
 
 

 
 

 
 

 
 

 
 

 
 

2010

84.2%
64.2%

 

DRG 
 
1.  

2010 1 1
(DRGs Diagnosis 

Related Groups) DRGs

(RW, Relative Weight)

DRGs TW-DRGs
967

 

TW-DRGs 306
RW 1.7503

9 307
RW 1.1213

5

56%

 

9 (International 
Classification of Diseases, 9th Revision, 
Clinical Modification,ICD-9-CM)
ICD-9-CM ICD9CM

(National Center for 
Health Statistics) 1977 1975

ICD-9
(Clinical) ICD9CM

(diseases)
ICD9CM

13,677 (procedures)
ICD9CM 3,768

[1]  

TW-DRGs DRGs
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ICD9CM

ICD9CM
TW-DRGs

ICD9CM
TW-DRGs
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1.

( ICD9CM ) 2. ( )
3. ( ) 4. ( ) 5.

( ) 6. ( ) 7.
( ) 8. (

) 9. ( ) 10.
( )

…

 

L

L
Y Y L

(multi-label 
data)[6]

1 10
ICD9CM

 

(MLC, multi-label 
classification) (LR, 
label ranking)

MLC LR
(MLR, multi-label ranking)

MLR

 

74,356 60%
ICD9CM 10

60% 10

ICD9CM
CARFLS,(Class 

Association Rules mining For dataset with 
Low Support count,CARFLS)  

 

1.

TW-DRGs
 

2. ICD9CM
ICD9CM Undercoding

 

3. ICD9CM
ICD9CM Upcoding

 

CARFLS

  



 
 

2.  

(NLP, 
Natural Language Processing)

 

2007 Computational Medicine 
Center

(Radiology report) 978
976

ICD-9-CM
ICD-9-CM 45 ( 780.6) 94

(  780.6+786.2)
[4]

 

Larkey [7] Brigham and 
Women's Hospital 11,599

(Discharge Summary) 10,902
187 510

100
3000 ICD-9-CM

0 15 4.43
ICD-9-CM ICD-9-CM

6 157
ICD-9-CM 3,261

1,068 k-
(k-nearest-neighbor classifier)
(relevance feedback)
(Bayesian independence classifiers)

157 ICD-9-CM

ICD-9-CM
rank0-10-20-30-40-50-60-70-80- 90-100
11 57%
Top1 1

46.5% Top10
10 91.1%

Top15 15 ICD-9-CM
ICD-9-CM

ICD-9-CM 73.2% Top20
20 77.6%  

Patrick Ruch[9]

University Hospitals 
of Geneva DRGs

DRGs
2004-2006

78,756 DRGs
(anamnesis) (prescription)

(Diagnostics)
5.1 French ICD-10 (10,511

733,484 )

18,655 (23%) { ,ICD-10}
61,372 (78%)

{ ,ICD-10}
78,756 (100%) { , 

ICD }
3

ICD-10
Data-poor 800

Fox E.A. 4

20

(Recall) R20
1

(Precision) P0
R20 63% P0

75%
F1

20 ICD-10

Fabrizio Sebastiani.[5]
79% R20 63%

P0



 
 

P0 75% R20 63%
4 3

20 3
DRGs

 

2010/08
ICD-9-CM

[3] 6,369
1-4 ICD9CM

33033B(
) 52.13(

)+52.97(
) 52.93(

) 1
ICD9CM

ICD9CM
 

 1  ICD-9-CM  

 1 2 
33033B 52.13 5297 
33033B 52.93 

 
33023B      87.53 
33024B      51.10 
33024B      51.11 
33024B      52.13 
 

 
ICD-9-CM [2]
2002-2005 58,507

ICD9CM

2006 395

72.8%
2.5

 

 

3. 
-CARFLS 

 

ICD9CM

1. 

