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10 i;jl?eﬁype_ind) 0.61 0 1 O}jiieﬁj):l’
1 G0 005 0 1

12 A 0.07 0 5

(addbad30_cnt)
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<¥ 3-2> 2A2HE A B4 =Az)

Parameter DF  Estimate Sgﬁgid Vgaéﬁafsl_ CP};S>q
Intercept 1 -2.9730 0.1137 683.0949 <.0001
AEILE FAAE ML 1 -0.0275 0.0015 317.8883 <.0001
HT12ME AdEAF 1 0.1421 0.0250 32.2129 <.0001
H 39 HAAAAAF 1 0.4888 0.0316 239.6888 <.0001
NICE #&§3#¥ =314 1 0.1618 0.0219 54.6567 <.0001
Ha AE7tE ALSF o 1 0.1869 0.0104 323.8262 <.0001
197 AAAFAH] =0 & 1 1.2873 0.0923 194.4447 <.0001
HI6/MY HAE T A& 1 -1.9071 0.1670 130.4144 <.0001
R i 1 -0.3953 0.0516 58.6352 <.0001
T3 H 1 -0.4500 0.0522 74.2982 <.0001
<# 3-3> z2v-=AAh(Hosmer-Lemeshow) 74
Group Total A A 7=1 QA =0
Observed Expected Observed Expected
1 3715 11 8.30 3704 3706.70
2 3714 22 15.76 3692 3698.24
3 3716 17 23.98 3699 3692.02
4 3714 25 34.56 3689 3679.44
5 3714 47 49.94 3667 3664.06
6 3714 76 74.75 3638 3639.25
7 3714 103 118.96 3611 3595.04
3 3714 213 202.06 3501 3511.94
9 3714 380 383.74 3334 3330.26
10 3713 1025 1006.94 2688 2706.06
Chi—-Square DF Pr > ChiSq
11.5987 8 0.1700

A A7E AVEE AAAST BF FI5E 0.0104 WS-

7l
frofste Ry Agee s -gi(Hosmer-Lemeshow) AAZAY 7}o]

o)
-
i

>,
&
%
)
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$71E FAHgARSsE AT 6749 Ao A
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4. ¥o}% 3] A E A (Poisson Regression Analysis) 23}

<3t 3-6> Criteria For Assessing Goodness Of Fit

Criterion DF Value Value/DF
Deviance 37E3 10301.1910 0.2774
Scaled Deviance 37E3 10301.1910 0.2774
Pearson Chi-square 37E3 40870.8261 1.1007
Scaled Pearson X2 37E3 40870.8261 1.1007
Log Likelihood -6782.3615

<E 3-7> Xol% I BF F=AH

Standad Wald95% Confi_. Chi- Pr >

Barameier DI Estnmats Error dence Limits Square ChiSq
Intercept 1 -3.1481 0.0975 -3.3392 -2.9571 1042.9 <.0001
ALFte HFA LML S5 1 -0.0211 0.0012 -0.0235 -0.0187 287.38 <.0001
H1270E AqdEa s 1 0.1172 0.0190 0.0799 0.1545 37.95 <.0001
< 3dzE HAAAAAF 1 0.5613 0.0258 0.5107 0.6120 472.52 <.0001
NICE #83dd =314 1 0.1253 0.0173 0.0915 0.1592 52.67 <.0001
Ha A E7te ALgF o 1 0.1355 0.0086 0.1187 0.1523 250.52 <.0001
FH 1A AAAFAIH2=8]E 1 1.3631 0.0806 1.2051 1.5210 286.04 <.0001
671 E HOALE T AH & 1 -1.6672 0.1382 -1.9381 -1.3964 145.55 <.0001
AR A AT 1 -0.3508 0.0416 -0.4324 -0.2692 70.98 <.0001
Ak hal 1 -0.3519 0.0420 -0.4342 -0.2696 70.22 <.0001

=
W 24-?4 Alg=o} ¥ ZolE Holal Uy gt} ol—t— AA A2 H]Eo]
5%% ¢ 22 Axt AAAS7} 004 574A] 9] grom vl
£o] 27 0.6% 0.2% 0.06% 0.03% = H]&o] w9 7
Z+E o)
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Frol Al EA o] 85260 % 1S FEF Hol5FE 5%

=
= 5% FholAlFel AAE 11.070| B2 Fold REE wEus ANt
]

¥ 3-9> A% FA(Fit Statistics)

-2 Log Likelihood 13790
AIC (smaller is better) 13826
AICC (smaller is better) 13826
BIC (smaller is better) 13979

