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MY BACKGROUND

* Undergraduate degree in applied math (but did an honors thesis on
a healthcare application)

« Six years in the trucking industry (actually related to healthcare
delivery...)

 PhD in aviation planning (even more related to healthcare delivery!)

 Almost 20 years at UM on the faculty in Department of Industrial and
Operations Engineering

« Transition from freight and passenger transportation to healthcare

* Inaugural Associate Director of Center for Healthcare Engineering
and Patient Safety
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CHEPS OUR MISSION
Y =L —_— . : ; 2 Bringing together teams
| from across a wide
spectrum of disciplines
, e X A to make an impact by
INNOVATE HEALTHCARE (SSilll Solving complex real-

DELIVERY world healthcare
W T TR . VoSS problems

FOSTER
LEARNING
b,
Nurturing a vibrant
and diverse
community of
individuals working,
MR learning, and having
gl fun together

Providing experiential
learning opportunities for
students, faculty, and
practitioners from across
the campus and beyond
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CHEPS: HOW WE DO IT

'RESEARCH

IMPLEMENTATION
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CHEPS: HOWWE DO IT

OUTREACH
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COMMERCIAL BREAK
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EXAMPLE OF A COMPLEX
SYSTEM: PASSENGER AVIATION
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EXAMPLE OF A COMPLEX
SYSTEM: PASSENGER AVIATION

EEEEEEEEE

HEALTHCARE ENGINEERING & PATIENT SAFETY



EXAMPLE OF A COMPLEX
SYSTEM: PASSENGER AVIATION

Legend
Origin=8
Destination = G

Sched. Dep. = 545 . Reiot nexde

Sched. Arr. =745 Nodes with propagated
Slack = 545-500-35 = 10 O delay (disrupted flights)
Propagated delay = 170

L] i O Nodes with no propagation

cockpit crew

aircraft
cockpit crew cockpit crew
aircraft aircraft
cockpit crew

Origin=C Origin=F Origin = A
Destination = F Destination = A Destination = G
Sched. Dep. = 900 Sched. Dep. = 1090 Sched. Dep. = 1260
Sched. Arr. = 1050 Sched, Arr. = 1150 Sched. Arr. = 1380
Slack = 900-745-35=120 Slack = 1090-1050-35=5 Slack = 1260-1150-35=75
Prapagated delay = 50 Propagated delay = 45 No propagated delay
Qrigin= A
Destination = B aircraft
Sched. Dep. = 400
Sched. Arr. =500
Root delay = 180 cockpit crew
airoraft Root Flight = flight 1
Origin=B Root Delay = 180
Destination = D
Sched. Dep. = 550 s Total propagated delay = 430
Sched. Arr. = 779 +  Severity=4
Slack = 550-500-35=15 «  Magnitude = 430/180 = 2.388
Propagated delay = 165 Origin =D « Depthefthetree=3
Destination = H e Depthratio =% =075
Sched. Dep. e Splt=2
Sched. Arr. s« Stay=1
Slack = 1025-775-35=215 + Crew-out=1
No propagated delay *  Splitratio = 2/4=0.5
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PASSENGER AVIATION ->
CHEMOTHERAPY INFUSION
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EXAMPLE OF A COMPLEX SYSTEM:
FREIGHT TRANSPORTATION NETWORK
DESIGN
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EXAMPLE OF A COMPLEX SYSTEM:
FREIGHT TRANSPORTATION NETWORK
DESIGN
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FREIGHT TRANSPORTATION NETWORK
DESIGN -> SCREENING VETERANS FOR
DIABETIC RETINOPATHY
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FREIGHT TRANSPORTATION NETWORK
DESIGN -> SCREENING VETERANS FOR
DIABETIC RETINOPATHY
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ANOTHER EXAMPLE:
ED OVERCROWDING
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ANOTHER EXAMPLE:
ED OVERCROWDING
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HOW DOES CHEPS HELP TO
IMPROVE SUCH COMPLEX SYSTEMS?
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WHAT TYPE OF WORK DO WE
DO AT CHEPS?
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WRAPPING UP:
WHY SHOULD YOU CARE?
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DISCUSSION
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HOW DO | DEFINE CARE DELIVERY
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HOW DO | DEFINE CARE DELIVERY
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TRADE-OFFS
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WHAT IS MEDICAL
RESIDENCY?
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WHAT IS MEDICAL
RESIDENCY?
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INHERENT TIME
CONFLICTS
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ED SHIFT SCHEDULING
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'n

IS THIS HARD?

WHY

6 5
813 516
2 1
8 4 7 6
6 3
7 9 1 4
5 2
712 619
4 5 8 7
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HOW SHIFT SCHEDULES
ARE TYPICALLY BUILT
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OPTIMIZATION PROBLEMS
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OPTIMIZATION PROBLEMS
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FORMULATIONS /| MODELS
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ASSIGNING RESEARCH PROJECTS
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ASSIGNING RESEARCH PROJECTS
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SHIFT SCHEDULING AS AN
OPTIMIZATION PROBLEM
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SHIFT SCHEDULING AS AN
OPTIMIZATION PROBLEM
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SHIFT SCHEDULING AS AN
OPTIMIZATION PROBLEM

» For each shift, we will have a separate constraint

* The constraint states that, across all residents, exactly
one must be chosen

CENTER FOR

HEALTHCARE ENGINEERING & PATIENT SAFETY

UNIVERSITY OF MICHIGAN



SHIFT SCHEDULING AS AN
OPTIMIZATION PROBLEM
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SHIFT SCHEDULING AS AN
OPTIMIZATION PROBLEM

» For each resident, we will have a separate constraint

 This constraint will sum all of the shifts assigned to that
resident and constrain this sum to be between 12 and
16
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SHIFT SCHEDULING AS AN
OPTIMIZATION PROBLEM
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SHIFT SCHEDULING AS AN
OPTIMIZATION PROBLEM

» For each resident, we will have a separate constraint

* This constraint will sum all of the shifts that are classified
as night shifts assigned to that resident and constrain this
sum to be between 2 and 5
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SHIFT SCHEDULING AS AN
OPTIMIZATION PROBLEM
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SHIFT SCHEDULING AS AN
OPTIMIZATION PROBLEM

* For each of these shifts, the decision variable is
automatically set to “No”
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SHIFT SCHEDULING AS AN
OPTIMIZATION PROBLEM
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SHIFT SCHEDULING AS AN
OPTIMIZATION PROBLEM

For each invalid assignment, automatically set the
variable to “No”
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