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•  Big Data era projects 
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Adversarial Dynamics 

In control 

Suppressed 



12/12/16	  

3	  

20%

27%

19%

16%

18%

30%

20%

50%

Application

Platform

Infrastructure

Agenda 
•  Introduction 
•  Big Data era projects 

–  Scalable Evolutionary computation for machine learning 
–  Enabling data science 



12/12/16	  

4	  

moocdb.csail.mit.edu 

The MOOCdb Project 

{
   "username": "Jane"
   "ip": "128.21.221.13",
   "agent": "Mozilla/5.0 ...",

   "page": "https://mitx.mit.edu/...",

   "time": "11252015:5.40PM"

   ... }

{
   "username": "John"
   "ip": "164.28.233.15",
   "agent": "Mozilla/5.0 ...",

   "page": "https://mitx.mit.edu/...",

   "time": "091252015:9.32AM"

   ... }

{
   "username": "Smith"
   "ip": "168.61.221.13",
   "agent": "Mozilla/5.0 ...",

   "page": "https://mitx.mit.edu/...",

   "time": "121152015:10.03AM"

   ... }

http://www...

Online Learning 

Physiological Data 

The Gigabeats Project 

ICU

Acute Event
Predicted

Predictive
Model

No Event
Predicted

http://flexgp.csail.mit.edu 

Application

Platform

Infrastructure

FLEXGP  

Ignacio

Arnaldo


Owen

Derby


Krzysztof

Krawiec


Kalyan

Veeramachaneni


Una-May O’Reilly
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Genetic Programming 

FLEXGP 
(System) 

FLEXPGP 
Project 

FCUBE 
(Platform) 

GP 
LEARNERS 

HYBRID 
LEARNERS 

Classification 
Regression MRGP 

EFS 
Behavioral GP 

Scaling Modeling 



12/12/16	  

6	  

Tutorial slide 

FlexGP- A data parallel system for large scale machine learning   

http://flexgp.github.io 
flexgp.csail.mit.edu 

 

FlexGP: Cloud-Based Ensemble 
Learning with Genetic 
Programming for Large Regression 
Problems 
Arnaldo, Veeramachaneni, O’Reilly, 
 J. Grid Computing, 2014  
 

Multiple Regression GP 

Multiple Regression Genetic Programming, Arnaldo, Krawiec, O’Reilly (GECCO 2014) 
http://flexgp.github.io 
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“Bring your own learner! Opening up cloud-based massively data parallel 
frameworks” in IEEE Computation Intelligence Magazine, Feb 2015. 

http://flexgp.github.io/#fcube 
 

DATA SCIENTIST 

a platform for providing big-data ML as a Service 

Machine Learning often tacitly 
starts from the training matrix   

The Data Science WorkFlow 

Organize Extract & Aggregate Interpret Model
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{ SELECT 7,
       users.user_id,
       FLOOR ((.......
   ....
FROM moocdb.users ......             }

{ ON users.user_dropout_week,
       .........
       AND FLOOR ((.......
   ....
GROUP BY users.user_id ......             }

{ WHERE users.user_ID IS NOT NULL,
       .........
        ....
GROUP BY users.user_id ......             }

Represent

Flat

t=2 t=3

This is our end to end notion of machine learning 

see:  
beatDB : A Large Scale Waveform Feature Repository, Franck Dernoncourt, et al, 
MLCDA@NIPS 2013 : Machine Learning for Clinical Data Analysis and Healthcare..  

   
Data Science Foundry for MOOCs, Boyer, et al,  

 IEEE/ACM Data Science and Advanced Analytics Conference 2016 
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ML Blocks 

Machine Learning Blocks, Bryan Omar Collazo Santiago,  
 M.Eng Thesis, MIT Dept of EECS, 2015. Advisor: Kalyan Veeeramachaneni 

Stopout Prediction in Massive Open Online Courses Colin Taylor,  
 M.Eng Thesis, , MIT Dept of EECS, 2015. 

The Data Science WorkFlow 

Organize Extract & Aggregate Interpret Model

Ti
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{ SELECT 7,
       users.user_id,
       FLOOR ((.......
   ....
FROM moocdb.users ......             }

{ ON users.user_dropout_week,
       .........
       AND FLOOR ((.......
   ....
GROUP BY users.user_id ......             }

{ WHERE users.user_ID IS NOT NULL,
       .........
        ....
GROUP BY users.user_id ......             }

Represent

Flat

t=2 t=3

This is our end to end notion of machine learning 

•  Deep Feature 
Synthesis: Towards 
Automating Data 
Science Endeavors, 
Kanter el al. IEEE/ACM 
Data Science and 
Advanced Analytics 
Conf, 2015. 

