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Aon Benfield

= Aon Benfield, a division of Aon plc (NYSE: AON), is the world’s leading reinsurance
intermediary and full-service capital advisor. We empower our clients to better understand,
manage and transfer risk through innovative solutions and personalized access to all forms
of global reinsurance capital across treaty, facultative and capital markets. As a trusted
advocate, we deliver local reach to the world’s markets, and an unparalleled investment in
innovative analytics. With more than 80 offices in 50 countries, our worldwide client base
has access to the broadest portfolio of integrated capital solutions and services.

= Aon Benfield Analytics

— Aon Benfield Analytics offers clients industry-leading
catastrophe management, actuarial, rating agency advisory
and risk and capital strategy expertise.

— Sample risk analytics products
e PathWise
e ReMetrica
e ImpactOnDemand = =] g i
e (CatScore y % =
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Annuity Solutions Group

Hedge Program Management | Advisory | Software | Consulting

* Industry leading
software and
infrastructure and
expertise means
improved risk
management, lower
costs and better hedge
program results

* End-to-end, real-time,
transparent hedge
program management

* Unique ability to work
with clients to review
and improve candidate
investment bank
structured solutions

 Unique ability to work
with clients to forecast,
design and implement
dynamic hedging
solutions to jointly
manage economic,
financial reporting and
capital risks

* The fastest, most
scalable, and
integrated high
performance
computing based
variable annuity risk
management platform
in the industry

* Platform includes tools
for hedging, pricing,
and the calculation and
forecasting of capital
and reserves

» Guaranteed run-times
and performance

* Analysis of reinsurance
and investment
banking solutions

* VA Liability and hedge
asset stochastic on
stochastic modeling

» Performance
Attribution, Grouping,
Fund Mapping, etc

* Hedge strategy
development and
testing

= 40+ years of modeling, derivatives trading and risk management experience

= Atightly knit, uniquely knowledgeable team combing financial, software, high
performance computing and insurance and capital markets expertise

Aon Benfield Securities | Annuity Solutions Group
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Industry Overview

Life Insurance companies sell Retirement Savings products to individual policyholders

Since the early 1990’s, these products have evolved into complex Investment Guarantees that
protect policyholders against three main types of risks:

— Mortality risk (risk of death)
— Longevity risk (risk of outliving retirement funds)
— Investment risk (risk of financial losses)

Variable Annuity assets in North America currently exceed $1.5 trillion.

Examples of popular products by region:

— Europe
e With Profits (UK)
e Equity Indexed Annuities (EIAs)

— North America, Japan, South Korea
e Variable Annuities (VAs)
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Industry Overview
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Industry Overview

» |nsurance companies must hedge the systematic or non-diversifiable market risks
associated with these products

Policyholder

Aon Benfield Securities | Annuity Solutions Group
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Industry Overview

= Common hedging instruments

Hedging Instruments

. Interest . . .
Equity Variance Vanilla Hybrid Lookback |Structured

Rate . . . Reinsurance
Futures Swaps Options Options Options

Swaps

Deita RS v v v v v
Rho v v v v v v
v v v v v v
Gamma v v v v v v
g AN
: AN 2
AR
‘
Behavior
v
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Industry Computational Challenges
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Industry Computational Challenges

= Business end-users focus
¢ Users are Quantitative Analysts, Actuaries, Traders, Risk Managers, etc

¢ The right tools must focus on the end-user requirements

Business logic and systems code must be continually adapted to changes

¢+ Changing models, financial products, market conditions, and regulatory
requirements

¢+ Changing technologies (Multi-Core, Cell Broadband Engine, GPUs, etc)

High Computational Throughput is required
¢ Large-scale real-time Monte Carlo simulations (Support Hedging Programs)
¢+ Nested simulations (Hedging Back Testing, Capital, Valuation)

¢+ High end-user productivity (not waiting for huge runs to complete)

Mission Critical Operations
¢+ The intended use of such systems is mission critical
¢+ System failures or bugs can be catastrophic for business users

¢+ Automation and auditability are very important issues
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Industry Computational Challenges

= Business end-users focus

— Actuarial and quantitative financial analytics are extremely complex. As example,
we consider the model specifications for one of the simplest stochastic models that
we use in PathWise:

ds,
St
dv, = a(0(t) — vy) dt + () /or AW,

= rdt + /o, AW+~ dW?

