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Global Health Allocations
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Current Approach
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I Apply rationing parameters (differs based on product, facility type)
| Population/poverty modifiers
| Prioritize hospitals over other types of health facilities
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How does it work?
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Predict-then-Optimize?
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Learning and Optimization

| Goal: S".(-)%(#J/-#()! (e.g., today’s demand)<)6/+J'$(),(6"#"/-) " (e.g.,
inventory to allocate) $/)+"-"+"Q()5) T-/R-)decision loss #O

() S %&Y*F HCH)
| Problem: BJ$"+"Q5%"/-)J5%5+($(@®0()'- T-/R-

| Strategy: U%(,"65)&5#(,)/-)6/.5%"55(#) (e.g., yesterday’s demand)

I Can be complex



Learning and Optimization

| Training phase: S".(-)(K5+J*(#) {(, +! 4)1<)$%5"-)5)1'-6$.'& b/
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0% %&3;()* 1 B(s( ¥ e

#

| Testing phase: S".(-)5)-(R) , <)1/%+)J%(,"6$"&)Y, ) MDJ%(,"6SFN
67/1#(),(6"#"/-) " (8) MD/J$"+"Q(FN

| Key question: V75%$)J%(,"6$"/-)*/#H3H ') $/)'#()"-)$%5"-"-:W



Learning and Optimization
| Decision-blind prediction loss: X#()5)#$5-,5%,)*/##)#'67)5#)Y8LO
Re (BH ') S (B4 1)

| Decision-aware prediction loss: X#()$7(),(6"#"/-)*/##
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Interested in...

| Generality: 5&*()$/)"-$(%156()R"$7)6/+I*(K),5$5)#6"(-6()4)
13$"+"Q5%$"/-)J"I(*"-(#

I Computational Tractability
| Principled: 5JJ%/K"+5%(#)/J$"+5%),(6"#"/-)*[##



Prior Work - |
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I Not optimal: predictive model is the same regardless of opt problem
I Not computationally tractable for complex predictive models

| Z]5**#)\) Y5/)M>3>>181(6"5*"Q(,)5JJ%/56 7)1/%)%5-,/+) 1/%(#$#)4)8 @
I Not computationally tractable: every tree split requires re-solving
optimization problem

I Not general: strategy specific to tree models and one unknown parameter
vector per optimization
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Prior Work - |l
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| Not general: strategy specific to linear models and known constraints

| 2V (%)($)5*)M>32 SEEBT IV6/I5:5$()$7%/":7), (6" [-
| Not general: prediction function !, (") must be differentiable

I Not computationally tractable: need to solve optimization problem at !"!#$
gradient step



Our Strategy
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| Effect of prediction on decision
| Effect of decision on decision loss



Our Strategy
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I Can be computed efficiently (Amos & Kolter, 2017)
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Our Strategy
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Our Strategy

| Generality: -*0)%(E""%(#)BR(": 7$"-:)/&#(%.5$"-#)"-$!%,5$5)
#6"(-6()J"I(*"(

| Can directly use any off-the-shelf ML package, no re-implementation

| Computational Tractability: /-*0)%(E"'%(#)$%5"-"-;)J%(,"6$".()+/,(*)
5-)#/*."-)[J$"+"Q5%"/-)I%/&*(+)>K
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Allocating Essential Meds



Products

| 17"%,):(5*$7)de)0(5%#)/1)5:(
I Amoxicillin 250mg, Dispersible, Tab
I Oral Rehydration Salts (ORS), Sachet (correlation to zinc)
| Zinc Sulphate 20mg, Tab (correlation to ORS)

| Y55(%-5%):(5*$7
I Oxytocin 10IU, Inj, Amp
I Magnesium Sulphate 50%, Inj, 10ml, Amp

| b5+"*Q)U*5--"-)M5,/*(#6(-$)7(5*$7<)R/+(-)/1)67"*,)&(5%"-;)5:(N
| Depot Medroxyprogestrone Acetate (Depo-Provera) 150 mg/ml, Pdr for Inj

| Ethinylestradiol & Levonorgestrel (Microgynon 30) 30mcg & 150mcg, Tab
| Jadelle- Levonorgestrel two rod 150mg, implant



Data
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Meta-Learning
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Bias-Variance Tradeoff
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Meta-Learning
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Prediction Setup
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Out-of-Sample Results
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Bare Bones Stochastic Optimization

| )*+,- allocations #¥ across all $ districts
that minimizes cost

1 ./0123451€o0st of 678139:18+7: at each
location
% &'() (¥ + v+ #h-)
| <=&&,.$)+.>,.$#&0) ()4,7%.4)5.
| - *7<3=+473fixed budget / , each district
cannot hold more than its capacity Og

| >=1:4234* /draw random demands *5:)( at
each facility based on estimated distribution
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Gradient of the LP Solution
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Gradient of the LP Solution