CE 3-10> AHY-¥olE 7 w4 24

Parameter (p) Estimate Sltf},rll,g?d t Value Pr>| tl
Intercept 1.4646 0.2732 5.36 <.0001
M8 = FAF AL 0.02863 0.0021 13.59 <.0001
12N EA O EAS -0.1912 0.0368 -5.20 <.0001
<+ 3dz HAAAAS -0.2830 0.0731 -3.87 0.0001
NICE #&§#%8 Z314 -0.1317 0.0415 -3.17 0.0015
Hit AE7tE ALEF -0.2947 0.0255 -11.56 <.0001
1A AA A5 A1 =0 & -0.5360 0.2350 -2.28 0.0226
FH6/MYE FH A E= An] & 0.8385 0.3897 2.15 0.0314
A A AT 0.2460 0.1133 2.17 0.0299
FA 0.6237 0.0721 8.65 <.0001

Parameter()\) Estimate Sg’?‘i?d t Value Pr>|t|
Intercept -1.5194 0.2184 -6.96 <.0001
237 AP ItEr gl 0.0372 0.0056 6.60 <.0001
H 33 HAFAAAS 0.3779 0.0484 7.80 <.0001
NICE #&§#%8 Z314 0.0529 0.0244 2.16 0.0304
A A8t AFEF -0.0700 0.0174 -4.02 <.0001
1A AA DG A1 =0 & 0.7656 0.1933 3.96 <.0001
6719 FHUAIE A8 & -0.9782 0.2751 -3.56 0.0004
A A AT -0.2249 0.0750 -3.00 0.0027

_26_



G+ ® T
~ O]
%%ﬂ‘oﬁﬂﬂ_o
oy R w = oo bl
oﬁLlL.t E <
B G . B =R
‘_ﬂAlﬂmOa\A,ﬂlﬁT ﬁo _HOHA#
m@_fmm_ﬁw %Emaﬂ% .
iegewL w o_aia BT
%@A%m%ﬂ wgf;% N
. = < el W =
Empnoamof ® g i %%.%@ﬂ%
tﬂﬁLeHeo;_ Lorﬁﬂo@c %ﬂo%.
B R N o e < TN T o T
‘Elf_/ﬁ!JvAlLe;OE,lﬂﬂ ﬂo\luuw‘l_l_/af dﬂﬂO“HJI,OIL._W
J.r. dnpﬁo _X 7__iﬂl J.u
v S LA G L iR R
X <0 7 R0 R iof = * B G AR = = M T =
2 — 623 — ® _
mdLEﬂ@EgBT ao@wﬂqﬂsﬂomj%m
EM%W@QQ ﬁoﬁ,@ﬂﬂﬂﬂ?aﬂﬂwﬂgﬂ
HLmOL%ﬂ$@ﬂﬁﬂﬂeim%%ﬂq;
ﬂ%t_f Oﬁﬂrmﬁr7iﬂwr§fﬁduy?ma
o & LMo m £ G i il o n- e %0
%ﬁomlio =T urmwib}og}1lo€
iy o 6N o»ﬂ:wcg_ - @.u_iﬂ} ujm.x T o < < B B
eﬂﬂLlLATUr J.o]7goA1r.1:u| Luk
@tmﬂyaﬁﬂxa#&ﬂﬂmﬂﬂwL%
S wﬂﬁmoww%ﬂ@caowﬂﬂm%ﬂw
%MWM_ @gﬂe%%ﬂ}EﬂMMwﬂ@ﬁ
ﬂm,Ao7_ﬂdﬂ 014 ﬂ7ﬂﬂ7ﬂﬂ oowo_ﬁoﬂ,ﬂ
E@Lwh ﬁvmnzna%goﬁﬂaﬁﬂo;uﬁ; =
) &.awgﬁwil;un TETE » o
k%ﬂ%ﬂ%ﬂﬂge%&%%ﬁo@E%Q
5 ° dpﬁmroy%ﬂAaol B
Th J;;%OAO Eoi..*ﬁgwmwl = X
T T uTEEXoﬁoO. mad_ﬂE T qﬂvvo]
1§u%aﬁ_%1 m }ﬂ1ﬂ_§ Hmoﬂ
X ok -~ B % 71 G ™ T Gl M o 2= A A
ﬂq¢agéA% Fieiles
oﬂvljfj?iif
= 0 m 3 o Moo =al = (- i o
LW maarﬂy___ p O i
Eopr]%aﬂ%ﬂmoaa T
T o ol 160 HOM ) ol
i SN o N £} N
o ar T
_,om_gmeau
_vOOJ_,m_!“aO
a3

