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MathWorks helps you manage model risk wit
technology for your entire organization.

Risk management
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End users
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Model validation, IT

Model Governance
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and review process

r

. Shared language across feamsand
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and approving changes o models

Model Validation

Model Development

Create and refine model so it is a suitable

candidate for the business case.

h a platform and

Model
Inventory

Ensure model is quantitatively validated.
Prepare documentation.

Model Review and Test

Review quantitative validation results and
assess fitness-for-purpose qualitatively

Approve model for use, and submit

to regulator

Model Execution

Configure model against its production

/_ data sources, APls and reports

DEPLOY

MONITOR

Use model as intended, manually or
ina

-

Model Monitoring

Collect performance and other
operational data, trigger actions if alert
thresholds are met

Model DevOps




Many teams, users and stakeholders collaborate to bring a

model from research to production.

Risk management
Board and stakeholders

Model developers,
avants and analysts

Regulator Monitoring, Reporting Definition and Business lines
Model owners andlPertsrmance Development
Assesment

MODEL
o & o INVENTORY o ] o
Implementation Review
9 9 and Deployment and Approval 9 9
T Quality Assurance, Independent model
Front office Pre-implementation review and audit
End users Valdation Regulator

Model validation, IT

The 1stand 2" lines of
defence have well
defined roles and
responsibilities.

The business, quants
and IT are involved
throughout.



It is difficult to reach a sustainable and cost-effective MRM
strategy If tools and processes are not coordinated.

« Poor gquality models
* Regulatory scrutiny
* High cost

* |nconsistency

 Frustrated users

 Low automation

‘;U'/
.‘.




Risk Management is a complex system with interconnected parts.

Model Development Standards \ Model Risk Appetita Documents

Data Sources

Model Validation Standards

PD Model - Credit Card Models

“ s Loss Provisioning Model -
LGD Model - Credit Card Credit Card

P
mmmmd  EAD Model - Credit Card

Enterprise level Model Risk Statistics
" N .

Line i e Piaduct No. of Vo, of No. of
Hem ¥ Medels Findings Exceptions
Retail Banking
Retail Banking  |Mortgage 7 25

Commercial Banking [CRE Loan 5 31

PD Model - Mortgage

——M LGD Model - Mortgage
EAD Model - Mortgage /

Loss Provisioning Model -
Mortgage

P

L]

Bloomberg

PD Model - CRE \

LGD Model - CRE Commercial Real Estate Loan

Contract Document /
— EAD Model - CRE




The MathWorks Model Risk Management Solution supports all users and

every step of a model’s lifecycle.

Centralized access to models, lineage, audit trail, risk scoring, and

model risk reporting
Risk management

Board and stakeholders
Regulator
Model owners

Model developers, )
R p— Gn2|ysts Model Development Environment (MDE)

Monitoring, Reporii Definition and Business lines
e Development Explore, develop, back-test, and document models and
methodologies

Assesment

Improve transparency and reproducibility of model development

process

MODEL
- I I I
INVENTORY Create reusable model templates

Implementation Bavisw o o Auto-generate model documentation
and Deployment and Appravel 9 9
MTVE

1 Quality Assurance, Independent mocIe|
Front office Pre-implementation review and audit Model Review Environment (MRE)
End users Validation Regulator

- Perform independent model reviews
- Perform interactive what-if and sensitivity analysis on model
parameters
Comment and flag various aspects for response and resolution

Model validation, IT 6



Model Inventory

Inventory




The Model Inventory is the point of entry, showing the complete

model landscape across business lines.

& MathWorks Model Risk Management

Model Risk Management
™, Home

/ Actions

/ Issues

/ Models

/ Key Risk Indicators

Apps

Review
& Lifecycle
/ Planning

[} Help Center

© 2021 The MathWorks, Inc

Key Risk Indicators

Model review ages

20

Risk vs. exposure Model by source
10
g prietary: 5
D 8
=
v = -
0 Vendor: 1€
1 3
Model by platform Models by Type
Excel: 3

AATLAB: 3

View all key risk indicators

Centralized access to
model risk
management data and
processes through
MATLAB Online Server.

Customizable views,
providing aggregated
and drill-down
Information.



