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e Two ABW cases

1. Optimizing food supply chain
2. Optimizing hospital locations
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- Optimizing food supply chain WFP
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- Introduction to WFP
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Prevalence of undernourishment in the total population (percent) in 2017-19

If current trends continue, the number of hungry
people will reach 840 million by 2030
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 We have a transportation issue

 The United Nations —
World Food Programme
Is supporting 80 Million
of the 821 Million beneficiaries

* They ship 4 million metric tons each year!
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- Optimization
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Core element of success of model

Take also nutrients into account in the supply chain.

Multicommodity min cost flow —|— Diet model

Nutrition Facts
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From source to delivery
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From source to delivery

Food basket >

Based on the nutritional requirements of the beneficiaries
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From source to delivery
Food
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From source to delivery

Food basket > Sourcing
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From source to delivery

Food basket > Sourcing >
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From source to deliver

Food basket > Sourcing > Delivery
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From source to delivery

Food basket > Sourcing >
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Optimization model

Multicommodity min cost flow

Nutrition Facts
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Simplified optimisation model [1/2]

Sets

N = Set of Nodes (i,j € N)

Ng = Set of Suppliers

Np = Set of Ports

Ny, = Set of Warehouses

Npg = Set of Beneficiary Camps

K = Set of Commodities (k € K)

L = Set of Nutrients (I € L)

Parameters

dem; = Number of beneficiaries at node i € Ny

hc; = Costs ($/kg) of handling at node i € N\Ng

DCik = Cost ($/ kg) of procuring commodity k € K from node i € Ng

tCiji = Cost ($/ kg) of transporting commodity k € K fromnode i € N tonode j € N
nutreq; = Nutritional requirements of a beneficiary for nutrient [ € L

nutval,; = Nutritional value (per kg) of commodity k € K for nutrient [ € L
Variables

Fiji = Amount (kg) of commodity k € K sent from node i € Ntonode j € N

Ry = Ration size (kg) of commodity k € K
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Simplified optimisation model [2/2]

mFin Z pcik*Fijk+ZtCijk*Fijk+Zhcj* ijk

i€Ng,j k i)k i,j,k
Such that:

1. Flow is preserved

ZFijk:ZFjik, VjENpUNW,VkEK
i i

2. All beneficiaries receive a food basket

ZFinZdemj*Rk, VjENB,VkEK
i

3. Nutritional requirements

z nutvaly; * R, = nutreq, VIEL

K
4. Flows and Rations are non-negative

Ry ,Fijx =0, VieNjeNkeK
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Extensions of the simplified model (1)

* Multiperiod
= Seasonal price windows / season basket

= Different beneficiary types
* Adults / children / pregnant women / ...

= Ration differentiation by location

= Cash Based Transfers
» Cash / Commodity Vouchers / Value Vouchers

®» Donor restrictions
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Extensions of the core model (2)

= Palatable restrictions

Cereals & Grains 250 500
Pulses & Vegetables 30 130
Oils & Fats 15 40
Mixed & Blended 0 60
Foods

Meat & Fish & Dairy 0 40

" International / Regional / Local

» Different and multiple objectives

» Dietary diversity score, development, agility (e.g. max lead time)
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Software: Optimus

A

y

Field Experts

| == Optimus Web Application =~ = o o o e o e o e e o o o o o o |

Can be accessed online, allows users to interact with data
from a wide range of sources in order to optimize their
operation.
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500,000 beneficiaries per month - 6.57 million USD per month

With the new food basket:
® Save 17% of the total costs: 1.12 million USD per month
® Or supply 85,000 more beneficiaries
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We could show that there are food baskets possible of:
- 96.0% nutritional value at 74% of the cost
- 97.5% nutritional value at 85% of the cost

The first option 1s chosen by WFP 1n Syria for 2016
and therefore, with the same budget,

we can feed 1 Million people more
than the 4 Million in 2015!
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Application to El Nino crisis
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Find optimal locations of new hospitals

... maximize number of people that can reach a hospital

within 5 kilometers travel distance.
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Reachability of health care is important

There 1s a direct link between the distance
patients must travel and the reduction of
illness and suffering in a country.

[ IRERES If health facilities are located close to patients
 IEEEEENE

CmEEEEE | instead of far away, they tend to use them more.

{ immmmmEl
HOSFPITAL

The distance factor is especially significant
in rural Third World settings
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Necessary data layers

Beneficiaries
Currently located hospitals
Potential hospital locations

Road network

SErVIE Le=lpeary
Proants

Integrated
Data

Data Layer



B UNIVERSITY OF AMSTERDAM
- Amsterdam Business School

Merging road networks

Combining OSM and eStrada. This 1s very usefull.

