to measure inflation expectations (IE)
= Do news have predictive power for IE?

B Use text mining to detect news relevant for inflation expectations, perception of
the central bank announcements by the media etc

B Compare inflation expectation measure based on news with other measures such
as T-bond differences etc

B Same can be done for options, Chen, Hardle, Liu (2017)

.//0
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Bitcoin Message Board analysis 2

DTM for Bitcoin message boards

B Observe sub forums Economics, Bitcoin Discussion, Altcoin Discussion,
Speculation, Scam Accusations

B Run with weekly data from 20091122 to 20160806 period
0 Notable Topics:

Topic Number | Most Probable Words

value, gold, bar, dollar, rate, demand, interest, asset

business, casino, house, trust, gambling, run, strategy, player
government, control, criminal, law, study, regulation, state, rule
use, service, option, cash, good, spend, fiat, convert

12 | account, payment, fund, card, paypal, party, merchant, credit

18 | score, online, pay, shop, bill, product, purchase, phone

20 | wallet, key, paper, computer, storage, code, data, secure

23 | price, trade, market, trader, drop, volume, sell, stock

24 | trading, term, hold, buy, pump, dump, earn, gamble

30 | exchange, bitfinex, lesson, cryptocurrency, crash, platform, altcoins, popularity
32 | investment, risk, invest, aim, impact, salary, making, way

33 | year, altcoins, end, today, adoption, prediction, happen, trend

35 | transaction, block, fee, chain, confirmation, hour, minute, hardfork
38 | altcoin, company, loss, hack, scam, hacker, scammer, road

42 | bank, system, security, fiat, banking, role, function, institution

45 | ethereum, split, advantage, issue, side, change, fork, core

48 | forum, post, topic, member, bitcointalk, thread, index, php

50 | mining, miner, network, power, pool, cost, reward, electricity

~ O DN =

Table 2: Notable topics from 50 topic model on Bitcoin Discussion subforum from 2016/07/31 to
2016,/08/06

&Ri
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Bitcoin Message Board analysis

DTM for Bitcoin message boards

Bitcoins produced by CPU mining: worth less than cost to mine
GPU mining came into play 2010

First ASICs (,AvalonProject®) in 2012, 2013.1 release of first chip

[]

[]

B ASIC application specific integrated circuits

[]

B Antminer, a brand of ASICS, current top of the line

CPU GPU

02 0.03
3 8
Ll I

= = o
2 o1 2
o (=]
I I

z z 001
Q Q

00 0.00

11/2009 06/2011 12/2012 07/2014 02/2016 11/2009 06/2011 12/2012 07/2014 02/2016
ASICS Antminer

s 8

3 004 1 0.002
I x
< 003 =
a g

‘@ 002 E oom
[=
Ll ©
= 001 n
- z

0.00 = 0.000

11/2009 06/2011 12/2012 07/2014 02/2016 11/2009 06/2011 12/2012 07/2014 02/2016
Figure 4: Comparison of word evolution for different mining technologies 22/11/2009 - 06/08 /2016
Q XFGdthmmg XFGdtmMining
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Bitcoin Message Board analysis

DTM for Bitcoin message boards

[l The event: insolvency of the MtGox Bitcoin exchange in 2014. MtGox started
2007 trading Magic: The Gathering Online trading cards which is where it got its
name (Magic: The Gathering eXchange). In 2010, however, it was rebranded as
one of the first exchanges where people could buy and sell Bitcoins. The
exchange grew gradually and watched the price of Bitcoin go from less than USD
0.1 in 2010 to parity with the US dollar in 2011. At this point however, the owner

of MtGox decided to sell the exchange in order to dedicate himself to "other

projects’.

.//0
DTM for CRIX message boards @ RI X



Bitcoin Message Board analysis

DTM for Bitcoin message boards

-1 An internal email dating back from after the sale of the exchange revealed that
already 80,000 Bitcoins (worth over $60,000) had already been missing before
any of the public fiascos had occurred. Three months later that a major event
occurred. 60,000 accounts were exposed publicly and a compromised MtGox
auditors account was used to create huge sell orders and crash the Bitcoin price
from $17.51 to $0.01. Many of the exposed accounts were used to steal coins
from other bitcoin services due to password reuse. However, unlike many other
Bitcoin services, MtGox managed to recover its reputation and became the

largest Bitcoin exchange, handling 70% of all trades worldwide.
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Bitcoin Message Board analysis

