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Fact	  
	  

o “Diabetes	  is	  the	  seventh	  leading	  cause	  of	  
death	  in	  the	  U.S.	  	  The	  disease	  can	  cause	  
serious	  health	  problems	  which	  may	  include	  
heart	  disease,	  blindness,	  kidney	  failure,	  and	  
lower-‐extremity	  amputations”	  (Dyess)	  	  

	  



Problem:	  Studying	  what?	  
Pima	  Indians	  Diabetes	  DataBase	  

	  

o Who? 	  Women	  at	  least	  21	  years	  old	  
o What? 	  8	  categorizes,	  one	  class	  
o When? 	  1990	  
o Where? 	  Living	  Near	  Phoenix	  
o Why? 	  Classify	  as	  Healthy/Sick	  
o How? 	  Decision	  Trees	  



Continued	  
	  
1.  Pregnancies 
2.  PG Concentration 
3.  Diastolic BP (mm Hg) 
4.  Tri Fold Thickness (mm) 
5.  Serum Insulin (µU/ml) 
6.  BMI (weight in kg/ (height in m)2) 
7.  DP Function 
8.  Age 

	  

Problem:	  Studying	  what?	  



Problem:	  Studying	  what?	  
� Type	  1	  Diabetes:	  Little-‐no	  insulin,	  build	  up	  of	  sugar	  in	  
bloodstream	  instead	  of	  cells.	  	  

� Type	  2	  Diabetes:	  Cells	  become	  resistant	  to	  insulin	  and	  
pancreas	  unable	  to	  make	  enough	  to	  fight	  resistance	  

� Gestational	  Diabetes:	  placenta	  produces	  hormones	  
produced	  during	  pregnancy	  make	  cells	  resistant	  to	  
insulin	  



Decision	  Tree	  Example	  
Number	  of	  	  
Pregnancies	  

Pregnancies>0	  

Diastolic	  
BP:	  normal	  

Healthy	  

Diastolic	  Blood	  
Pressure	  High/

Low	  

DP	  
Function	  
normal	  

healthy	  

DP	  Function	  
abnormal	  

sick	  

Pregnancies=0	  

Healthy	  

WHY? 

NOW WHAT? 



C4.5	  
�  C4.5	  reads	  the	  input	  data	  
�  C4.5	  builds	  decision	  trees:	  	  information	  entropy	  	  
	   	  data	  is	  the	  set:	  	  S	  =	  s1,s2,…	  
	  	  	  	  	  	  sample	  (si	  )	  equals	  the	  vector	  (x1,x2,...)	  [important	  notes]	  

	  
The	  building	  data	  is	  reproduced	  with	  best	  data	  :vector	  C	  =	  c1,c2,...	  

where	  c1,c2,...	  	  to	  	  represent	  a	  building	  block	  of	  where	  each	  
sampling	  information	  should	  be	  placed.	  

	  
�  Information	  entropy:	  
	  
	  
	  
	  	  
�  X	  must	  be	  a	  random	  variable	  with	  p	  denoting	  the	  

probability	  mass	  function	  of	  X	  	  



Addressing	  Messy	  Data	  
� Option:	  1:Data	  must	  be	  discarded	  and	  tests	  must	  be	  
defined	  as	  not	  being	  able	  to	  be	  put	  into	  classes.	  	  	  

� Option	  2:Otherwise,	  the	  algorithm	  must	  be	  altered	  to	  
deal	  with	  the	  missing	  values	  (Quinlan	  7)	  

�  1.	  Adjusting	  gain	  ratio	  
�  2.weighting	  factor	  
�  3.	  probability	  of	  classification	  under	  multiple	  leaf	  nodes	  
must	  be	  performed.	  	  

� Pruning	  is	  done	  after	  completed	  the	  creation	  of	  the	  tree.	  	  	  
	  