 1   

 2  ICD-9-CM  

 ICD-9-CM 

    

1  1095 [ ] 23.4% 23.4% 

2  519[ ] 11.1% 34.5% 

3-10  1379 [ ] 29.5% 64.0% 
10  1689 [ ] 36.0% 100% 

 4682 [ ] 100% 
 

 

 3  ICD-9-CM  

 ICD-9-CM 

    

 1  376 [ ] 22.5% 22.5% 

 2  182 [ ] 10.91% 33.4% 
 3-10  460 [ ] 27.5% 60.9% 
 10  654 [ ] 39.1% 100% 

  1672 [ ] 100% 
 

2009 1
2010 6 74,356

ICD9CM ICD9CM
4,682 ICD9CM 74,356

1,095 1 519
2 2,993 10

64% 2 1,672
ICD9CM 74,356 376

1 182 2

醫師醫令資料 

疾病分類 

健保申報資料 資料探勘 

｛TID,ICD9CM
｝ 

疾病分類及

檢核系統 

{TID,健保醫令}  
{TID,ICD9CM}  ｛TID,健保醫令｝ 

病歷記錄 

醫師看診 

疾病分類 
關聯規則庫 



 
 

10
61% 3  

(Support)

0.000134 10/74356 (
)

10 ICD9CM

ICD9CM 61%
64% ICD9CM

 

 4  (ICD-9-CM ) 

Label    

200.08 
 

200.0  

200.11 
 
200.1  

200.12 
 

200.1  

79.01 
 

79 
 

79.03 
 

79 
 

ICD9CM
ICD9CM 3 1-2
5 3 001 999

(Category number)

995 13,677
ICD9CM 2 1-2

4 2 01-99
98 3,768

(Lable) ICD9CM
ICD9CM (Label)

ICD9CM
1 ICD9CM

2 4  

(Computerized 
Physician Order Entry, CPOE)

 

(Anatomical Therapeutic Chemical 
Classification)ATC

12 1
2 3-5

6-10 11-12
 

(Item) Itemcode(
)

10
10

5
( + + )

ATC
ATC

ATC 5

5  



 
 

 5  ( ) 

Itemcode    

CGPG1 
0648N -0648N 

CGPG1 
 

CGPG1 
0708N -0708N 

CGPG1 
 

CGPG1 
0818N -0818N 

CGPG1 
 

C04 
AD02 

ATC-xantinol 
nicotinate 

C04AD 
Purine 
derivatives 

C04 
AD03 

ATC-pentoxifylli
ne 

C04AD 
Purine 
derivatives 

14002B 
 

L2-0049  

14003B 
 

L2-0049  

14004B 
 

L2-0049  

ICD9CM
TID( )

Labelcode(ICD9CM) 6

TID( ) Itemcode(
) 7  

 6  (ICD9CM) 

TID Labelcode(ICD9CM) 
01852866 581.1 
01852866 39.95 
01852866 54.93 
01852866 38.95 
01852865 456.8 
01852865 571.2 

 

 7  ( ) 

TID Itemcode( ) 

01852866 N05AX08 
01852866 N04AA02 
01852866 05213K 
01852865 05213K 
01852865 N05AF01 

 
Itemset( )

Label(ICD9CM)
Itemset�Label A�79.01

 

(1)Confidence  

||||

||||

Itemset

LabelItemset
Confidence

∪=  

Itemem Label
Itemset
Itemset( ) Label 
(ICD9CM)  

(2)Recall  

 ||||

||||

Label

LabelItemset
ecallR

∪=  

Itemem Label
Label Recall

Itemset�Label
Label

ICD9CM
Itemset�Label Recall

Label
Confidence

Itemset Label
 

(3)F1-Measure F1 

ecallRConfidence

ecallRConfidence
F

+
= **2

1  

Itemset Label
Confidence

Label Itemset
Recall

CARFLS
Confidence

Recall  

(4)OptimalF1 

ecallR

ecallR
OptiamlF

+
=

%100

*%100*2
1  

: 
Itemset�Label

Itemset Itemset∪ X�Label
F1 OptimalF1  

Itemsetx ⊂ Itemsety
F1(Itemsety,Ln) ≤ OptimalF1(Itemsetx,Ln)  

F1
Itemset�Label OptimalF1 F1



 
 

Itemset∪ X�Label F1

 
: 