dry = B((t) — ry) dt + o (t) dW]

zero vol-vol price
7

EOT (X7 — K)4] = Xo®(dy) — K®(d_)

\/K—)Q;/%o%(efzog(ma(z_%i) _Q(Z%i)) “
=y 7] |

N /

+

.
stochastic vol correction

— These types of model specifications are not easily understood by traditional
programmers or IT business analysts. Understandably, business end-users prefer to
implement models themselves (e.g using Excel and VBA)
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Industry Computational Challenges

= Business logic and systems code must be
continually adapted to changes

— Change is constant

e Financial modeling innovation

e Financial products innovation
e Evolving market conditions
e Changing regulatory requirements

e Technological innovation

— Traditional approaches

e Enterprise IT systems slow to adapt

e Shadow IT systems fill the gaps - patchwork of
end-user developed, manually operated
spreadsheets (potentially thousands of
interlinked spreadsheets)

"There itis! I've isolated the origin of the firm's demise."

e Slow, costly, error-prone

Aon Benfield Securities | Annuity Solutions Group 11 AMBE N Fl EI_D



Industry Computational Challenges

High Computational Throughput is required
— GPU grid and/or cloud is an excellent solution
But GPU grid / cloud is difficult to program

Teams of end-users programming GPUs in low-
level languages such as CUDA or C++ is
suboptimal

Huge complexity added by attempting to scale
to distributed systems (clusters, cloud)

General purpose, high level languages

e Helpful only to a point

e Development effort is not significantly
reduced (end-users must still somehow
architect and implement a highly complex
software system)

[

Severe limitations and performance
bottlenecks may be inadvertently
introduced

Aon Benfield Securities | Annuity Solutions Group

[ gud-acos_dbg* - emacs@ssaliandin sl
File Edit Options Buffers Tools Gud Complete In/out Siguals Help |
P PO T DGO H LS D

[§ [Current CUDA Thread <<<{0,0),(» device_func__(float __cuda_zcosf(float =)
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[Current CUDA Thread <<<(0,0),(3

acos_main () at acos.cu:390

(cuda-gdh) s

[Current CUDA Thread <<<{0,0]),(»

acos_main () at acos.cu:391

(cuda-gdb) p threadldx
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(cuda-gdb) p blockDim
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(cuda-gdb) p threadDim
Mo symbol "threadDim" in curren?®
(cuda-gdb) p gridDim 3
$8 = {x = 240, y = 13
{cuda-gdh) s
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acos_main () at acos.cu:392
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(cuda-gdh) s
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7 (cuda-gob) @
—uikx  =pud-acos_dbg*
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float tO,
t0 = __cuda_fabsfla);
t2 = 1.0f - t0;
tZ = 0.5 * t2:
t2 = __cuda_sgrefitz);
td = t0 > 0.57F ? tZ : t0;
tl = __internal_asinf_kernel(t1);
tl = t0 > 0.57¢ 7 2.0f % t1 : CUDART_PIDZ_F»
(__cuda___signbitf(a)) {
; tl = CUDART_PI_F = ti1;
! (__CUDABE__)
1F {__cuds___isnanflal) {
tl = a3 + a3

3
rnotd;

device_func__{float __cuda_logf(float 2))
(__MULTI_CORE__)
rrn logflal);
(__USE_FAST_MATH__)

eturn __logf(a);

* __MULTI_CORE__ */
eturn __internal_accurate_logf(al;

A% __MULTI_CORE__ %/

device_func__(float LOF(float )

math_functions.h  43% L2194 (C/1 Abbrev)

Image source: NVIDIA
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Industry Computational Challenges

= Mission Critical Operations

— Requirements

Complex business data-flow management
Job scheduling

Fault tolerance / failover

Operational workflows

Reporting presentation layers

Audit trails

Monitoring and Error Reporting

— Not just about implementing CUDA kernels

Aon Benfield Securities | Annuity Solutions Group
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Industry Computational Challenges

= Application Stack

Who What Examples
2
§ Presentation Layer Queries, reports, visualization, real-time dashboards
‘! 0 0
45 Business Logic Data structures, models, business rules
Application support Training, documentation, troubleshooting

Application deployment Application updates, configuration, version management
Application development Frameworks, GUI, system-level code, CUDA kernels