Every model is tracked, linked to code and documentation, and

Information iIs maintained as the model evolves.

o O i € &

Fiter | All Models

e Rl ik
Search|:| MNew Edlit Launch  Refresh Export fmekenna
Model Model Madel ~ Models Models
MODELS USERS
LOG Dashboard Model Dependencies Model 5
LEDGER
Details Usages Documents Development Tasks Findings Exceptions
1D Business Group # Models Model Risk Score i
Model Complexity Score |4 v |
1| Treasury 3 3.0000
2| Commercial Banking 4 2.5000 Model Materiality Score |4 v |
3| Retail Eanking 8 3.6250
Model Risk Tier 1 v
Model Risk Score |5 v |
Model Risk Rating | High v |
Next State |in Producton v |
Addressing Addressing
Create Development Task Feedback 1 Feedback 2
Name Last Validated Next Review State Type /
PD_CreditCard NaT MNaT |In Production |Risk
LGD_CreditCard NaT MaT |In Production | Risk ) . o ) X . .
Draft Create Projecty Developing Validating First Review Initial Second Review
EAD_CreditCard NaT NaT |In Production |Risk Repository Approval
PD_Mortgage NaT NaT |In Production |Risk
LGD_Mortgage NaT NaT |In Production |Risk
EAD_Mortgage NaT NaT |In Production |Risk
PD_CRE NaT MaT |In Production |Risk
LGD_CRE NaT MaT |In Production | Risk Dizcarded Approved
EAD_CRE NaT NaT |In Production | Risk
ADCO NaT NaT | In Production | Risk
YieldCurveModel NaT NaT |In Production | Pricing
QRM NaT MaT |In Production | Treasury

]

Customizable fields
and links to external
databases.

Workflows for model
creation, review and
deployment.

Integrated with code
and document control
systems.



The Model Inventory is the centralized application to perform all
model risk management activities.

ihboard Model Dependencies Model 5 Model Risk Questionnaire - Model 5 x

Risk Tiering

Fill in the questions and provide justifications and considerations where indicated. Once complete,

save and close the document and choose if you want to save the changes to the model.

Model Use

Does the model measure risk, price or value?

Used for critical business decisions, regulatery purposes or financial reporting?

Model Exposure

Exposure Level \:Medium -

Preliminary Risk Rating
High risk tier
Final Risk Rating
Are there other significant considerations that would justify overriding the preliminary risk rating?
Overlay considerations:
Overlay Risk Rating \W
Final risk rating:

High risk tier

PD CreditCard

LGD_CreditCard

PD_Morigage

-

’\mi“my

VisldCurveMods!

View: _ ements ™

Search

Risk Tiering

Impact Analysis

Index ID Summary Implemented

v H model_development_standards* :

> B o1 #6  Model requirements ——

v Bz #13  Model use requirements [

E 21 #15  Business process [ ]

E 22 #16  Business units —

E 23 #17  Portfolios [ ]

E 24 #18 Embedding of madels —/

v B 25 #1%9  Training and documentation ':)

> B 251 #74  Manual describing use and where to p... :

B 252 #75  Provision of training —

v E 3 #1  Meed assassment [

E 31 #20  Expression of need —

E 32 #21  Previous experience in model develop.. (D

E 33 #22  Criteria by which concepts are assess... —

E 34 #23  Alternative concepts explored [ ]

E 35 #24 Reasoning for choosing methodology :

E 36 #25  Reuse of existing methodology —

E 37 #27  Appropriate theoretic framework :

E 38 #28  Key assumptions :

> B 39 #29  Expert Judgments —

E 310 #30  Anticipated Model Limitations —

E 311 #31  Issues and limitations in data sources ()

B 312 #26  Development decision —/

> B 4 #33  Model landscape —

> B s #45  Model development plan ——

> B 6 #82  Model processing —
> @7 #122 Justifications

Planning

10



Model Development
Environment

Model
Inventory

Definition and
Development

11



The Model Development Environment produces documentation B
as you explore data and build models.

