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Using Refined RFM Model and Data Mining to Establish
Customer Segmentations and Improve Marketing Efficiency
Student : Hou Chih Hsu Advisor : Dr. Duen Ren Liu
Institue of Information Management
National Chiao Tung University
Hsinchu, Taiwan, Republic of China

Abstract

According to the Pareto’s 80/20 rule, there were unbalance relationship
between cause and effect. It means that 80% gain may came from 20%
contribution in customers. Thus, how to obtain the maximun benefit between
customers and enterprise has become a critical issue in market analysis.

Customer segmentation is+one of approach which is using marketing
database, including transaction data, customer data, to cluster the customers
into 4 groups,: High value customers, Maior Customers, Valueless Customers
and Growing Customers.

In this paper, we proposed to use refined RFM model and Self-Orgnanization
Map(SOM) to build customer segmentation prototype, then to verify this
prototype using transaction data of customers in.semiconductor manufacturing.
Further, we propose the respective marketing.policy in the 4 groups in order to
make great contribution to markets and sales.
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275 #ic(Gaussian function)™ 1 % Kk T KT HF B L w2 B R 2

<

HRIT % g Sodich (1) 0 Ao 50 (2-3) Ao
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A frn| B2 R A AR A 2E A 2 B (s el
Er B A) I HOFER AT AR e ] G e B (0 pA
BEw E%R) > 0 FEFME R PAT L S5 FF o

EHE RS E 3V - R HE Y F LR REOEIT SR

Bubble Function » 43t 2-4 #5575 o

o foiieN o
Jv“*)()_lifigNj ne 3

PR oo % 2730 ficip ¥ Bubble'Function 7 # i e aci# B [Z.P. Lo, B.
Bavarian, 1991] o 4@l 2..3=6 #7770

S
' "
» d_.l':r' - d_.":r'
0 0
Gaunssian Bubhle

B 2.3-6 & A i erlRT Sk
SOM &_p 30 4p § X F|pcaDenzb 50 iAd e 03] oA cnji® A R
RASLI AR AL > @ BEEY st T AL AT AR L 0 £ BT E KT
W R T P e 3 S ) AH R o SOM et T SRR
[Vesanto, 2000] > i # = % FRFe 1 B2 -
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® jfEitft(robustness) & Bk #BiT % 8 Sodicat ¥ T A Jq k4 BT B
PISOM ¢ #7 4p s Rt @EFLRLAEY AL DRIE
5 7)o F TR AL PR
® 5% # (local tuning) : dp =t B [2#-4 = B g2 H = chikiT %
BRLEF > Fla U e TR BRFETELINHE -
® % mlt(ease of visualization) : SOM 7 RBP| e it gbv @& 2 =
- B RFTARRC AR F R F RS
vL EEEA S R F SOM ARIT R R enBE 0 i3 L3 SOM % ek
# o
SOM ;3 & ;2 ehe B4
A. ﬁi%l o Fé“ﬁﬂi&ir'ri(approximation_of the input space)
BRI BE el b Bt R o PR T B R
Bl E BT o H et > SO np en: Sl Fhu | i & ki
SRy s e B o S R TR R - R AR -

Ad: TeRE0 S LRGSR R R .

= |-

ks

B. #R.ip =t B M (topological ordering)
cd SOM & & i3 5 1 D e Bl & 5 - e A ’T}n‘é‘ ﬁJ:"..‘,}:tn
FUA G AT B R B PR AP L o RRAR I DR A LR
ﬁ%%%%ﬁ;ﬁmyiﬁﬁvﬁﬂaﬁﬁvgﬁﬁﬂt%ﬁﬁﬁgLﬂ%ﬁ@

BAAT RS AT G AR v BT BT Arck o dept R TR
sty SRR L RS SR SR EE O £ L L R

RO R @ﬁ%’]ﬂ‘ AV UHApHEOEL S B lFr-bﬁ%J = x)
R T LU ES TR SR PNEY Pery N R
APEPE > {VERBRIRERIE AN -
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C. 8% %R ¥ &M (density matching)

SO 4 Ml b prs 5 p iy & iz chdist £ 5 WF”’»ﬁ{@ R
PG R D R E F B 5Ok Pk ST B
RIS T FI AR S B R R RS o Hef R

%N

it 4 (resolution) °

D. #iceE# 2 (feature selection)

B R s e > SON Hef HP- i B E & ki
B(AABDFTHEAfRLRA - CHERFE £ 2B & oGy
F AR D MEEL Y B A BkEL e B 0 RERFTRY
e Bt R Op o~ A (v RDL IR S AT G mﬁi%J» TR DN
@ M G (surface) 7 oedl = (A8 EA IR I Ao SOM ehdp it =k A it o
%@ SOM i 3 i v~ w44 8k - [Vesanto, 2000]
® :Fack(bordér effeat) #8iT % & & & & SOM 47 B2 i %

B ZUEHLME o BV LRSS e R AT R i S (R R )L

ERERE R

® Jzigrc/i(contraction) © few £ £ AR T 354 feié 17 % ficlic

“‘0

-

e Bl 0 3T X DIARET S e 58 o R BT 2 % i
%%%%%&ﬁﬁ%”%ﬁﬁ%iﬂﬁﬂﬁ°

® 3EH < (interpolating units) @ % FAFH A G 5 22 FF > &
TAE FREr>E AT TR AROER R o HI R E ST
Bl - A FE Ok F BT Aot 1T T A ¢ & BT R
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2.4, A¥ E v hE

FHSFFS - ¥R - £B)~» 7 (cluster analysis) &~ ##-3 5 B
WS P EHIFHL FF ATDLHE q*a ER Y BEFF DR

G R R RS - HL R o AN e A H R 2 4

flﬂ
?

