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Fluid Approximation: Fluid LP

An optimal policy for the fluid DP can be found via the fluid LP:

Fluid LP

∑
t∈𝒯

∑
j∈𝒥

∑
s∈𝒮j

∑
a∈𝒜j

rjt(s, a) ⋅ πtj(s, a)

σ1j(s) = nj ⋅ qj(s)

σt+1,j(s′ ) = ∑
s∈𝒮j

∑
a∈𝒜j

pjt(s′ | s, a) ⋅ πtj(s, a)

∑
j∈𝒥

∑
s∈𝒮j

∑
a∈𝒜j

ctlj(s, a) ⋅ πtj(s, a) ≤ btl

∑
a∈𝒜j

πtj(s, a) = σtj(s)

maximize

subject to

σ, π ≥ 0

∀j, ∀s ∈ 𝒮j

∀j, ∀s′ ∈ 𝒮j, ∀t

∀l, ∀t

∀j, ∀s ∈ 𝒮j, ∀t
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Fluid Approximation: Fluid LP

An optimal policy for the fluid DP can be found via the fluid LP:

Fluid LP

∑
t∈𝒯

∑
j∈𝒥

∑
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∑
a∈𝒜j

rjt(s, a) ⋅ πtj(s, a)

σ1j(s) = nj ⋅ qj(s)

σt+1,j(s′ ) = ∑
s∈𝒮j

∑
a∈𝒜j

pjt(s′ | s, a) ⋅ πtj(s, a)

∑
j∈𝒥

∑
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∑
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ctlj(s, a) ⋅ πtj(s, a) ≤ btl

∑
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πtj(s, a) = σtj(s)

maximize

subject to

σ, π ≥ 0

∀j, ∀s ∈ 𝒮j

∀j, ∀s′ ∈ 𝒮j, ∀t

∀l, ∀t

∀j, ∀s ∈ 𝒮j, ∀t

∑
t∈𝒯

∑
j∈𝒥

∑
s∈𝒮j

∑
a∈𝒜j

rjt(s, a) ⋅ πtj(s, a)

: # of patients in patient group j 

          that are in state s in week t

σtj(s)
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Fluid Approximation: Fluid LP

An optimal policy for the fluid DP can be found via the fluid LP:

Fluid LP

∑
t∈𝒯

∑
j∈𝒥

∑
s∈𝒮j

∑
a∈𝒜j

rjt(s, a) ⋅ πtj(s, a)
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∀j, ∀s′ ∈ 𝒮j, ∀t
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∀j, ∀s ∈ 𝒮j, ∀t

∑
t∈𝒯

∑
j∈𝒥

∑
s∈𝒮j

∑
a∈𝒜j

rjt(s, a) ⋅ πtj(s, a)

: # of patients in patient group j 

          that are in state s in week t

σtj(s)
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Fluid Approximation: Fluid LP

An optimal policy for the fluid DP can be found via the fluid LP:

Fluid LP

∑
t∈𝒯

∑
j∈𝒥

∑
s∈𝒮j

∑
a∈𝒜j

rjt(s, a) ⋅ πtj(s, a)
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∀j, ∀s′ ∈ 𝒮j, ∀t

∀l, ∀t

∀j, ∀s ∈ 𝒮j, ∀t

∑
t∈𝒯

∑
j∈𝒥

∑
s∈𝒮j

∑
a∈𝒜j

rjt(s, a) ⋅ πtj(s, a) objective function: 
maximize rewards
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Fluid Approximation: Fluid LP

An optimal policy for the fluid DP can be found via the fluid LP:

Fluid LP

∑
t∈𝒯

∑
j∈𝒥

∑
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∑
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σ1j(s) = nj ⋅ qj(s)

initial states: 

must follow q
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Fluid Approximation: Fluid LP

An optimal policy for the fluid DP can be found via the fluid LP:

Fluid LP

∑
t∈𝒯

∑
j∈𝒥

∑
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∑
a∈𝒜j
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Fluid Approximation: Fluid LP

An optimal policy for the fluid DP can be found via the fluid LP:

Fluid LP

∑
t∈𝒯

∑
j∈𝒥

∑
s∈𝒮j

∑
a∈𝒜j

rjt(s, a) ⋅ πtj(s, a)
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∑
j∈𝒥

∑
s∈𝒮j

∑
a∈𝒜j

ctlj(s, a) ⋅ πtj(s, a) ≤ btl

resources: 
budgets must be kept
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Fluid Approximation: Fluid LP

An optimal policy for the fluid DP can be found via the fluid LP:

Fluid LP

∑
t∈𝒯

∑
j∈𝒥

∑
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∑
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rjt(s, a) ⋅ πtj(s, a)

σ1j(s) = nj ⋅ qj(s)
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πtj(s, a) = σtj(s)

“flow preservation”: 
we cannot “drop” patients
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Fluid Approximation: Fluid LP

An optimal policy for the fluid DP can be found via the fluid LP:

Fluid LP
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The fluid LP constitutes a relaxation of the


weakly coupled counting DP.
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Recovery of Individual DP Policies: Randomized Approach 

