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•  Examples	
  
–  surgery	
  scheduling,	
  doctor	
  appointments,	
  diagnos#c,	
  treatment	
  
therapy	
  bookings,	
  CAT	
  scans,	
  colonoscopy	
  bookings	
  

•  Sources	
  of	
  randomness	
  
–  arrivals	
  and	
  mul#ple	
  priority	
  levels	
  
–  processing	
  dura#ons	
  	
  
–  no-­‐shows	
  and	
  emergencies	
  

•  Types	
  
–  advance	
  scheduling	
  
–  appointment	
  scheduling	
  (scheduling	
  within	
  a	
  day)	
  

Pa#ent	
  Scheduling	
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Challenges	
  

•  Mismatch	
  between	
  capacity	
  and	
  demand	
  

•  Uncertain#es	
  
–  demand	
  uncertainty	
  (type	
  and	
  arrivals	
  of	
  pa#ents)	
  
–  service	
  dura#on	
  uncertainty	
  

•  Booking	
  of	
  mul#ple	
  classes	
  of	
  pa#ents	
  

•  No-­‐shows	
  

•  Emergencies	
  

•  …..	
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Main	
  Concepts	
  
•  Matching	
  demand	
  with	
  capacity	
  

§  capacity	
  <	
  demand	
  è	
  backlog	
  and	
  wai#ng	
  #me	
  ↑	
  
§  capacity	
  >	
  demand	
  è	
  backlog	
  and	
  wai#ng	
  #me	
  ↓	
  (but	
  maybe	
  slow)	
  
§  capacity	
  =	
  demand	
  è	
  backlog	
  and	
  wai#ng	
  #me	
  ?	
  

•  Reducing	
  uncertain#es	
  /	
  variability:	
  process	
  redesign,	
  op#miza#on	
  and	
  
standardiza#on	
  
–  pa#ent	
  arrivals,	
  pa#ent	
  types,	
  no-­‐shows	
  
–  process	
  dura#ons	
  
–  other	
  aspects	
  of	
  opera#ons	
  such	
  as	
  late	
  starts	
  

•  Effec#ve	
  scheduling	
  
–  wait	
  target	
  #me	
  achievement	
  
–  less	
  wai#ng	
  within	
  a	
  day:	
  less	
  idle	
  #me,	
  less	
  over#me,	
  less	
  wait	
  #me	
  
–  less	
  backlog	
  in	
  the	
  queues	
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How	
  to	
  Reduce	
  Wait	
  Time/Queue	
  Size?	
  	
  

•  More	
  efficient	
  processing	
  
–  decrease	
  setups	
  and	
  idle	
  #mes	
  
–  specializa#on	
  (e.g.,	
  all	
  same/similar	
  type	
  of	
  scans	
  on	
  a	
  machine/day)	
  

•  More	
  efficient	
  scheduling	
  
–  smoothing	
  demand	
  when	
  possible,	
  e.g.,	
  using	
  lower	
  priority	
  pa#ents	
  

to	
  infill	
  a`er	
  higher	
  priority	
  pa#ents	
  are	
  scheduled	
  
–  determine	
  appropriate	
  service	
  dura#ons	
  
–  overbooking,	
  standby	
  lists	
  and	
  other	
  

•  When	
  possible,	
  
–  capacity	
  increase	
  
–  demand	
  decrease	
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How	
  to	
  Reduce	
  Wait	
  Time/Queue	
  Size?	
  	
  

•  Reduce	
  uncertainty	
  	
  
–  standard	
  exams	
  and	
  pa#ent	
  type	
  defini#ons	
  	
  
–  best	
  prac#ces,	
  process	
  redesign	
  and	
  op#miza#on	
  

•  Decrease	
  no-­‐shows	
  
–  inves#gate	
  why	
  	
  
–  reminders	
  and	
  confirma#ons,	
  e.g.,	
  1	
  week	
  and	
  2	
  days	
  before.	
  if	
  a	
  

pa#ent	
  did	
  not	
  confirm	
  their	
  appointment	
  2	
  days	
  in	
  advance,	
  book	
  
someone	
  else	
  

–  let	
  pa#ents	
  know	
  that	
  spots	
  are	
  scarce	
  and	
  precious	
  resource,	
  and	
  
they	
  should	
  inform	
  in	
  advance	
  if	
  they	
  cannot	
  make	
  their	
  appointment	
  	
  

–  let	
  pa#ents	
  choose	
  their	
  own	
  appointment	
  #me	
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How	
  to	
  Reduce	
  Wait	
  Time/Queue	
  Size?	
  	
