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MoLvaLon	  

•  Safety	  impact	  of	  snow	  and	  ice	  
storms	  (USDOT,	  2014)	  
–  24%	  of	  annual	  weather-‐related	  vehicle	  

crashes	  on	  snowy	  or	  icy	  pavement	  
–  Over	  1,300	  fatal	  crashes	  in	  vehicle	  

crashes	  on	  snowy	  or	  icy	  roads	  
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•  Economic	  implicaLons	  
–  $300-‐$700	  M	  for	  1-‐day	  shutdown	  

(American	  Highway	  Users	  Alliance,	  
2010)	  

–  20%	  of	  state	  DOT	  maintenance	  budgets	  
for	  snow	  and	  ice	  control	  (USDOT,	  2014)	  

–  Over	  $110,000	  cost	  per	  shiV	  on	  
average	  for	  snow	  removal	  operaLons	  
(District	  of	  Columbia,	  2010)	  

Source: USDOT	  (FHWA	  Home	  Page),	  Accessed on April 20, 2014 



ContribuLons	  

•  Dynamic	  fleet	  scheduling	  in	  
long-‐storm	  condiLons:	  

•  Uncertain	  demand	  
•  Service	  disrupLon	  

	  

•  Route	  planning	  
•  Fleet	  assignment	  
•  Resource	  replenishment	  
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Dynamic	  Fleet	  
Management	  

Snow	  Plow	  Route	  
Planning	  

Strategic	  Infrastructure	  
Decisions	  

•  Resource	  planning	  and	  allocaLon:	  
•  Resource	  replenishment	  faciliLes	  
•  Roadway	  capacity	  expansion	  

•  Decision	  support	  tool	  



•  Problem	  Statement	  

•  Background	  

•  Model	  Development	  

•  SoluLon	  Approach	  

•  Numerical	  Results	  

•  Summary	  
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Outline	  
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Problem	  Statement	  
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Problem	  Statement	  

•  ConsideraLons:	  

–  Random	  availability	  of	  the	  tasks	  and	  trucks	  

•  New	  trucks	  and	  tasks	  become	  available	  via	  some	  random	  process	  

–  Truck	  reposiLoning	  

•  There	  is	  no	  available	  task	  
•  Tasks	  at	  other	  route	  have	  higher	  priority	  while	  service	  is	  disrupted	  

–  Truck	  deadheading	  
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Problem	  Statement	  

Automatic Vehicle Location (AVL) 
Source: www.mee-‐pya-‐Lte.com,	  
Accessed on Feb 25, 2014 
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Background	  

•  Dynamic	  Programming	  (DP)	  Methods	  

	  

•  Not	  as	  sensiLve	  to	  large	  state	  spaces,	  but	  suffer	  from	  large	  acLon	  
spaces	  

•  Require	  the	  ability	  to	  esLmate	  the	  value	  of	  the	  system	  being	  in	  a	  
parLcular	  state	  

•  Convergence	  proofs	  are	  only	  available	  under	  very	  strong	  assumpLons	  
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Method	   Objec,ve/Focus	   Researcher	  

TradiLonal	  DP	   Discrete	  state	  and	  acLon	  spaces	   Puterman	  1994	  

Forward	  DP	   Monte	  Carlo	  	   Bertsekas	  and	  Tsitsiklis	  1996,	  
Sueon	  and	  Barto	  1998	  

Dynamic	  Fleet	  Management	  



Background	  

•  StochasLc	  Linear	  Programming	  Methods	  (Infanger	  1994,	  Kall	  &	  

Wallace	  1994,	  Birge	  &	  Louveaux	  1997,	  Powell	  2002)	  

	  

1.  limit	  the	  size	  of	  the	  problem	  we	  can	  consider	  
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Method	   Objec,ve/Focus	   Researcher	  

Two-‐stage	  
stochasLc	  linear	  
programs	  

Large-‐scale	  opLmizaLon	  
problems	  subject	  to	  non-‐
anLcipaLvity	  constraints	  

Dantzig	  1955,	  Rockafellar	  &	  Wets	  
1991	  

Approximate	  the	  second-‐
stage	  recourse	  funcLon	  
(linearizaLon	  methods,	  
staLc/dynamic	  sampling)	  

Ermoliev	  1988,	  Ruszczynski	  1980,	  
Van	  Slyke	  &	  Wets	  1969,	  Higle	  &	  
Sen	  1991	  

MulLstage	  problems	   Nested	  Benders	  algorithm	   Birge	  1985	  

Sampling-‐based	  methods	  	   Higle	  &	  Sen	  1991,	  Pereira	  &	  Pinto	  
1991,	  Chen	  &	  Powell	  1999	  
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Background	  

•  ApproximaLon	  Methods	  in	  the	  Context	  of	  Fleet	  Management	  

	  

1.  limit	  the	  size	  of	  the	  problem	  we	  can	  consider	  
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Method	   Objec,ve/Focus	   Researcher	  

Methods	  for	  conLnuous	  
flows	  	  

Designed	  for	  non-‐integer	  flows	  	   Jordan	  &	  Turnquist	  1983,	  
Powell	  1986	  