Algorithm

Solve Fluid LP to obtain the solution .(σ⋆, π
⋆)1

At each time stage , implement for each patient of 

group  the action  with probability 

                                   

if the patient is in state .

t ∈ 𝒯

j ∈ 𝒥 a ∈ 𝒜j

π
⋆
tj (s, a)

σ⋆
tj (s)

s ∈ 𝒮j

2
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Recovery of Individual DP Policies: Randomized Approach 

Theorem (Expected Case)

Let  be expected total reward of our randomized policy and  

 the expected total reward of the optimal DP policy. Then


 

 

as well as, with high probability,


θ
⋆

θ
DP

θ
⋆ ≥ θ

DP

∑
j∈𝒥

nj

∑
i=1

ctlj(s̃t,( j,i), ãt,( j,i)) ≤ btl + ϵ ⋅ ∑
j∈𝒥

nj ∑
s∈𝒮j

∑
a∈𝒜j

ctlj(s, a) ∀t, ∀l .
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Recovery of Individual DP Policies: Randomized Approach 

Theorem (Worst Case)

Let  be random total reward of our randomized policy and  

the expected total reward of the optimal DP policy. Then,


with high probability,


 


 

as well as


θ̃
⋆

θ
DP

θ̃
⋆ ≥ θ

DP − ϵ ⋅ ∑
t∈𝒯

∑
j∈𝒥

nj ∑
s∈𝒮j

∑
a∈𝒜j

rjt(s, a)

∑
j∈𝒥

nj

∑
i=1

ctlj(s̃t,( j,i), ãt,( j,i)) ≤ btl + ϵ ⋅ ∑
j∈𝒥

nj ∑
s∈𝒮j

∑
a∈𝒜j

ctlj(s, a) ∀t, ∀l .
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Recovery of Individual DP Policies: Deterministic Approach 

Algorithm

Solve Fluid LP to obtain the solution .(σ⋆, π
⋆)1

At each time stage , implement for group  

each action  in each state  

                   many times 

if the group is in state , where  is a projection.

t ∈ 𝒯 j ∈ 𝒥

a s

Pr [
π

⋆
tj (s, a)

σ⋆
tj (s)

⋅ σtj(s)]
s,a

σj ∈ 𝔖j Pr

2

15



Recovery of Individual DP Policies: Deterministic Approach 

Theorem (Expected Case)

Let  be expected total reward of our deterministic policy and  

the expected total reward of the optimal DP policy. Then


 


 

as well as, with high probability, for all  and , 


θ
⋆

θ
DP

θ
⋆ ≥ θ

DP − ∑
t∈𝒯

∑
j∈𝒥

∑
s∈𝒮j

∑
a∈𝒜j

rjt(s, a) ⋅ ϵ1

t l

∑
j∈𝒥

∑
s∈𝒮j

∑
a∈𝒜j

ctlj(s, a) ⋅ [π⋆
t (σ̃⋆

t )]j(s, a) ≤ btl + ∑
j∈𝒥

(1 + ϵ2nj) ∑
s∈𝒮j

∑
a∈𝒜j

ctlj(s, a) ⋅ ϵ1 .
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Recovery of Individual DP Policies: Deterministic Approach 

Theorem (Worst Case)

Let  be random total reward of our deterministic policy and 

 the expected total reward of the optimal DP policy. Then, 

with high probability,


 


 

as well as, for all  and , 


θ̃
⋆

θ
DP

θ̃
⋆ ≥ θ

DP − ∑
t∈𝒯

∑
j∈𝒥

∑
s∈𝒮j

∑
a∈𝒜j

rjt(s, a) ⋅ (1 + ϵ2nj) ⋅ ϵ1

t l

∑
j∈𝒥

∑
s∈𝒮j

∑
a∈𝒜j

ctlj(s, a) ⋅ [π⋆
t (σ̃⋆

t )]j(s, a) ≤ btl + ∑
j∈𝒥

(1 + ϵ2nj) ∑
s∈𝒮j

∑
a∈𝒜j

ctlj(s, a) ⋅ ϵ1 .
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Input Data

Capacity Staff-to-bed Ratio
Beds Senior Doctors Junior Doctors Nurses Senior Doctors Junior Doctors Nurses

G&A 102,186 10,764 8,539 43,214 15 15 5
CC 4,122 1,013 963 18,856 15 8 1

<latexit sha1_base64="C9XW4Fzj8Z6b7or2DASmawIfVQs=">AAAB8nicbVC7SgNBFJ2NrxhfUUubwSCkCrsp1DJgYxnBPGCzhNnJ3WTIPJaZWSEs+QwbC0Vs/Ro7/8ZJsoUmHhg4nHMvc8+JU86M9f1vr7S1vbO7V96vHBweHZ9UT8+6RmWaQocqrnQ/JgY4k9CxzHLopxqIiDn04undwu89gTZMyUc7SyESZCxZwiixTgpBgB6DpAzMsFrzG/4SeJMEBamhAu1h9WswUjQTIC3lxJgw8FMb5URbRjnMK4PMQErolIwhdFQSASbKlyfP8ZVTRjhR2j1p8VL9vZETYcxMxG5SEDsx695C/M8LM5vcRjmTaWZdrtVHScaxVXiRH4+YBmr5zBFCNXO3YjohmlDrWqq4EoL1yJuk22wE1w3/oVlr1Ys6yugCXaI6CtANaqF71EYdRJFCz+gVvXnWe/HevY/VaMkrds7RH3ifP45rkVg=</latexit>