Software
Developers

Middleware Grid middleware, messaging, web services
Databases SQL, NoSQL (MapReduce), etc
Infrastructure operations Security, systems monitoring, maintenance
£ Operating Systems Linux, Windows
_g Virtual Machines Citrix, VMWare, Amazon Elastic Compute Cloud
:: Servers Rack-mount (1-4U), blade server, proprietary rack
~ Processors CPU, GPU, FPGA, Hybrid, ASIC
E Storage SAN, fileservers, SSDs
.°E° Network 1GigE, 10GigE, InfiniBand
S Data Center On-premise, co-location, cloud, garage

Aon Benfield Securities | Annuity Solutions Group 14 AMBE N Fl EI_D



Industry Computational Challenges

=,

Presentation Layer

End-users

Business Logic

=

%,

Application support
Application deployment
Application development
Middleware

Databases

Software
Developers

Infrastructure operations
Operating Systems
Virtual Machines

Servers

Processors
Storage
Metwork
Data Center
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Engineers { IT Admins

SRR N N NN NEN EAF AR

¥ OB B X ®E B =B ZX|®X B = =% =

Legend

Implemented by end-users {good)
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Industry Computational Challenges

= In-house software development (roll your own)

e High risk project for organizations that do not have extensive expertise in
commercial software development

- Costly and time consuming even for experts
e Limited functionality and innovation roadmap

- High-end solutions, such as nested Monte Carlo simulation and high
productive end-user tools, remain out-of-reach

e Long-term costs of maintaining such systems, under continual business change,
are often underestimated

= Software development outsourcing
e Difficulty understanding business requirements and scope
e Language, cultural, and geographical barriers

e High complex requirements (e.g. quantitative finance, scientific codes, etc) are
not easily understood by programmers

e Quality Assurance, Support and Security issues

Aon Benfield Securities | Annuity Solutions Group 16 AWBE N Fl EI_D



Industry Computational Challenges

Example HPC Solution Trade-Offs

< v,
© Domain Specific

Language

\) © Scripting Language
' - _ o FPGA
\\) \) S ASIC

Performance

Flexibility
Reliability

<

Specialization

Size of bubble indicates cost (in terms of time and money) of solution
Flexibility — ability to rapidly make changes
Specialization — code specialized to specific hardware

Performance — run-time performance of the solution

Reliability — probable number of bugs in a large system

17 AWBENFIELD
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PathWise Platform

MONTE-CARLO SIM

PathWise Modeling Studio

AON

BENFIELD
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PathWise Platform

= PathWise Solution

— Domain Specific Visual Programming Language
e Generates C++/CUDA code (double and single precision)
e Generates middleware interfaces
e Spreadsheet-like interface for entering computation logic
e SVN integration

— Data Management Solution
e Message-oriented persistent storage system
e Specialized for dealing with numerical / financial data

— Python Integration

e High-level APIs for steering grid computations, accessing business data,
visualizing results, and creating reports

— Platform-as-a-Service offering and Cloud Integration
e End-to-End management solution

e Amazon EC2 integration

Aon Benfield Securities | Annuity Solutions Group 19 AWBE N Fl EI_D



PathWise Platform

= End-user tools for High Productivity Computing

GPU Development Workflow

PathWise™ Modeling Studio

ENEE SNDE ENOD SNIN SRS SNEE AR .. Paﬂ'Wise“‘Analyﬁcs Studio

Load Data Export Data
1019\ D101\
01010T) 010T0TY
pro1otof > N (AT - B » proicio
0101014 0101014
pro1010 101010
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PathWise Modeling Studio

= Create a new model

Bal | . 9 & | PathWise Modeling Studio = @ =
—
Home Formulas View
Copy | Add
@alEE
Name Type
EM Select Template...
Monte Carlo.  Data Payallel
Model name: NewMadel
Model version:  Major: Minor: Build: Revision:
a2l 0% | 0 0
Description:
Location: C:\Users\})wms\NewModel
ok [ cance |
QX
[@ 0 Errors ][4 0 Warnings |[(i) 0 Messages
No Message Column Line Position DataSet
Ready e o—=0 ©)
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PathWise Modeling Studio

» Define input data structures (customized NumPy data structures)

r ~
Bl | @9 | culation i atting Ci\Users\ ad\Doc: \pwms\GMMB\GMMB.model xml [MonteCarlo] - PathWise Modeling Studic = B =
Formulas  View  Revisions Control  Inforce  Shocks Format
os D) umns... 2 Add Local Ry I
o8l nn: 5% B 5 ocal Run a @
= Rearrange Deploy Sample | Find
Sheets -+ Script
Data a ts Runs eployment F
_date_equal® | avg |