BRSFHERY B BT AT e BEA L PR AT R
kI FHREEApNTHROEE > Z2 A f o oFER HEAL

WEFMTHEFESF Fd Y EXR2F AT THET -
I e # etk B TR BR B 2 B AT (proximity) 0 Flet

?ﬁé—ﬁﬁ??ﬁ*ﬁﬁﬁﬁ°%{ﬂﬁﬁ$%ﬁ€’ﬁ%?ﬁ{fﬁ%

BERT RS %\iiwp(groups) 3+ & (clusters)sngtjir > # 2 LTS
BPHE-H- &5 Baiga gz p ’—Tﬁ%?fﬁif?'k"ﬁ TR BARREFES
%Eﬁaﬂ'%i"f%\%?ﬁjg'ﬁ%%?—,—«k{# 3 %i@’ﬁﬁﬁ?ﬁ_%'b‘ﬁ? ’
L3 RERFI > A% bt dF et B Ap oo Bl A T o
HEATA - A PR T R g i g R R BT AR A

BgEfe A o B P NERBIAFER RIS Ol BEEY O F-FELT R
B F F i (homogeneity) » @ # FH E R R L 5 P AR Fi
(heterogeneity) - @ 4 #HE Adr— RV HFH TR E 2 HFARAE 2
WA -

BERAS S EL XA S o Bl GRS FERE
BARPEE T A RFRFEIRLE G LA blae A THFE RN
ezt 2 A # Y (unsupervised learning) @ 4 4 F & 4 L F il m A i F
(taxonomy) » A+ ¢ F & chir ¥ (topology) » Bl ¢ 4 &l (partition) ~ w12
BenQ A8 7475 ¢ ¥ &£ 597 3% 15 (segmentation) ¥ [Halkidi,
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2001 ; Everitt, 2001}

GRasFZA AT L G IFRE N (hierarchical ) 4 2] 5% (partitional )

BARE o P AR ARG H AR E o AR 2,41 T o
Ho B & ani e 3 s #0284 35 chK-means 4 i

[Vesanto, 2000)] - %% * 1 FE @42 > x & 4 i 4 ¥ (fuzzy
clustering) ~ #g#4¢ ‘5 e » &2 7 it 3% & #2 (evolutionary clustering) °
Bd A g e ? RS R AEE L e ik S B e i (SOMD > A U 1 St A
R 5 @wE 2 [Jain et al., 1999]

EEHAFEDFREFALY R AEAR 1] BN BN ot i 2,51

[ L&, 2004]) #77 o 'F L GRS Ry e FEAEE E G ARA
(search-based) (4 #iZ o de i3 L2 (s_imulated annealing) ; #&iT ¥ B
3 EnE R 4 E (nearest neighbo.r clustering) ; 5 aJ2IR 4 ~ A F AL
A f& > 4o CLARANS 22 BIRCH » # /é VR F et H 2 FORF D A

B VLU 2 2 ke

Single Complete Square Graph Mixture Mode
Link Link Error Theoretic Resolving Seeking
k-means Expectation
Maximization

‘R 2.4-1 &2~ [ Jain & Dubes, 1988]

AE R i ut
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P R 35 A 352
Hierarchical Clustering

Algorithms

R HRE L EARR S EE L

B> REAFRELF TR R
AL e Jhd BADRBIZ FEF AR
SR FRFTRESAE T ep R o

b RN e FHE

Partitional Algorithms

MLE RARR R BT RS E T o8
W RS0 R SdkEE

RERREFNFH -2
Mixture-Resolving and

Mode-Seeking Algorithms

P enaAaiufis o A 2 Rt o

Bl B AR RmASDLEe E2 54T

G KL AR AES L TR
R B L EGTR D B - A ik

«m Al - HE

ﬁaiiﬁﬁﬁi§?4>%iié
Nearest Neighbor

Clustering

R 5 A e T B B AT ¢ Ay iR

Pt — T Y o K TR A E 4

PR AR 0 B DTG R R AR A
ﬁ%&§io

Bk A i

Fuzzy Clustering

O RO EE TR AL, B -
UL AR - BEEY o T LS -
B A0 3|1 93¢ & (degree of

membership) @ & p ¥ 2 S @5 E

R

$ AR RO AT LY o

HELARLS

Representation of Clusters

LERITE- N INENAR A (Gl SN K & R
RS N KA AL LA S

FHERLAGEARE ) NEHT
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ALZF B2 p oo