  

•  Decrease	
  no-­‐shows	
  
–  open	
  access	
  (same	
  day	
  appointment)	
  concept	
  (may	
  not	
  be	
  suitable	
  for	
  

certain	
  exams	
  and	
  pa#ent	
  types)	
  
–  if	
  a	
  no	
  show	
  (without	
  a	
  valid	
  reason),	
  book	
  them	
  at	
  the	
  latest	
  possible	
  

#me	
  
–  book	
  in	
  the	
  order	
  of	
  decreasing	
  likelihood	
  of	
  no-­‐show	
  	
  
–  overbook	
  pa#ents,	
  have	
  standby	
  pa#ents	
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How	
  to	
  Reduce	
  Wait	
  Time/Queue	
  Size?	
  	
  

•  Track	
  pa#ents	
  with	
  >	
  target	
  #me	
  and	
  act	
  upon,	
  increase	
  their	
  
priority	
  or	
  schedule	
  them	
  first	
  in	
  their	
  priority	
  

•  Rebooked	
  ones	
  are	
  more	
  likely	
  to	
  show	
  up	
  

•  Be	
  flexible	
  and	
  do	
  over#me	
  when	
  necessary	
  

•  Start	
  on	
  #me,	
  i.e.,	
  do	
  not	
  start	
  late	
  	
  

•  Book	
  more	
  complicated	
  (e.g.,	
  longer)	
  and	
  variable	
  cases	
  later	
  
in	
  the	
  day	
  rather	
  than	
  earlier	
  in	
  the	
  day	
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How	
  to	
  Reduce	
  Wait	
  Time/Queue	
  Size?	
  	
  

•  Op#mal	
  appointment	
  dura#ons	
  can	
  be	
  found	
  to	
  minimize	
  total	
  idle	
  
and	
  over	
  #me	
  mathema#cally,	
  e.g.,	
  dome	
  shape	
  for	
  iden#cal	
  
appointments	
  

•  A	
  central	
  wait	
  list	
  or	
  allowing	
  pa#ents	
  to	
  go	
  from	
  one	
  place	
  to	
  
another	
  can	
  help	
  to	
  achieve	
  uniform	
  wait	
  #mes	
  across	
  the	
  system	
  

•  Schedule	
  high	
  priority	
  pa#ents	
  first	
  and	
  then	
  start	
  booking	
  lower	
  
priority	
  pa#ents	
  to	
  the	
  latest	
  date	
  allowed	
  and	
  move	
  closer	
  

•  Use	
  over#me	
  judiciously	
  to	
  ease	
  the	
  load	
  on	
  the	
  system	
  from	
  #me	
  
to	
  #me	
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Overbooking	
  (if	
  medically	
  allowed)	
  

•  Example:	
  10%	
  no-­‐show	
  rate,	
  10	
  spots	
  available,	
  book	
  11	
  
pa#ents,	
  i.e.,	
  1	
  extra	
  
–  if	
  a	
  pa#ent	
  fails	
  to	
  show	
  up,	
  you	
  s#ll	
  have	
  10	
  pa#ents	
  for	
  10	
  spots	
  
–  need	
  over#me	
  if	
  all	
  11	
  shows	
  up	
  and	
  some	
  pa#ents	
  wai#ng	
  #me	
  

(during	
  the	
  day)	
  may	
  increase	
  

•  Bailey's	
  rule:	
  book	
  2	
  pa#ents	
  to	
  the	
  first	
  sport	
  at	
  the	
  
beginning	
  of	
  the	
  day	
  to	
  reduce	
  idle	
  #me	
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Standby	
  List	
  

•  Some	
  pa#ents	
  may	
  be	
  	
  
–  willing	
  to	
  be	
  listed	
  on	
  a	
  standby	
  list	
  with	
  no	
  specific	
  appointment	
  day	
  

for	
  a	
  shorter	
  wai#ng	
  #me,	
  and	
  be	
  available	
  for	
  an	
  appointment	
  with	
  a	
  
short	
  no#ce	
  

•  Inform	
  them	
  as	
  soon	
  as	
  there	
  is	
  a	
  spot	
  available	
  in	
  the	
  
schedule.	
  If	
  no	
  availability	
  for	
  a	
  certain	
  period	
  of	
  #me	
  (e.g.,	
  2	
  
weeks),	
  overbook	
  them	
  (if	
  medically	
  allowed)	
  

•  Standby	
  pa#ents	
  would	
  be	
  more	
  likely	
  to	
  show	
  up	
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Lessons	
  from	
  applied	
  projects	
  I	
  