<latexit sha1_base64="xtHON7s1aw5eU4/81CyGZGI7xQA=">AAAB8XicbVC7SgNBFL0bXzG+opY2g0FIFXZTqGXAxjKCeWCyhNnJTTJkdnaZmQ2EJX9hY6GIrX9j5984m2yhiQcGDufcy9xzglhwbVz32ylsbe/s7hX3SweHR8cn5dOzto4SxbDFIhGpbkA1Ci6xZbgR2I0V0jAQ2Ammd5nfmaHSPJKPZh6jH9Kx5CPOqLHSEwpkhs9QlwbliltzlyCbxMtJBXI0B+Wv/jBiSYjSMEG17nlubPyUKsOZwEWpn2iMKZvSMfYslTRE7afLixfkyipDMoqUfdKQpfp7I6Wh1vMwsJMhNRO97mXif14vMaNbP+UyTgxKtvpolAhiIpLFJ0OubGIxt4Qyxe2thE2ooszYkrISvPXIm6Rdr3nXNfehXmlU8zqKcAGXUAUPbqAB99CEFjCQ8Ayv8OZo58V5dz5WowUn3zmHP3A+fwBNA5CV</latexit>
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<latexit sha1_base64="C9XW4Fzj8Z6b7or2DASmawIfVQs=">AAAB8nicbVC7SgNBFJ2NrxhfUUubwSCkCrsp1DJgYxnBPGCzhNnJ3WTIPJaZWSEs+QwbC0Vs/Ro7/8ZJsoUmHhg4nHMvc8+JU86M9f1vr7S1vbO7V96vHBweHZ9UT8+6RmWaQocqrnQ/JgY4k9CxzHLopxqIiDn04undwu89gTZMyUc7SyESZCxZwiixTgpBgB6DpAzMsFrzG/4SeJMEBamhAu1h9WswUjQTIC3lxJgw8FMb5URbRjnMK4PMQErolIwhdFQSASbKlyfP8ZVTRjhR2j1p8VL9vZETYcxMxG5SEDsx695C/M8LM5vcRjmTaWZdrtVHScaxVXiRH4+YBmr5zBFCNXO3YjohmlDrWqq4EoL1yJuk22wE1w3/oVlr1Ys6yugCXaI6CtANaqF71EYdRJFCz+gVvXnWe/HevY/VaMkrds7RH3ifP45rkVg=</latexit>

emergencies

<latexit sha1_base64="xtHON7s1aw5eU4/81CyGZGI7xQA=">AAAB8XicbVC7SgNBFL0bXzG+opY2g0FIFXZTqGXAxjKCeWCyhNnJTTJkdnaZmQ2EJX9hY6GIrX9j5984m2yhiQcGDufcy9xzglhwbVz32ylsbe/s7hX3SweHR8cn5dOzto4SxbDFIhGpbkA1Ci6xZbgR2I0V0jAQ2Ammd5nfmaHSPJKPZh6jH9Kx5CPOqLHSEwpkhs9QlwbliltzlyCbxMtJBXI0B+Wv/jBiSYjSMEG17nlubPyUKsOZwEWpn2iMKZvSMfYslTRE7afLixfkyipDMoqUfdKQpfp7I6Wh1vMwsJMhNRO97mXif14vMaNbP+UyTgxKtvpolAhiIpLFJ0OubGIxt4Qyxe2thE2ooszYkrISvPXIm6Rdr3nXNfehXmlU8zqKcAGXUAUPbqAB99CEFjCQ8Ayv8OZo58V5dz5WowUn3zmHP3A+fwBNA5CV</latexit>

electives

COVID19 ICD18 ICD10 ICD19 ICD09 Others

E
le

c
ti

v
e

s
E

m
e

rg
e

n
c

ie
s

18



March 2020 April 2020 May 2020 June 2020 July 2020 August 2020 September 2020 October 2020 November 2020 December 2020 January 2021 Februrary 2021 March 2021