•  The Data Science 
Machine: Emulating 
Human Intelligence in 
Data Science 
Endeavors, James Max 
Kanter, MIT Dept of 
EECS, 2015.  

The Data Science WorkFlow 

Organize Extract & Aggregate Interpret Model

Ti
m
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s
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{ SELECT 7,
       users.user_id,
       FLOOR ((.......
   ....
FROM moocdb.users ......             }

{ ON users.user_dropout_week,
       .........
       AND FLOOR ((.......
   ....
GROUP BY users.user_id ......             }

{ WHERE users.user_ID IS NOT NULL,
       .........
        ....
GROUP BY users.user_id ......             }

Represent

Flat

t=2 t=3

Lots of time 

Deep Learning 
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Building predictive models via feature synthesis 

Ignacio Arnaldo 
Una-May O’Reilly 

Kalyan Veeramachaneni 
 

ALFA Group, CSAIL, MIT  
 

Project website:  
http://flexgp.github.io/efs/  

STEALTH 
Coevolving Tax Evasion And Audits 

 
Fraud Anticipation and Detection 

in Partnership Taxation 

Jacob Rosen, Erik Hemberg, Una-May O’Reilly,  
Geoff Warner, Sanith Wijesinghe (MITRE Corp) 

 
 
 
 

IRS Oscillatory Dynamics 

In control 

Suppressed 

•  Audit dept shifts audit resources to some subset of observables 
•  Evaders shift schemes to sneak by where there’s no attention 
•  Adversarial co-evolution oscillation 
•  $91B tax gap from PARTNERSHIP activities 

•  Some deliberate, intentional fraud 
•  IRS = Direcção-Geral dos Impostos in Portugal, HMRC in UK, etc 
 

iBOB 

Jones Brown 

Jones wants to sell a 
house he bought for 
$120 for $200 to Brown 

i.e. the house has a basis of $120 and 
a fair market value (FMV) of $200 

This would result in Jones 
being taxed on $80 in gain 
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iBOB: 
 Installment Sale Bogus Optional Basis Transaction 

Jones Brown 
1. SideCo purchases 
JonesCo’s share in 
NewCo with an annuity 

2. 743 Basis Adjustment 
Causes the house’s basis to be 
adjusted from $120 to $200 

3. Because annuities are 
paid in installments, no or 
very little immediate tax is 
due 

JonesCo 

NewCo 

SideCo 
$200 Annuity 

4. Sale of house to Brown 
for $200 
5. Triggers no tax payment 
because the basis is equal 
to the amount paid 

Project Goals 
•  One project goal is to abstractly replicate the 

fundamental oscillatory dynamics of evaders and 
auditors 

•  Understand how to model adversarial relationships 
as continuously adapting 

with some ultimate goal of anticipation and insight for 
government and legal stakeholders 

•  Technical research investigations 
–  How we simulate co-evolutionary dynamics? 
–  Transfer policy/law/accounting into a software system 
–  Express rich behavioral strategy of evader 

»  Infinite repertoire available 
–  How to represent the IRS detection side? 

STEALTH 

TAXATION SYSTEM 

EVASION 
and 

AUDITING 
AGENTS 

 
STRATEGY ADAPTATION  

and 
COEVOLUTION 
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Stealth 

TAXATION SYSTEM COEVOLUTIONARY SYSTEM 

LAW-BASED  
TAX CALCULATION 
 

TRANSACTION SEQ 

TAX LIABILITY 

TRANSACTION   
SEQUENCES 

Representing the Tax Code 
U.S. Code § 754 - Manner of electing optional 
adjustment to basis of partnership property 

 
If a partnership files an election, in accordance with regulations prescribed by 
the Secretary, the basis of partnership property shall be adjusted, in the case 
of a distribution of property, in the manner provided in section 734 and, in the 
case of a transfer of a partnership interest, in the manner provided in section 
743. Such an election shall apply with respect to all distributions of property 
by the partnership and to all transfers of interests in the partnership during the 
taxable year with respect to which such election was filed and all subsequent 
taxable years. Such election may be revoked by the partnership, subject to 
such limitations as may be provided by regulations prescribed by the 
Secretary.  

