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Introduction
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NAME AND TITLE

Michelle Brendum Skinbjerg
Data Analyst at Arbejdernes Landsbank

BACKGROUND

Master of Science (MSc) in Mathematics-Economics
from the University of Copenhagen

EXPERIENCE

Model development, including credit risk models
— especially LGD/EAD

Rating models
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Journey

New workflows are created during implementation

” .
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What is SAS® Risk Modeling?

6

SAS Risk Modeling is a next generation unified platform for the development
and deployment of risk models.

SAS Risk Modeling offers an integrated infrastructure to handle data, build
models using traditional statistical methods, advance machine learning
techniques, back test the models, and quickly implement those models.

SAS Risk Modeling enables any institution that deals with risks to develop
effective risk models for various use cases and to track these risks more
accurately
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Model lifecycle in SAS® Risk Modeling

Data
Preparation

Model
Performance
Monitoring Model

Development

Model
Implementa
tion "
Decision
rule building
Back The decision-making process can
testing be activated in both
+ Batch
* Realtime
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SAS® Risk Modeling

Data Preparation

SAS Risk Modeling - Manage Risk Models

= | AL-Test c
4 ) . .

[¥] Data Set Parameters @ Target Population (& Varishles & Build Data Set
A : ¥ N

£ | | All variables v ®| M v

3
2 [] UsedinVa... Used in Scr... Outcome V... Display Name Physical Name Data Source Variable... 1 @
104 n . Fi':ijg,“”b“te DEFAULT_SAMLETY, As of Time F_DEF_D_SAM_CM PRRE_DEFAULT_HIST Point-in-time
o Display Attribute "NEMKONTO", As of Ti
S O & L Tenme F_ST_NEMKONTO_CM PRGD_STAMOPL_HIST Point-in-time
<{l> O F)LIZ_F:lEguAMbUtE DANKORT_ANTAL", As of Time F KK 5 KM DA
o
aseT

Nianlav Attrikinita

» Defining project

« Targetpopulation
* Modeling data set and variables

* Building the modeling dataset
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SAS® Risk Modeling

Data Preparation

port Variables

Zelectthe variakles thatyou wantto importand add them 1o the Selected Varisbles table.

Availabla Verisbles ”
[ Linked Outco... | Display Namo Physical Nama Data Sourca Variablo Typa Projoct Ownor Search
[m] * Complex bad 1 PDO_I_CUS_COMPLEX_BAD_1 Derived Display name:
[m] * Complex bad 2 PDO_I_CUS_COMPLEX_BAD_2 Darived
Froject:
[} * Current bad 120 days in lsst 1 month PDO_I_CUS_CURRENT_BAD_120 Derived el
[} * Currentbad 180 days in last 1 month PDO_I_CUS_CURRENT_BAD_1801 Derived .
Froject owner:
] L3 Currentbad 30 days in last 1 manth FDO_I_CUS_CURREMT_BAD_30 Darived ]
[m] * Current bad 60 days in last 1 month PDO_I_CUS_CURRENT_BAD_80 Derived Outcome variable:
Yes O Mo
[m] * Currant bad 90 days in last 1 month PDO_I_CUS_CURRENT_BAD_?0 Darived
Significant variable:
[} * Current custam bad PDO_CUS_CURRENT_CUSTOM_BAD Derived 0 ves O Mo
[} * Ever bad 120 days in last 12 manths PDO_I_CUS_EVER_BAD_120 Derived Purposs:
0
[ Credit Conversion Factor

O Loss Given Dafaut

NO VARIABLES HAVE BEEN CREATED YET.
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Newlaiiables Ceneel Probakility of Default
dams Desaription Data Sourcs Variabls Typs
Basic Variable Derived Varizble Subiect of anclysis
. i Mo items are svailable. Jo)
Variable type: @ | Aggregate  + Subject of analysis: @ | Retail Financial Account v
[ Reail Customer
Aggregate
Data Source Count Measures Selection Criteria Aggregation Time Period
oun
o o o > [] Account Hierarchy Code [0 Average by record [ Last 1 Month
Point-in-time
Account Limit Recent ation [ Limit Decrement Count > AccountSub Type Code [ Average by time [ Last 3 Months
Bank Card Lost Information [ Limit Increment Count > [ Account Type Code [ Maximum [ Lest 1310 24 Months
P - Recer All
Financial Transaction Information [] OD Limit Decrement Count N [ Minimum [ Last 12 Months
> [] Financial Product Type Code