Tests:	  



Results	  ConFnued	  
�  Weight:	  8	  
�  Pruning	  confidence	  level	  12%	  
�  -‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐	  -‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐	  
�  Size	  Errors	  Size	  Errors	  Estimate	  
�  67	  109(14.2%)	  39	  121(15.8%)	  (24.4%)	  	  
�  -‐-‐-‐-‐	  -‐-‐-‐-‐	  -‐-‐-‐-‐-‐	  -‐-‐-‐-‐	  -‐-‐-‐-‐-‐	  -‐-‐-‐-‐-‐-‐-‐-‐-‐	  
�  Tested	  768,	  errors	  167	  (21.7%)	  <<	  
�  (a)	  (b)	  <-‐classified	  as	  
�  -‐-‐-‐-‐	  -‐-‐-‐-‐	  
�  132	  136	  (a):	  class	  Sick	  
�  32	  468	  (b):	  class	  Healthy	  



Decision	  Tree	  Simplified	  

PG	  Con.	  

>166:	  Sick	   <=166:	  BMI	  

<=25.4:	  
Healthy	  

>25.4:	  PG	  
Con.	  

<=99:	  
Healthy	   >99:	  Age	  

<=24:	  
Healthy	   >24:	  BMI	  

>45.4:	  Sick	   <=45.4:	  DP	  
Fun	  

>.73:	  Sick	   <=.73:Serum	  
Ins	  

<=78:	  
Healthy	   >78:	  Age	  

>61:Healthy	   <=61:	  PG	  
Conc.	  

>157:Sick	   <=157:	  Age	  

<=30:	  PG	  
Conc	  

<=124:	  
Healthy	  

>124:	  
Diastolic	  BP	  

<=72:	  Sick	   >72	  Healthy	  

>30:	  
Diastolic	  BP	  

<=61:	  healthy	   >61:	  Diastolic	  
BP	  

>82:	  Healthy	   <=82:	  
Diastolic	  BP	  

<=66:	  Sick	   >66:	  
Pregnancy	  

<=3:	  Sick	   >3:	  DP	  Fun	  

>.34:Sick	   <=.34:BMI	  

>34.4:Health
y	  

<=34.4:Dp	  
Fun	  

<=.227:Sick	   >.227:	  
Healthy	  



� PG	  Concentration	  >	  166	  :	  Sick	  (79.0/15.7)	  
� PG	  Concentration	  <=	  166	  :	  
�  |	  BMI	  <=	  25.4	  :	  Healthy	  (122.0/7.7)	  
�  |	  BMI	  >	  25.4	  :	  
�  |	  |	  PG	  Concentration	  <=	  99	  :	  Healthy	  (141.0/19.4)	  
�  |	  |	  PG	  Concentration	  >	  99	  :	  
�  |	  |	  |	  Age	  <=	  24	  :	  Healthy	  (98.0/24.6)	  
�  |	  |	  |	  Age	  >	  24	  :	  
�  |	  |	  |	  |	  BMI	  >	  45.4	  :	  Sick	  (21.0/7.1)	  
�  |	  |	  |	  |	  BMI	  <=	  45.4	  :	  
�  |	  |	  |	  |	  |	  DP	  Function	  >	  0.73	  :	  Sick	  (55.0/19.7)	  
�  	  	  



Compared	  to	  Medical	  Data	  

1.  Pregnancy: Gestational Diabetes- age 25+ 
2.  Age: 45+ 
3.  Triceps Skin Fold Thickness: Normal 23mm 
4.  BMI:  Ideal Range between 18.5-24.9 
5.  2-hour Serum Insulin: Greater than 150 mu U/ml relates to 

insulin therapy 
6.  Diastolic BP: 60-80 mm normal 
7.  Plasma Glucose: normal when less than/equal to 110 mg/dL 
8.  Diabetes Pedigree Function:  

 a. =0.5 for parent, full sibling 
 b. =0.25 half sibling, grandparent, aunt, or uncle 
 c. =0.125 half aunt, half uncle, or first cousin 



Real	  Life	  -‐-‐	  Examples	  
� medical	  algorithm:	  finding	  a	  healthcare	  
treatment	  for	  the	  patient.	  	  	  

� Big	  Bang	  Theory	  –	  Friends	  Decision	  
Tree	  

� Use	  All	  the	  time	  without	  knowing	  
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