Formalization of IRC SC K 
•  Entities: tax payer, not a flow through  

–  Properties:  Ordinary Income, Capital Income, Outside Basis, 
partnership share 

•  Assets 
–  Properties: adjusted basis and Type ($, ordinary, capital) 

•  Functions 
–  FMV(A),  
–  Built-in Income(entity, asset)  
–  AccruedIncome(e,a)-> gain to e from a’s change in FMV 

•  Conditional logic that culminates in tax position update 
(basis adjustment) organized by type of event within a 
transaction: 
–  Sell a partnership interest/share 
–  Sell property held by a partnership 
–  Distribution: liquidating or not 
–  Contribution of an asset to gain entry to a partnership 

Formalism to Tax Calculation 
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Grammar of Partnership Transactions 

Allowable Sequences: Coevolutionary Module 

Tax Calculation of a Transaction 

Transaction Examples 

Update of Sequence Ownership Graph 

Stealth 

TAXATION SYSTEM COEVOLUTIONARY SYSTEM 

LAW-BASED  
TAX CALCULATION 
 

 
SCORE AUDIT RISK 

  

TRANSACTION SEQ 

TAX LIABILITY 

AUDIT WEIGHT 

RISK OF AUDIT  

TRANSACTION   
SEQUENCES 

AUDIT WEIGHTS  

Auditor Observables Examples 

The basis of partnership 
property shall not be 
adjusted as the result of (1) 
a transfer of an interest in a 
partnership by sale or 
exchange or on the death of 
a partner unless (2) the 
election provided by §754 
(relating to optional 
adjustment to basis of 
partnership property) is in 
effect with respect to such 
partnership or (3) unless the 
partnership has a 
substantial built-in loss 
immediately after such 
transfer.  

 743 Alteration (2004) 

Observables 
1.  The sale of a partnership 

interest in exchange for 
a taxable asset.  

2.  The partnership whose 
shares are being trans- 
ferred has not made a 
§754 election.  

3.  The seller’s basis in 
respect to the non-cash 
assets owned by the 
partnership exceeds 
their FMV by more than 
$250.000  
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3 Auditors’ Score Sheet  Coupled Tax and Auditing Calculations 

Obs  Wt Ct 

Transaction Sequence 

Competitive Coevolutionary Algorithm 
Evader/Adversary Auditor/Defender 

Population Transaction sequence of 
entity (entity is 
partnership or tax payer) 

Audit score sheets 
Set of weights for every 
observation 

Fitness $ owed * average risk of 
audit 

-($ owed * average risk 
of audit) 

Representation Grammar based  Real valued numbers 
Interaction Scheme 
(with other population) 

One to multiple  One to multiple 

Evolves in parallel with 
auditor population 

Evolves in parallel with 
evader population 
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Grammatical Evolution Grammatical Evolution 

Auditor Weights 
•  Representation is simple now 

–  Binary translation of integers 
–  Normalization 

Coevolutionary Module 

Tax Evader

Auditor

Select & Vary 

Select & Vary

Tax Ecosystem

0.2 0.3 0.5

TAX 
CALCULATION 

FITNESS 

-FITNESS 

AUDIT RISK 
CALCULATION 

FITNESS: risk of audit * tax liability ß MINIMIZATION OBJECTIVE FOR EVADER                                                    
                                                        ß MAXIMIZATION OBJECTIVE FOR AUDITOR 



12/12/16	  

15	  

Demo 1: audit sheet does not have access 
to observables capable of detecting IBOB 

Expectation: IBOB should emerge in the evader population and take hold 
permanently because it never gets audited 

takeover of IBOB 

Ta
x 

ga
p 

Fitness of best evader 
Fitness of best auditor 

One run 
emergence of IBOB 

Demonstration #2 
Model case of limited audit resources 
Observables exist for IBOB and other sequences, but audit can only afford to 
weight/examine three of four observables 
. 

UM_ndist_best_transaction_sequence_fitness_line.pdf 
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Best Auditor Weights (bars) Publications, More Details 
•  Website 

–  http://groups.csail.mit.edu/ALFA/STEALTH/ 
•  Pubs: 

–  Computer Aided Tax Avoidance Policy Analysis , Jacob 
Rosen, S.M Thesis MIT Dept of EDS, Awarded Best Thesis 
in the Technology and Policy Program, 2015  

–  Computer Aided Tax Evasion Policy Analysis: Directed 
Search using Autonomous Agents, to appear in Shadow 
2015 , Munster  

–  Tax non-Compliance Detection Using Co-Evolution of Tax 
Evasion Risk and Audit Likelihood, International 
Conference on AI and Law, 2015, San Diego  

 