DTM for Bitcoin message boards

[:] Fast forwarding to 2013, when their real problems began, in June withdrawals of
USD were suspended and even though a couple of weeks later in July it had
been announced that withdrawals had fully resumed, as of September few
withdrawals had successfully been completed. Complaints piled up over the next
few months and on 7 February 2014 all Bitcoin withdrawals had been suspended
for good. On the 24th of February all activities had halted, the website went
offline and a leaked internal crisis management document claimed that 744,408
Bitcoins (worth almost half a billion dollars) had been lost and the company was

Insolvent.
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Bitcoin Message Board analysis

DTM for Bitcoin message boards

[:] Topic 23 = Bitcoin trading
[:] Topic 38 = scams and hacks

[ Topic 23: peak in 2013.6, transaction issues first occurred; trailing off when

MtGox starts to gain momentum in topic 38

Topic 23
cl\lj 0.02
£ oot
1
2
< 0.00
11-2009 02-2011 04-2012 07-2013 09-2014 12-2015
Topic 38
CII) 03
?81 02
ﬁ 01
z
S 00
11-2009 02-2011 04-2012 07-2013 09-2014 12-2015
Q XFGdtmMtGox Figure 5: MtGox word evolution 22/11/2000 - 06/08/2016
Q XFGdtmMtGox
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Bitcoin Message Board analysis

DTM for more events in the Bitcoin universe

[-] Evaluate the effectiveness of topic models

[-] list of Bitcoin services which have been victims of hacks:

https://bitcointalk.org/index.php?topic=576337.0

[:] basis for event discovery validation

DTM for CRIX message boards
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Bitcoin Message Board analysis

DTM for more events in the Bitcoin universe

[-] List of 37 events on 33 different Bitcoin
services. For each word determine which
topics the word achieves a topic prominence

larger than a low threshold.

[:] Topic prominence of the words conditioned on
topics through time and determine a significant

event.

DTM for CRIX message boards
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Event Dates Topic
Ubitex* (1,138b) 2011-04 to 2011-07 None
Allinvain 2011-06-13 23
MtGox 2011-06-19 23
Mybitcoin 2011-06-20, 2011-07 23
Bitomat 2011-07-26 23
Mooncoin 2011-09-11 23
Bitscalper 2012-01 to 2012-03 23
Linode 2012-03-01 23
Betcoin™ (3,171b) 2012-04-11 None
Bitcoinica 2012-04-12, 2012-07-13 23
Btc-e 2012-07-13 12
Kronos 2012-08 23
Bitcoin Savings and Trusts 2012-08-28 23
Bitfloor 2012-09-04 23
Btcguild* (1,254b) 2013-03-10 None
OkPay (main victim of 2013 Fork) | 2013-03-11 30
Ziggap™ (1,708b) 2013-02 to 2013-04 None
Just-Dice 2013-07-15 23
Basic-Mining* (2,131h) 2013-10 None
Silkroad2 2013-10-02 23
Vircurex* (1,454b) 2013-10-05 None
GBL 2013-10-26 12
Bips™* (1,294h) 2013-11-17 None
Picostocks™ (5,896b) 2013-11-29 None
MtGox 2014-02-24 23
Flexcoin 2014-03-02 23
Cryptorush 2014-03-11 23
Mintpal 2014-10-14 23
Silkroad2 2014-11-06 23
Bitstamp 2015-01-04 23, 25
Bter 2015-02-14 23
Cryptsy 2016-01-01 23
Shapeshift 2016-04 23
Gatecoin™ 2016-05-13 None
Bitfinex 2016-08-03 12




Bitcoin Message Board analysis

Wrapping up

[:1 A good tool for dealing with unstructured dark data
[] Not always possible to compute, so use the best approximations

[-] Limitations: order of words (,bag“ of words), order of documents, correlation
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Bitcoin Message Board analysis

What have you seen?