Project - scorecard

B Live Editor - C:\Users\imckenna\OneDrive - MathWerks\Desktop\Scorecard\Scorecard.mb *

| Scorecard.mlx * | + |

Tree Visualization

Visualize the decision tree. Paths are colored based on the
probability it will be transversed. Trees can also be viewed
by using the command:

view(modelTree, 'mode’', 'graph')

99 showLabels = | off - |
100 viewTree(modelTree, "Labels"™, showLabels);

@ viewTree(modelTree, 'Labels’ ,value)

Labels value
Working With Big [ -+
Now that we have a sense C [..] ~n~ 4 binning, let's fit
our scorecard model against the entire dataset which will
have the form:

ln(_-L1 ) ~ 1+ var| + vary + --- + varg
—H

Since this dataset may not fit in memory, we can easily scale
by using a datastore to point to the repository of data and
using a tall table to process the data in the same manner as
before with the smaller dataset.

Fraction of defaulters
(=] o L= [=]

=
w

=]
.

=

o1

=1 X
O r———

showlLabels

*

[ I R 2L N A
B 8 RTE008 4 £ 0P SEEae 24 e 20 8

bt tmmnnmbttintmimwtmmttntnmimin

ROC Curve

— Deecigion Tree
— Logit

L " ) " L .
o2 0.3 0.4 0.s oE o7 0.E k] 1
Fraction of non-defauliers

= "off"

L] -

Richly annotated code
as a basis for
documentation.

Interactive controls and
visualizations
promoting model
Insight and challenge.
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We provide reusable and customizable templates for every step

of the model development process

Screen Risk Factors

[filteredTable

f

Select data

Input table | dataMissing

Criteria | myCriteria

Analyze data variables

Variable Names Status
CustiD Red
CustAge Green
TmAtAddress Red
ResStatus Red
EmpStatus Red
CustAge

InfoValue

AccuracyRatio

AUROC

Entropy

Display results

Filtered table Preview s

¥ | Response variable | defauliind ¥ |

v

Exclude Comment
Fails InfoValue, AccuracyRatio
[ ] All tests pass
Fails AccuracyRatio
Fails InfoValue, AccuracyRatio
vl Fails InfoValue
01770 Green (0.1,05) 0.15
0.1672 Green (0.1, 0.4]
0.5836 <undefineds =undefined= 0.1
0.8879 =undefined~ =undefined>

ummary tables

exclusionTable ‘ = Subtable of dataMissing with 7 risk factors excluded

Histogram (pdf) for each response

© e

= scriptlets
= creditscorecard

= 02_Bin_Data
E| launch_bkinning_explorer.mlx
E| perform_automatic_binning.mlbx
E| review_binning.mibx

03_Fit_Model

. Ctl='v"aliclate=h'1|:clel

30 @ 4:_']

4\ Project - Refaat 2011 Credit Card Model

PROJECT SHORTCUTS

ﬂ commitScriptlet

- ]

x

AEdhheeo@e

New  Organize ¥ jncertScriptletTask
Shortcut  Groups
MANAGE GENERAL =
Views All| Project (115) | Modified (189) P ‘17 Layout: |Tree ~ @-
Name - Status Git Classification
& Dependency Analyzer =] resources v
=] mrm v
5] documents = u
E@ creditscorecard-template.dotx v +
Labels ' @ Refaat 2011 Credit Card Model1.. « + Artifact
El--@ Classification Jren v
w0 @ Arifact st g
utilities = .
@ @ CU'?VEH'EME ) commitScriptiet.m vl b Design
@ G Derived consumer_credit_scorecard.mbx v L] Design
@ @ Design E] consumer_credit_scorecard_completembe v L] Design
(! @ None = insertScriptletTask.m v @ L Design
ﬂ @ Other #| logistic_reg.py v ]
@ Test £ PatientsDisplay.mlapp v ® Design
5| python.mkx v ] Design
Git I ‘! README.md v L
) startup.m viE L] Design
Current branch: master %] tfiin.py v ®
Bra.nch :tatus.: Nomt\a.\ Xeor v °
Coincident with /origin/master @Y‘cw v ®
Details -3

Script Snippets and
Live Tasks covering
every step.

Project structure and
Word templates.

Automation,
consistency, reusability
of model artefacts.
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Candidate models are trained, compared and calibrated in the
Experiment Manager.

¥ Result Details

Experiment1

(View Experiment Source)

Classification of digits, using various initial learning rates.