A T e B A 3
Artificial Neural

Networks for Clustering

RAAFEE R 3 P4 SRR FIL K
R TR T T A AR
BH O P EEHEARPRER LT L
FEE Y R

IR S ES
Evolutionary Approaches

for Clustering

dpARRIF M EE A ko BT
VAR TR WE o L F
BEFFER - LB 2%E > kF
HrAwe BT ALY

_<

B AR T

Search-Based Approaches

O T R VA0 E 2 R
S g i B AOF I F R
B (e ES B AL B B

[Aarts & Korst, 1989] -

10

S 1 FAAR S
Incorporating Domain

Constraints in Clustering

Rk e E R A N AR 4o
EBRINBROEE S E NS HIFE

HE AP CEREMBRELTEHRY S5%
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11
Clustering Large Data Sets |K-mean % & /2 22 Kohonen =7 SOM < 3

PP [Mao & Jain, 1996] - s ¥

B B R > R P AT A HiE A
4 > 4o CLARANS [Ng & Han, 1994]
BIRCH[Zhang et al., 1996]

£
CAUTHEEAER R PRETEE S o T foatihen

1 2. 451 AR WU
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LG Rdaz|d rde el 80720 2 R 0 P R FrR R ¥ 4 ik
22 eF A LT koo B A eniiin 8 80% g 0 kg 20%
do o )T*u L B0%enis & o Gt 200 R Fl o A R RO T« Aot 0 20
“FR AU 150% A B £ h 4096 F ¢ o i I R 50%
FAELTRIEDE LR

X
‘3;
2N
A’.a

¢k H AR d B AR BEALER
Bt FEFRE AL RPAEE R ET T RE AL R P
b I E R e Rl 7 EEEE R AGTRGT H {0 #
WAL g R e L X E T R
eSS R R i SRR RS R
TEMSEE  FE LT AL R ALY AR R A
EELFAEGT EHP N FTAEAS s E T oMG Ra FETHRT O R
*obaz e fra e 80720 R Rl o TA g BT 0 200 crHEARE TR AR

150% > @ & £ 1 40%87 % > & 1 S5 50%
dopt o 2 rﬂ%:t&-ﬁ;xﬁ e (T 4B ;&i}-F.,}j%y;};\ T F K R P
el s ey BT S I RS R F AR S L R Y AR Rk

ﬁ’FFB ‘E\ °
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3.2. 1 F i

A D - Bk SR A 47 E 2 T A 2 1% RFM(Recency, Frequency,
Monetary) [Huge, 1944] - #3]1F 3 & = A ¥ipth » ¥ 2o FHPBEY - &

* A 19 E Data Mining 0= 2 > 12 SO

=
)
Jay
e

a\
k']

L2 e ailiE o TR
AAEHEEEFRERY DT o

PR A E g S TR R TR A T - B
ARt o

Ry L S

L Cralilt s O EIRFM SOM#'Hf
%Pﬁﬂ ” Ml R qWBat=ed

o 5"}?3%%2] AdigN 2 fREETRA

AR

W 3.2-1 A
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R By SIS ES 2 PR L LR

jFALE ~ o xgd Java SOM [Tomi Suuronmen, 20017:A #iw ¥ » 4 2
EX

R > T XML 2 A R FEEE > 3 TS TR A 47 i

ke Akt ot T L R TR 72004 2 EE S TR
3

4
s 4 79874 che AR HE e £ 1586 & = > #%41% & 586
BE ST ABNRBI YIS EREL SR LR S a4 A5

LS " | A& A R Bl i H i
# > Year| * i» . . )
Customer Product Density Region | Quantity ASP

PUT AT R T (e B3 A 4 ¢
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Histogram (Spreadsheet in Raw_Stat.stw 5v*6720c)
Month = 6720*1*normal(x, 4.2506, 2.2089)

1200

1000

800 r

600

No of obs

400 r

~ \-

200410 200406 200408 200411
200405 200407 200409 200412

Month

W 4. 1-1 & P PET R HcE 9 Histogram B

R A 1-] TR A2 R & S RASTHEY £ s b TR AT R

v

ED

4 F A F & Recency ddpth » 7 T HAE w - FE PR (RE 25 2004/00
550 AAPEHMNER AT PR LA I EF LR LTy
Recency #pth - * ARFITM &2 5 p 3 » B RAptRFpejedl< > o B e 7%

R -
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Revenue Box Plot
2200 T T T T T T T ' ' '

2000 r T ]

1800 1 —_ 1 ]

1600 } T 1

1400 ]

1200 r )

1000 r 1

Revenue

800 . 0 ]

600 | o [T=— 7

= TLITTITT °

-200 — ' ' ' : : ' : : — . Median
200410 200406 200408 200411 [ 25%-75%

200405 200407 200409 200412 “T_ Non-Outlier Range
Month

R 4012 1% > engdeBox Plot

B4 12 R LA S AL T A R Ty dc Box Plot
SR TOLE T B A B - AR 0 T B 35T ARk i)

AWLELE SO R DEITRTRAE



Revenue Histogram Plot

220F——mMM@Mmm—————————F—————— 77— T 7T 7T T 77—
1000 T
800 r T
0
o)
o)
5 600 T
o
z
400 T
200 r T
\
3 R ey B
27.140 646.106 1265.072 1884.038 2503.004 3121.970
336.623 955.589 1574.555 2193.521 2812.487
Revenue