- 27 -

o

[

7]‘ O]—Er'oixqo]:



6. SIAARLT

B A (Decision Tree Analysis) 2%

% H= Xz 2= o] 2=~(; R=e) 2 I8 Q
deﬂ T = ﬂL%—r(target)i HE'%]%T(IHDLH:)EE‘ E]'T: vl_ﬁéoﬂ/\ﬂ o]o
S [0) 2= B Ao Flod o =] ()] 1= A= S
g 35709 MR EA4S stloy FE 7t dojubA] &Skth o] AA &<
=] 0101 o) O 5] o) 11] T H==
5.2%%= Sto} F7t dojubA] ¥ Aow AZEHAoH, ZEFZE(over
: 2 S O = H o T =L & V= O 7
sampling) & AA&(18.8%)= o AELA S Al=stdtt. 1 A= v
FAgu
ORI 01 2 (@ 7:1)
1 18.8% 18.6%
0 81.2% 81.4%
11951 827
0 807 3612
total 10358 4439
] T 441% 46.2%
0 0 55.9% 53.8%
1 11327 593
0 6728 2922 0 1679 690
total 7352 8156 total 3006 1283
1
s ] =15 ]
T 6.9% 53% |[ 1 44.9% 45.0% 1 29.7% 31.5% I T GRS
0 937% 947%[[ 0 55.1% 55.0% 0 703% 68.5% U AR EHs
14 57 |1 18 77 1457 207 1o
0 649 2828 [[0 232 0 1083 450 G2
total 6931 0985 total 1540 657 fotal_1466 626
RS REREREEEES
[=2655 1 s ] [o=05 ]
T 81.8% 325%|[ 1 58.1% 56.0%|[ 1 21.8% 26.9%|[ 1 41.6% 38.1% T 47.4% 51.9% 67.0% 67.8%
0 68.2% 67.5%|| 0 41.9% 440%|| 0 78.2% 73.1%(| 0 58.4% 61.9% 0 52.6% 48.1% 32.8% 32.0%
1 67 26 1 122 51 1 202 104 || 1 255 103 1 125 504 261
0 14 5|0 88 40 |[0 725 283 ([0 358 167 0 116 290 124
Total 211 80 fotal 210 91 total 927 387 total 613 270 241 otal 884 385
ESEE] FEREEERRES EICEpENE
I [ 1 ] s 1 =15 ] G ] o1
1 50.7% 48.1%| (1 33.3% 20.1% [ 41.4% 506%|[ 1  60.9% 54.7%|[ 1 70.2% 71.3%|[ 1 47.0% 48.3%
0 49.3% 51.9%|| 0  66.7% 709% (| 0 58.6% 49.4% || 0  39.1% 45.3% (| 0 29.8% 28.7% || 0  53.0% 51.7%
1 48 62 |1 107 411y 167 84 1 109 41 |[1 540 233 || 1 54 28
O 144 67 110 204 100 [| o 23 82 0 70 3 (|0 220 94 [|o 61 30
Total 292 129 || total 321 141 || total 403 166 total 179 75 || total 769 327 |[ total 115 58
FAMNSIES
|
T 61.9% 64.7%
0 38.1% 35.3%
o210 90
0 129 49
total 339 139 || total 430 188
—_ o A== o] 3 = 3
<19 3-4> gAHEAZUFEA ] 9% YT 2R
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D BEAEH7E A% gZE Hols 2 =X

3 3-11> Y =ZE Hol&(Lift Table)

(AL -EokE 3AEH)

Development Validation
o i Actual i Simple iCum.bad| . . i i Actual | Simple :Cum.bad
peelle i i bad bad ratei! rate Dt : i : bad bad rate! rate

5% i 1857 i 601 i31.32%:i31.32%| 5% : 802 i 294 :34.23%:34.23%
10% i 1857 | 398 i20.74%:52.06% | 10% i 803 i 157 :18.28% i52.50%
15% i 1857 | 240 i1251%:64.56%| 15% i 802 i 106 :12.34%:64.84%