[] An exploration of a popular cryptocurrency forum

[:] Captured the effect of high profile scamming and hacking

[] # topics parameter optimal for event detection

[l An RDC dataset has been created from user posts on bitcointalk.org

] The constructed model partitions almost all of the events above a certain severity
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DTM for CRIX message boards @ RI X



Dynamic Topic Modeling for Bitcoin Message fora

Marco Linton @//‘
Ernie Gin Swee Teo R I x

Elisabeth Bommes
Wolfgang K. Hardle
Cathy Yi-Hsuan Chen

| adislaus von Bortkiewicz Chair of Statistics
Sim Kee Boon Institute for Financial Economics

nternational Research Training Group
Humboldt-Universitat zu Berlin . CASE

VD . WIwI.hu-berlin.de
WWW.case.nu-berlin.de
rtg1792.hu-berlin.de

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC


http://lvb.wiwi.hu-berlin.de
http://www.case.hu-berlin.de
http://irtg1792.hu-berlin.de

Bayesian framework

Bayes’ rule

-] If A and B are events, then Bayes’ rule states:

P(AIB) = PBIAMA) — P(BIA)P(A)

P(B) P(BIA)P(A) +P(BIAC) P(AC)

Six-sided die-tossing example:
o A: an odd number is rolled
o B: a number less than 4 is rolled
» A% an even number is rolled

P(AlB) = 9
3
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Bayesian framework
Bayesian machinery
[:1 For point or interval estimation of a parameter in a model M based on data vy,

Bayesian inference is based on:

(y10) p(6)
pOly) = . yp(y]))

p0) s the prior density for the parameter,
pOly) is the posterior density for the parameter,
p(y10) is the statistical model (or likelihood), and

p(y) is the prior predictive density (or marginal likelihood)

33
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Topics and words

Topic Modelling

B Schematic design for the document as a ,bag of words”

_ Per-word
Dirichlet : :
topic assignment
parameter
Per-document Observed Topic
topic proportions word Topics hyperparameter

L
OO0 o0

2 ‘gd ézdat L¢CLH, N [3k 77

D K

a and n are LDA parameters; for further notation see next slide. Source: D.Blei (2012)
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Latent Dirichlet Allocation

Joint distribution of words and topics

K D N
P(ﬁl:[{, leD ’ ZI:D,CUI:D) — zl=—[1 p(IBZ)Cg p(ed) nl;[l p(Zd,n | Hd)p(a)d,n | 181:1(, Zd, n)

Pk topics
0.0 per doc topics proportion
21:D per word topic asignment
W1:p observed words
p(ﬁlzK 01:D>21:D : | wl:D)
P(ﬁl:K, 01-p, Zl:D,I CUl:D) = ( )
P\W1:D
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Bayesian framework

Bayesian machinery

0 Disadvantages
o Selection of prior
o posterior distributions are heavily influenced by the priors
o high computational cost

O hyperparameters need to be checked

O requires scenario ,robustness tests”

DTM for CRIX message boards
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Bayesian framework &Y
Dirichlet distribution

The Dirichlet distribution is defined on a (k — 1) dimensional simplex

k
Akz{qeRk:Z:lqizl,qz-ZO,z’—l,Q,...,k}. (1)

It can be thought of as a distribution of random probability mass/density functions

(pdf). An excellent example based introduction can be found in Frigyik et al.| (2010)).

Definition 1 Let Q be a real value in A and suppose that o € ]Rk , O > 0 and defin

a0 2 aT1. Then Q has a Dir(«) distribution with pdf f(q; a) = H F(a,,, anz—l.
i=1 =
[la+b) .y b—1
r;a,b) = (1 —x)" .
f(w;a,0) ['(a) + I'(b) ( )

For a = (a,b)! with Q = (X,1 — X) ~ Dir(a) for X ~ Beta(a,b).
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Bayesian framework

Dirichlet distribution

a=[10, 10, 10]

Figure 1.1: Plots of sample pmfs drawn from Dirichlet distributions for vari-
ous values of «

Q XFGdtmDirichlet o XFGtdmDirichlet
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Dynamic Topic Modelling 39

How to do LDA dynamically? Ber|Bietk ~ N(Br—1.5,02I)

0 Make the params dynamic
B Employ a state space technique /

Oét,k:|CYt—1,k: ~ N(at—l,ka 52])

e () '
e e e
N N N
Oa () Oa () Oa ()
| |
Zd,n. / ; Zd.n 7 >\' Zd,n ‘/4’\
\]/ PN
‘I/d HQ IV’d,n(> ‘Vd lz<v>
A ]\f A N A N
D D D
@ () e (O
o/ ./ ./
K Mk, 1 Mk,2 Mk T

Figure 3: State space diagram of the dynamic topic model
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