Itemsetx ⊂ Itemsety

%100),(.2

),(

 ||||

||||

 ||||

||||

),(.1

≤
=

∪
≤

∪
=

LabelItemsetCondidence

LabelItemsetecallR

Label

LabelItemset

Label

LabelItemset

LabelItemsetecallR

y

x

x

y

y

 

F1-Measure Confidence Recall
F1(Itemsety,Ln)

Confidence 100% Recall
Reacll(Itemsetx,Label) 

),(1

),(%100

),(*%100*2

),(1

LabelItemsetxOptiamlF

LabelItemsetecallR

LabelItemsetecallR

LabelItemsetF

x

x

y

=
+

≤  

 

(5)Score  

100*)2,1(

10000*)05.0mod)2,((

)2,((

Ftrunc

Confidencetrunc

ConfidencetruncScore

+
−

=

Confidence=0.5714 F1=0.32123
Score=5532 

Itemset
k kItemRule {
A} �52.13 1ItemRule { A,

B }�52.13 2ItemRule
Itemset

Confidence F1 OptimalF1

 
2

1  

Itemset =1 1ItemRule
: 

(Confidence≥ ConfidenceThreshold And 

Max_F1≥ oneItemF1Threshold)  

Max_F1 F1(Item ,Label)  
F1(Item,Label ) F1(Item,Label)

 
Itemset >1 : 

(Confidence≥ ConfidenceThreshold And 

 F1≥ F1Threshold) 

 
 

Confidence≥ QualityConfidence  

(OptimalF1≥ F1Threshold and 
Confidence≥ RefinedConfidence and 
Confidence<QualityConfidence)  

 

(Redundant Rule)

{
A} �52.13 1535

A { A,
A} �52.13 1535 { A,

A} �52.13

A�Ln B�Ln (Recall)
Confidence

{ A} �52.13
{X,Y,Z} { B}�52.13
{X,Y,Z} Confidence

 

(Class Association Rules mining For dataset 
with Low Support count,CARFLS)

ICD9CM

CARFLS
3 : 

1. CARFLS



 
 

 
2. Label 1ItemRule

 
3.

1 Item

 
*

NonRedundant Add

 
 

1. : 
: {Itemcode, ,Item }

{Labelcode, ,Label } 
{Tid,Itemcode} {Tid,Labelcode} 

: 
1. Item �{Item }  
2. Label �{Label }  
3. Tid Itemcode

Labelcode 1
Tidkey Itemkey Labelkey  

4.Labelkey�Labelcode,Label#,Tidkey[1..Label#], 
Label ,Tot_Recall  

5.Itemkey�(Itemcode,Item#,Tidkey[1..Item#], 
Item )  

6.BitmapItemTid[1..ItemKinds][1..TidKinds]:
{Tid,Item} BitmapItemTid[i][t]=true

Tidkey t Itemkey i  
:  

Item   Label  

PI1 {I1,I2,I3}  PL1 {L1,L2} 
PI2 {I4,I5,I6} PL2 {L3,L4} 

 
Tidkey  

1 T1  3 T3  5 T5 
2 T2 4 T4   

 
Labelkey  

1 L1,2,[1,3],PL1,0  3 L3,2,[1,5],PL2,0 
2 L2,1, [4],PL1,0  4 L4,3,[1,4,5],PL2,0 

 

Itemkey  

1 I1,2,[1,3],PI1  4 I4,2,[3,5],PI2 
2 I2,3,[2,3,4],PI1 5 I5,4,[1,2,4 ,5],PI2 
3 I3,3,[2,4],PI1  6 I6,3,[1,2,3],PI2 

 

BitmapItemTid 

Item 
Tid   1 2 3 4 5 6 

1 1     
 

1 1 
2   1 1   1 1 
3 1 1   1  1 
4   1 1 

 
1 

 
5     

 
1 1   

 
CARFLS 
-- Labelkey  
01.  
02. NonRedundant  
03. Labelkey Labekey 
04.   Labelkey.Tidkey[1..label#]  

BitmapLabelTid[1..Tidkinds]  
      Tidkey [1,2,5] [1,1,0,0,1,0,0,…] 
05.   Generate_OneItemRule(Labelkey) 
06.   For k=2 to Max_kRule( 4)  
07.     Generate_kItemRule(labelkey) 
08.   