5000

10000

15000

20000

25000

<latexit sha1_base64="q+R7StnE2Oa1zAToh48Ok00rcvo=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBG6KkkX6rLgxmUF+4A2lMnkph06k4SZSSGE+ituXCji1g9x5984abPQ1gMDh3POZe49fsKZ0o7zbW1t7+zu7VcOqodHxyen9tl5T8WppNClMY/lwCcKOIugq5nmMEgkEOFz6Puzu8Lvz0EqFkePOkvAE2QSsZBRoo00tmvAgWo2B0wCwVSRU2O77jSdJfAmcUtSRyU6Y/trFMQ0FRBpyolSQ9dJtJcTqRnlsKiOUgUJoTMygaGhERGgvHy5/AJfGSXAYSzNizReqr8nciKUyoRvkoLoqVr3CvE/b5jq8NbLWZSkGiK6+ihMOdYxLprAAZPmdJ4ZQqhkZldMp0QSqk1fVVOCu37yJum1mu5103lo1duNso4KukCXqIFcdIPa6B51UBdRlKFn9IrerCfrxXq3PlbRLaucqaE/sD5/AB7AlP0=</latexit>
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<latexit sha1_base64="hy+LoQZypsrdrZIaDNCh89QGHf4=">AAAB+nicbVBNS8NAEN34WetXqkcvi0XoqSQ9qMeCF48V7Ae0oUw2m3bp7ibsbpQS+1O8eFDEq7/Em//GTduDtj4YeLw3w8y8MOVMG8/7djY2t7Z3dkt75f2Dw6Njt3LS0UmmCG2ThCeqF4KmnEnaNsxw2ksVBRFy2g0nN4XffaBKs0Tem2lKAwEjyWJGwFhp6FYgEkwXNo6oZMD10K16dW8OvE78JamiJVpD92sQJSQTVBrCQeu+76UmyEEZRjidlQeZpimQCYxo31IJguogn58+wxdWiXCcKFvS4Ln6eyIHofVUhLZTgBnrVa8Q//P6mYmvg5zJNDNUksWiOOPYJLjIAUdMUWL41BIgitlbMRmDAmJsWmUbgr/68jrpNOr+Zd27a1SbtWUcJXSGzlEN+egKNdEtaqE2IugRPaNX9OY8OS/Ou/OxaN1wljOn6A+czx9tXpQF</latexit>

admission denials

Admissions/Denials: Optimization vs Gov. Policy

Optimized Schedule
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March 2020 April 2020 May 2020 June 2020 July 2020 August 2020 September 2020 October 2020 November 2020 December 2020 January 2021 Februrary 2021 March 2021
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10000

15000
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25000

March 2020 April 2020 May 2020 June 2020 July 2020 August 2020 September 2020 October 2020 November 2020 December 2020 January 2021 Februrary 2021 March 2021

10000

20000

30000

40000

<latexit sha1_base64="q+R7StnE2Oa1zAToh48Ok00rcvo=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBG6KkkX6rLgxmUF+4A2lMnkph06k4SZSSGE+ituXCji1g9x5984abPQ1gMDh3POZe49fsKZ0o7zbW1t7+zu7VcOqodHxyen9tl5T8WppNClMY/lwCcKOIugq5nmMEgkEOFz6Puzu8Lvz0EqFkePOkvAE2QSsZBRoo00tmvAgWo2B0wCwVSRU2O77jSdJfAmcUtSRyU6Y/trFMQ0FRBpyolSQ9dJtJcTqRnlsKiOUgUJoTMygaGhERGgvHy5/AJfGSXAYSzNizReqr8nciKUyoRvkoLoqVr3CvE/b5jq8NbLWZSkGiK6+ihMOdYxLprAAZPmdJ4ZQqhkZldMp0QSqk1fVVOCu37yJum1mu5103lo1duNso4KukCXqIFcdIPa6B51UBdRlKFn9IrerCfrxXq3PlbRLaucqaE/sD5/AB7AlP0=</latexit>

elective admissions

ICD02 ICD11 ICD12 ICD19 ICD18 Others

<latexit sha1_base64="hy+LoQZypsrdrZIaDNCh89QGHf4=">AAAB+nicbVBNS8NAEN34WetXqkcvi0XoqSQ9qMeCF48V7Ae0oUw2m3bp7ibsbpQS+1O8eFDEq7/Em//GTduDtj4YeLw3w8y8MOVMG8/7djY2t7Z3dkt75f2Dw6Njt3LS0UmmCG2ThCeqF4KmnEnaNsxw2ksVBRFy2g0nN4XffaBKs0Tem2lKAwEjyWJGwFhp6FYgEkwXNo6oZMD10K16dW8OvE78JamiJVpD92sQJSQTVBrCQeu+76UmyEEZRjidlQeZpimQCYxo31IJguogn58+wxdWiXCcKFvS4Ln6eyIHofVUhLZTgBnrVa8Q//P6mYmvg5zJNDNUksWiOOPYJLjIAUdMUWL41BIgitlbMRmDAmJsWmUbgr/68jrpNOr+Zd27a1SbtWUcJXSGzlEN+egKNdEtaqE2IugRPaNX9OY8OS/Ou/OxaN1wljOn6A+czx9tXpQF</latexit>

admission denials

ICD19 ICD02 ICD10 ICD01 ICD05

Admissions/Denials: Optimization vs Gov. Policy

Simulation of Government Policy
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<latexit sha1_base64="9Bm5ll55b2mF8HAq6xpN2LMN/eM=">AAAB/XicbVC7TsMwFHV4lvIKj43FokJiqpIOwFiJAQaGItEHaqPKcW5aq44d2Q5SqSp+hYUBhFj5Dzb+BrfNAC1HutLROffa954w5Uwbz/t2lpZXVtfWCxvFza3tnV13b7+hZaYo1KnkUrVCooEzAXXDDIdWqoAkIYdmOLic+M0HUJpJcWeGKQQJ6QkWM0qMlbru4T0QpbGM8Q2LAV8R+07UdUte2ZsCLxI/JyWUo9Z1vzqRpFkCwlBOtG77XmqCEVGGUQ7jYifTkBI6ID1oWypIAjoYTbcf4xOrRDiWypYweKr+nhiRROthEtrOhJi+nvcm4n9eOzPxRTBiIs0MCDr7KM44NhJPosARU0ANH1pCqGJ2V0z7RBFqbGBFG4I/f/IiaVTK/lnZu62Uql4eRwEdoWN0inx0jqroGtVQHVH0iJ7RK3pznpwX5935mLUuOfnMAfoD5/MHQyqUZQ==</latexit>

