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ScoD’s	
  Trip	




Factory	
  Op#miza#on	


hDp://labs.blogs.com/its_alive_in_the_lab/2010/12/	
  
factory-­‐layout-­‐op#miza#on-­‐for-­‐autocad-­‐now-­‐available.html	




hDp://www.eesc.st.keio.ac.jp/mech/contents01.html	
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  Op#miza#on	




About	
  this	
  class	
  in	
  SFC	
  curriculum	
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•  SFC	
  data	
  science	
  (DS1)	
  



Data	
  Science	
  2	


Data	
  Science	
  1	


Basics	
  of	
  Data	
  
Science	


Admission	


Promo#on	
  to	
  Third-­‐Year	
  Status	


Conducted	
  during	
  new	
  
student	
  guidance	


2	
  units	
  required	


2	
  units	
  required	


Pass	


Fail	
Data	
  Science	
  
Qualifica#on	
  

Exam	




Background	

Mathema#cs:	
  
•  Vectors	
  &	
  Matrices:	
  addi#on,	
  mul#plica#on,	
  dot	
  
product,	
  basis	
  transforma#on	
  

•  Summa#on	
  
•  Set	
  theory	
  (basics)	
  
•  A	
  liDle	
  geometry	
  
•  Func#ons	
  
Computer	
  science:	
  
•  Basic	
  concept	
  of	
  an	
  algorithm:	
  func#ons,	
  
variables,	
  loops,	
  condi#ons	
  



Student	
  Backgrounds	
  &	
  Goals	


•  What	
  are	
  your	
  goals	
  for	
  this	
  class?	
  
•  How	
  much	
  math	
  background	
  do	
  you	
  have?	
  
•  How	
  much	
  programming	
  experience	
  do	
  you	
  
have?	
  



Op#miza#on	
  is	
  Used	
  for...	


•  Business	
  
•  Economics	
  
•  Manufacturing	
  
•  Networking	
  (Internet)	
  
•  Robots	
  (e.g.,	
  path	
  planning)	
  
•  Biology	
  
•  ...preDy	
  much	
  every	
  human	
  ac#vity.	




Opera#ons	
  
Research	


Computer	
  
Science	
Op#miza#on	


Business	
  
Economics	
  
Manufacturing	
  
Government	
  Policy	
  

Algorithms	
  
Theory	
  

AI	
  
Robo#cs	
  

Networking	
  

As	
  a	
  Field,	
  It’s	
  Related	
  To...	


...preDy	
  much	
  every	
  human	
  ac#vity.	




What’s	
  Hard	
  About	
  Op#miza#on?	


•  Taking	
  a	
  rough,	
  wriDen	
  descrip#on	
  of	
  a	
  
problem	
  and	
  turning	
  it	
  into	
  a	
  rigorous	
  set	
  of	
  
constraints.	
  
– Proving	
  that	
  the	
  constraints	
  match	
  the	
  problem!	
  

•  Solving	
  the	
  problem	
  itself.	
  
– Computers	
  are	
  good	
  for	
  this,	
  but	
  only	
  up	
  to	
  a	
  
point;	
  where	
  is	
  that	
  point?	




Types	
  of	
  Programs	
  (Problems)	


•  Linear	
  Program	
  (LP)	
  
•  Integer	
  Program	
  (IP)	
  
•  Nonlinear	
  Program	
  (NLP)	




Linear	
  Program	

f : Rn ! R
f(~x) = ~a

|
~x+ �affine	
  func#on:	


func#on:	


linear	
  func#on:	
 f(~x) = ~a

|
~x

f(~x)  � or f(~x) � � or f(~x) = �

linear	
  constraint	
  	
  
(all	
  vars	
  on	
  leh,	
  all	
  constants	
  on	
  right):	


“A	
  linear	
  program	
  (LP)	
  is	
  the	
  problem	
  of	
  maximizing	
  or	
  
minimizing	
  an	
  affine	
  func#on	
  subject	
  to	
  a	
  finite	
  number	
  
of	
  linear	
  constraints.”	
  GKT,	
  p.	
  6	




What	
  Does	
  All	
  That	
  Mean?	


•  (Let’s	
  do	
  a	
  liDle	
  linear	
  algebra	
  review...)	




Integer	
  Programs	

Same	
  thing	
  as	
  LP,	
  except	
  that	
  a	
  non-­‐empty	
  subset	
  
of	
  the	
  variables	
  must	
  take	
  integer	
  values	
  
•  e.g.,	
  if	
  you’re	
  packing	
  a	
  shipping	
  container,	
  can’t	
  
put	
  half	
  a	
  car	
  in	
  one	
  container	
  and	
  half	
  in	
  
another!	


•  In	
  a	
  pure	
  integer	
  program,	
  they	
  all	
  have	
  to	
  be	
  
integers	
  

•  In	
  a	
  mixed	
  integer	
  program,	
  only	
  some	
  of	
  them	
  
do	
  

Doesn’t	
  sound	
  like	
  a	
  big	
  deal,	
  but	
  it	
  is;	
  makes	
  
solving	
  the	
  problem	
  much	
  harder.	
  