/5/2020, 11:09:03 AM /6 Trials
@ Complste 3 A Stopped 0 @ Error 0
O Running 1 = Queued 2 X Canceled 0

i

Trial 1, Validation Accuracy (%

10/29/2020, 7:03:29 PM

Mice accuracy

@

Trial Status Progress Elapsed Time mylnitialLearn...  Training Accu...  Training Loss Validation Ac...  Valida
1 & Complete I 100.0% 0 hr O min 43 sec 0.0025 109.0000 9.0742 60.0400
2 @ Complete I 100.0% O hr O min 38 sec a.aassi 1600000 0.0302 62.3600
I 1 00.0% b b 5 _ T .
3 & Complete [100.0% 0 hr 0 min 37 sec 2.9075 100.0000 2.9181 62.7200 Trlal 2 Tralnlng ACCuraC 1{][{29"2020‘ ?nasg PM
4 O Running 1 I 459% 0 hr0min 20 sec 0.0160 E— —
] = Queved | M 0.0% 0.0125 Something's wrang, accuracy should not be so low |ﬁ|
6 = Queued | M 0.0% 9.0150 —
»
ISUALIZATIONS
Training Plot (Trial 4, Result1, Experiment1)
—— Trial 3, Training_ Accuracy: 10/29/2020, 7:03:50 PM
o Similarly low accuracy, maybe a bug in training function? |ﬁ|
<, poch1 ) ) \Epoch 2 | | Epoch 3
0 20 40 60 80 100 120
Iteration
e =TT ===ty —
Epoch 2 ! L Hboch 3
680 80 100 120
Iteration
BINNING BXPLORER CLASSIFICATION LEARNER
y No label: ¥ 7
A Seiectea prcictor Predictor Type [ & & ¥ (ot op . © m [ ﬁ 14
Import [ CustiD v |(Numeric « ]| Monotone |~ options  Split Merge o= WOE curve TEOEETUNNE | BRET New Feature  PCA Boosted | Bagged | Subspace Subspace Advanced  Use Train Scatter Canfusion ROC Curve Parallel Export
Data - Datatip Session v Selection Trees Trees | Discrimi... KNN Parallel i Coordinates Plot ~ Model +
DATA PREDICTOR AUTOVIATIC BINNING MANUAL BINNING PLOT OPTIONS v v 3 FLE FEATURES MODEL TYPE TRANING nLoTs ExPoRT =
QVERVIEW CustiD Data Browser Scatter Plot |
v Histary
CustiD CustAge CustD e
T T T 015 1 Tree Accuracy: 84.2% Predictions: model 8 ~ e
1000 Lastchange: Coarse ... 71/71 features
2 <7 Tree Accuracy: 87.2% o (e
800 —401 Lastchange: Mediu... 71/71 features &  Comect
3 Tree Accuracy: 89.8% X peorect
== Lastchange: Fine Tree  71/71 features
£ 600} T 4 7 Linear Accuracy: 85.0% o Prediciors
TmAtAddress ResStatus 3 3 Lastchange: Lin 71/71 features X | medenvaue 2]
E ES 5 ¢7 Logistic Ru.  Accuracy: 85.4%
400 10 Lastchange: Logisti..  71/71 features s v, | standardDavaton <]
6 5w Accuracy: 85.8% -
Lastchange: LinearS... 71/71 features =
200 - 4-005 g
= 7 0 KNN Accuracy: 89.0% &
s ] [ ] Lastchange: Fine KNN  71/71 features Ros
2
Eea pa— L] P ‘ w ! a0 5 Gl i
[nf.121) [121.241) [241.1081) [1081.Inf] Lastchange: Bagged ... 71/71 features
| 7L [ [T e 2 e 02 .
Model 8: Trained .
Latest binning: Automatic / Monotone recuracy o~ 01 .
Prediction speed  ~23000 obs/sec
TrmWBank OthercC Bin Information Predictor Information Training time 21774 sec
(ml Bin Good Bad Odds WOE Infovalue Value o
L Hinr 121 8 £ 23333 01429 0.0020 Min 1 Model Type Py ” oy P o + = P
[121241) 82 £ 21579 00647, 0.0004 Max 1200 Preset: Bagged Trees medianvaie How toinvestigate features
¥ 1241,1081) 559 281 19893 0.0166) 00002 Mean 600.5000 _ Ensemble method: Bag
i« Data set: heart_sounds  Observations: 13015  Size: 9 MB  Predictors: 71 Response: class  Response Classes: 2 | Validation: 5-fold Cross-valit

Reproducibility of
model builds.