Inquiry Information [ OD Limit Increment Count [ Total [ Last 3 to 6 Months

Outbound Communication Information [] Tenure Mth Count [ Last 6 Months

Periodic Snapshot Information [ Unutilized Mth Count [ 3 Months back

1 Uralzed M To TP e Core elements

Retail Account Country Snapshot Info [ 12 Months back

[ 24 Months back
—— Create derived variables through point-and-click options
Erarsiew: [ Al bacsmrabies and across dimensions:
Error Physical Name Display Name Description ] A t' i 'I bI i d 1 t I 1 t'
ggregaton is avallable immediately, saving time
= Reduces programming errors
|

ABTSs can be saved and shared, saving time and
increasing productivity
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SAS® Risk Modeling

Model development

* Develop a statistical or Machine learning model in SAS VDMML/Python

» |Import the modelin SAS Risk Modeling or create a user defined modelin SAS Risk Modeling
using the model specification workspace

» Define bins and proportions
e Calculate development data statistics

» Create modelspecificationversion
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SAS® Risk Modeling

Model development

ﬂ Madel Detail: (..“\: Target Population o Development Data D Versions

Specify development data: () Choose Bin Type | RSB AT Tt

Score-Based Bins et e s

Scorecard Bin Total Proportion (%) Proportion of Non-Event (%) Proportion of Event (%) Expacted Probability of Event
0<=0OVERTREK_MAX_AKT_MAX_S6MND<=0

_MAR_AKT_MAX o1z 5 .

OR Missing Value OR Nene of These 69.1589 70,4188 44,1538 00306
0<OVERTRK_MAX_AKT_MAX_6MND<=5 13,7072 13,6780 14,2857 0,0500
5<OVERTRK_MAX_AKT_MAX_6MND<= 20 10,5296 10,0131 20,7792 0,0947
20<OVERTRE_MAX_AKT_MAX_6MMND<= 30 2,2430 21587 3,8941 0,0833
30<OVERTRK_MAX_AKT_MAX_6MND<= 60 3,0530 26832 10,3896 0,1633
&0<OVERTRE_MAX_AKT_MAX_6MMND<= 90 08723 0,8508 1,2987 00714
Q0<OVERTRE_MAX_AKT_MAX_sMND 04281 01963 51948 05714
Total 100,0001 90,9999 99,9999
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SAS® Risk Modeling

Model Implementation

* Model Implementation means we are creating a deployed code that can be used for
Scoring, Actual calculations and On-going model monitoring calculations.

» This deployed code can be used for Scoring the new through-the-door population.
* Model back testing is performed based on historical data.

* The modelhas to be implemented for making business decisions.

e Usually, itis done in batch mode.
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SAS® Risk Modeling

Back Testing

* One does not want to wait for actual scoring results to validate model.

» Back testing allows you to validate the model immediately before we move it
to production.

« Backtesting is performed on historical data to compare scored/predicted
Vs Actual results of model.
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SAS® Risk Modeling