TR 4. 1-3 RdsR & fdtiRevenue 2 Histogram Plot

R 4. 1-3 TN A 2 B & G UE T Y Jz Histogram Plot o d s ] ¥
d H

vl g feah fer b i K BA G 0 o BIAAT B A G 2 A
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Quantity

120

100

80

60

40

20

-20

Quantity Box Plot

Tl I T I T

: ' ' : ' ' : ' — ™o Median
200410 200406 200408 200411 [ 25%.75%
200405 200407 200409 200412 T ron-outlier Range

Month

B 4.1-4 ®=ET X EIR % #&E Box Plot
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Box Plot (Spreadsheet in Raw_Stat.stw 5v*6720c)
Median = 29.62-0.6045*x+0.0703*x"2
80 - - - - - - -

60 ]

50 ]

40 | 1

ASP

30 [N = g ml
201 l h
10t l 4

200410 200406 200408 200411
200405 200407 200409 200412

Month

@ 4.1-5 REFHZIASP Box Plot

o Median
[ ] 25%-75%
_[ Non-Outlier Range

4.2. T LB AL

4.2.1. RN 4

Sl st AT RA T BT L TR OSAHEREE T

B0 RPN 2 84515 0 = BA B R AL TR AR A R Ao

Recency : dpdif— =t eh2 % PR o A R4pFR? “TERDITELKL - £

PEALGPER o hv @ L0 B Raupih o B R (573 2004 & 00
P)E B - Heh b R L IR LRI R A o

A

Frequency :4p e 2 2 455 o e defrdtd = -

vy
e
¥
)
pas
-
R
=
3
Y
)
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I
=

Hoeomea® - 22 afFemla b L4 Pk o
Monetary : % %
g fed AN A

Rt e T E& @R TR RIL 0 22 RJLENE M#ﬁ’}%ﬁ%]/\
o T H#-RFM % —“’#ﬁ%%@?lﬁﬁag‘f = Java SOM ln\%i%lﬁﬁﬂﬁi%]/\ o d 3 Java SOM
T mﬁe?] * b e XML #63% > s A 1% 1 oaf RFM ehdp % 30 4 = Java SOM mﬁg‘]

S A ﬁ%l N DTD s EE 0 T AN & (Jsom. dtd)

[
ey
o
NS

«)
>
=
e
i

|

R

i\
“k
RO
o
S
=
[Eie
Y
S
—~
g
|k
>
f
-
—

<IELEMENT jsom (pref,data)>
<IELEMENT pref (meta?,dimension)>
<IELEMENT meta (author*,project?)>
<IELEMENT author (name,organization)>
<IELEMENT name (#PCDATA)>
<IELEMENT project (name,code?)>
<IELEMENT code (#PCDATA)>
<IELEMENT dimension (dim_type+)>
<IELEMENT dim_type (#PCDATA)>
<IELEMENT data (node+)>

<IELEMENT node (dim+)>

<IELEMENT dim (#PCDATA)>

<IATTLIST meta code CDATA #IMPLIED>
<IATTLIST meta date CDATA #IMPLIED>
<IATTLIST node label CDATA #REQUIRED>
<IATTLIST dim type CDATA #REQUIRED>

£ 4.2-1 JSOM 2 F #1463 2k
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4.2.2. RPMfzfke o2t

1O R e RS 2 R 115 > A P 7 B SR, F, M = B dp Rl i
BB AD e A 0 RS SRINS 41 03] 5 A RRIMZ B4 i £ i
oy LY 2, 2002] 0 MR FHA T Recencyi0rder ¥ & ik
iz Monetary horder ) &7 i » 4p2j2 T Mg i £ TAL L ) 10°R - &
SRR F A (N O AU

A I AR Sz BhEROAR AT R 4ok

R F M
Mean [186.06872/13.260513(11.430085
STD 82.127302|27.622438|24.513304

Min | 0 0 0.2
Max 28NN Wk 5 254
25th% AFAEF 1 1
75th% 283 1%, & 10.5

4 4.2-2 REM 2 BRI R (18 gk & sy
B0 B2 B R A D B0 GBS 0 ~ 255 ol g ¢ o Bl X

iR e G R {5 REM 2= B s & 459
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No of obs

600

500

400

300

200

100

Histogram (RAMdata_normal.sta 4v*585c)

R = 585*50*normal(x, 186.0687, 82.1273)
F = 585*50*normal(x, 13.2605, 27.6224)
M = 585*50*normal(x, 11.4301, 24.5133)

A/

QL

150 200 25

R 402-1 & RTUEEIRFM Histogram

-50 0 50 100 0 300
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Probability

Normal Probability Plot of R,F,M

0.99

0.9

0.05

0.01

-20 0 20 40 60 80 100 120 140 160 180 200 220 240 260 280

Observed Value

"Rl 4. 2-2 kAR Y g e Normal Probability Plot

ol
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Box Plot

Median; Box: 25%-75%b; Whisker: Non-Outlier Range
280 - . . : .