I The first-order condition is

. & + 1., B(#*(*)-C'(*))&D..[,» 8 #/(*) E *» 8 9:]18 C'(*)

| b2
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| Taking the gradient with respect to *; yields an equation involving 1y #E (%),
solve to obtain

1, #(*) & F ¢ 8 G(g)
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Gradient of the LP Objective
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Now that we have the gradients...
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End-to-End Results



Recall...

Avg unfulfilled
demand across

the country is
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End-to-End Relative to Current Approach

DHIS2 Unmet Demand
Macro-Eyes Intelligent Allocation

Promising end-to-end
improvements using
Al/OR over current
system in Sierra Leone

~
o
>

~
©
=
©
=
L)
(]
)
(43
£
C
-]
™
°
I3

Reduce "7# &@#Unmet

Essential Medicine Product dema nd for focal
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Improvement by District

DHIS2 Unmet Demand
Macro-Eyes Intelligent Allocation

Reduce "@# ?#90of unmet
demand for essential
medicines across all districts
in Sierra Leone
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250mg, Dispersible, Tab Oral Rehydration Salts, 20mg, Tab
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S J N
3
On Indude In DMS - Hosp -
Code Lewel of Care g gkm request  [LERT T il Dos -0 I— e Fssd s OMS Kono = e sl Western  [DMS - Falaba |DMS - Karene Hosp-B0  :Bomball
li b Total Bomball ¥ambia ___Kenema Pujehun _Tonkol 1 = —
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L=l [~][~] [~ >~ i -v[~ > [ (=} [¥] ?f [~ [vi [v] [~viull~i" [v] [/ [v] [v] 8 O
... 0000053 ALt x| #uc | Alpendazale 400mg. Tab Yes Yes 1,690,967 y 1,384,400 [ ra 23,300 &7, 119,000 181,500 65,500 230,000 | 2 141,600 28,500 56,100 278,500 62,000 10,600 243,600 4,100
... 10000100 Hopival & Cid #HC | Amaoliin & Cavuanic Add (Co Amaeday) S00mg & 125my. Tab | Yes Yes 1871735 | 1,430,620 166,300 274215 1,420,620 [ ra 69,350 25,500 77,500 168,000 61,000 27,000 [ ma 197,100 17,760 178,500 395,000 62,000 57,900 166,300 [ na ™

10000095 | ALL x FHC | Amoallin 250mg, Dispersible, Tab Yes Yes 7,733,420 6,077,450 1,148 436 507,534 6077450 | o 408,000 298,000 234,000 225,000 222,000 360,000 600,000 | na 503,000 707,200 287,500 1,069,000 327,000 176,750 1,148 436 45,000 50,000
10000450 Hospital & g X FHC | Amplaliin S00mg, Pdr for IMAWV, iny, Vial Yes Yes 1,472,982 839,070 403,755 230,157 839,070 | 2 27,000 6,020 45,000 20,700 540,200 14,950 33400 |2 57,600 31,000 14,800 23,500 15,500 2,800 403,755 30,000 27,000
o 10000703 ALL FHC | Apron, Plastic, Disposable, Pos Yes Yes 711,933 241,000 123,633 347,300 241,000 | na 70,400 29,100 1,000 56,400 5,800 n 24,300 19,200 11,900 12,300 10,600 123,633 5,200 6,800
1| 10000014 | Hospital & Oxd FHC | Atropine Sulphate 1mg/mi, iny, 1mi, Amp Yes No T8678 27,110 40,851 10,717 27110 | 1350 4,500 750 2,950 5,500 | @ 200 7,680 1,730 650 1,200 40851 | ra n
d 10000684 | Hospital Only FHC | Bags, Slood, Collecting, 450mi, Pcs Yes Yes 68300 58,8350 9,450 ) ) ) " ) ) ) ) " ) " ) ) n 58850 |2 n
... Joooos20] Au FHC | Canuda, IV, 186, Shart, Sterile, Disposable, Pcs Yes yes 532,114 371300 121,450 39,364 371,300 [ ma 3,990 17,500 25,600 6,910 7,650 5,400 14,000 | 2 12,150 152,000 17,100 60,500 4200 4,000 121,450 [na ™




Many exciting questions...
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