 
Generate_OneItemRule(Labelkey): 
01. labelkey Itemkeyset={} R0 
02.for each Itemkey in Itemkey  
03.  R1=Cal_k+1Rule(R0,Itemkey)

Confidence Recall F1 OptimalF1 Max_F1 
04.  if  (R1  

Max_F1>oneItemF1Threshold( 0.01) and 
   confidence>ConfidenceThreshold( 0.1)) 

then .Add(R1) 
05.  if  (R1 )  then 

Labelkey.Tot_Recall Recall  
06.  if  (R1

Optimal_F1>F1Threshold( 0.1) and 
Confidence>RefinedConfidence( 0.03) 
and Confidence <QualityConfidence(
0.2))  then R1

  
Itemkey oneItemkeyset 

 
Generate_kItemRule(Labelkey) 
-- oneItemkeyset

k+1ItemRule   
01. for each R0 in  
02. for each Itemkey in oneItemkeyset 
03.  if (Labekey.Tot_Recall>Max_Recall 

( 200%))  then  return 
04.  R1 = Cal_k+1Rule(R0,Itemkey) 
05.  if  (R1  

F1>F1Threshold and 
 Confidence> ConfidenceThreshold and 
R1  
R1.Score>R0.Score) then 



 
 

.Add(R1)  
06.  if  (R1 )  then 

 Labelkey.Tot_Recall Recall  
07.  if  (R1  

Optimal_F1>F1Threshold and 
 Confidence>RefinedConfidence and 
Confidence <QualityConfidence)  then 

 R1  
 
Cal_k+1Rule(Rule R0,Itemkey) 
01R1=R0 
02.add itemkey to R1.Itemkeyset 
03.Cal_Rule_Cnt(R1) 
04. R1.Confidence= R1.ItemLabel# / R1.Item# 
05. R1.Recall= R1.ItemLabel# / R1.Label# 
06. R1.F1 = F1(R1.Confidence, R1.Recall) 
07. R1.OptimalF1 = F1(1,Recall) 
08. R1.Score=(trunc(R1.Confidence,2) 
         -trunc(R1.Confidence,2)mod 0.5)*10000 
         +trunc(R1.F1,2)*100 
09.return R1 
 

Cal_Rule_Cnt(Rule R1) 
-- Itemkeyset Item# Itemkey

Itemkey Tidkey
BitmapItemTid[][] BitmapLabelTid[]
boolean r.Item#,r.ItemLable#

Itemkey.Item#*(Itmekeyset.size()+1)
 

01. k = R1.Itemkeyset.size() 
02. Itemkey[0..k-1]=r.Itemset.toarray 
03 Itemkey[0..k-1] Item# Itemkey0 
04. for each Tidkey in Itemkey0.Tidkey[1..Item#] 
06.   cnt=true,j=0 
07.   while (cnt=true and j<k) 
08    cnt = BitmapItemTid[Itemkey[j]][Tidkey]  
09.    if (cnt=true)  
10.      R1.Item#++ 
11.      if (BitmapLabelTid[Tid]) 
12.        R1.ItemLabel#++ 
13.        add Tidkey to R1.ItemLabelTidkey 
14.        R1.ItemLabelTidkeySum =+ Tidkey 

: R1 Itemkeyset=[1,4,7,9],Labelkey=1 
     1.Itemkeyset Item# Itemkey=7 
     2.Itemkey(7) Tidkey [1,4,10] 
     3.check Tidkey=1,Itemkey=1,4,7,9

BitmapItemTid[1,4,7,9][1] 1
cnt=true 

       If (cnt=true) then R1.Item#++ 
       If (cnt=true and BitmapLabelTid[1]=1)  

R1.ItemLabel#++ 
     4. Tidkey=4,Tidkey=10   
 
 
 
 

BitmapItemTid 

Item 
Tid   1 2 3 4 5 6 7 8 9 10 L1=1 

1 1   1   1  1   1 
….. 

