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CHALLENGE	
  
Mission	
  requirements	
  subject	
  	
  
to	
  enormous	
  uncertainty,	
  	
  

even	
  in	
  peace+me	
  
US	
  Air	
  Mobility	
  Command	
  Mission:	
  
Op+mally	
  schedule	
  1300	
  aircraX	
  for	
  

Execu3on	
  stage:	
  Assumes	
  
probabilis+c	
  distribu+on	
  	
  
of	
  uncertain	
  parameters	
  	
  

is	
  known	
  and	
  evaluates	
  them	
  
for	
  the	
  stage	
  1	
  decision	
  

q  Demand	
  delays	
  
q  Demand	
  changes	
  
q  AircraX	
  breakdown	
  

q  Weather	
  events	
  
q  Natural	
  disaster	
  
q  Conflicts	
  

q  Cargo	
  shipment	
  
q  Personnel	
  	
  

movement	
  

q  Dis+nguished	
  	
  
visitor	
  support	
  

q  Air	
  refueling	
  

APPLICATIONS	
  

Agriculture	
  

Finance	
  

Produc+on	
  planning	
  

Forestry	
  

Supply-­‐chain	
  Management	
  

Energy-­‐grids	
  

Telecommunica+on	
  

Transporta+on	
  

CASE	
  STUDY:	
  US	
  MILITARY	
  
	
  AICRAFT	
  ALLOCATION	
  PROBLEM	
  

US	
  AMC	
  yearly	
  expenses:	
  ~USD	
  4	
  Billion	
  
q Average	
  cost	
  benefit:	
  10%	
  
q Robustness:	
  66%	
  reduc+on	
  in	
  variance	
  

Planning	
  Stage:	
  Makes	
  
decision	
  about	
  known	
  

parameters	
  	
  

What	
  is	
  different/	
  new	
  that	
  we	
  are	
  doing?	
  
•  Solving	
  large	
  scale	
  stochas+c	
  op+miza+on	
  problems	
  
•  Not	
  looked	
  before	
  because	
  stochas+c-­‐op+miza+on	
  is	
  a	
  hard	
  problem	
  

•  Combine	
  stochas+c	
  programming	
  with	
  high	
  performance	
  compu+ng	
  
•  Facilitates	
  reconcilia+on	
  of	
  myriad	
  possible	
  outcomes	
  in	
  a	
  +mely	
  manner	
  
•  Makes	
  it	
  feasible	
  to	
  solve	
  integer	
  programs	
  

	
  LIMITATIONS	
  OF	
  NAÏVE	
  PARALLELIZATION	
  	
  

Stg1Solver
Integer Program

Manager

Stg2Solver
LP

Stg2Solver
LP
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halfspaces. By the Strong Duality Theorem, this is the same as the highest locally-optimal vertex in the
hyperplane arrangement.

SIMPLEX2(H):
if there is no locally optimal vertex

return UNBOUNDED

x  any locally optimal vertex
while x is not feasbile
hhpivot upward, maintaining local optimalityii
if every locally optimal neighbor of x is lower than x

return INFEASIBLE

else
x  any locally-optimal neighbor of x that is higher than x

return x

Let’s ignore the first three lines for the moment. The algorithm maintains a locally optimal vertex x .
At each pivot operation, it moves to a higher vertex, so the algorithm never visits the same vertex more
than once. Thus, the algorithm must halt after at most

�n+d
d

�
pivots. When the algorithm halts, either

the locally optimal vertex x is feasible, and therefore the optimum vertex, or the locally optimal vertex x
is not feasible but has no higher locally optimal neighbor, in which case the problem must be infeasible.

The primal simplex (falling marble) algorithm in action. The dual simplex (rising bubble) algorithm in action.

From the standpoint of linear algebra, there is absolutely no difference between running SIMPLEX1 on
any linear program ⇧ and running SIMPLEX2 on the dual linear program q. The actual code is identical.
The only difference between the two algorithms is how we interpret the linear algebra geometrically.

J.4 Computing the Initial Basis

To complete our description of the simplex algorithm, we need to describe how to find the initial vertex x .
Our algorithm relies on the following simple observations.

First, the feasibility of a vertex does not depend at all on the choice of objective vector; a vertex is
either feasible for every objective function or for none. No matter how we rotate the polyhedron, every
feasible vertex stays feasible. Conversely (or by duality, equivalently), the local optimality of a vertex
does not depend on the exact location of the d hyperplanes, but only on their normal directions and
the objective function. No matter how we translate the hyperplanes, every locally optimal vertex stays

3
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(10 t, 120 scenarios) on Abe (Intel 64 Cluster)
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ABLE	
  TO	
  SOLVE	
  LARGE	
  PROBLEMS	
  IN	
  A	
  TIMELY	
  MANNER	
  	
  
WITH	
  SIGNIFICANT	
  PARALLEL	
  SPEEDUPS	
  


