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Background of people at Zero Hunger Lab

We love math

We love big data

We love to help people
with our knowledge ZHL
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What are the benefits of using analytics?

You can get a lot of insight (in models you can
easily play with scenarios)

You can save a lot of
money

(by working smarter or
less investment)

You find all kinds of

(spurious) correlations

You can save lives
(delivering more food, deliver it faster, better
cancer treatment)

Waorldwide non
Soctology doctorates awarded (US)

lal space launches —

i
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How is this done?

Large amounts of data (big Mathematical model Computer power
data)
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What happens in an Internet minute?

2 <CE.RcCom z HL
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Memory is not the issue

Memory cost per Gb:
1990 $10.000,00
2000 $ 10,00
2010 $ 0,10
2020 $  <0,01

RICE  Rice 'Rice - Brokens 5% 5% BROKEN RICE  Rice (white) RICE, POLISHED

PEAS Split Peas Split Peas - Yellow SPLIT YELLOW PEAS Peas (yellow, split) PEAS, DRIED, SPLIT
MAIZE Maize  Maize - Yellow  YELLOW MAIZE Maize (yellow) MAIZE GRAIN, YELLOW
MAIZE Maize Maize - White WHITE MAIZE Maize (white) MAIZE GRAIN, WHITE
BEANS Beans  Beans- White WHITE BEANS 'Beans (white) BEANS, WHITE ]

- Lack of standardization makes it difficult to use data
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Computer power is increasing

BEE
z : 2
SOURCE: RAY KURIWEA, "THE SINGULARITY 15 NEAR: WHEN MUMANS TRANSCEND INOLOGY™, PA7, THE VISUIVG FRESS, 2004 DATAPOINTS BETWEEN 2000 AND
2011 REPRESENT DCA ESTMATES.
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Finding a shortest tour

Number Number
of friends of routes

2 2
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Number
of friends

2
3

Finding a shortest tour

Number
of routes

2
3*2=6
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Finding a shortest tour
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Number

Finding a shortest tour

Number

of friends of routes

A wWN

2

3*2=6
4*3*2=24
5*4*3*2=120
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Finding a shortest tour

Number
of friends

OOk, wWDN

Number \
of routes

~-.-

2

3*2=6
4*3*2=24
5*4*3*2=120
6*5*4*3*2=720
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Finding a shortest tour

Number Number
of friends of routes

2 2

3 3*2=6

4 4*3*2=24

S 5*4*3*2=120

6 6*5*4*3*2=720
20 ~2.4*1018
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Finding a shortest tour: how difficult can it be?

Number Number
of friends of routes

2 2

3 3*2=6

4 4*3*2=24

S 5*4*3*2=120

6 6*5*4*3*2=720
20 ~2.4*1018
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Laptop evaluates 1 billion possible routes/second...

... SO it needs 675,806 hours to check all routes!
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Modeling
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Optimization

.t ZHL
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What is the best diet?

Healthy &

Sustainable

Food
Planet
Health
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What is the best diet?

Healthy

Sustainable
Affordable

.t ZHL
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Mathematical optimization

minimise: costs, environmental impact

such that: energy intake = energy requirement
protein intake = minimum protein intake

vitamin intake = minimum protein intake

ZHL
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Mathematical optimization

minimise: c(d), env(d)

such that: e(d) = ereq
p(d) = Pmin
v(d) = Vin

ZHL
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Multiple objectives

>

Costs
oW

® O
U

Environmental impact i{q o)

ZHL
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Multiple objectives

Environmental impact i{q o)
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ENHANCE

AN ey

V\@ N

(= i ¢ ) Programme JOHNS HOPKINS
~\ UNIVERSITY
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Machine Learning

ZHL
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Machine learning

Data about

the past
— Prediction

New
. .
observation
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Machine learning

120
110 .
100 .
90 . oo
80 .
70 —*
60 .
50

Weight

150 160 170 180 190 200
Height

ZHL

l_’,_l
TILBURG * %%: L 2 UNIVERSITY
I'\;"l




Machine learning

120

110 .