20% i 1857 i 164 | 855% i73.11%| 20% : 803 : 75 i 8.73% i73.57%
25% i 1857 i 140 | 7.30% i80.41% | 25% : 802 55 i 6.40% :79.98%
30% i 1857 i 76 i 3.96% i84.37%| 30% : 803 38 i 4.42% }84.40%
35% i 1857 i 65 i 3.39% i87.75% | 35% : 802 i 27 i 3.14% }87.54%
40% i 1857 i 52 i 2.71% i90.46% | 40% : 803 i 19 i 2.21% :89.76%
45% i 1857 i 33 i 1.72% i92.18% | 45% : 802 22 i 2.56% }92.32%
50% | 1857 i 37 i 1.93% i94.11%| 50% i 803 | 15 i 1.75% :94.06%
55% i 1857 i 24 i 1.25% i95.36% | 55% : 802 : 8 i 0.93% :94.99%
60% : 1857 i 20 i 1.04% :96.40%| 60% : 803 13 i 1.51% :96.51%
65% i 1857 i 12 | 0.63% i97.03% 65% : 802 9 i1.05% :97.56%
70% i 1857 i 12 i 0.63% :97.66% | 70% i 803 7 1 0.81% :98.37%
75% i 1857 i 5 1 0.26% i97.92% 75% : 802 5 i 0.58% :98.95%
80% i 1857 i 10 i 0.52% :98.44% | 80% i 803 1 0.12% :99.07%
85% i 1857 i 8 i 0.42% i98.85%  85% i 802 5 i 0.58% :99.65%
90% i 1857 i 11 | 0.57% :99.43% | 90% : 802 0 i0.00% :99.65%
95% 1857 i 5 i 0.26% :99.69% | 95% : 802 0 i 0.00% :99.65%
100% i 1859 i 6 :0.31% i100.0% | 100% i 802 i 3 i 0.35% i100.0%
A 37142 ¢ 1919 i 100% 7 i 16048 ¢ 859 : 100%

« Actual bad(ZAAA]) : 20524 2t A AAAFHT] AANE
« Simple bad rate(A AV &) : |FsFolA AANE / AAAAH =

* Cum. bad rate((+3 AN &) : AAHNEE T4 7} F3F AAH &
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<G 3-12> ¥ ZE H o] E(Lift Table)

Logistic Poisson ZIP

Decile: # | Actual ! Simple : Cum.bad

: Actual : Simple : Cum.bad illm & : Actual : Simple : Cum.bad
bad :bad rate: rate Decile: # :

Decilei i : bad :bad rate: rate bad :bad rate: rate

131.58%:31. 5% 1857 ; 601 i31.32%:31.3%

133.25%

: : £2.71% :90.

F1.77% 2.

£ 0.63% :97.
£ 0.26%

£ 0.52% :98.
108.85% £ 0.68% :99. £ 0.42% 98

......... e

Q0% | 1857 i 11 :0.57%:99.43% O0% : 1857 i 4 :0.21%:99.43%| 90% : 1857 i 11 :0.57%:99.43%

.....................................................................................................

..................................................

100% : 1859 i 5 i 0.26% :100.0%| 100% : 1859 i 4 i 0.21% :100.0%| 100% ; 1859 : 6 i 0.31% :100.0%
3 137142% 1919 1100.0%: A 1371423 1919 $100.0%: 3 1371423 1919 :100.0%:

« Actual bad(ZAAA]) : 20572 2 EolA AAAFEHF AAR =
« Simple bad rate(AA¥] &) : A FsFolA AANE / AAAARN =

¢ Cum. bad rate(+8AAN &) : AAHEE T4 7} F3F AAH &



—&—|ogistic
L|ft Chart(Eﬁa4 HIJ_J,_) —'—Zlopisson
. WPH e =a =i en A e dnnAnnAnnds
90% |
HJ‘)
80% | vy
70% | o
o r/
T 60% |
© o0 L
g 50% /
£ 40% |
3
(@] 30% F
20% | /
10%
0% L
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Decile

<19 3-6> g ZE E3x(Lift Chart)

A

<29 3-6>& A 2 3 g ZTE EH(Lift Chart)d ZAIo|t}. A
2o gz el A9 XA st o] BPo] o552 Aol gl

PN
< 4= 9l

°
=

rlr

FgulelE e AANFY GEo] 0~52 77

0.06% 0.03%= 7 AAAZE] vlgo] LU Ho] QA] f7<) oz} 4
Aols tehA 23 AASES vaste 2A~E ARG Prd
8 wYskd G-Tols ALY dZe] o F nolX T 2

Bz et Aoz A44d 5 QAL AW Gn-Eoly ARG

_33_



)

5= Al

s

A7 el o

s}
=

A A

E#k(p)et

3}
s}

“FH (perfect state)2]

ﬁo

i

A Ao of

bl

e =

=
=

Ej (imperfect state)

/6]—

pel grol wa Wb Ee IF

k]

Ah ke a5

al

HH

™ po] Fhol
pt A9l Fko] F Al

=
=

O 2 o 5

=R =
[¢)