Years of Life Gained

-200000 -100000 100000 200000 300000

COVID

ICD01

ICD02

ICD04

ICD05

ICD06

ICD09

ICD10

ICD11

ICD13

ICD14

ICD18

ICD19

Others

Comparison: Years of Life Gained

Years of Life Gained by Optimized Schedule
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injury, poisoning, 

external causes

respiratory 

diseases

digestive diseases

circulatory diseases

neoplasms (cancer)

infectious and parasitic diseases 



Optimized Schedule: Hospital Occupancy
<latexit sha1_base64="qtkiFrUcO2DTNQARGNnrG55d4qE=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KkkP6rHYi8cK9gPSUDbbTbt0kw27E6GE/gwvHhTx6q/x5r9x2+agrQ8WHu/NzM68MJXCoOt+OxubW9s7u6W98v7B4dFx5eS0Y1SmGW8zJZXuhdRwKRLeRoGS91LNaRxK3g0nzbnffeLaCJU84jTlQUxHiYgEo2glv9kkjKaUCZwOKlW35i5A1olXkCoUaA0qX/2hYlnME2SSGuN7bopBTjUKJvms3M8Mt6MndMR9SxMacxPki5Vn5NIqQxIpbV+CZKH+7shpbMw0Dm1lTHFsVr25+J/nZxjdBrlI0gx5wpYfRZkkqMj8fjIUmjOUU0so08LuStiYasrQplS2IXirJ6+TTr3mXdfch3q1cVfEUYJzuIAr8OAGGnAPLWgDAwXP8ApvDjovzrvzsSzdcIqeM/gD5/MHsfGQ3w==</latexit>

<latexit sha1_base64="Xv8gG46iomspUQMOvprdsIoedRw=">AAAB+3icbVDLTgJBEJzFF+IL8ehlImjwQnY5qEcMJnrERB4JbMjsbC9MmJ3dzMwayYZf8eJBY7z6I978G4fHQcFKOqlUdae7y4s5U9q2v63M2vrG5lZ2O7ezu7d/kD8stFSUSApNGvFIdjyigDMBTc00h04sgYQeh7Y3qk/99iNIxSLxoMcxuCEZCBYwSrSR+vnCbal3VrrG5RsQDHxcr5/380W7Ys+AV4mzIEW0QKOf/+r5EU1CEJpyolTXsWPtpkRqRjlMcr1EQUzoiAyga6ggISg3nd0+wadG8XEQSVNC45n6eyIloVLj0DOdIdFDtexNxf+8bqKDKzdlIk40CDpfFCQc6whPg8A+k0A1HxtCqGTmVkyHRBKqTVw5E4Kz/PIqaVUrzkXFvq8Wa+VFHFl0jE5QGTnoEtXQHWqgJqLoCT2jV/RmTawX6936mLdmrMXMEfoD6/MHWiaR+g==</latexit>

<latexit sha1_base64="fOgnQfZkKa1uvZ2Ln2v2dlfzxBo=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoOQKtylUMtAGsso5gOSI+xt5pIle3vH7p4QjvwDGwtFbP1Hdv4bN8kVmvhg4PHeDDPzgkRwbVz32ylsbe/s7hX3SweHR8cn5dOzjo5TxbDNYhGrXkA1Ci6xbbgR2EsU0igQ2A2mzYXffUKleSwfzSxBP6JjyUPOqLHSQ7M5LFfcmrsE2SReTiqQozUsfw1GMUsjlIYJqnXfcxPjZ1QZzgTOS4NUY0LZlI6xb6mkEWo/W146J1dWGZEwVrakIUv190RGI61nUWA7I2omet1biP95/dSEt37GZZIalGy1KEwFMTFZvE1GXCEzYmYJZYrbWwmbUEWZseGUbAje+subpFOvedc1975eaVTzOIpwAZdQBQ9uoAF30II2MAjhGV7hzZk6L86787FqLTj5zDn8gfP5AxnbjP0=</latexit>