/' GBM_HWZF_correlation | market volatility_curves

| mortality_tables * market_zero_curve | cashflow |

mortality_table_id age at

Name Type |_o 0 ) Array [116]
07 Model - GMMB B © Array [116]
4 %Dala sources
4 @[3 model_data
B inforce Inforce
=] lapse_tables Assumptions
B mortality_tables Assumptions

5 custom_scenarios
@ (= market_data
L] E shocks

. Shocks

% RNG Configuration

55 Model Libraries

[ Calculations

[ Calculation Results

(=} Greeks

¥ Local Runs

#2 User-defined functions

Mo Message

v Array [116]

v Array [116]

Ready | rzerer

Add/Edit Data Set
mortality_tables

Fixed

Mame Type

©) Dynamic

Alias Array Size

Update formulas

Data Source

Mame model_data CADocuments\pwms\GMMB'data\model_data.npz

Schema options

Shape 2 Precision @ Float () Double
Array type Structure Simple Type
Name Type Shape Shock
meortality_table_id int None
int 116 None

age

real 116 Auto _

[~) DType

[('mortality_table_id", '<i4"), [age’,"<id', (116L)), (Qt, '<F4", (116L)]

Conce

Aon Benfield Securities | Annuity Solutions Group
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PathWise Modeling Studio

» Setup Random Number Generator options

| u | C:\Users\amohammad\Dncumenls\pwms\GMMB\GMMB.modeI.xm\ [MonteCarlo] - PathWise Modeling Studio = B R
Formulas View Revisions Control Inforce Shocks
Cut ué}' colum| %1 Add Local Run
=) T 2 q
| oo | & B I iqQ
Copy Add Rearrange Deploy Sample | Find
- sheet Sheets Result - Seript
1 X RNG Configuration 4
E‘\ﬂ seed =inforce.rng_seed
Name Type
T Model - GMMB
4 IiigDala sources
@ & model_data Configuration ‘
L] it
“ ? custam_scenanias Num paths I:mforce.num_palhs Skip rows I:U
« (5 market_data
5 shocks Current pathindex < [0 >
* Shocks
% RNG Cenfiguration Uniform Generator Params
£ Model Libraries Uniform Generator [ XORWOW Peeudo-randam Gene = Seed
Calculations XORWOW Pseudo-random Generator
[=H Calculation Results N 5 Mersenne Twister (607) Pseudo-random Generator
Distribution Algorithm Sobol (32) Quasi-random Generator
(= Gresks
: Non-Central Chi Sobol (64) Quasi-random Generator
#Local Runs Saie Minimal Random Generator
4 User-defined functions CURAND MTGP11213 Generatar
CURAND MRG32K3A Generatar
Correlation Params
Model library RNG Correlation [LmEﬂf Correlation -
combinations _
Correlation Matrix | =GBM_HW2F_correlation.cor_matrix
Correlation Matrix Preview
Equity_ESG Interest_Rate_£5G
|corr_whi [0] corr_y [1] corr_y 2] corr_whi [3] corr_whits [4]|corr_wn[0] corr_wn[1]
(Normal) (Mormal} (Normal) (Normal) {Nermal) {Normal) | (Normal)
corr_whitenoise[0]| 1 0.822 0.681 0.971 0733 o o
{Mormal)
corr_whitenoise[1](0.822 1 0.686 0.806 0.66 0 o
(Normal)
EqUItyESG corr_whitenoise[2][0.681 0.686 1 0651 0.904 o o
(Narmal)
corr_whitenoise[3](0.971 0.806 0.651 1 0.68 0 o
{Normal)
corr_whitenoise[4](0.733 0.66 0904 068 1 0 o
(Normal)
InterestRate_ESG corr_wn[0] 0 W] 1] 4] ] 1 o
{Normal)
carr_wn[1] Q Q 1] [+] 1] 0 1
{Normal)
D e 0% (=) {} O

Aon Benfield Securities | Annuity Solutions Group
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PathWise Modeling Studio

