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Research Foundation

= Transportation and logistics research in complex
systems

m Research with Selin Kurnaz and Yoram Koren on
customer-responsive scheduling policies In
blocking flowshops

m Research with Ada Barlatt and Ford Motor

Company on scheduling in automotive stamping
facilities




Overall Goal

m Scheduling sequential, interdependent events
within a complex system

= Objective Is not to find “provably optimal™
solutions

= \We want solutions that:
¢ are high-quality
+ have reasonable run times
+ realistically model the real world
¢ are “easily implementable”
¢ are robust and responsive




MP Issues

m MP pros:
¢ Global viewpoint
+ General solution techniques
¢ Established commercial solvers
= MP cons:
+ Large numbers of constraints, variables
+ Non-linearities
+ Weak LP relaxations
+ No exploitation ofi problem-specific structures




Customized Heuristics Issues

m Pros:

¢ Exploit problem structure

+ More realistic

¢ Fast run times, convergence
m Cons:

+ Feasibility?

¢ Solution quality?

+ Adaptability?




Why not use both???




Our Approach: Modeling

m Composite variable modeling
¢ Variables represent multiple decisions simultaneously

+ Eg. Instead of a variable representing the assignment
of a product to a time slot on a machine, it might
represent an entire schedule for that machine

+ Embed complexity at the variable level rather than the
constraint level

+ Variables capture micro relationships and constraints
capture macro relationships

= Simple models but large numbers of constraints




Our Approach: Algorithms

= Full enumeration is infeasible, but high quality
results can be found with only a subset of the
variables

m | everage:
¢ Dual information
¢ User expertise
+ Problem structure




Our Approach: Benefits

= Tractability

= Solution quality

m Realism

= Implementability

= Robustness and responsiveness




Stamping Plant Application

Automotive Stamping Plant

Step 1
_ Step 3
Sheet Metal Blanking Sub-Assembly/Assembly

Forms colls of sheet metal into blank n :
Pressed parts undergo additional operations

(e.g. adding nuts and bolts)
W
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oL e Sheet Metal Stamping

Move parts between
FINISHED .
PART workstations

Diagrams from http://www.advantagefabricatedmetals.com and http://www.maybury.com/




Problem Statement

= How can we schedule a set of products on a given
press line so that we satisfy:

+ One product at a time
¢ All demands met

+ Implicit and explicit changeover times
Incorporated

+ Combined Inventory, labor, and changeover
costs minimized




Composite Variable Approach

= Our composite variable definition:

o X =1 if the n™ shift in the planning
horizon uses “shift-schedule” s

¢S Is a feasible shift-long set of events,
e.g.:
+ 8 hours of A

+4 hours of A, then a changeover, then 2
hours of B




Basic Model

m Each shift-schedule is feasible with respect to
change-overs

= Each shift-schedule has defined labor costs,
change-over costs, and production values (which
can be used to compute inventory)

= \WWe must choose exactly one schedule per shift

m T[he schedules must “match products™ at their end
points

= [he schedules must satisfy demand




Basic Formulation — Parameters

m S — Set of shift-schedules

J — Set of jobs (i.e. product types)

N — Number of shifts in the planning horizon

T — Number of days In the planning horizon

t[n] — Day t that includes shift n

d[t, j] — Quantity of job j due at the end of the day t

c9[n] — Cost of each changeover that occurs in the n™ shift
c'[j] = Per-unit inventory cost for job |

c"[n,j] — Direct labor cost to run job J In shift n




Basic Formulation — Parameters
(cont.)

alJ, s] — Quantity of job j produced in the shift-schedule s
f[J, s] =1 if j is the first job on shift-schedule s, else 0
I[], s] = 1 If j is the last job on shift-schedule s, else 0

b[s] = 1 if shift-schedule s begins with at least two hours of
Idle time

u[s] = 1 if shift-schedule s Is set up to run its last job for
less than two hours

g[s] — Number of change-overs in shift-schedule s




Basic Formulation — VVariables

m X[n, s] = 1 if shift-schedule s Is assigned to
the nt" shift, else 0

m I[t, ] = 0 — Inventory of job j at the end of
the t™ day (i[O, j] is the initial inventory)




Basic Formulation — Objective

Minimize the costs of:
= Change-overs: PICRUWNCERINE)

= |nventory. ;ZC'U’ JIFI )

m Direct labor:  PIAEUNIRSNCIRESUN)




Basic Formulation — Constraints

m Each shift gets one > x[n,s]=1vn
schedule: :

m Inventory:
> alj,sI*x[3t—3,s1+ > alj,s1*x[3t—2,5]+ > _al j,s]*x[3t -1,s] +

I[t—1 j]-dI[t, j]=1t, )]V, |




Basic Formulation — Constraints
(cont.)

m “Balance” constraints
D (u[sI*1[j,s)*x[n,s] < Z(b[S']* fLj,s')*x[n+1s']vj,n

Z(l[LS])*X[n,S]=Z(f[j,3'])*x[n+1,5']vj,n




Multiple Presslines

= How do schedules for different presslines
Interact?

+ Need to share labor force
+ Need to share resources (e.g. cranes)




Multiple Presslines (cont.)

= Extend the composite variable

¢ Each variable iIs a complete schedule for a given
pressline

¢ Select one schedule per pressline

+ Constraints may be explicit or generated
Iteratively

+ Heuristically generate candidate schedules

+ Exploit “wiggle room™ (make some detailed
decisions at a secondary level)

¢ L_everage dual information




Robustness and Responsiveness

= Natural mechanisms for incorporating
maintenance ISsues

¢ Planned: Redefine templates

+ Unplanned: Simulation, other tools to rule out
shift schedules that are “too risky” from a
maintenance stand point




Conclusions and Future Research

= This will not yield a provably optimal solution

m This (probably) will not yield useful lower
bounds/optimality gaps

= |t may yield feasible solutions in reasonable run
time of good guality that are implementable

= Models can naturally be extended to incorporate
other characteristics without significant
restructuring




