
Linear Programming Tools for 

Scheduling Trainees in Healthcare 

William Pozehl 

Rishindra Reddy MD 

F. Jacob Seagull PhD 

Mark Daskin PhD 

Amy Cohn PhD 

Janice Davis 

Nate Janes 

Yicong Zhang 



Presentation Outline 

ÅBackground 

ÅMotivation 

ÅModel Formulation 

ÅModel Implementation 

ÅConclusions and Future Work 

2 



Presentation Outline 

ÅBackground  

ÅMotivation 

ÅModel Formulation 

ÅModel Implementation 

ÅConclusions and Future Work 

3 



Attending  

Fellowship  

Residency 

Internship  

Medical School  

Undergraduate Program  

Attending  

Fellowship  

Residency 

Internship  

Medical School  

Undergraduate Program  

Healthcare Training Basics 

M4  

   M3 

      M2 

         M1 

PGY1 

PGY4 

   PGY3 

      PGY2 

4 

M4  

   M3 

      M2 

         M1 



Healthcare Training at Michigan 

105 
training 

programs 

1,199 
trainees 

80 
fellowships 

25 
residencies 
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Importance of Scheduling 
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Who does the Scheduling? 

ÅProgram dependent 

ïChief Resident 

ïFaculty (Program Director) 

ïSenior Administrative Staff 
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Challenges in Scheduling 

ÅTime-intensive process 

ÅNumerous stakeholders 

ÅComplex rules and legal 
requirements 

ÅConflicting goals 

ÅVarying strategies and 
interdependencies 

ÅòGood enoughó mentality 
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PGY1 PGY2 PGY3 PGY4 PGY5 PGY6 PGY7 

1 
RED GOLD BLUE 

VA 
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C
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E
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BLUE 

RED 
2 

3 
BLUE HAND ENT GOLD 

4 BLUE 

5 
HAND SJMH SJMH SJMH RED 

BLUE 
6 

7 TBE 
DAY CSLT GOLD 

OP 
SJMH 

8 GI SURG OMFS 

9 VA GS-VASC RED DAY CSLT 
NIGHT CSLT HAND 

GOLD 
10 VASC ORTHO NIGHT CSLT 

11 STX TBE VASC 
RED HAND 

12 PED SURG SICU SURG ONC 

Plastic Surgery (4 residents per level per year)  

PGY1 PGY2 PGY3 PGY4 PGY5 

1 MAIZE MAIZE MAIZE MAIZE 
MAIZE 

2 BLUE BLUE BLUE BLUE 

3 WHITE WHITE WHITE WHITE 
BLUE 

4 MAIZE/BLUE/WHITE MAIZE/BLUE/WHITE 

ACS 

ACS 

5 ACS 

ACS 
WHITE 

6 DSP 

7 PLA DSP 
ACS 

8 SICU ANES FLOAT 

9 STX DSP SICU STX 

10 SVA FLOAT THS ELECTIVE SVA 

11 VA CT SICU STX/SVA FOOTE VA GS 

12 VA GS-VASC VA GS-VASC VA GS VA GS-VASC VA GS-VASC 

General Surgery (6 residents + 12 fellows per level per year)  

Resident Education Requirements 

ÅEach program has unique educational 
requirements (operative and disease exposure) 
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Service Coverage Requirements 
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ÅEach service requires a resident complement 
comprised of varying skillsets and disciplines 
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PLA 

Traditional Scheduling Approach 

1. Build rotation templates 

2. Adjust for coverage and educational needs 

3. Renegotiate after reaching a dead-end 
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Project Goal 

Design a linear program which automates creation of a 
block schedule that satisfies the needs of the residents 

and services. 
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ÅA technique to solve complicated story problems 

ÅFour basic parts 

ïSets and parameters 

ïDecision variables 

ïObjective function 

ïConstraints 

Linear Programming Basics 
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Optimal Solution: (1, 4) 
Objective Value = 6 



Sets 

Ὑȡ ÒÅÓÉÄÅÎÔÓ 

ὅȡ ÒÅÓÉÄÅÎÔ ÃÁÔÅÇÏÒÉÅÓ 

Ὓȡ ÓÅÒÖÉÃÅÓ 

ὓȡ ÍÏÎÔÈÓ 
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Parameters 

ὥ ᶰπȟρȡÉÎÄÉÃÁÔÅÓ ÉÆ ÒÅÓÉÄÅÎÔ ► ÆÉÔÓ ÃÁÔÅÇÏÒÙ ╬ 
 

fl ȡ ÌÏ×ÅÒ ÂÏÕÎÄ ÏÎ ÎÕÍÂÅÒ ÏÆ ÒÅÓÉÄÅÎÔÓ ÆÉÔÔÉÎÇ  
     ÃÁÔÅÇÏÒÙ ╬ ÉÎ ÓÅÒÖÉÃÅ ▼ ÄÕÒÉÎÇ ÍÏÎÔÈ □ 

ל ȡ ÕÐÐÅÒ ÂÏÕÎÄ ÏÎ ÎÕÍÂÅÒ ÏÆ ÒÅÓÉÄÅÎÔÓ ÆÉÔÔÉÎÇ  
      ÃÁÔÅÇÏÒÙ ╬ ÉÎ ÓÅÒÖÉÃÅ ▼ ÄÕÒÉÎÇ ÍÏÎÔÈ □ 

 