260 .
240 T
220 r a] .
200 7
180 T
160 .
140 T
120 T
100 T

80 T

60 T

40 r T

20t 1
o o o0 Median

1] 25%-75%
: _[ Non-Outlier Range

-20 : : : :
R F M

i B A 2-3 LT F5 2 RPN Box Plot

d Bl¥ #rRecency #p R FIBstk 1 H 7 SR o s 1 HAp R R &

@ A& fesp i3t o Frequency * Monetary Bl 3 & @ 09 £ B4 o

et FREREF A G o o «vvw;wa%mwﬂsfﬂq | % A
e Re e SONBEALH B 3% > & 0o B2 3 B0 F B2 SURRCA > st T

< T ERTELBOA B h il

4.3, FHA HHCA

& 4eRFMECAL P %a‘%t&-t’ DI AR S BN S AR X ¢ R IPE SN A

EEF Y BRI R TR SRR S AR AR AT ERT ST L -
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TR A s LN E PRI e FIM 0 Ay Up e
W A RFM= 'B;;JLF’ = T -

FJ%"’"‘E"— =

(self-organizing map, SOM) e=+ ;& &
. H l% BE s E A

TERIT B %' 2 ¢ IPAR S| N4
SELELTE

U A N P
BEE = M RANE
%%Pﬁ‘_

"B 4. 3-1 3P 7 JavaSOM 4 47 €75 $L2E

Output
format

SOM
Algorithm

|

Instruction:xmi

A 4

Input Data
*.xml

A 4

"Bl 4. 31 JavaSOM = 1 S 4¢

JavaSOM — @ 1% Java #rR g K enp e skpt s Rl et w2 2 (SOM) 2
(% *ifdk) o

® gk 2 A General Public License en¥ 3x i 4048 #75 B
: javasom. jar » ¥ —

JavaSOM 4 = & e3R 4 » H — §_SOM o i & 72 384
%4 5 d Apache Software Foundation #7#4% B eni¥ @2 frie = » 4ok £

4.3-1 %7 -

Javasom. jar | Apache Software Foundation

JSOM
SOM 1 55 & i

Xerces
- f& XML f347 &

Xalan

Clusoe




4 XSL chig i@ & > ik = 3
2 W75 5 XML 5

FOP

Formatting Object Processor
& 1% XSL 47k ¥ 5 4o
PDF, PCL, PS, SVG, XML (area
tree representation),
Print, AWT, MIF and TXT % #

Foend Zopoid

# #4131 JavaSOMAz;" 4

JSOM % JavaSOM *® chi% w2 > &4 SOM g & % %41 * Xerces ~

Xalan ~ FOP # &0 & 4p b somy it 38 o B 4l Tde i 0] 4. 3-2 -
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Clusoe / Consale / Shell / Servlet mterface

mnstructions
<XML:=
JSOM training
data —® Xerces Xalan FOP ‘ mput / output

<SVG=  _ppF-
<XML>

"ot Bl 4.3-2 JavaSOM #23* & ¥ 7 4%

JSOM #7#% o2y Heat G R 2482 XML ~pdf 2 SVG o XML e 5% 7 &
FARECOTHEE SN LGP AR FEL S I HEFE %
2. XML # 4% 5 H 8 4R (b e 38 > 4o JSOM #73& %1 SVG 2 PDF Ap B 2 5¢ o
SVG(Scalable Vector Graphics) s XML 3E % sz ©d g% > % Ry it - Rew
ERA 0 Bd WC8# BEXL A ZF ¥~ B“TR&?* » 4 Adobe ~ Corel fr

Macromedia -

A2 ¢ s B3l EHE 4% Open source ¥ 7 JavaSOM » & f1# XML % 3¢
TERE RAFH o T B SOM w52 224 xml > pdf > & svg 4 B #25¢ mﬁa?l
¥ 4.3-1 714 JavaSOM 7 & 8 583k 4% o

TJ..
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%4 4.3-2 JavaSOM %#ck % 4%
FUA LT AR B SR E




AT F B 16 = ##35 Hexagonal
FY & F 0.1

WIT R S | B 27k Gaussian
TV H& 10000

HRIT 2T 4

% ¥ 4.3-3 JavaSOM #p B %2k 2




5. % A 45

5. 1. % &~ 4%

gd BN AP EERE R AT L

e} b

o5 T DO [, 15 163 L
. HEENEEENaSES . . .

(025, 0N, 056 0 10 G, U2 O 1 7D, 1 9,200 N 2 204 2 261 26 M U 5, T M 00 04365 71 D 017 O 2 0 A BLARL L R SR ML

IMWET TEANENERESA0ae L

T Y R ERE

“tR) 5. 121 5 JSOM #rig d1 e 742 B (16 % 16)

W5 1-1d 16%16 BEEETH + o BIp i B> d B3 7 vz 2] #5v8— 4
LT e s - o DR ORI R I F 2 B4k 28T L H
ZRAR -d WL 1127 > APV URBRA G BRL 1R AP ATE
BOBHREL S A AUES AR CRFEE S Fe BRI TR
- P H R IR A T 0

BE A FTHES e EORET Mo AR5 11 T oo

Group 1 003, 004, 005, 007, 008, 012, 013, 016, 018, 020,
BREE 022, 023, 024, 025, 027, 028, 029, 032, 035, 038,
(350) 040, 041, 045, 047, 052, 053, 054, 055, 056, 057,