10    1   1 1  1  
 
NonRedundant (HashMap NRRuleset) 
Function Boolean Add(Rule r) 
-- Tidkey key

HashMap:  

HashMap NRRuleset 

Key Data 

“3”+”,”+”101” Ruleset1={R1A,R2B,.. } 

“4”+”,”+”123” Ruleset2={R2A,R2B,...} 

…. …. 

  Ruleset1 Rules =3,Tidkey =101 
  Ruleset2 Rules =4,Tidkey =123 
--

Key
Key

Key

Confidence  
01.key=r.ItemLabel#+’,’+r.ItemLabelTidSum 
02.Get. m#ruleset from NRRuleset with key 
03. if (m#ruleset is empty) 
04.   add r to m#ruleset 
05.   NRRuleset.Put(key,m#ruleset)  
06    return(false) 
07.for each rule in m#ruleset as r1 
08  .if (r.ItemLabelTidset = r1.ItemLabelTidSet)  
09.    if (r1.Item#<r.Item#) 
10.      remove r1 from m#ruleset 
11.      add r to m#ruleset 
12.    retrun(true) 
13 add r to m#ruleset 
14 return(false) 
 

4.  

ICD9CM

ICD9CM
ICD9CM

{ }
ICD9CM ICD9CM



 
 

ICD9CM +ICD9CM

ICD9CM
ICD9CM

 

(MLR, 
multi-label ranking)
ICD9CM

,
2 ICD9CM

( 13) ICD9CM
( 7)

ICD9CM
ICD9CM * 3.

 

 
 2  

 

 
 3  

 

Undercoding

ICD9CM

Undercoding

ICD9CM ICD9CM
ICD9CM

ICD9CM
ICD9CM Undercoding

ICD9CM
ICD9CM

4
30%  

 
 4 Undercoding  

Upcoding
ICD9CM

Upcoding
F1-Measure

ICD9CM Upcoding

ICD9CM F1
ICD9CM

ICD9CM
ICD9CM Upcoding
ICD9CM

ICD9CM 5 F1

ICD9CM
ICD9CM



 
 

30%  

 
 5 Upcoding  

 

5.  

2009 1 2010 6
74,356

TID

 
{TID,Ordercode}  
{TID,Ordercode}  
{TID,ICD9CM} 
 

 8  ICD9CM  

ICD9CM  

  
[9/10] [1/10] 

 74,356 66,921 7,435 
ICD9CM  4,682 4,582 2,290 
ICD9CM  230,242 207,366 22,8769 

ICD9CM  3.096 3.099 3.077 
 5,741 5,669 4,150 
 4,110,807 3,701,348 409,459 
 55.29 55.31 55.07 

 6,819 6,724 4,512 
 4,432,295 3,990,280 442,015 
 59.61 59.63 59.45 

9
74,356

ICD9CM
TID ICD9CM

55,522 10 20 30…

ICD9CM 18,834
66,921 6,221

ICD9CM 294,115 ICD9CM
4.39 ICD9CM 5,699
6,743,302 101

6,724 7,274,822
109

8, 9  

 9  ICD9CM  

ICD9CM  

  
[9/10] [1/10] 

 55,522 49,970 5,552 
ICD9CM  1,672 1,639 862 
ICD9CM  96,370 86,749 9,621 

ICD9CM  1.736 1.736 1.733 
 3,753 3,716 2,756 
 3,379,450 3,041,954 337,496 
 60.87 60.88, 60.79 

 6,684 6,591 4,329 
 3,649,182 3,284,542 364,640 
 65.72 65.73 65.68 

CPU Intel Core 2 Duo T8100 
(2.10Ghz) 2G
Windows Vista Home Premium Java 

 1.6.0_11 Java 
CARFLS  

MAX_kRule=4 oneItemF1Threshold=0.01 
F1Threshold=0.1 ConfidenceThreshold=0.10 
RefinedConfidence=0.03QualityConfidence=0.20  
Max_Recall=200% 

ICD9CM
17 50,934

ICD9CM 28
76,257  

ICD9CM

ICD9CM 45%
54% 25%

ICD9CM 63% 66%
44% 10

5



 
 

ICD9CM 5

 

 10   

ICD9CM  

   
 