A

AL e

-
s

ol

oj
xr

=

78 AL H. T}

e

bl

Plo
—

fol Ao Fhea)

& 52 AAs

o1 2}

e

o]
HH

o]

o

K

o
oR

IH

ol

%

ol
0

i
o
Ao
—_

0
23|
|

]
el
T
T
o)
T
o
it
o]

puze)

Jjo
ojo

"I

_34_



a4 &

ol
o

o

ol

oy

B
TR
w

H

loxy
0

o
ToR
®

ol

E3titt

el
K
olo

N

oy
B
A

o
il

]
b4 grol 227k Yol

S

G

%L

S|
S|

)
=

gl o] §f ol

) 3] 5=2] ghol

Z

d

o]l;__

Ang Bk
o] 0.9%% wj§ wrol A ¥l Wgwiele] ol

4K

A

o

o

=0

o

g oluet ¢l

HH
A

o5

g2 A

B

o

NJo
o

R
R

ol

F71 ole R,

S

3o sto}

_35_



juse]

2}

ox

I

0

el
TH

aiz
J|

7ol

o

()

Falct,

I 7k o FolAof 5

9|

of o

=
=

"o

_36_



¥ 1 % 4

[1] 34 -8 - HESF - 124 - 7174 (2001).  7SAS Enterprise

Miner 4.0%& ©]&3F dlojElrfe]d - F¥= ¥ F&-,, M=, Aot

p 54

«
oX,
of
r-g{_[‘
(S
)
Nt
oo
%
y
A,
[»
i
M
X
M
N
IS
>
o
ot
™

[6] Heilborn, D.C. (1989). Generalized Linear Models for Altered
Zero Probabilities and Overdispersion in Count Data, unpublished
technical report, university of California, San Francisco, Dept. of
Epidemiology and Biostatistics.

[7] Lambert, Diane. (1992). Zero-Inflated Poisson Regression, With
an Application to Defects in Manufacturing, 7echnometrics, 34,
pp.1-14.

[8] Singh, S.N. (1963). A Note on Inflated Poisson Distribution,

Journal of the Indian Statistical Association, 1, pp.140-144.



ABSTRACT

A Study on the Credit Scoring Model with

Zero-Inflated Poisson

Kim, Joo Young
Department of Statistics
The Graduate School

Sungshin Women's University

Zero-inflated Poisson distribution is more applicable distribution in
case of excess zeros than regular Poisson probability distribution as
a discrete type probability distribution.

The data of that has excess zeros come out in a variety field in
company with development of modern technology. The finance, one
of those field, produce results that excess zeros of response value
with remarkable decrease of arrear rates from systematic credit risk
management methods

Therefore existing Poisson regression 1s not a suitable application
for financial field, since they have too may zeros.

This thesis is a comparative study that compare with existing
methods, such as logistic model, Poisson model, decision tree model
and zero-inflated Poisson model using the data of Korean domestic A

bank.
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/*DATA SET 4™

temp_thin_clean : ¥dl°]¥ (5319071)

credit_rm : Development(70%) Validation (30%) Hlo|H+& 2 WSS
credit_rm_1 : T-TEST®} CHISQ#A ZA¥ Fofst H45(3771)*/

[rEEANE B BT/

DATA credit_rm;
SET temp_thin_clean;
tot_avg_use_a_p_me3_1 = tot_avg_use_a_p_me3/100000;
in_24m_issue_use_a_p_mel8_1=in_24m_issue_use_a_p_me18/100000;
sum_delq_amt_3yr_l=sum_delq_amt_3yr/1000000;
whl_tot_use_a_p_me3_1=whl_tot_use_a_p_me3/1000000;
IF in_24m_issue_use_a_p_mel8_1=>14 THEN in_24m_issue_use_a_p_mel8_1=14;

ELSE in_24m_issue_use_a_p_mel8_l=in_24m_issue_use_a_p_mel8_1;
IF sum_delg_amt_3yr =>4 THEN sum_delq_amt_3yr_1=4;
ELSE sum_delg_amt_3yr_l=sum_delq_amt_3yr;
IF tot_avg_use_a_p_me3_1 =>8 THEN tot_avg_use_a_p_me3_1=8;
ELSE tot_avg_use_a_p_me3_1 = tot_avg_use_a_p_me3_1;
IF whl_tot_use_a_p_me3_1 =>4 THEN whl_tot_use_a_p_me3_1=4;
ELSE whl_tot_use_a_p_me3_1 = whl_tot_use_a_p_me3;
rannum=UNIFORM(161328064);
IF rannum<0.7 THEN addbad30_d=addbad30;
ELSE addbad30_d="";
IF addbad30=0 THEN addbad30_cnt=0;
ELSE IF addbad30=1 and card_co_by_dlngncy_cnt_d>0
THEN addbad30_cnt=card_co_by_dlngncy_cnt_d;
ELSE addbad30_cnt=1;
IF rannum<0.7 THEN addbad30_cnt_d=addbad30_cnt;
ELSE addbad30_cnt_d="";