<latexit sha1_base64="shASUTD1pi5hXVamPYvcpzniOXc=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoOQU9jNQT0GvHiMYB6QrGF2tjcZMo9lZlYJIf/hxYMiXv0Xb/6Nk2QPmljQUFR1090VpZwZ6/vfXmFjc2t7p7hb2ts/ODwqH5+0jco0hRZVXOluRAxwJqFlmeXQTTUQEXHoROObud95BG2Ykvd2kkIoyFCyhFFinfQgMxGBxirBEcRmUK74NX8BvE6CnFRQjuag/NWPFc0ESEs5MaYX+KkNp0RbRjnMSv3MQEromAyh56gkAkw4XVw9wxdOiXGitCtp8UL9PTElwpiJiFynIHZkVr25+J/Xy2xyHU6ZTDMLki4XJRnHVuF5BDhmGqjlE0cI1czdiumIaEKtC6rkQghWX14n7XotuKz5d/VKo5rHUURn6BxVUYCuUAPdoiZqIYo0ekav6M178l68d+9j2Vrw8plT9Afe5w8cQZIr</latexit>
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<latexit sha1_base64="shASUTD1pi5hXVamPYvcpzniOXc=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoOQU9jNQT0GvHiMYB6QrGF2tjcZMo9lZlYJIf/hxYMiXv0Xb/6Nk2QPmljQUFR1090VpZwZ6/vfXmFjc2t7p7hb2ts/ODwqH5+0jco0hRZVXOluRAxwJqFlmeXQTTUQEXHoROObud95BG2Ykvd2kkIoyFCyhFFinfQgMxGBxirBEcRmUK74NX8BvE6CnFRQjuag/NWPFc0ESEs5MaYX+KkNp0RbRjnMSv3MQEromAyh56gkAkw4XVw9wxdOiXGitCtp8UL9PTElwpiJiFynIHZkVr25+J/Xy2xyHU6ZTDMLki4XJRnHVuF5BDhmGqjlE0cI1czdiumIaEKtC6rkQghWX14n7XotuKz5d/VKo5rHUURn6BxVUYCuUAPdoiZqIYo0ekav6M178l68d+9j2Vrw8plT9Afe5w8cQZIr</latexit>

number of beds

<latexit sha1_base64="defLodMAOEI64YPtJgvcvMCA9KY=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KkkP6rHiQY8V7Ae0oWy2m3bpZhN2J0II/RlePCji1V/jzX/jts1BWx8sPN6bmZ15QSKFQdf9dtbWNza3tks75d29/YPDytFx28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ35nSeujYjVI2YJ9yM6UiIUjKKVenc3hNGEMoHZoFJ1a+4cZJV4BalCgeag8tUfxiyNuEImqTE9z03Qz6lGwSSflvup4Xb0hI54z1JFI278fL7ylJxbZUjCWNunkMzV3x05jYzJosBWRhTHZtmbif95vRTDaz8XKkmRK7b4KEwlwZjM7idDoTlDmVlCmRZ2V8LGVFOGNqWyDcFbPnmVtOs177LmPtSrDbeIowSncAYX4MEVNOAemtACBjE8wyu8Oei8OO/Ox6J0zSl6TuAPnM8fr6WQzw==</latexit>

GA capacity

ICD02 ICD13 ICD21 ICD09 ICD18 Other Electives

ICD10 ICD18 ICD19 ICD09 ICD11 Other Emergencies

COVID Other Emergencies

March 2020 April 2020 May 2020 June 2020 July 2020 August 2020 September 2020 October 2020 November 2020 December 2020 January 2021 Februrary 2021 March 2021
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<latexit sha1_base64="qtkiFrUcO2DTNQARGNnrG55d4qE=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KkkP6rHYi8cK9gPSUDbbTbt0kw27E6GE/gwvHhTx6q/x5r9x2+agrQ8WHu/NzM68MJXCoOt+OxubW9s7u6W98v7B4dFx5eS0Y1SmGW8zJZXuhdRwKRLeRoGS91LNaRxK3g0nzbnffeLaCJU84jTlQUxHiYgEo2glv9kkjKaUCZwOKlW35i5A1olXkCoUaA0qX/2hYlnME2SSGuN7bopBTjUKJvms3M8Mt6MndMR9SxMacxPki5Vn5NIqQxIpbV+CZKH+7shpbMw0Dm1lTHFsVr25+J/nZxjdBrlI0gx5wpYfRZkkqMj8fjIUmjOUU0so08LuStiYasrQplS2IXirJ6+TTr3mXdfch3q1cVfEUYJzuIAr8OAGGnAPLWgDAwXP8ApvDjovzrvzsSzdcIqeM/gD5/MHsfGQ3w==</latexit>

CC capacity

<latexit sha1_base64="Xv8gG46iomspUQMOvprdsIoedRw=">AAAB+3icbVDLTgJBEJzFF+IL8ehlImjwQnY5qEcMJnrERB4JbMjsbC9MmJ3dzMwayYZf8eJBY7z6I978G4fHQcFKOqlUdae7y4s5U9q2v63M2vrG5lZ2O7ezu7d/kD8stFSUSApNGvFIdjyigDMBTc00h04sgYQeh7Y3qk/99iNIxSLxoMcxuCEZCBYwSrSR+vnCbal3VrrG5RsQDHxcr5/380W7Ys+AV4mzIEW0QKOf/+r5EU1CEJpyolTXsWPtpkRqRjlMcr1EQUzoiAyga6ggISg3nd0+wadG8XEQSVNC45n6eyIloVLj0DOdIdFDtexNxf+8bqKDKzdlIk40CDpfFCQc6whPg8A+k0A1HxtCqGTmVkyHRBKqTVw5E4Kz/PIqaVUrzkXFvq8Wa+VFHFl0jE5QGTnoEtXQHWqgJqLoCT2jV/RmTawX6936mLdmrMXMEfoD6/MHWiaR+g==</latexit> G
&
A