-8.2 1 EStrada Roadnetw ; W

= (SM Roadnetw

-9 2 1
-0 4 -

1245 125.0 125.5 126.0 126.5 127.0
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* Resulting in roads being - R
o o o - = OSM roadnetwork
included twice 1n the
dataset
d Roads dOIl,t have the 9:034:100_ Roads with different coordinates
exact same coordinates, \/\*/——
but refer to the same
road
9,033,500 \

T T T T T T
737,800 738,000 738,200 738,400 738,600 ias 739,000
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* Uncapacitated facility location model

* Mixed integer linear optimization model

* Large problem: 15,000 possible locations, 40,000 household locations
* Solver: Gurobi

e Time: <1 minute
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Number of existing facilities: 344

Distance in KM
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Households
within 2 kilometers (green)
or 5 kilometers (green + blue)

from existing hospitals - :

®  Health fadlities [317

& Served wilthin 2 Kilomelers
®  Served within 5 Kilometers
@ Nok served
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UN Sustainable Development Goals
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* Impactful projects

* Worldwide seminar series
* Repository

* Academy

* Scientific journal

* Courses in Bachelor and Master Programs

X

X

X
UNIVERSITY OF AMSTERDAM

ORrRT=C

Massachusetts Institute of Technology
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Thank you!

Acknowledgement: Several of the slides are (adapted) from slides made by Hein Fleuren and Koen Peters.
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Optimization of dike heights
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Optimization of radiotherapy
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Optimization Brachytherapy

Prostate gland

Implant
catheters

Template
Ultrasound
probe
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Analytics for Zero Hunger

WFP
Ve, .\, United Nations
\Vﬁﬁ \"/ World Food
\{\ Iy or 00

Y £ Programme

Mutrition Facts
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Investment infrastructure Timor Leste

NO EODD HIRLTH
POVERTY EHD WELL-DEIKG
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% ‘ Alor
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S Flores l -

[ National Capital (180,000 In 2003)
O 0
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Optimal Locations UN Humanitarian Response Depots

Panama City .

Palermo .+ Doha °

'Yangor]
Bangkok

. # : o - 2
* »  tagos e - .
. e Ho Chi Minh City

Port Moresby

GOOD HEALTH
AND WELL-BEING

e
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Optimizing feed for cattle for small farmers

. "
‘ POVERTY

SINGLE SPARK Select Ingredients
Business—in-a-Baox! i s, g:_.:m
; o AR |
Total Feedcalculator Y oy 5
- "

users

3107

Source: FeedCalculator website
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Optimizing blood supply chain in NL
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Thank you!

Acknowledgement: Several of the slides are (adapted) from slides made by Hein Fleuren and Koen Peters.
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Comparing procurement costs of a flexible
basket to a fixed basket plan

Scenario: The price of Peas increases by 30 percent regionwide in month 2

Month 1 Month 2 Procurement
Cost

Fixed basket

% Flexible basket




B UresosAvsmone \When prices rise, the flexible food basket
adapts to be most cost-effective

Scenario: The price of Peas increases by 30 percent regionwide in month 2

Month 1 Month 2 Procurement
Cost

$11.07
/ beneficiary
/ month

- $0.56
/ beneficiary
/ month
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g nnensry ot Avsroad When prices rise, the tlexible food basket
adapts to be most cost-effective

Scenario: The price of Peas increases by 30 percent regionwide in month 2

Month 1 Month 2 Procurement
Cost

@1 Fixed basket
@ Flexible basket

$ 11.07
/ beneficiary
/ month

- $0.56
/ beneficiary
/ month




B UNIVERSITY OF AMSTERDAM
- Amsterdam Business School

* Take flooding into account
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*  Where should roads be added
or improved to improve hospital
accessibility?
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Extensions for future

* Use the tool for other kinds of
facility locations, e.g. schools
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* Apply to other countries:
* Vietnam: Stroke & Heart Attack centres
* Nepal: Covid-19 test centres
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Hospital location optimization in Timor-Leste
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The goal 1s that as many people as possible are able to reach a
healthcare facility within a preset maximum travel distance.

Step |:
Define the variables needed for the model
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Variables & Parameters

Sets
I = Index set of households, i = 1, ...,n
Ji = Index set of all hospital sites, where indexes j = 1, ..., m are corresponding to the already existing
hospitals and indexes j = m + 1, ..., M are corresponding to potential hospital locations
Parameters
v; = the number of people in household or cluster of households i
dij = travel distance from household (or cluster) i to hospital facility j
S = the maximum travel distance from a household to a hospital
p = the number of additional hospitals located
Variables
_ )1 if hospital ; is opened
Xj B otherwise

- 1 if demand at node 7 is served by hospital j and d;;=s
Yij o otherwise
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Objective

*The goal 1s that as many people as possible are able to reach a
healthcare facility.

*We maximize the number of people that are served by a
healthcare facility.

max z z Ul'yl'j

€l jeJ
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Step 3:
Define the constraints of the model
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Optimization model

max z 2 viyij

il jeJ
Such that:
1. The already existing hospitals are included in the model as opened
Xj = 1 Vvj=1,...,m
2. The number of hospitals additionally opened is at most p
Zﬂ‘imﬂ Xj <P
3. Only assign people to a facility if that facility is opened
Qier Vij Snx;  Vj€]
4. People can only be assigned to one hospital
2y Yij =1 Viel
5. People are not served by a facility if the travel distance to the facility is higher than the

maximum travel distance
yij=0 ViEI,VjE],dij>S

6. The decision variables are binary
Xj» Vij E{O,l} VlEI,VJE]
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