Back Testing

Medel Hezlth Model-Monitoring Reports
Measures Dashboard @ [] Show developmentvalues  Bintyps:| Sec
Mode
Version
Scoring Date May 2022 Apr 2022
Measure Catagory Maasure Haalth Valua Haalth Value
( bty > Stability @ . @ . \
-System Stability Index @® 0 @® 0,0004
> Performance @ @
{1-PH) Statistic @ 0 @ 0
-Accuracy @® 0,952 @® 0,9589
-Accuracy Ratio (Gini) (0] 0,1236 (0] 0,06086
-Area Under the Curve (AUC) @ 05618 @ 0,5303
-Bayesian Error Rate @® 0,048 @® 0,0411
-Conditional Information Entropy Ratio [CIER) @ 0,0159 @ 0,0996
k -D Statistic 0,3006 (0] 0,14%4 )
St 1) ezt 1) vavam
( Performance -Information Statistic 01182 [0] 0,0365 \
-Kendall's Tau-b (p-value) @® 1] @® 0
-Kolmogorov-Smimnov Statistic 0] 0,1151 @ 0,0565
-Kullback-Leibler Statistic 0,0713 @ 0,021
-Pietra Index [o] 0,0407 [o] 0,02
-Precision
-Sensitivity @ 0 @ 0
-Somers’ D (p-value) ® 0 ® 0
-Specificity @ 1 @ 1
Validation Score @ 2,2136 @ 5496
K > Calibration @ j
s— - - —
e e > > s
Calibration -Hosmer-Lemeshow Test (p-value) ® 1 ® 0,8591
-Mean Squared Error (MSE) @ . . . .
o Comparison of any combination of time
-Spiegelhalter Test @®
h eriods allows the user to monitor seasona
periods all th t t |

effects for better decisions
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SAS® Risk Modeling

Model Monitering

SAS Risk Modeling includes an extensive set of reports for monitoring the performance of predictive
scoring models; classified as:

* Model health reports

o These reports show the overall health of the predictive scoring models through model health
indicators.

*  Model-monitoring reports

o These reports monitor the performance of the predictive scoring models that score datain
SAS Credit Scoring.

*  Model-input-monitoring reports

o These reports monitor the input variables on which the predictive scoring models are based.
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SAS® Risk Modeling

Model Monitering

Model Health Model-Monitoring Reports Model-Input-Monitoring Reports

Measures Dashboard @ [ ] Show develc
Version Version 1
Scoring Date Sep 2012 Jun 2012
Measure Variable Health Value Health Value
Event Shift Index Days Payment Past Due Count”, ® 0 ® 0

for Time Period "Last 3 Months"

Aggregation "Average by time",
Measure "Balance Amount", for @® 0.0055 @® 0.0048
Time Period "2 Months back"

Aggregation "Average by time",
Measure "Balance Amount", for ® 0.0052 ® 0.004
Time Period "3 Months back"

Aggregation "Average by time",
Measure "Balance Amount", for ® 0.0057 ® 0.0039

Event Stability Index Time Period "Last 1 Month"
Aggregation "Average by time",
Measure "Balance Amount", for @ 0.0055 @ 0.004
Time Period "Last 3 Months"
Aggregation "Average by time",
Measure "Days Payment Past Due
Count", for Time Period "2 Months
back"

@® 0.039 @® 0.0138

Aggregation "Average by time",

The above report is created by executing a few SAS jobs in SAS® Studio

%dabt_build_scr_abt_wrapper(m_model_id=95,m_scoring_as_of_dt =31MAY2022, m_perform_scoring_flg =Y , m_populate_arm_flg =Y);
%dabt_build_act_abt wrapper(m_model_id=95, m_scoring_as_of_dt =31MAY2022 , m_populate_arm_flg =);
%csbmva_ong_mdl_performance_run(model_id=95);
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SASP Intelligent Decisioning

Improve decision- More
making process transparen

Replace this:

More adaptable

# zearch method £ is a simulation of a letter-style combination lock. Each'wheel' has the letters &-Z, a-z= and 0-9 on it
# as well a=s a blank. The idéa is that we have a number of wheels for a wser name and password and ame try each
# possible combimation.
def search_method 20 nom_pass_wheels):
global totalquesses
result = False
starttime = time. time()
tesktz = 0
still_searching = True
print("Using method 2 and searching with “+str(num_pass_wheels)+" passwyofd wheels. ")
wheel = " ABCDEFGHLIELIMMOPORSTITWXYZabodefghd jklmnopgr stuvrmeyz 01 23456789%
# mz only allow up ko 8 wheels for each password for mow
if [num_pass_wheels » 8):
print{"Unable to handle the request. Ho more than 8 characters for a password")
still_searching = False
# set all of the wheels to the first position
pass_wheel _array=arvay('i’ ,[1,0,0,0,0,0,0,0,07)

while still_searching:
ourguess_pass =
for i in range(0,num_pass_wheels): # once for each wheel
if pass_wheel array[i] » O:
ourguess_pass = wheel[pas:
#print (“trying ["+ourguess pass+
if (check_userpass(which password, owrguess _pass)):
print ("Success! Password “+str(which password)+” dis + ourgquess_pass)
still_searching = False # we can stop now - me found it!
result = True

wheel _array([i]] + owrguess_pass
")

#elze:
#print [("Darn. " + owrguess + " is HOT the password. ™)
tests = tests + 1
totalguesses = totalguesses + 1
# spin the rightmost wheel and if it changes, spin the next one over and so on
carry = 1
for i in range(0,num_pass wheels): # once for each wheel
pass_wheel _array[i] = pass_wheel array([i] + carry
carry = 0
if pass_wheel arraw[i] » &62:

pass_wheel_array[i] = 1
carry = 1
if i == [(mum_pass_wheels-1):

still_searching = False

seconds = time.time()-starttime
print ("The search took "+make_human_readable(seconds)+” seconds for “+make_human_readabletests)i+” tests or "+make_human_readabletests
return result
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SASP® Intelligent Decisioning

More
consistent

By this:

[mn : J

[A KUNDE : ‘

£ ]

[ B8 SEGMENT_KRITERIE (1.0) H l [ [ ERROR HANDLING (1.0)
[ A SEGMENT E ‘
PRI{IAT‘ ERHVERV" Ot}ver
$1 SEGMENTERING_PRIVAT (... ! J [ 1L SEGMENTERING_ERHVER... | l [B¥ ERROR HANDLING (1.0)

Automate decision-making
Use information to make better decisions

Apply in real time or batch




SASP® Intelligent Decisioning

SASP Intelligent Decisioning

SEGMENTERING (1.0) SEGMENT_KRITERIE (1.0)

Rule Set Froperties Variables Scoring Versions History
ASSIGN v SEGMENT M 'INGEN
ASSIGN v UNDERSEGMENT M 'INGEN
ASSIGN v OKONOMI_MODEL M 'INGEN
ASSIGN v RGN_MODEL M 'INGEN
ASSIGN v ADF_MODEL M 'INGEN
ASSIGN v MATRIX_MODEL M INGEN

v SEGMENT_KRITERIE

IF v PRIVAT_FLAG v = v 1
THEN ASSIGN v SEGMENT M 'PRIVAT
ELSE ~
THEM ASSIGN v SEGMENT v ERHVERV'
+ Add Rule
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Implementation

An implementation that ensures quick start-up and
training of model developers

” .
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The implementation team

The crucial thing for the team was to get full support when we encountered problems and that they
were solved quickly

r&f;‘:::::.;r:::m |@ o One team, same goaland common
approach to achiéving the goal

Crucial for the analyst

rE‘ Ii AL ha$ been responsible for alarge
r R | part of the implementation

’? Coaching and sparring of SAS along
8= 5 the way
B e AT Open, experience-based dialogue
IQ that allows for continuous calibration

. AL employees . SAS Team
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The implementation process

Gains for the model developer Challenges and handling

* End-to-endprocessof the model * Anew platform

lirseyatein ceveiop, veligeis, « Only one person can be associated
implement and monitor risk models with 37 ABT and User-defined

* Cloud Analytic Services (CAS) can scorecards
efficiently model and score millions of :
* A user-definedscorecard must be

g%iﬁgﬁ%seggfckgtgg&g i pelEliiehe locked (and thus cannot be changed)
to move forward to Risk Management

» A user-friendly graphicalinterface Cycle
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