ApproximaLons	  that	  
naturally	  produce	  integer	  
soluLons	  	  

Not	  designed	  for	  problems	  with	  Lme	  
windows	  (difficult	  to	  apply)	  

Powell	  1987,	  Frantzeskakis	  
&	  Powell	  1990,	  Cheung	  &	  
Powell	  1996,	  Powell	  &	  
Carvalho	  1998	  

Linear	  approximaLon	  with	  
a	  mulLplier	  adjustment	  
procedure	  (LAMA)	  

Works	  only	  on	  determinisLc	  problems	   Carvalho	  &	  Powell	  2000	  

CAVE	  (Concave	  AdapLve	  
Value	  EsLmaLon)	  
algorithm	  	  

•  Construct	  a	  concave,	  separable,	  
piecewise-‐linear	  approximaLon	  of	  
value	  funcLon	  	  

•  More	  flexible	  and	  responsive	  than	  
linear	  approximaLons	  

Godfrey	  &	  Powell	  2001,	  
2002	  
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Background	  

•  Online	  Vehicle	  RouLng	  Problem	  

	  

1.  limit	  the	  size	  of	  the	  problem	  we	  can	  consider	  
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Method	   Objec,ve/Focus	   Researcher	  

Online	  rouLng	  algorithms	  
w/o	  service	  flexibility	  and	  
rejecLon	  opLons	  

Minimize	  the	  Lme	  to	  visit	  a	  set	  of	  
locaLons	  that	  are	  revealed	  incrementally	  
over	  Lme	  

Jaillet	  &	  Wagner	  2007,	  
Jaillet	  &	  Lu	  2011,	  Yang	  

Rolling	  horizon	  technique	  
using	  a	  mixed	  integer	  
programming	  formulaLon	  
for	  the	  offline	  version	  

Online	  fleet	  assignment	  and	  scheduling	  
Minimize	  costs	  of	  empty	  travels,	  jobs’	  
delayed	  compleLon	  Lmes,	  and	  job	  
rejecLons	  w/o	  Lme	  windows	  

Yang,	  Jaillet,	  &	  
Mahmassani	  1998,	  
2002,	  2004	  

SimulaLon	  framework	  
using	  real-‐Lme	  info	  about	  
vehicle	  locaLons	  and	  
demands	  

Dynamic	  dispatching,	  load	  acceptance,	  
and	  pricing	  strategies	  

Regan,	  Mahmassani,	  
&	  Jaillet	  1996	  
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Model	  Development	  

•  Network:	  
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Model	  Development	  

•  Trucks	  and	  Tasks:	  
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Model	  Development	  

•  Decision	  Variables:	  

•  State	  Variables:	  

–  Special	  case:	  if	  the	  Lme	  window	  is	  Lght,	  	  
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Model	  Development	  

•  ObjecLve	  FuncLon:	  
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SoluLon	  Approach	  
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(5)	  
	  
(6)	  

(2)-‐(4)	  and	  (6)	  

(7)	  Bellman	  Eq.	  
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SoluLon	  Approach	  

•  Fipng	  Concave	  FuncLonal	  ApproximaLons	  (CAVE*)	  
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*	  Concave	  AdapLve	  Value	  EsLmaLon	  
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Numerical	  Results	  
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Problem	  Characteris,cs	   A;ribute	  Values	  

number	  of	  routes	   Lake	  County,	  IL	  opLmal	  truck	  routes	  

number	  of	  trucks	   equal	  to	  the	  number	  of	  routes,	  but	  subject	  to	  failure	  

planning	  horizon	  length,	  T	   8	  Lme	  periods	  

number	  of	  tasks	  over	  simulaLon	   from	  Lake	  County,	  IL	  task	  links*	  

Lme	  period	  length	  (fixed)	   20	  min	  

net	  task	  revenue	  per	  mile	   $10	  

reposiLoning	  cost	  per	  mile	   $1	  

deadhead	  cost	  per	  mile	   $1	  

•  Tasks	  become	  available	  over	  Lme	  on	  routes	  

Dynamic	  Fleet	  Management	  

•  The	  algorithm	  is	  coded	  in	  C++	  and	  run	  on	  a	  desktop	  computer	  with	  2.67	  GHz	  CPU	  and	  3	  GB	  memory	  	  
•  CPLEX	  is	  called	  to	  solve	  the	  forward	  simulaLon.	  
•  Number	  of	  routes	  in	  the	  last	  iteraLon	  =	  14	  
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Numerical	  Results	  
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•  Comparison	  with	  alternaLve	  algorithms	  
–  5.8%	  difference	  over	  the	  planning	  

horizon	  



Summary	  

•  Dynamic	  fleet	  management	  for	  snow	  control	  acLviLes	  under	  
uncertainty	  (operaLons)	  

–  Approximate	  Dynamic	  Programming	  (ADP)	  including	  a	  forward	  
simulaLon	  followed	  by	  an	  update	  

–  Case	  study	  based	  on	  LCDOT	  truck	  routes	  

–  Comparison	  with	  a	  greedy	  approach	  
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