RUN;




[+EEAG Fog TS T FHHT A4 Development(70%)+/
PROC TTEST DATA=credit_rm;
CLASS addbad30_d;
VAR actv_ltst_init_loan_amt_BL1--avg_use_mnthcnt_ba init_dlngncy_amt_d
Itst_dlngncy_amt_d dlngncy_amt_d--tot_use_card_r_p_dt62_ind age;
RUN;

[+EERG Fog YFE F= FHHT A Development(70%)+/
PROC FREQ DATA=credit_rm;

TABLE addbad30_d#(duty_ind gndr house_type_ind) / CHISQ;
RUN;

/* T-TESTS} CHISQ#HA 23} frelgh M e 5 oyl «/
DATA credit_rm_1;
SET credit_rm;

KEEP addbad30 addbad30_cnt ddbad30_d addbad30_cnt_d
avg_delq_amt_3yr avg_delq_days_3yr_cc avg_use_mnthcnt_ba
c_12m_new_loan_cnt_BL2 cash_use_tot_card_c_p_mx12
cash_use_bc_card_c_p_1 in_12m_issue_use_a_p_mel8
in_24m_iss_use_amt_r_p_mel8 in_24m_issue_use_a_p_mel8_1
in_6m_issue_use_a_p_mel8 ltst_card_use_a_p_mel2 max_cash_a_p_avl8
max_cash_tot_use_a_p_me3 max_crdt_tot_use_a_p_mel2
max_delg_amt_3yr max_delq_days_3yr_cc3 max_use_a_p_me3
num_fi_inq_12m num_fi_inq_12m_1 sum_delq_amt_3yr_1
sum_delq_cnt_3yr_1 sum_delq_days_3yr tot_avg_cash_a_p_me3
tot_avg_use_a_p_med3_1 tot_cash_amt_r_p_mx12
tot_cash_use_card_r_p_mx18 tot_use_card_r_p_mx12
tot_use_vs_max_amt_r_p_me6 use_tot_avg_use_a_p_meb
use_tot_card_c_p_1 whl_tot_cash_a_p_mx12 whl_tot_use_a_p_me3_1

duty_ind gndr house_type_ind;

RUN;




[+ T-TEST A% #9% W4 5 FORWARDWH o2 HFHpAex/
PROC LOGISTIC DESCENDING DATA=credit_rm_1;

MODEL addbad30_d = avg_delq_amt_3yr avg_delq_days_3yr_cc avg_use_mnthcnt_ba
c_12m_new_loan_cnt_BL2 cash_use_tot_card_c_p_mx1
cash_use_bc_card_c_p_1 in_12m_issue_use_a_p_mel8
in_24m_iss_use_amt_r_p_mel8 in_24m_issue_use_a_p_mel8_1
in_6m_issue_use_a_p_mel8 ltst_card_use_a_p_mel
max_cash_a_p_av1l® max_cash_tot_use_a_p_me3
max_crdt_tot_use_a_p_mel2 max_delq_amt_3yr
max_delq_days_3yr_cc3 max_use_a_p_me3 num_fi_inqg_12m
num_fi_ing_12m_1 sum_delq_amt_3yr_1 sum_delqg_cnt_3yr_1
sum_delq_days_3yr tot_avg_cash_a_p_me3
tot_avg_use_a_p_me3_1 tot_cash_amt_r_p_mx12
tot_cash_use_card_r_p_mx18 tot_use_card_r_p_mx12
tot_use_vs_max_amt_r_p_me6 use_tot_avg_use_a_p_meb6
use_tot_card_c_p_1 whl_tot_cash_a_p_mx12
whl_tot_use_a_p_me3_1 duty_ind gndr house_type_ind /
SELECTION=FORWARD SLENTRY =0.000001 ;

OUTPUT OUT=forward P=phat;
RUN;

[x AREFECETH0.5)+/
DATA forward;

SET forward (KEEP= addbad30 addbad30_d phat);
RUN;

DATA forward;
SET forward;
IF PHAT>0.5 THEN YHAT=1;
ELSE YHAT=0;
RUN;