(D
en

ie
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<latexit sha1_base64="fOgnQfZkKa1uvZ2Ln2v2dlfzxBo=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoOQKtylUMtAGsso5gOSI+xt5pIle3vH7p4QjvwDGwtFbP1Hdv4bN8kVmvhg4PHeDDPzgkRwbVz32ylsbe/s7hX3SweHR8cn5dOzjo5TxbDNYhGrXkA1Ci6xbbgR2EsU0igQ2A2mzYXffUKleSwfzSxBP6JjyUPOqLHSQ7M5LFfcmrsE2SReTiqQozUsfw1GMUsjlIYJqnXfcxPjZ1QZzgTOS4NUY0LZlI6xb6mkEWo/W146J1dWGZEwVrakIUv190RGI61nUWA7I2omet1biP95/dSEt37GZZIalGy1KEwFMTFZvE1GXCEzYmYJZYrbWwmbUEWZseGUbAje+subpFOvedc1975eaVTzOIpwAZdQBQ9uoAF30II2MAjhGV7hzZk6L86787FqLTj5zDn8gfP5AxnbjP0=</latexit> C
C

<latexit sha1_base64="shASUTD1pi5hXVamPYvcpzniOXc=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoOQU9jNQT0GvHiMYB6QrGF2tjcZMo9lZlYJIf/hxYMiXv0Xb/6Nk2QPmljQUFR1090VpZwZ6/vfXmFjc2t7p7hb2ts/ODwqH5+0jco0hRZVXOluRAxwJqFlmeXQTTUQEXHoROObud95BG2Ykvd2kkIoyFCyhFFinfQgMxGBxirBEcRmUK74NX8BvE6CnFRQjuag/NWPFc0ESEs5MaYX+KkNp0RbRjnMSv3MQEromAyh56gkAkw4XVw9wxdOiXGitCtp8UL9PTElwpiJiFynIHZkVr25+J/Xy2xyHU6ZTDMLki4XJRnHVuF5BDhmGqjlE0cI1czdiumIaEKtC6rkQghWX14n7XotuKz5d/VKo5rHUURn6BxVUYCuUAPdoiZqIYo0ekav6M178l68d+9j2Vrw8plT9Afe5w8cQZIr</latexit>

number of beds
ICD09 ICD02 ICD10 ICD19 ICD11 Other Electives

COVID ICD09 ICD11 ICD19 ICD10 Other Emergencies

COVID Other Emergencies

<latexit sha1_base64="shASUTD1pi5hXVamPYvcpzniOXc=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoOQU9jNQT0GvHiMYB6QrGF2tjcZMo9lZlYJIf/hxYMiXv0Xb/6Nk2QPmljQUFR1090VpZwZ6/vfXmFjc2t7p7hb2ts/ODwqH5+0jco0hRZVXOluRAxwJqFlmeXQTTUQEXHoROObud95BG2Ykvd2kkIoyFCyhFFinfQgMxGBxirBEcRmUK74NX8BvE6CnFRQjuag/NWPFc0ESEs5MaYX+KkNp0RbRjnMSv3MQEromAyh56gkAkw4XVw9wxdOiXGitCtp8UL9PTElwpiJiFynIHZkVr25+J/Xy2xyHU6ZTDMLki4XJRnHVuF5BDhmGqjlE0cI1czdiumIaEKtC6rkQghWX14n7XotuKz5d/VKo5rHUURn6BxVUYCuUAPdoiZqIYo0ekav6M178l68d+9j2Vrw8plT9Afe5w8cQZIr</latexit>

<latexit sha1_base64="defLodMAOEI64YPtJgvcvMCA9KY=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KkkP6rHiQY8V7Ae0oWy2m3bpZhN2J0II/RlePCji1V/jzX/jts1BWx8sPN6bmZ15QSKFQdf9dtbWNza3tks75d29/YPDytFx28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ35nSeujYjVI2YJ9yM6UiIUjKKVenc3hNGEMoHZoFJ1a+4cZJV4BalCgeag8tUfxiyNuEImqTE9z03Qz6lGwSSflvup4Xb0hI54z1JFI278fL7ylJxbZUjCWNunkMzV3x05jYzJosBWRhTHZtmbif95vRTDaz8XKkmRK7b4KEwlwZjM7idDoTlDmVlCmRZ2V8LGVFOGNqWyDcFbPnmVtOs177LmPtSrDbeIowSncAYX4MEVNOAemtACBjE8wyu8Oei8OO/Ox6J0zSl6TuAPnM8fr6WQzw==</latexit>