•  Define	
  an	
  acceptable	
  and	
  achievable	
  	
  service	
  criteria	
  

•  Be	
  proac#ve	
  rather	
  than	
  reac#ve	
  when	
  dealing	
  with	
  
uncertain	
  arrivals	
  

•  Try	
  to	
  set	
  Capacity	
  >	
  Demand	
  

•  Know	
  what	
  is	
  sensi#ve	
  /cri#cal	
  for	
  your	
  system	
  

•  Improve	
  and	
  op#mize	
  processes/opera#ons	
  constantly	
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Lessons	
  from	
  applied	
  projects	
  II	
  

•  Process	
  redesign	
  and	
  op#miza#on	
  
–  e.g.,	
  efficient	
  set	
  up	
  and	
  recovery,	
  hire	
  staff	
  when	
  needed	
  

•  Iden#fy	
  true	
  boolenecks	
  

•  Think	
  of	
  doing	
  things	
  to	
  u#lize	
  the	
  	
  expensive	
  resources	
  more	
  

•  Try	
  to	
  set	
  Capacity	
  >	
  Demand	
  

•  Collect	
  opera#onal	
  data,	
  analyze	
  data,	
  use	
  data,	
  report	
  performance	
  
across	
  different	
  units	
  and	
  compare	
  

•  Consider	
  temporary	
  solu#ons	
  to	
  clear	
  backlogs	
  

•  Scheduling	
  policy	
  maoers	
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Lessons	
  from	
  applied	
  projects	
  III	
  

•  Smooth	
  your	
  demand	
  when/if	
  possible	
  

•  Use	
  of	
  sophis#cated	
  mathema#cal	
  models	
  to	
  solve	
  complex	
  
problems	
  

•  Beoer	
  scheduling	
  can	
  lead	
  to	
  more	
  efficient	
  outcomes	
  

•  Savings	
  are	
  more	
  if	
  overall	
  system	
  can	
  be	
  considered	
  together	
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What	
  is	
  Management	
  Science	
  /	
  Opera#ons	
  Research?	
  

•  Different	
  names	
  but	
  similar	
  concept:	
  Analy#cs,	
  Quan#ta#ve	
  
Decision	
  Making,	
  Industrial	
  Engineering,	
  Process	
  op#miza#on	
  

•  A	
  collec#on	
  of	
  scien#fic	
  methods	
  of	
  providing	
  decision-­‐makers	
  
(e.g.,	
  opera#onal,	
  financial)	
  a	
  quan#ta#ve	
  basis	
  for	
  their	
  decision	
  
making	
  at	
  strategic,	
  tac#cal	
  and	
  opera#onal	
  levels.	
  

•  Data	
  à	
  informa#on	
  àknowledgeà	
  understanding	
  à	
  beoer	
  outcomes/policies	
  
•  evidence	
  based	
  decision	
  making	
  in	
  going	
  from	
  data	
  to	
  policy	
  

•  Mathema#cal	
  modeling,	
  op#miza#on,	
  simula#on,	
  decision	
  analysis,	
  
queuing	
  theory,	
  probability,	
  forecas#ng,	
  sta#s#cs,	
  game	
  theory	
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Examples	
  of	
  Ques#ons	
  OR/MS	
  can	
  Help	
  

•  Capacity	
  expansion	
  at	
  a	
  hospital	
  /	
  health	
  authority	
  
–  alterna#ve	
  and	
  scenario	
  planning	
  and	
  analysis	
  
–  projec#on,	
  forecas#ng,	
  predic#on	
  of	
  future	
  demand	
  
–  taking	
  into	
  account	
  uncertain#es	
  

•  Scheduling	
  (e.g.,	
  pa#ents,	
  appointments,	
  surgeries,	
  staff)	
  
•  Process	
  redesign	
  and	
  op#miza#on	
  (e.g.,	
  porter	
  opera#ons,	
  radia#on	
  therapy)	
  
•  Waitlist	
  management	
  
•  Medical	
  decision	
  making	
  (e.g.,	
  beam	
  op#miza#on,	
  ini#a#on	
  of	
  drug	
  therapy)	
  

•  Sample	
  projects	
  
–  Pa#ent	
  CT	
  wai#ng	
  #me	
  reduc#on	
  study	
  for	
  an	
  hospital	
  
–  Improving	
  pa#ent	
  throughput	
  at	
  a	
  Children's	
  Hospital	
  	
  
–  Managing	
  surgical	
  waitlists	
  for	
  an	
  Health	
  Authority	
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