100 ’ /
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60 ’ /
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y = Bo + b1x
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TCGAGGCCCTGGAACGCGCCGATAGATAGGCGCTCTAA

AAGAGACACTAGAACGCGCTGATAAATAGCCGCTCTAG

AAGAGACCCTAGAATGCGCCGATAAATAGCCGCTCTAA

ACGAGGCACTGGAATGCGCCGATAGACAGGCGCTCTAA

TCGAGACACTAGAATGCGCTGATAAATAGGCGCTCTAG

ACGAGACCCTAGAACGCGCCGATAAACAGCCGCTCTAA

TCGAGACCCTAGAACGCGCCGATAGATAGGCGCTCTAG

ACGAGACACTGGAATGCGCCGATAAATAGGCGCTCTAA
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Data analysis tool
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Choosing your machine learning model

« How large is your data?

* Is your prediction a class or a
continuous value?

 How complex do you expect the
underlying relationship to be?

* |s preprocessing needed?

ZHL
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Optimization Machine Learning
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Long history with WFP

Optimus

~ INERBEST
“ANITARIAN "
S |

"y

Partnership between TNT
and WFP sealed in a
Letter of Intent

Optimus wins award for best Humanitarian
Innovation. DCHI and Partos awarded

Hein Fleuren and Koen Peters for their
ground breaking Data Science solutions
that enables WP to feed millions more.

Winning the Franz Edelman Award.
TNT moved to a fact-based decision-making system.
The Global Optimization (GO) Program, which uses

mathematical modeling. Massive savings in CO2 and
costs were realized. WFP was very interested.

2 Sep.2002

2019 - Zero Hunger Lab is founded

by Hein Fleuren and Perry Heijne.
The Dutch Ministry of Foreign Affairs
2015 Worldwide roll-out of . . .
Optimus and Tilburg University co-fund the
innovative research program to
enable Zero Hunger by 2030.
First Optimus version . . .
To date TNT has supported WFP through 30 Tilburg University starts to assist (for Iraq) together with WfP, Solidaridad, Welthungerhilfe
emergencies, 19 emergency airlifts, 31 TNT to optimize the supply Supply Chain Planning Oxfam, Dutch Food Banks, One Acre
employees on stand-by, provided more than chains of the World Food Program department at WFP Fund and others start co-creation of
88 mil. school meals and raised $22 mil with together with Data Science students . .
fundraising. 133 TNT employees Involved in and researchers of Tilburg University data science solutions for
specialist assignments ZERO HUNGER.....

wrp
m supports QV } to fight hunger
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ZHL — Bytes for Bites our Theory of Change

istainable
Jevelopment

Better decisions

S

Based on Data Science
to help our partners (working on
SDG2) to help better

BUT SATELLITES

CAN

> Impact HELP US ACHIEVE
- Publications THE
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What is possible with ZHL"? we focus on Foresight...

- Diagnostic Predictive Prescriptive
Descriptive Analvtics T e
Analytics y Y y
j ? : 2 . |
What Happened? Why it Happened: What will Happen: Ensure it happens!

Forecasting, machine Artificial Intelligence,
learning, simulation optimization

A lot of opportunities and
little knowledge available

Data mining, root

Statistics, dashboards .
cause analysis

£HL
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ZHL example 1 — OPTIMUS — World Food Programme

Beneficiaries Nutrition

WFP
Data

>

|
|
|
I
|
|
I
I Transport
|
|
|
I
|
|

)

I‘Varehousing Procurement Funding . [ . -
[ r . ’
I : v ~ ~
| . S :
| : cenario -
| | Analyses )
I |
I |
I . :
: Field Experts |
|
|

= Optimus Web Application -
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ZHL example 2 — Child Growth Monitor - Welthungerhilfe

Child Growth Monitor is a mobile app using a smartphone and Al to
diagnose malnutrition from image data |

Better height measurements

v

* Remove need for heavy, expensive wooden ®
measuring board

» Avoid stretching the child - lower stress for
child, mother & health worker

Child
Better weight measurements Growth

« Remove need for heavy, expensive scales ¢ g Monitor
* Avoid regular calibration of equipment to
maintain accuracy