‗ ȡ ÌÏ×ÅÒ ÂÏÕÎÄ ÏÎ ÎÕÍÂÅÒ ÏÆ ÍÏÎÔÈÓ ÒÅÓÉÄÅÎÔ ► 
ÍÕÓÔ ÓÐÅÎÄ ÏÎ ÓÅÒÖÉÃÅ ▼ 

‘ ȡ ÕÐÐÅÒ ÂÏÕÎÄ ÏÎ ÎÕÍÂÅÒ ÏÆ ÍÏÎÔÈÓ ÒÅÓÉÄÅÎÔ ► 
ÍÕÓÔ ÓÐÅÎÄ ÏÎ ÓÅÒÖÉÃÅ ▼ 
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Decision Variables 

ὼ ᶰπȟρȡ ×ÈÅÔÈÅÒ ÒÅÓÉÄÅÎÔ ► ÉÓ  

ÁÓÓÉÇÎÅÄ ÔÏ ÓÅÒÖÉÃÅ ▼ ÉÎ ÍÏÎÔÈ □ 

 ᶅὶɴ Ὑȟίɴ Ὓȟάᶰὓ 

 

 

The base model does not have an objective 
function.  
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Constraints 

1. Every resident gets assigned to one service every month 

●►▼□
▼ɴ╢

ȟ  ᶅ►ɴ ╡ȟ□ᶰ╜ 

 

2. Every resident satisfies their educational requirements 

ⱦ►▼ ●►▼□
□ ╜ɴ

Ⱨ►▼ȟ  ᶅ►ɴ ╡ȟ▼ɴ ╢ 

 

3. Every service satisfies their service coverage needs 

╬︡▼□ ╪►╬●►▼□
►ɴ╡

╬▼□ȟ  ᶅ╬ɴ ╒ȟ▼ɴ ╢ȟ□ᶰ╜ 

    .    .    . 
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Constraints 

1. Every resident gets assigned to one service every month 
 

   xSmith,Maize,July Is Dr. Smith assigned to the Maize service in July? 

 If yes, xSmith,Maize,July = 1.  If no, xSmith,Maize,July = 0. 
 

   xSmith,Blue,July Is Dr. Smith assigned to the Blue service in July? 

   xSmith,White,July Is Dr. Smith assigned to the White service in July? 

 

ὼ ȟ ȟ ὼ ȟ ȟ ὼ ȟ ȟ ρ 
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Constraints 

1. Every resident gets assigned to one service every month 
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Constraints 

2. Every resident satisfies their educational requirements 
 

   xSmith,Maize,July Is Dr. Smith assigned to the Maize service in July? 

 If yes, xSmith,Maize,July = 1.  If no, xSmith,Maize,July = 0. 
 

   xSmith,Maize,Aug Is Dr. Smith assigned to the Maize service in August? 
     .      .      . 
   xSmith,Maize,June Is Dr. Smith assigned to the Maize service in June? 

 

ρ ὼ ȟ ȟ ὼ ȟ ȟ ȢȢȢὼ ȟ ȟ ς 

22 



Constraints 

2. Every resident satisfies their educational requirements 
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Constraints 

3. Every service satisfies their service coverage needs 
 

   xSmith,Maize,July Is Dr. Smith assigned to the Maize service in July? 

 If yes, xSmith,Maize,July = 1.  If no, xSmith,Maize,July = 0. 

 

   aSmith,GS Is Dr. Smith a General Surgery resident? 

 If yes, aSmith,GS = 1.If no, aSmith,GS = 0. 

   aSmith,PGY1 Is Dr. Smith a PGY1 resident? 

 If yes, aSmith,PGY1 = 1. If no, aSmith,PGY1 = 0. 

   aSmith,GS_PGY1 Is Dr. Smith a General Surgery PGY1 resident? 

 If yes, aSmith,GS_PGY1 = 1. If no, aSmith,GS_PGY1 = 0. 
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Constraints 

3. Every service satisfies their service coverage needs 
 

σ ὥ ȟ ὼ ȟ ȟ ὥ ȟ ὼ ȟ ȟ

ὥ ȟ ὼ ȟ ȟ ȢȢȢὥ ȟ ὼ ȟ ȟ

τ 

 

ρ ὥ ȟ ὼ ȟ ȟ ὥ ȟ ὼ ȟ ȟ

ὥ ȟ ὼ ȟ ȟ ȢȢȢὥ ȟ ὼ ȟ ȟ ς 

 

╬︡▼□ ╪►╬●►▼□
►ɴ╡

╬▼□ȟ  ᶅ╬ɴ ╒ȟ▼ɴ ╢ȟ□ᶰ╜ 
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Expanded Model 

ÅDistributed Educational Requirements 

ÅDistributed Coverage Needs 

ÅExtended Rotations 

ÅService Sequencing 

ÅService Spacing 

ÅResident Pairing 
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Implementation Process 
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