Tracking of validation
metrics and annotation
of results for
documentation.

Encompass existing
workflows around
learner and modellin
Apps.
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Model Review
Environment

Model
Inventory

Definition and
Development

Review and
Validation
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Developed models are submitted through the Model Review

Environment to be assessed and approved.

Model Risk Management - Review

REVIEW

LIVE EDITOR

" B B B8 B 6

Refaat2011

call_absolu... consumer_... consumer....

Mew Script = Original New Revision

FILE REVISION
Attachments

REVIEW DOCUMENTS

consumer_credit_scorecard_complete.mlx

Kolmogorov-Smirnov (K-S) statistic.

44 [Stats,T] = validatemodel(sc fitted, 'Plot’,{'CAP"', ROC', KS'})

Challenger Model

We compare the performance of the logistic regression fitted with the scorecard
data with alternative machine leaming methods.

To do this, we extract the binned WOE values from the scorecard.

45 binnedFeatures = bindata( sc_fitted );
46 predictorVars = sc_fitted.PredictorVars;
¥ Scriptlets @ :
| select ¥ | | Refaat2011.mix v || Insert [ | Ingert and Run |

Explore

ATTACHMEMTS

Stats =

| L | g | =R

&

Submit Review

K8 Pl

Measure

‘Area under
‘WS statistic’

'S score’

-

SUBMIT

Value

‘ABocuracy Ra... | 0.3201558¢
... | 0.6600794

0.224761¢
0.2800463

]|

[at] [mi] 22"}

Access to up-to-date
model code and
documentation through
a browser (MATLAB
Online Server).

Model analysis can be
executed in-place to
support “what-if”
scenarios.

Streamline
communication

between 15t and 2nd
lines of defence.

16



Quantitative information required for internal and regulatory

documentation is automatically produced.

Setup Model Status

Faortfolio
information

Fredictive Ability

Discriminatory
power

Ciualitative
Validation Tools

Stability

Documentation

Mame of the
validation report
document

Cwalitative Validation

References to Internal Validation Documents

Section Mumber

Fage

Load Model Data

Coverage in

internal validation

ASSESSED v
ASSESSED v
ASSESSED k
ASSESSED v
ASSESSED v

Information is produced
by running quantitative
tests automatically on
models.

Supplemental
Information populated
from inventory and
model documentation.
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Model Test
Environment

Model
Inventory

Definition and
Development

Review and
Validation

Build and Test,

Quality
Assurance

18



Rigor and trust in models is established through a Model Test
Environment accessible through CI/CD

__' test_scriptBasedUnitTest.mbx | + | visualize{testSuite.KS)|
: Kolmogorov-Smirnov Statistic
Automated Model Testing e
Perform unit tests to determine scorecard is above accuracy thresholds. sosl
Test: Conditional Information Entropy §os
o
1 sc = py.scorecard.create('scorecardData.csv’') %04 |
2 data = py.scorecard.getScores(sc) g
G o2 yd ST
A entropy = validateEntropy(data, 'Plot’, 'CIER') False Alarm Rate
" :
4 2 0 2 4 6
6 entroy_threshold = 8.5 Scores (Riskiest to Safest)
7 assert(entropy < entroy threshold)

4\ Dependency Analyzer - Scorecard

ANALYZI
ource assifica.. | T A =

Analyze  Restore
- to Default Files Control

LAYOUT

IMPACT ANALYSIS
Binning. mix
Live Script

JALYZE

LEGEND
= MATLAB Code (6)
mmmmm Other Files (1)

Scorecard mix
Live Script

OVERVIEW
B ]
—
L

FILE LIST

il ® Zoom In @ Q g
oom Out in ec

fequied  Horizontal Vertical it @ ZoomOut File Find | Project Export
to Vi - -

train.csv
Microsoft Excel Comma Separated Values F

binTallData.m

Function
plotPredictorimportance mix
Live Function
plotRecieverCurve mix

Live Function

viewTree.m

Function

»

| s311H3doud

Quantitative unit and
performance test suites
covering regulatory
reporting requirements.

Interoperability with
Python and Jupyter.