53

NG S 2 150 V58 150 W2 055 T, 0B YT 0B 0 150 00 R 0 2 S 26 D4R S0 R OR300, 6 T30 3 LR MU 3T R 60 7 OO, 0 A 06 412 7 A3 B0 D 7 0 00 51D 03 50 58

k1

Ei%



059, 061, 063,

074, 077, 078,

092, 093, 095,

107,108, 109,

120,
134,
152,
1695,
181,
194,
210,
237,
252,
209,
288,
303,
322,
334,
353,
368,
383,
400,
417,

121,
136,
1565,
167,
182,
196,
21 g
238,
Zai |
273,
289,
305,
324,
338,
355,
369,
384,
401,
418,

122,
141,
156,
168,
183,
158
216,
240,
254,
274,
o 2
308,
325,
339,
357,
370,
385,
403,
419,

064, 065,
082, 084,
097, 098,
111, 113,
125, 126,
142, 145,
157, 158,
170,171,
184, 185,
o0, Ak
218,222,
242;243,
285250,
2757278,
20402001
310, 312,
327, 328,
340, 341,
359, 360,
371, 372,
389, 393,
404, 406,
420, 422,

066,
086,
099,
115,
127,
146,
159,
172,
188,
201,
.,
244,
260,
280,
296,
313,
329,
342,
361,
374,
394,
408,
423,

067, 068, 069,
088, 089, 090,

101
116
130
147
160
173
189
203
224
247
261
281
297
317
330
344
362
377
395
409
424

)

]

3

3

3

)

)

]

]

3

)

b

)

]

3

3

)

)

]

b

3

103, 104,
117,118,
131, 132,
148, 149,
161, 162,
175,177,
190, 191,
204, 206,
229, 232,
248, 249,
262, 263,
282, 284,
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8. 4k
“t4-— GNU GENERAL PUBLIC LICENSE i * = EIFVE
Version 2, June 1991

Copyright (C) 1989, 1991 Free Software Foundation, Inc.
51 Franklin Street, Fifth Floor, Boston, MA 02110-1301, USA

Everyone 1s permitted to copy and distribute verbatim copies
of this license document, but changing i1t 1s not allowed.

Preamble

The licenses for most software are designed to take away your freedom to share and
change it. By contrast, the GNU General Public'License.is intended to guarantee your
freedom to share and change free software--to make sure the software is free for all its
users. This General Public License applies to-most of.the Free Software Foundation's
software and to any other program whose authors commit:to using it. (Some other Free
Software Foundation software is covered by the GNU Lesser General Public License
instead.) You can apply it to'your programs;too:

When we speak of free software, we are referring to freedom, not price. Our General
Public Licenses are designed to make sure that you have the freedom to distribute
copies of free software (and charge for this service if you wish), that you receive source
code or can get it if you want it, that you can change the software or use pieces of it in
new free programs; and that you know you can do these things.

To protect your rights, we need to make restrictions that forbid anyone to deny you these
rights or to ask you to surrender the rights. These restrictions translate to certain
responsibilities for you if you distribute copies of the software, or if you modify it.

For example, if you distribute copies of such a program, whether gratis or for a fee, you
must give the recipients all the rights that you have. You must make sure that they, too,
receive or can get the source code. And you must show them these terms so they know
their rights.

We protect your rights with two steps: (1) copyright the software, and (2) offer you this
license which gives you legal permission to copy, distribute and/or modify the software.

Also, for each author's protection and ours, we want to make certain that everyone
understands that there is no warranty for this free software. If the software is modified by
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someone else and passed on, we want its recipients to know that what they have is not
the original, so that any problems introduced by others will not reflect on the original
authors' reputations.

Finally, any free program is threatened constantly by software patents. We wish to avoid
the danger that redistributors of a free program will individually obtain patent licenses, in
effect making the program proprietary. To prevent this, we have made it clear that any
patent must be licensed for everyone's free use or not licensed at all.

The precise terms and conditions for copying, distribution and modification follow.

TERMS AND CONDITIONS FOR COPYING, DISTRIBUTION AND
MODIFICATION

0. This License applies to any program or other work which contains a notice placed by
the copyright holder saying it may be distributed under the terms of this General Public
License. The "Program"”, below, refers to any such program or work, and a "work based
on the Program" means either the Program or any.derivative work under copyright law:
that is to say, a work containing.the Program or a'portion of it, either verbatim or with
modifications and/or translated into another language. (Hereinafter, translation is
included without limitation in the term "modification®.) Each licensee is addressed as
"you".

Activities other than copying, distribution.;and modification. are not covered by this
License; they are outside its'scope ! The-act-ef-running the Program is not restricted, and
the output from the Program is covered only-ifits'contents constitute a work based on the
Program (independent of having been made by running the Program). Whether that is
true depends on what the Program does.

1. You may copy and distribute verbatim copies of the Program's source code as you
receive it, in any medium, provided that you conspicuously and appropriately publish on
each copy an appropriate copyright notice and disclaimer of warranty; keep intact all the
notices that refer to this License and to the absence of any warranty; and give any other
recipients of the Program a copy of this License along with the Program.

You may charge a fee for the physical act of transferring a copy, and you may at your
option offer warranty protection in exchange for a fee.

