ARMS - Risk Management System

ARMS FRTB Suite

THE CHALLENGES OF FRTB

Need to optimize trading desk structures
in order to minimizecapital costs

Capital Charges

IMA approval requires FO/MO alignment

Architecture of models and market data

Technical Significantly increased performance requirements

Need for extended risk factor sets

Market Data and careful quality assessments

Operational New tools needed to perform new processes

Implementation Must adhere to aggressive Basel lll timeline

FRTB OVERVIEW

New standard market risk model

Sensitivity based risk model more in-line with actual risk taking

May be required to import sensitivities from PnL generating system

Non-linear netting of risks in buckets and between buckets (incl stressed
correlations)

All banks required to report to regulator on monthly basis

New requirements on internal market risk model

Riskmodel must be expected shortfall

Calculation based on full and reduced risk factor set and stressed period
PnL explained to a certain level

VaR backtesting requirements

Special handling of non-modellable riskfactors

Requirement to use Default Risk Model
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ARMS FRTB PROCESS FLOW

Internal Model Flow (IMA)

External
Flows
- - - -
Positions + 90 Expected Aggregation Presentation
shortfall calc from bottom up using APls,
Risk factors + Dashboard and
(6 a*5 lig*3 set) Include exteral Disk
Classifications PNLS
Standard model flow (SMA)
External
Flows
- - - -
Positions + Automapping to Aggregation Presentation
reg. risk factors from bottom up using APIs,
Risk factors + Dashboard and
+ calc Include exteral Disk
Issue(r) static sensitivities sensitivities
# ' ARMS FRTB Dashboard .
File Help ||
Report date [201 71214 = ]Base curency [SEK v ][ Create report ]
Overview ][ GMR IMA || NMRF M4 |[ DRCIMA || GMR sMa | RRAO SMa |[ DRCSMA |
Capital Charge IMA GMR 14 NMRF IM4 DRC SMA GMR | SMA RRAD | SMA DRC
- total | 118 404 957 25508 485 10730575 82165897 360 006 315 1000 9886 316
- swaps 6287613 6287613 0 0 12004 934 1000 0
niclas 6287613 6287613 0 0 12004 934 1000 0
- bonds 7275183 331678 202193 6741312 7221533 0 13888
magnus 7275183 331678 202193 6741312 7221533 0 13888
- equities | 106 601175 19203144 10528 382 76 869 648 346 056 733 0 9872428
robert 1952138 898588 1053550 0 3881500 0 83175
opec 105 302 392 18957 912 9474832 76 869 648 342175233 0 9789253
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00000000
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ARMS FRTB DESK DASHBOARD cont.

*  ARNS FRTE Dashboard
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ARMS FRTB - SIMULATE AND EXPLAIN