Digitized data

v

* Replace error prone process of plotting points ®
on a paper graph

+ Digital data generated instantly — difficult to
manipulate
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ZHL example 3 — Optimal Humanitarian Response Depot Locations

- UNHRD
Possible hub locations U_sing robust optimization
.s.;..
W X R - AN 4% ‘ O’ o
e > .::*‘f -, | Bty
v o ¥ P’

5,423,611,200 solutions!
O Goal: Try to find the optimal number of UNHRD depots and their location

] Restrictions: You cannot place a response depot everywhere and we want to
be robust: we used several disaster databases
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Example 4 - ENHANCE: Environment, Nutrition and Health

Analytics for National, Consumer and Emergency diets

ENHANCE - HEALTHY PEOPLE ON A HEALTHY PLANET

LIMNE uuuun-:.u

WMPACT ON FOOD SYSTEMS l

. _ﬁ‘.ﬁu 1 &8
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Example 5 - Infrastructure after a disaster

- Question:
Which nodes and links in the infrastructure to repair first after a natural disaster?

o i Development = T
- An algorithm to quickly determine most -~ - i
important links and nodes - i/
(b) Top 10% importance. ’//‘
Zero Hunger Lab Solution: o
[+] The solution can be deployed with only limited info: a (a) Node importance distibution.

link-node representation is needed. (Easy through
OpenStreetMap).

[++] The method is shown to be fast and provides
interpretable information on the network (see picture of
Puerto Rico)

[-] A cloud-based dashboard and deployment has to be
developeg for the solution to be distributed.

TILBURG # }%%{ ¢ UNIVERSITY
o

=
.V

4

(b) Top 10% importance.

Figure 34: Tmportance figures for the Puerto Rico test case,



Example 6 - Coping strategies of urban refugees
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Interdisciplinary research with prof. Conny Rijken from the Law
Faculty

Work together with CARE NL and CARE Greece

6 students from Tilburg University conducted questionnaires
among 300 urban refugees

Athens & Thessaloniki; Syrians, Afghans and misc. group

Goal: identify coping strategies, vulnerability to labour and
sexual explatation

Approximately 100 questions

Not ‘big data’ but gold mine in terms of relations between data
elements

&L




Example 6 - Some results on living conditions

mfriends ®m NGO @Sreigicusorganzaon ®family mnobody

Figure 7: To Whom They Turn for Help

Insightful basic analysis
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Attention points in practice!
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WFP: How are we going from pilot to scale?

NOBODY believes in Math....

A small game helped

Master thesis students

First version used and PhD

Now attention of senior management and worldwide roll-out
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What does a data scientist do together with the organization?

1. Define good
questions
together with client

=B
u&
6. Come to the relevant

decisions

2. Gather & cleanse
data (various
sources)

5. Create data products that
deliver actionable
Insights 3. Work with several
tools to develop

_ algorithms &
4. Validate and understand the models

o ’ o
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Possibilities in Predictive & Prescriptive with ZHL

Venn diagram of methods (or combinations) used in the literature

*
T .%%. U Picture from: Katerina Lepeniotia, Alexandros Bousdekisa, Dimitris Apostolouab, Gregoris Mentzas, Int Journal of
ILBURG ¢ e ¢ UNIVERSITY Information Management 2020
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N be wereld Invest

Our start-up sponsors

Ministry of Foreign Affairs
The Netherlands

- ZHL perfectly fits in their policy ‘Invest in
Perspective’

- Support for 3 years

eren in perspectief
wdse handel en ontwikkehngssamenwerung

Beledsnota butenlandse

P b et e Nwtarr o
R
R

Tilburg School of Economics &
Management, The Netherlands

- ZHL works closely with Operations Research,
Econometrics & Machine learning researchers

- Support for 5 years
¥ foﬁdwide @ Zu?gg (‘:? ﬁa(c)lgnic staff

in Business Administration - of which 26% international of which 50% international

Shanghai ARWU 2019

|dea is that with the initial
funding we can start projects

with our partners and then
look jointly for funding
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Thank you for your
'i 8 attention!
F And please reach out if

you think ZHL can help
e youl!
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