 

 
 

 1,279 45% 54% 26% 
 468 17% 56% 17% 
 340 12% 59% 20% 

 282 10% 41% 18% 
 275 10% 42% 21% 
 175 6% 61% 12% 
 2,819 100% 53% 22% 

ICD9CM  

   
 
 

 
 

 908 63% 66% 44% 
 233 16% 77% 17% 
 147 10% 77% 21% 

 49 3% 54% 26% 
 25 2% 74% 17% 
 71 5% 73% 31% 

 1,433 100% 69% 35% 

7,435

ICD9CM 13
ICD9CM 7

11 12 ICD9CM
52.6% 1

2
2% 3

ICD9CM 84.8%
1 2

ICD9CM
1 2

ICD9CM 1
 

 

 

 11  ICD9  

 7,435 
ICD9CM

 3.08 

     F1 

 

1Item 11.75 1.52  49.4% 12.9% 20.5% 
2Item 12.05 1.59  51.6% 13.2% 21.0% 
3Item 12.05 1.60  51.9% 13.3% 21.2% 
4Item 12.05 1.60  51.9% 13.3% 21.2% 

 

1Item 11.97 1.54  50.0% 12.9% 20.5% 
2Item 12.26 1.61  52.3% 13.1% 21.0% 
3Item 12.27 1.61  52.3% 13.1% 21.0% 
4Item 12.27 1.62  52.6% 13.2% 21.1% 

 11.86 1.54  50.0% 13.0% 20.6% 

 12  ICD9  

 5,552 
ICD9CM

 1.733 

     F1 

 

1Item 5.74  1.42  81.9% 24.7% 38.0% 
2Item 5.78  1.43  82.5% 24.7% 38.0% 
3Item 5.78  1.43  82.5% 24.7% 38.0% 

4Item 5.78  1.44  83.1% 24.9% 38.3% 

 

1Item 5.99  1.46  84.2% 24.4% 37.8% 
2Item 6.00  1.47  84.8% 24.5% 38.0% 
3Item 6.00  1.47  84.8% 24.5% 38.0% 
4Item 6.00  1.47  84.8% 24.5% 38.0% 

 5.69  1.27  73.3% 22.3% 34.2% 

 13   

 

 5,270 
ICD9CM  8,347 

ICD9CM
 

1.58 

 
  

 5,618 6,140 
  7  
 6.02 5.67 

 1.09 1.30 
 68.90% 82.27% 
 18.13% 22.99% 

F1 28.71% 35.94% 
 

ICD-9-CM

ICD9CM
5,270 ICD9CM



 
 

8,347
68.90% 82.27%

13
 

[ ]
2010 01

TW-DRGs 111 DRGs
75.7% Patrick Ruch.

79%
3.3% 83.6%

14  
DRGs

111 DRGs Upcoding
Upcoding

 

 14  TW-DRGs  

 
 

1 
(2010) 

2 
(2011) 

3 
(2012) 

4 
(2013) 

5 
(2014) DRG 

 1,131 874 1,035 872 649 2,874 
ICD9CM  4.01 4.18 3.86 4.43 3.96 4.83 

 19.0 16.8 15.5 16.3 15.4 16.8 
 3.04 2.61 1.95 2.47 1.97 3.14 
 
 

83.6% 67.3% 44.2% 59.6% 49.0% 75.6% 

 
 

88.6% 85.9% 78.5% 85.3% 73.9% 86.1% 

 
 

66.9% 51.3% 41.2% 46.2% 43.4% 56.1% 

 
 

75.7% 62.4% 50.6% 55.8% 49.7% 65.0% 

 

Larkey Brigham and 
Women’s Hospital

Patrick Ruch
University Hospitals of Geneva

R20 20 ICD-10
63% 64.2%

1.2% CARSLF
 

 

6.  
 

ICD9CM

NLP
 

ICD9CM 82.27%
68.90%

64.2% 63%  

DRGs
75.7% ICD9CM

88.6% ICD9CM 66.9%
83.6%

111 DRGs Upcoding
Upcoding

 

Item
CARFLS

ItemX=” ”
{TID,ItemX}
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