(@ Main '@ |[='] | [ Total Risk Capital Charge [= (@[] | & Risk Capital Charge =
Common parameters t Desk Capital Charge Name Capital Charge  High Medium Low -
Vake date [today-Tbd - Total 360 006 315 GIRR Detta 31783051 31783051 31142782 28229453 7
Makerdae [y =] Robett [Quantlab] 3881500 GIRR Vega 6025 6025 6010 5611
OPEC [Quantiab] 342175233 GIRR Curv 0 0 0 0
Crecyfs o] Niclas [Quantiab] 12004 534 CSR NS Detta 264412695 264412635 264412695 264412695
Force beta to one (V] Magnus [Quantlab] 7221533 CSR NS Vega 0 0 0 0
b ks [P CSRNS Curv 0 0 0 0
CSR SC Deta
Fod moneyness (] CSR SC Vega
Custom fiker CSR SC Curv
Calendar name  GLOBAL CSHISNEINg =
CSR SNC Vega
S CSR SNC Curv
Bixkas Mapring fla path EQ Deta 15508527 15508527 15508527 15508527
- EQ Vega 862732 862732 862732 862732
EQ Curv 3560649 3560649 3560649 3560649
Actve risk modues FX Detta 43872635 43872635 42141304 40335728
Reload mapping [] FX Vega
| - S— oy o
CMDTY Deta
) o= CHOTY Vege
CMDTY Curv 2
write_to_file - 1
(L] Bucket Risk Position
Bucket Risk Postion | Risk Postion al. | Sensitivity Sum | Abs. Senstivity Sum | Corelations
410615 0 0 14 013 003 025 019 0.06 1.00 025 031 006 013
410616 0 0 0 0 15 016 009 031 025 019 025 100 031 006 016
410617 0 0 0 0 16 013 013 025 019 025 031 031 1.00 006 013 [
410618 0 0 0 0 17 009 003 019 013 0.06 0.06 0.06 006 1.00 009 |~
4106118 0 0 163712195 264412695 18
110312 0 0 0 0 2 001 013 063 047 006 013 0.16 013 009 1.00
110313 0 0 0 0 3 094 013 047 063 003 0.09 0.13 009 006 094 -
< m ] »
[T Position Sensitivity
Id Posttion Type Risk Weight Sensivity -
Risk factor | Bucket | Curve | Tenor | Issuer
bond fut opt 2027 no1 bond_fut_option swedbankig: 10y | 18 zcsekaaamortspr | 10y | SWEDBANK 012 2
bond fut opt 2027 n01 bond_fut_option swedbankig:Ty | 18 zcsekaaamortspr | Ty | SWEDBANK 012 ]
bond fut opt 2027 no1 bond_fut_option swedbank:ig:3y | 18 | zcsekaaamortspr | 3y | SWEDBANK 0.12 i)
bond fut opt 2027 o1 bond_fut_option swedbankiig:5y | 18 | zcsekaaamortspr | 5y | SWEDBANK 012 2 £
bond fut opt 2027no1 bond_fut_option swedbank:ig:6m | 18 | zcsekaaamortspr | 6m | SWEDBANK 012 )
bond not bond kingdom of sweden:ig:10y | 18 | zerocdscurve | 10y | KINGDOM OF SWEDEN 012 -2560 907
bond nol bond kingdom of sweden:ig:y | 18 | zerocdscurve | Ty | KINGDOM OF SWEDEN 012 8139
bond not bond kingdom of sweden:ig:3y | 18 | zerocdscurve | 3y | KINGDOM OF SWEDEN 012 25523
bond not bond kingdom of sweden:ig:5y | 18 | zerocdscurve | 5 | KINGDOM OF SWEDEN 012 87153
bond no1 bond kingdom of sweden:ig:6m | 18  zerocdscurve | 6m | KINGDOM OF SWEDEN 012 1223
posnol bond sbab bankig:10y | 18 zcsekaaamortspr | 10y | SBAB BANK 012 34372182
posnol bond sbab bankig:Ty | 18| zesekaaamortspr | Ty | SBAB BANK 012 121711
nne nnl hand chah hanlein W | 12 | 7nesleazamadenr | 20 | GRAR RANK n1 -2R1 7R
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ARMS SOLUTION - KEY BENEFITS
Simple and unified position and data model

+ FRTB standard model capital charge (using full reval)
+ FRTB internal model charge (using full reval)
Optional:

* Internal risk such as trading VaR, Stresstesting etc

» Counterparty credit risk - PFE and CVA

* Flexible cashflow generation for liquidity

Parallel calculations on inexpensive hardware
*  Open code repository with APls

» Efficient and fast calculation factory

* Low cost of ownership

Local support and development

» Fast on-site response

* Quick development turn-arounds
* Development fee reductions for system owners

ARMS - A MODULAR ARCHITECTURE

Real-Time: ARMS Real-time Server

| Multi CPU/
i Core worker
nodes

End-of-day
Market data

"AMHS |

Quantl ARMS Core Engine

fa ]| B

ARMS RT Clients Bank-intranet clients

End-of-day

Algorithmica Research AB
Drottninggatan 25, 4 tr
SE-11 51, Stockholm, Sweden
www.algorithmica.com



ARMS - Risk Management System

ARMS REAL-TIME SERVER - RESULT DATA AGGREGATION

The ARMS server includes our rQube™ in-memory database, combining a traditional
multidimensional OLAP cube with a hierarchical tree-graph for superior risk data
aggregation and supporting minimal transactional recalculation for ultrafast real-time
performance.

3RD PARTY TOOL INTEGRATION MADE EASY

The ARMS FRTB solution is implemented in Qlang, making it uniquely modular and
flexible. With the performance of native optimized code, Qlang offers speed and code
quality far beyond the scripting languages used by competing products.

An ARMS API Server acts as a host for varios protocols such as Json, Webservice and
Rest type calls. It can embed its own cached results for fast access of previously
calculated data and triggers for re-calculations when needed.
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