2. You may modify your copy or copies of the Program or any portion of it, thus forming a
work based on the Program, and copy and distribute such modifications or work under
the terms of Section 1 above, provided that you also meet all of these conditions:

a) You must cause the modified files to carry prominent notices stating that you
changed the files and the date of any change.

b) You must cause any work that you distribute or publish, that in whole or in part
contains or is derived from the Program or any part thereof, to be licensed as a
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whole at no charge to all third parties under the terms of this License.

c) If the modified program normally reads commands interactively when run, you
must cause it, when started running for such interactive use in the most ordinary
way, to print or display an announcement including an appropriate copyright
notice and a notice that there is no warranty (or else, saying that you provide a
warranty) and that users may redistribute the program under these conditions,
and telling the user how to view a copy of this License. (Exception: if the Program
itself is interactive but does not normally print such an announcement, your work
based on the Program is not required to print an announcement.)

These requirements apply to the modified work as a whole. If identifiable sections of that
work are not derived from the Program, and can be reasonably considered independent
and separate works in themselves, then this License, and its terms, do not apply to those
sections when you distribute them as separate works. But when you distribute the same
sections as part of a whole which is a work based on the Program, the distribution of the
whole must be on the terms of this License, whose permissions for other licensees
extend to the entire whole, and thus to each and every part regardless of who wrote it.

Thus, it is not the intent of this segtion to claim rights or contest your rights to work
written entirely by you; rather, the intent is to exercise the right to control the distribution
of derivative or collective works based-on the Program.

In addition, mere aggregation of another work not based on the Program with the
Program (or with a work based on the Program) on a volume of a storage or distribution
medium does not bring the other work under the scope ofithis License.

3. You may copy and distribute the Program (or a work-based on it, under Section 2) in
object code or executable form under the terms of-Sections 1 and 2 above provided that
you also do one of the following:

a) Accompany it with the complete corresponding machine-readable source code,
which must be distributed under the terms of Sections 1 and 2 above on a
medium customarily used for software interchange; or,

b) Accompany it with a written offer, valid for at least three years, to give any third
party, for a charge no more than your cost of physically performing source
distribution, a complete machine-readable copy of the corresponding source code,
to be distributed under the terms of Sections 1 and 2 above on a medium
customarily used for software interchange; or,

c) Accompany it with the information you received as to the offer to distribute
corresponding source code. (This alternative is allowed only for noncommercial
distribution and only if you received the program in object code or executable form
with such an offer, in accord with Subsection b above.)

The source code for a work means the preferred form of the work for making

modifications to it. For an executable work, complete source code means all the source
code for all modules it contains, plus any associated interface definition files, plus the
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scripts used to control compilation and installation of the executable. However, as a
special exception, the source code distributed need not include anything that is normally
distributed (in either source or binary form) with the major components (compiler, kernel,
and so on) of the operating system on which the executable runs, unless that component
itself accompanies the executable.

If distribution of executable or object code is made by offering access to copy from a
designated place, then offering equivalent access to copy the source code from the
same place counts as distribution of the source code, even though third parties are not
compelled to copy the source along with the object code.

4. You may not copy, modify, sublicense, or distribute the Program except as expressly
provided under this License. Any attempt otherwise to copy, modify, sublicense or
distribute the Program is void, and will automatically terminate your rights under this
License. However, parties who have received copies, or rights, from you under this
License will not have their licenses terminated so long as such parties remain in full
compliance.

5. You are not required to accept this License, since you have not signed it. However,
nothing else grants you permission to modify or distribute the Program or its derivative
works. These actions are prohibited by law if you do notiaccept this License. Therefore,
by modifying or distributing the Program-(er any work based on the Program), you
indicate your acceptance of this'License to do.so; and all its terms and conditions for
copying, distributing or modifying the Program or works based on it.

6. Each time you redistribute.the Program (or any work based on the Program), the
recipient automatically receives a license from the original licensor to copy, distribute or
modify the Program subject to these terms and conditions. You may not impose any
further restrictions on the recipients' exercise of the rights granted herein. You are not
responsible for enforcing compliance by third parties to this License.

7. If, as a consequence of a court judgment or allegation of patent infringement or for any
other reason (not limited to patent issues), conditions are imposed on you (whether by
court order, agreement or otherwise) that contradict the conditions of this License, they
do not excuse you from the conditions of this License. If you cannot distribute so as to
satisfy simultaneously your obligations under this License and any other pertinent
obligations, then as a consequence you may not distribute the Program at all. For
example, if a patent license would not permit royalty-free redistribution of the Program by
all those who receive copies directly or indirectly through you, then the only way you
could satisfy both it and this License would be to refrain entirely from distribution of the
Program.

If any portion of this section is held invalid or unenforceable under any particular

circumstance, the balance of the section is intended to apply and the section as a whole
is intended to apply in other circumstances.
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It is not the purpose of this section to induce you to infringe any patents or other property
right claims or to contest validity of any such claims; this section has the sole purpose of
protecting the integrity of the free software distribution system, which is implemented by
public license practices. Many people have made generous contributions to the wide
range of software distributed through that system in reliance on consistent application of
that system; it is up to the author/donor to decide if he or she is willing to distribute
software through any other system and a licensee cannot impose that choice.

This section is intended to make thoroughly clear what is believed to be a consequence
of the rest of this License.