<latexit sha1_base64="qtkiFrUcO2DTNQARGNnrG55d4qE=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KkkP6rHYi8cK9gPSUDbbTbt0kw27E6GE/gwvHhTx6q/x5r9x2+agrQ8WHu/NzM68MJXCoOt+OxubW9s7u6W98v7B4dFx5eS0Y1SmGW8zJZXuhdRwKRLeRoGS91LNaRxK3g0nzbnffeLaCJU84jTlQUxHiYgEo2glv9kkjKaUCZwOKlW35i5A1olXkCoUaA0qX/2hYlnME2SSGuN7bopBTjUKJvms3M8Mt6MndMR9SxMacxPki5Vn5NIqQxIpbV+CZKH+7shpbMw0Dm1lTHFsVr25+J/nZxjdBrlI0gx5wpYfRZkkqMj8fjIUmjOUU0so08LuStiYasrQplS2IXirJ6+TTr3mXdfch3q1cVfEUYJzuIAr8OAGGnAPLWgDAwXP8ApvDjovzrvzsSzdcIqeM/gD5/MHsfGQ3w==</latexit>

<latexit sha1_base64="Xv8gG46iomspUQMOvprdsIoedRw=">AAAB+3icbVDLTgJBEJzFF+IL8ehlImjwQnY5qEcMJnrERB4JbMjsbC9MmJ3dzMwayYZf8eJBY7z6I978G4fHQcFKOqlUdae7y4s5U9q2v63M2vrG5lZ2O7ezu7d/kD8stFSUSApNGvFIdjyigDMBTc00h04sgYQeh7Y3qk/99iNIxSLxoMcxuCEZCBYwSrSR+vnCbal3VrrG5RsQDHxcr5/380W7Ys+AV4mzIEW0QKOf/+r5EU1CEJpyolTXsWPtpkRqRjlMcr1EQUzoiAyga6ggISg3nd0+wadG8XEQSVNC45n6eyIloVLj0DOdIdFDtexNxf+8bqKDKzdlIk40CDpfFCQc6whPg8A+k0A1HxtCqGTmVkyHRBKqTVw5E4Kz/PIqaVUrzkXFvq8Wa+VFHFl0jE5QGTnoEtXQHWqgJqLoCT2jV/RmTawX6936mLdmrMXMEfoD6/MHWiaR+g==</latexit>

<latexit sha1_base64="fOgnQfZkKa1uvZ2Ln2v2dlfzxBo=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoOQKtylUMtAGsso5gOSI+xt5pIle3vH7p4QjvwDGwtFbP1Hdv4bN8kVmvhg4PHeDDPzgkRwbVz32ylsbe/s7hX3SweHR8cn5dOzjo5TxbDNYhGrXkA1Ci6xbbgR2EsU0igQ2A2mzYXffUKleSwfzSxBP6JjyUPOqLHSQ7M5LFfcmrsE2SReTiqQozUsfw1GMUsjlIYJqnXfcxPjZ1QZzgTOS4NUY0LZlI6xb6mkEWo/W146J1dWGZEwVrakIUv190RGI61nUWA7I2omet1biP95/dSEt37GZZIalGy1KEwFMTFZvE1GXCEzYmYJZYrbWwmbUEWZseGUbAje+subpFOvedc1975eaVTzOIpwAZdQBQ9uoAF30II2MAjhGV7hzZk6L86787FqLTj5zDn8gfP5AxnbjP0=</latexit>

<latexit sha1_base64="shASUTD1pi5hXVamPYvcpzniOXc=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoOQU9jNQT0GvHiMYB6QrGF2tjcZMo9lZlYJIf/hxYMiXv0Xb/6Nk2QPmljQUFR1090VpZwZ6/vfXmFjc2t7p7hb2ts/ODwqH5+0jco0hRZVXOluRAxwJqFlmeXQTTUQEXHoROObud95BG2Ykvd2kkIoyFCyhFFinfQgMxGBxirBEcRmUK74NX8BvE6CnFRQjuag/NWPFc0ESEs5MaYX+KkNp0RbRjnMSv3MQEromAyh56gkAkw4XVw9wxdOiXGitCtp8UL9PTElwpiJiFynIHZkVr25+J/Xy2xyHU6ZTDMLki4XJRnHVuF5BDhmGqjlE0cI1czdiumIaEKtC6rkQghWX14n7XotuKz5d/VKo5rHUURn6BxVUYCuUAPdoiZqIYo0ekav6M178l68d+9j2Vrw8plT9Afe5w8cQZIr</latexit>
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Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar

LP
G&A 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%

CC 63% 93% 100% 100% 100% 100% 100% 100% 100% 76% 91% 99% 100%

DR
G&A 100% 101% 100% 100% 100% 100% 100% 100% 100% 100% 99% 101% 100%

CC 63% 94% 99% 100% 100% 100% 100% 98% 99% 78% 93% 101% 101%

R
G&A 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 99% 100% 100%

CC 66% 95% 107% 108% 101% 104% 97% 96% 100% 76% 90% 100% 101%

Recovery Guarantees

Deterministic Rounding Approach: 

YLL +0.02%, G&A +0.04%, CC +0.31%


Randomization Approach: 

YLL -0.01%, G&A +0.05%, CC +1.56%


Hospital Occupancy:
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Recovery of Individual DP Policies: Randomized Approach 

Proof (Expected Total Reward): θ⋆ ≥ θ
DP
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