PROC FREQ DATA=forward;
forward: TABLES addbad30_d*YHAT/NOCOL NOROW NOPERCENT;
RUN;




[+ T-TEST A% froldt W4 F BACKWARDWH O & XHFW 5 ex/
PROC LOGISTIC DESCENDING DATA=credit_rm_1;

MODEL addbad30_d = avg_delq_amt_3yr avg_delq_days_3yr_cc avg_use_mnthcnt_ba
c_12m_new_loan_cnt_BL2 cash_use_tot_card_c_p_mx1
cash_use_bc_card_c_p_1 in_12m_issue_use_a_p_mel8
in_24m_iss_use_amt_r_p_mel8 in_24m_issue_use_a_p_mel8_1
in_6m_issue_use_a_p_mel8 ltst_card_use_a_p_mel
max_cash_a_p_av1l® max_cash_tot_use_a_p_me3
max_crdt_tot_use_a_p_mel2 max_delq_amt_3yr
max_delq_days_3yr_cc3 max_use_a_p_me3 num_fi_inqg_12m
num_fi_ing_12m_1 sum_delq_amt_3yr_1 sum_delqg_cnt_3yr_1
sum_delq_days_3yr tot_avg_cash_a_p_me3
tot_avg_use_a_p_me3_1 tot_cash_amt_r_p_mx12
tot_cash_use_card_r_p_mx18 tot_use_card_r_p_mx12
tot_use_vs_max_amt_r_p_me6 use_tot_avg_use_a_p_meb6
use_tot_card_c_p_1 whl_tot_cash_a_p_mx12
whl_tot_use_a_p_me3_1 duty_ind gndr house_type_ind /
SELECTION=BACKWARD SLENTRY =0.0000001 ;

OUTPUT OUT=backward P=phat;
RUN;

[x AREFECETH0.5)+/
DATA backward;

SET backward (KEEP = addbad30 addbad30_d phat);
RUN;

DATA backward;
SET backward;
IF PHAT>0.5 THEN YHAT=1;
ELSE YHAT=0;
RUN;

PROC FREQ DATA=backward;
backward : TABLES addbad30_d+YHAT/NOCOL NOROW NOPERCENT;
RUN;




[+ T-TEST AZ} #<g W4 5 STEPWISEWH O R FHF W48/
PROC LOGISTIC DESCENDING DATA=credit_rm_1;

MODEL addbad30_d = avg_delq_amt_3yr avg_delq_days_3yr_cc avg_use_mnthcnt_ba
c_12m_new_loan_cnt_BL2 cash_use_tot_card_c_p_mx1
cash_use_bc_card_c_p_1 in_12m_issue_use_a_p_mel8
in_24m_iss_use_amt_r_p_mel8 in_24m_issue_use_a_p_mel8_1
in_6m_issue_use_a_p_mel8 ltst_card_use_a_p_mel
max_cash_a_p_av1l® max_cash_tot_use_a_p_me3
max_crdt_tot_use_a_p_mel2 max_delq_amt_3yr
max_delq_days_3yr_cc3 max_use_a_p_me3 num_fi_inqg_12m
num_fi_ing_12m_1 sum_delq_amt_3yr_1 sum_delq_cnt_3yr_1
sum_delq_days_3yr tot_avg_cash_a_p_me3
tot_avg_use_a_p_med3_1 tot_cash_amt_r_p_mx12
tot_cash_use_card_r_p_mx18 tot_use_card_r_p_mx12
tot_use_vs_max_amt_r_p_me6 use_tot_avg_use_a_p_meb6
use_tot_card_c_p_1 whl_tot_cash_a_p_mx12
whl_tot_use_a_p_me3_1 duty_ind gndr house_type_ind /
SELECTION=STEPWISE SLENTRY =0.000001

SLSTAY =0.000001;
OUTPUT OUT=stepwise P=phat;;
RUN;

[x AEFECETH0.5)%/
DATA stepwise;

SET stepwise (KEEP = addbad30 addbad30_d phat);
RUN;

DATA stepwise;
SET stepwise;
IF PHAT>0.5 THEN YHAT=1;
ELSE YHAT=0;
RUN;

PROC FREQ DATA=stepwise;
stepwise : TABLES addbad30_d*YHAT/NOCOL NOROW NOPERCENT;

RUN;




2. 2X2¥ 3JARY

[+3E ZA2YIARY FHFAIAES AF A A/
PROC LOGISTIC DESCENDING DATA=credit_rm_1;