8. If the distribution and/or use of the Program is restricted in certain countries either by
patents or by copyrighted interfaces, the original copyright holder who places the
Program under this License may add an explicit geographical distribution limitation
excluding those countries, so that distribution is permitted only in or among countries not
thus excluded. In such case, this License incorporates the limitation as if written in the
body of this License.

9. The Free Software Foundation may publish revised and/or new versions of the
General Public License from time to time. Such new versions will be similar in spirit to the
present version, but may differ.in detail to-address:new problems or concerns.

Each version is given a distinguishing version number. If the Program specifies a version
number of this License which applies to it and “any later version", you have the option of
following the terms and conditions either of that version orof any later version published
by the Free Software Foundation. If the Program does not specify a version number of
this License, you may choose any version ever published by the Free Software
Foundation.

10. If you wish to incorporate parts of the Program into other free programs whose
distribution conditions are different, write to the author to ask for permission. For
software which is copyrighted by the Free Software Foundation, write to the Free
Software Foundation; we sometimes make exceptions for this. Our decision will be
guided by the two goals of preserving the free status of all derivatives of our free
software and of promoting the sharing and reuse of software generally.

NO WARRANTY

11. BECAUSE THE PROGRAM IS LICENSED FREE OF CHARGE, THERE IS NO
WARRANTY FOR THE PROGRAM, TO THE EXTENT PERMITTED BY APPLICABLE
LAW. EXCEPT WHEN OTHERWISE STATED IN WRITING THE COPYRIGHT
HOLDERS AND/OR OTHER PARTIES PROVIDE THE PROGRAM "AS IS" WITHOUT
WARRANTY OF ANY KIND, EITHER EXPRESSED OR IMPLIED, INCLUDING, BUT
NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS FOR A PARTICULAR PURPOSE. THE ENTIRE RISK AS TO THE QUALITY
AND PERFORMANCE OF THE PROGRAM IS WITH YOU. SHOULD THE PROGRAM
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PROVE DEFECTIVE, YOU ASSUME THE COST OF ALL NECESSARY SERVICING,
REPAIR OR CORRECTION.

12. IN NO EVENT UNLESS REQUIRED BY APPLICABLE LAW OR AGREED TO IN
WRITING WILL ANY COPYRIGHT HOLDER, OR ANY OTHER PARTY WHO MAY
MODIFY AND/OR REDISTRIBUTE THE PROGRAM AS PERMITTED ABOVE, BE
LIABLE TO YOU FOR DAMAGES, INCLUDING ANY GENERAL, SPECIAL,
INCIDENTAL OR CONSEQUENTIAL DAMAGES ARISING OUT OF THE USE OR
INABILITY TO USE THE PROGRAM (INCLUDING BUT NOT LIMITED TO LOSS OF
DATA OR DATA BEING RENDERED INACCURATE OR LOSSES SUSTAINED BY
YOU OR THIRD PARTIES OR A FAILURE OF THE PROGRAM TO OPERATE WITH
ANY OTHER PROGRAMS), EVEN IF SUCH HOLDER OR OTHER PARTY HAS BEEN
ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

END OF TERMS AND CONDITIONS
How to Apply These Terms to Your New Programs

If you develop a new program, and you want it to_be of the greatest possible use to the
public, the best way to achieve this is to make it free software which everyone can
redistribute and change under these terms.

To do so, attach the following notices to the program. It is'safest to attach them to the
start of each source file to most effectively convey the exclusion of warranty; and each
file should have at least the "copyright" line-and a pointer. to where the full notice is found.

one line to give the program’'s name and-an.:-idea of what 1t does.
Copyright (C) yyyy name of author

This program 1s free software; you can redistribute 1t and/or
modify 1t under the terms of the GNU General Public License

as published by the Free Software Foundation; either version 2
of the License, or (at your option) any later version.

This program 1s distributed in the hope that 1t will be useful,
but WITHOUT ANY WARRANTY:; without even the implied warranty of
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the
GNU General Public License for more details.

You should have received a copy of the GNU General Public License

along with this program; if not, write to the Free Software
Foundation, Inc., 51 Franklin Street, Fifth Floor, Boston, MA 02110-1301, USA.

Also add information on how to contact you by electronic and paper mail.
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If the program is interactive, make it output a short notice like this when it starts in an
interactive mode:

Gnomovision version 69, Copyright (C) year name of author
Gnomovision comes with ABSOLUTELY NO WARRANTY:; for details
type “show w'. This 1s free software, and you are welcome
to redistribute 1t under certain conditions; type " show c'
for details.

The hypothetical commands “show w' and “show ¢' should show the appropriate parts of
the General Public License. Of course, the commands you use may be called something
other than “show w' and “show c'; they could even be mouse-clicks or menu

items--whatever suits your program.

You should also get your employer (if you work as a programmer) or your school, if any,
to sign a "copyright disclaimer" for the program, if necessary. Here is a sample; alter the
names:

Yoyodyne, Inc., hereby disclaims all copyright
interest in the program ~Ghiiomovision'

(which makes passes at compilens) writiten

by James Hacker.

signature of Ty Coon, 1 April 1989
Ty Coon, President of Vice

This General Public License does not permitincorporating your program into proprietary
programs. If your program is a subroutine library, you may consider it more useful to
permit linking proprietary applications with the library. If this is what you want to do, use
the GNU Lesser General Public License instead of this License.
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