This	
  Semester	

Week/	
  
Chapter	


Topic	
 Week/	
  
Chapter	


Topic	
  

1/1	
   Introduc#on,	
  Linear/Integer/
Nonlinear	
  Problems,	
  Business/
Manufacturing	
  Examples	


8/	
 Graph	
  Algorithms	
  3:	
  	
  
Distributed	
  Algorithms	


2/1.4-­‐1.5	
 Formula#ng	
  Formal	
  Problems:	
  
on	
  Graphs	
  and	
  in	
  Networking	


9/	
 Graph	
  Algorithms	
  4:	
  	
  
Minimum	
  Cost	
  Perfect	
  Matching	


3/2.1-­‐2.4	
 Solving	
  Linear	
  Problems	
  1:	
  
Cer#ficates	


10/6.1-­‐6.4	
 Integer	
  Problems	
  1:	
  	
  
Knapsack	
  Problem	


4/2.5-­‐2.8	
 Solving	
  Linear	
  Problems	
  2:	
  	
  
the	
  Simplex	
  Algorithm	


11/App.	
  A	
 Computa#onal	
  Complexity	


5/3.1	
 Solving	
  Linear	
  Problems	
  3:	
  	
  
the	
  Simplex	
  Algorithm,	
  
Complete	


12/7	
 Nonlinear	
  Op#miza#on	
  1:	
  
Concepts	


6/	
 Graph	
  Algorithms	
  1:	
  	
  
Concepts	


13/none	
 Nonlinear	
  Op#miza#on	
  2:	
  
Algorithms	


7/	
 Graph	
  Algorithms	
  2:	
  	
  
Basic	
  Algorithms	


14/none	
 Pareto	
  Op#mality,	
  Sex	
  and	
  
Wrapping	
  Up	
  the	
  Semester	




Linear	
  Programs:	
  Simplex	
  Algorithm	


Images	
  from	
  
hDps://en.wikipedia.org/wiki/Simplex_algorithm	




Graph	
  Problems	




Graph	
  Problems	




Non-­‐linear	
  Op#miza#on	




Programming:	
  R	

We	
  will	
  be	
  using	
  R	
  
for	
  some	
  problems	
  
in	
  this	
  class.	
  
This	
  is	
  a	
  “data	
  
science	
  class”,	
  not	
  a	
  
“programming	
  
class”,	
  but	
  you	
  will	
  
be	
  using	
  the	
  
computer	
  as	
  a	
  tool.	
  
Some	
  problems	
  will	
  
be	
  too	
  big	
  to	
  do	
  by	
  
hand.	




Grading	


•  40%	
  homeworks	
  
•  40%	
  final	
  project	
  (submit	
  via	
  SFS,	
  no	
  
presenta#on)	
  

•  20%	
  class	
  par#cipa#on	
  (means	
  we	
  need	
  to	
  
know	
  your	
  name!)	




Homeworks	


•  6	
  	
  homeworks:	
  
– 1	
  on	
  math	
  background	
  
– 3	
  on	
  simplex	
  &	
  linear	
  programs	
  
– 2	
  on	
  graph	
  algorithms	




Final	
  Project	


Examples:	
  
•  Describe	
  &	
  op#mize	
  a	
  significant	
  real-­‐world	
  
problem	
  (defini#on	
  of	
  “significant”	
  TBD)	
  

•  Tackle	
  some	
  problems	
  from	
  chapters	
  we	
  
didn’t	
  cover	
  (esp.	
  max	
  cut	
  min	
  flow)	
  

Est.	
  10-­‐20	
  hours	
  (about	
  half	
  of	
  total	
  homework)	




Examples	

•  visualiza#on	
  of	
  A*	
  in	
  JavaScript	
  
•  Dijkstra	
  in	
  Java	
  
•  Dijkstra	
  in	
  Haskell	
  
•  3-­‐D	
  printed	
  object	
  (connec#on	
  to	
  op#miza#on	
  weak)	
  
•  long,	
  thorough	
  essay	
  on	
  Pareto	
  
•  created	
  web	
  app	
  using	
  a	
  large	
  op#miza#on	
  library,	
  to	
  let	
  the	
  user	
  

input	
  a	
  series	
  of	
  items	
  to	
  purchase	
  and	
  ship,	
  and	
  their	
  constraints	
  
(weight,	
  cost)	
  and	
  profit.	
  

•  Crea#on	
  of	
  a	
  Wikipedia	
  page	
  in	
  Bahasa	
  Indonesian	
  describing	
  the	
  
Hungarian	
  Algorithm	
  

•  crea#on	
  of	
  an	
  efficient	
  fantasy	
  league	
  baseball	
  team	
  using	
  dynamic	
  
programming	
  to	
  solve	
  the	
  knapsack	
  problem	
  

•  crea#ng	
  an	
  adver#sing	
  budget	
  for	
  a	
  sports	
  drink,	
  for	
  different	
  kinds	
  
of	
  media,	
  with	
  various	
  constraints	
  