MODEL addbad30_d =avg_use_mnthcnt_ba c_12m_new_loan_cnt_BL2
max_delq_days_3yr_cc3 num_fi_inq_12m
tot_avg_use_a_p_med3_1 tot_cash_amt_r_p_mx12
tot_use_vs_max_amt_r_p_me6 duty_ind
house_type_ind / Lackfit;

OUTPUT OUT=logic P=phat;
RUN;

[+ AF AeE A (stepwise) 7| 2B A/
PROC MEANS N NMISS MEAN MIN MAX DATA=credit_rm_1;

VAR avg_use_mnthcnt_ba c¢_12m_new_loan_cnt_BL2 in_24m_issue_use_a_p_mel8_1
max_delq_days_3yr_cc3 num_fi_inq_12m tot_avg_use_a_p_me3_1
tot_cash_amt_r_p_mx12 tot_use_vs_max_amt_r_p_me6 duty_ind
house_type_ind;

RUN;

[+ 2T A8 E W (stepwise) AFTHEA]/
PROC CORR DATA=credit_rm_1;

VAR avg_use_mnthcnt_ba c¢_12m_new_loan_cnt_BL2 in_24m_issue_use_a_p_mel8_1
max_delq_days_3yr_cc3 num_fi_inq_12m tot_avg_use_a_p_me3_1
tot_cash_amt_r_p_mx12 tot_use_vs_max_amt_r_p_me6 duty_ind
house_type_ind;

RUN;

[#tsa A At (stepwiseol 2]%F W48/
PROC REG DATA=credit_rm_1;

MODEL addbad30_d =avg_use_mnthcnt_ba c_12m_new_loan_cnt_BL2
max_delq_days_3yr_cc3 num_fi_inq_12m
tot_avg_use_a_p_me3_1 tot_cash_amt_r_p_mx12
tot_use_vs_max_amt_r_p_me6 duty_ind
house_type_ind / VIF COLLIN;

RUN;




3. Xol% 3|ARY

[+38E Eobd FARY FHCFHAAES U A/
PROC GENMOD DATA=credit_rm_1;

MODEL addbad30_cnt_d = avg_use_mnthcnt_ba c_12m_new_loan_cnt_BL2
max_delq_days_3yr_cc3 num_fi_ing_12m
tot_avg_use_a_p_me3_1 tot_cash_amt_r_p_mx12
tot_use_vs_max_amt_r_p_me6 duty_ind
house_type_ind / link=log dist=poisson;

OUTPUT OUT=Poi P=pred;
RUN;

4 FHY-Eo}% HARY

proc nlmixed data= credit_rm_1;

/* a0 = intercept of the logistic model of the inflation prob, al is that slope,

are the regression coefficients for the Poisson mean */

parameters a0=0 al=0 a2=0 a3=0 a4=0 a5=0 a6=0 a7=0 a8=0 a9=0
b0=0 b1=0 b2=0 b3=0 b4=0 b5=0 b6=0 b7=0 ;

/# linear predictor for the inflation probability */
linpinfl = a0 +al*avg_use_mnthcnt_ba +a2+*c_12m_new_loan_cnt_BL2

+a3*max_delqg_days_3yr_cc3 +ad*num_fi_inq_12m

+ab*tot_avg_use_a_p_me3_1 +ab*tot_cash_amt_r_p_mx12

/*the nlmixed procedure models a degenerate zero and a Poisson distribution the end

product giving you a probability of an observation being in the zero distribution */

+a7#* tot_use_vs_max_amt_r_p_me6 +a8+duty_ind +a9*house_type_ind ;




/* infprob = inflation probability for zeros */

/% = logistic transform of the linear predictor */

infprob = 1/(1+ exp(-linpinfl));

/* Poisson mean */

lambda = exp(b0O + bl*xin_24m_issue_use_a_p_mel8_1 + b2*max_delq_days_3yr_cc3
+ b3*num_fi_inq_12m + bédx*tot_avg_use_a_p_me3_1

+ bbS#tot_cash_amt_r_p_mx12 + b6*tot_use_vs_max_amt_r_p_me6
+ b7xduty_ind);

/# Build the ZIP log likelihood */
if addbad30_cnt_d=0 then
I = log(infprob + (1-infprob)*exp(-lambda));
else 1l = log((1-infprob)) + addbad30_cnt_d*log(lambda)

- lgamma(addbad30_cnt_d+ 1) - lambda;
model addbad30_cnt_d ~ general(ll);

/# predict statement to get the predicted number of

RESPONSES given the Poisson mean and the inflation probability */
predict 1-infprob out = pred_p;
predict (1-infprob)*lambda out = pred_z;

predict lambda out = pred_lambda;

RUN;
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