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Probabilistic Programming

A Start with your favourite paradigm (fun, logic, imp),
addrandomto get probabilistic behaviour,
addconstraintsto condition on observed data, A
YR AYRAOIUS gKAOK @AhfeM&d 0t Sa Q
A Better than writing code for probabilistic inference from scratch.

A Many academic and commercial systems: BUGS, Figago,
Church, DimpleHansel STANInfer. NET/Fun R2 Factorie BLOG,
ProbLog Alchemy, Venture, Anglican, Wolféakark 9 Rg I NR:

A Academic prizesfjin computer vision), and larggcale adoption in
some commercial servicesgMicrosoft Office Clutteretc)

A Semantics pioneered by Kozé&iry Jones/Plotkin, Panangaden et
al, Ramsey/Pfeffer



Data Scientists?
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EndUser Programmers?
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1. Beginner Level:

1. Basic Math Operators 6. Date Functions

2. SUM Function 7. LEN Function

3. COUNT Function 8. COUNTA Function

4. AVERAGE Function 9. ROUND Function

5. MAX and MIN Functions 10. SUMPRODUCT Function

2. Medium Level:

1. VLOOKUP Function 6. CONCATENATE Function
2. IF Function 7. HLOOKUP Function
3. COUNTIF Function 8. RIGHT and LEFT Functions
4. SUMIF Function 9. RAND Function
5. IS Functions 10. IFERROR Function
3. Advanced Level:
Quﬂra |.ﬂg5|{ OrF Sear 1.Advanced VLOOKUP Function 6. INDEX Function
2. IF - AND Combinations 7. MID and SEARCH Function
3. IF - OR Combinations 8. OFFSET Function
4. Nested IFs 9. INDIRECT Function
Microsoft Excel SFI readsheets 5. MATCH Function 10. Array Formulas

What do you need to know to be considered
"advanced" in excel?



TABLE ¥
LIST OF MOST USED FUNCTIONS, THE NUMBER OF SPREADSHEETS IN
WHICH THEY OCCUR AND CORRESPFONDING PERCENTAGES

Rank Functions | # Spreadsheets | Percentage

Traces of Users T

2 + 5571 61.8%

3 - 4866 54.0%

4 * 3527 39.1%

TABLE | 3 / 31z 34.5%

AN OVERVIEW THE SPREADSHEETS IN THE ENRON AND EUSES sET 6 IF 1827 20.3%

oy s A B B

Number of spreadsheets .'lrl-:l|}'}‘Ed 4.447 15,770 9 VLOOKUP 763 8.5

MNumber of spreadsheets with formulas 1.961 9,120 10 ROUND 606 6.7%

Number of workshcets 16,853 79.983 11 TODAY 537 6.0

Maximum number of workshoets 106 175 12 SUBTOTAL 385 4,35

Number of non-cmpty cells 2.209.095 | 97,636,511 13 MONTH 325 3.6%

Average number of non-empty cells per spreadsheet 1.846 6,191 14 CELL 321 3.6%

Number of formulas 730,186 | 20,277,835 15 YEAR 287 3.2%

Average of formulas per spreadshect with formulas 372 2,223 Any above 8961 99A%

Mumber of unigue formulas 65,143 913472
Number of unique formulas per spreadsheet with formulas 33 100 .
of functions.
TABLE VI

THE MOST USED FUNCTIONS, THE NUMBER OF SPREADSHEETS IN WHICH

E l | S ES E n ro n ONLY THEY DOCUR AND COREESPONDING PERCENTAGES, LISTED
CUMULATIVELY

Spreadsheets 4447 15770 e e
. 2 + 1259 14,05
With formulas 1961 912C |: |; 262 | 251%
. : 5 ! 3959 43.9%
Proportion with 6 |w 60| 473%
0 0 ; N‘?;VRA(“F :;ii igﬁ

AVE aE : B

formUIaS 44 A 58 A 9 YLOOKUP 5733 63.6%
10 ROUND S9%) 6, 5%

11 TODAY 6182 68.6%

12 SUBTOTAL 6480 T1.9%

Felienne Hermans and Emerson Murghy\ £ £ Y 9y NBy Q& | LINBWYRE KSS@H 723%
and Related Emails: A Dataset and Analysis-SE#E(2015) 15 | YEAR 6812 75.6%
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Probabilistic Programming already

Empowers (Some) Spreadsheet Users

A B C
Best Worst

Widgets 75000 125000
Cost 56.50 57.50
Total $487,500.00 $937,500.00
Budget 5750,000.00 5750,000.00
Over? FALSE TRUE

Best | Worst ®

Scenaric Manager

Scenarios:

Eest

FLAW
AVERAGES

CRYSTAL BALL

Gartner
WHY GARTNER ANALYSTS RESEARCH EVENTS CONSULTING AB

Hype Cycle for Data Science, 2016

25 July 2016 G00303293

On the Rise
Probability Management

Gue§a§étimate |

300K 510K \ -130K 7.5K £7.5K
+

180k 2 500K %

X

INVREA | BETTER DECISIONS




Cost per Unit S30

Selling Price per Unit 540
Actual Demand (Uncertain) 100,000 Average
Decision: Quantity Ordered _ Profit in $ millions
Sales 95,000 =
Revenue $3,800,000 =
Cost of Goods Sold $2,850,000 o1
P rOﬁt S95 0,000 N
Target  [[15800,000]
Average Profit $643,195 Chance 64%

© Copyright 2013, ProbabilityManagement.org

Demo: Flaw of Averages

Source: http://probabilitymanagement.org.



Empowering Spreadsheet Users

AModern spreadsheets incorporate enger database
functionality previously in separate applications

A& 'data enthusiastis an educated person who believes that
data can be used to answer a question or solve a problem.
These people are not mathematicians or programmers, and
2yite 1y2¢6 | oA0 2F aidl GAada

AGoal empower data enthusiasts, not professional
programmers or data scientists

AExisting spreadsheet tools for probabilistic models
A accessible to highly advanced spreadsheet users,
A but out of reach of most data enthusiasts



ExamplelnfernoDB

Automatic Machine Learning for Relational DBs

Sameer Singh
(with Thore Graepel)



Automated Machine Learning

AAbstractions: Classification, Clustering
AML experts improve methods
AData scientists translate problem into the abstraction

ANot so with Probabilistic Programming
ANot an easy abstraction for the data enthusiast

AObjective Use probabilistic programming
AWithout data enthusiast needing to write code
AWithout ML expert learning a new domain

Aldea: derive probabilistic program from schema
Al SOSNY IS RIFGOF SyiKdzaAl aidQa
A Lot of effort spent in designing databases



Example: Recommendations

APredict Age, Gender,
Occupation given the
ratings

APredict Movie genres
given user detalls

APredict ratings for a new
movie given its genres

User

Uid

Gender
Age
Occupation

L

Movie

Rating

Rd

Userld
Movield _|
Rating

Mid

Title
ReleaseDate
URL

Action
Adventure
Animation
X

War
Western

Timestamp

-




Automatic Model Suggestion

@ el e @) @
User Movie ‘ ' @
Uid Mid

Gender Genre
Age Year
Rating
Rd
- Userld

Movield-
Score




ThelnfernoDBdemo is a Ul
showing each table.

Colorson the left show the
inferred cluster for each
node.

The pink cells were missing in
the raw database, and have
been automatically filled in

by inference.

ication.EnableVisualStyles()
isual styles for the application.

Inferance:

Movie I User | Rating

Rating
Display Data

(® Show All Data

() Show Missing Data
() Show Query Data

Delete Row

Size:
Components:

4x29
comps:

Show Predictions

Save Cuery

{2, 15) : foreign key to Movie
0 Silemt 1520
0 soocoo 1: 2 3 4 5 6:

130 14 15 & 17 18

Userld

Maovield
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A simple example

(slides in this section adapted from a talk by Tom Minka)



A simple example

. ( ®
| secretly toss two coins
) ‘
7 L
"4 N

| tell you that they are NOT both heads.
What is the probability that the first coin is heads



How do we specify the model?

AProbability distribution
Amost flexible, dense, opaque

AFactor graph
Aless flexible, clear (for small graphs)

ASimulator
Amore flexible, clearer for large graphs



Model for a fair coin

N@é e ™™ (Bernoulli distribution)

Bernoulli

@ boolcoin =random()<0.5;

(Factor graph) (Simulator)



Model for two coins problem

A0 E PHOE P o é 0 QOHG Wb ¢ Pe

boolcoinl =random()<0.5;
boolcoin2 = random()<0.5;
boolbothHeads= coinl & coin2;

both
heads



Bayesian inference

AMathematical approach
Asolving integrals

ASimulation approach
Arejection sampling

AMessagepassing approach
Alocal operations on factor graph



Simulation approach

bool coinl =

random()<0.5; \I/@\T/\:Dé

bool coin2 = e\_p\_peé

random()<0.5;

bool bothHeads = ee\]‘/eé

coinl & coin2;



l TOSNI YIFyeées YIyeé NIz

pool coinl = -
random()<0.5; % ~50%
bool coin2 = Qb
random()<0.5; e ~50%
nool bothHeads = \—I/
coinl & coin2; ‘3 ~75%




Attaching data to the model

bool coinl = @6 eé

random()<0.5;

bool coin2 = GQD eé

random()<0.5;

bool bothHeads = ee ] eé

coinl & coin2;

We observethat bothHeads is F