19



Model Execution
Environment

Definition and
Development

Model

Deployment Inventory

and
Implementation

Review and
Validation

Build and Test,
Quality

‘ Assurance I
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Approved and tested models are deployed to production with a v
REST API supporting discovery end execution.
Model vodel biscovery Authorize and audit

| model usage.
/getModels List of models

[ st R Horizontally and

| =)= | vertically scalable.
/getModelInputs List of inputs needed for model ‘ '? —)
- PN =) —) |

AR

Integrate with business

systems with no re-
Execution Model Execution COd|ng

/getModelOutputs List of outputs produced by model Client Computer

‘ /{datasource}/requestInput Requestinput data from datasource

Language and
Implementation
agnostic.

‘ /{modelId}/executeModel Run the model with complete set of inputs

21



Model Monitoring

Monitoring and
Performance
Assessment

Definition and
Development

Model

Deployment I

and
Implementation

Review and
Validation

Build and Test,

Quality
Assurance
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Metrics used in model review and validation are monitored on 4
production models.

| UI Figure

ppeeling logout about support

Model Health Credit Scorecard Monitoring VaR Monitoring initialScorecard/sc |

Model Health Dashboard

Executor Status

¥ Executors
v = Master

* = Slave 1

= initialVaR/MNormal
v = Slave 2

= jnitialVaR/EWMA

= initialScorecard1/sc

Add model

All Credit Market Liquidity

1 initialScorecardi/sc
1 initialScorecard2/sc
1 initialVaR/EWMA
1 initialVaR/Historical
1 initialVaR/Normal

112:15.840
112:27.599
112:24.482
112:24.495
112:24.507

00:00.000
00:00.000
00:00.000
00:00.000
00:00.000

00:00.048
00:00.040
00:00.000
00:00.000
00:00.000

Build and deploy using
App Designer and
MATLAB Web App
Server.

Alerts when metrics fall
outside of approved
usage.

Dashboards, KPIs and
metrics accessible to
model users and
stakeholders.
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MATLAB seamlessly interoperates with open source and third-party
technology platforms across the modeling life-cycle

Development Review Validate

databricks " EMML . o'
@ Alternative D@ feeds g o 3 Google Cloud o ° ‘/ dedil ©SPTEC‘E!(!£weare o |
=] oo = < 2 2 SR B R = c =
Data REFINITIV [< (5| . CIoudera o aWS g > 5 'gC/Cth yhptab leau g.
{ Bloomberg Spar A g’ / a g python m Power BI o
g A< G ThEEbED /A Azure & el RV Qlik@
§ ﬁ Streaming §€ kafka t t
(7))
© MATLAB MATLAB Parallel Server .
TU' Databases ™= MATLAB Production Server
& Bt o | [eos—] | [ [ 4 [ 4 i 4
s3 — 1= ﬂ*‘"’“ o [ 4 [ 4 i 4
m 7 = [ <+ [ 4 i 4
Files . X I\ MEE [ 4 [ ) T )
}‘ A 4 Parquet Training, simulation, optimization ‘
Model Inventor o
e ci/co
: ]| a & o
S Y T@ MMD
) \
© Azure DevOps ‘- - n .
= y— N ‘ JenTins Sharing, deployment, integration
@ , » : ) MATLAB Web
j + Domain specific toolboxes Model Review App Server
l I 1 . o —
= _ Deep 4 MRE T@
Risk |earning = =g

Data exploration, preprocessing, model development LN Model Validation and Testing



Key Benefits of MathWorks MRM Solution

Stress Testing

= Unified system of technologies addressing key Documentation
- - Governance
business, modeling, workflow, and governance needs Transparency
— Manage model risk with automation and transparency Process | S B

Reproducability

sseL Al Agile MRM, .,
S andardsT ra Ce a b I I Ity Analytics

- Modeling platform integrated across 15t & 2" [ines of Workflow R SR s Regulation
defense, covering research to production nventory | S KProduction
v Eliminate inefficiencies, reduce cost/time pbb.{?\u“}lgmg:(ne
v" Enhance communication "ot oo WLONNG patom
Explainability
v Accelerate regulatory approval Development  * Validation

Machine Learning Management

Communicati(ozn i
: ompliance
modelriskmanagement@mathworks.com Model Lifecycle

Perform end-to-end modeling faster, better, cheaper


mailto:modelriskmanagement@mathworks.com