» |Import and configure Model Libraries (e.g. pre-built Economic Scenario Generators)

| H 9 ™ | m CAU: hammad\Documents\pwms\GMMB\GMMB.model.xml [MonteCarla] - PathWise Modeling Studio = = =2
Formulas View Revisions Control Inforce Shocks
# Add -c-clur-rin - nns. Wy Ai!d '\Tofal- Ri.m ¢ a @
Add  Remove Rearrange n Deploy Sample | Find
shest  shest  Sheets + 7 Seript
1 x Geometric_Brownian_Motion.scenarios *RNG Configuration = X
E= corr_whitenois rel[s] v [ © X o =TOG|
Name Type r 1chi;:|_uare
78 Model - GMME . _I::(m:s;uare
4 %Dat_a sources Ed poisson
= model_data [l uniform
. E custom_scenarios
@ (= market_data
. E shocks
Shocks C}s
% RNG Cenfiguration |
4[5 Model Libraries di_in_years|corr_whitenoise[t 1] corr_whitenoise]2]| corr_whitenaise[3] corr_whitenoise[4]|log_returns[0] log_returns[1] log_returns[2]|log_returns[3]
4 [ZEquity ESG |J,' 1 0 0.06301 o 0 a a 0.0000 % 0.0000 % 0.0000 % 0.0000 %
™ %Gmme’lriciﬁrownianiMDﬁm (=] 122 1 |0.08219 -0.1548573 -0.8779107 0.3820293 -0.4845392 -0.8619 % -1.3759 % -4.4918 % 18338 %
Sinputs 2 008219 |0.04265733 0423758 0.2174818 -0.4224617 0.1558 % 44716 % 2.3411% 11584 % e
4 @ Calculations 3 008219 |-1.006812 0.4300877 -1.285436 0.2424345 -5.8794%  -127533%  2.3601% 74764 %
simu_params Dictionary 4 008219 |-1.465682 -0.2840714 0.3621927 -1.367405 -0.4851904 -B5016%  -17838%  19791% -78381%
P Projection 5 008219 [-0.08411632 -0.7684383 -1.156138 0.08611837 -0.9457526 -06681%  -4.5345%  -67575% 03653 %
Cutputs 6 0.08219 -0.7466307 0.1432575 0.1404346 -0.7820051 -0.1762881 -4.4784 % 0.5241 % 0.6079 % -4.6812 %
12 User-defined functions 7 008219 |(-0.4416853 1.038652 0.3633792 -0.3015822 -0.3786142 -2.6899%  5.7981% 1.9262 % -1.8866 %
(A Interest_Rate_ESG 8 008219 |-1062231 -0.06021303 -0.7155739 -0.7718784 -0.8604415 -6.1989%  -0.4535%  -42113%  -45341%
@ leati\it;,ESG_ 9 008219 |(-08850358 0.3283949 0.493333 -0.672089 0.03713458 -5.2046% 17588 % 2.7048 % -39778%
Calculations 10 0.08219 1.374672 1129136 0.8991433 0.5884131 1117543 7.7378% 6.3300 % 5.0112 % 5.3231%
(=} Calculation Results 11 0.08219 0.1007481 0.6659464 0.3477014 0.5162982 -0.4441265 0.4677 % 3.7142 % 18837 % 2.3504 %
=)/ Greeke 17 008219 |[1.954194 1634924 0.8792632 1634747 0.9866528 11.1139%  9.2833% 4.9505 % 92823 %
3 Local Runs 13 008219 |0.11927 -0.7092768 -0.5051804 0.02463391 -0.009493504 0.5843 % -41655%  -29952%  0.0420%
1 User-defined functions 14 008219 |0.3938567 0.4305502 0.2574111 0.8597393 0.4167191 22269 % 2.4372% 1.4445 % 48985 %
15 0.08219% -0.7380639 -1.767081 -0.6726584 -0.7353085 -0.5%89114 -4.2573 % -10.1575%  -3.8823% -4.5836 %
16 0.08219 -0.4155868 -1.023381 -0.3492023 -0.382019 -0.05544384 -2.4471 % -5.9322 % -2.0665 % -2.2547 %
17 0.08219 (0.7107771 0.03922832 0.3088462 0.6509885 0.1702702 4.0496 % 0.1990 % 1.7450% 3.7068 %
18 0.08219 |0.1147579 0.2721997 0.5815271 0.3309397 0.2503922 0.6790 % 1.5817 % 3.3554 % 1.9185 %
19 0.08219 |1.885159 2.216563 1.807503 1.778597 2.343083 10.8843%  12.7845%  10.4390%  10.2733%
20 008219 |-0.8022885 -1.668396 -0.7146163 -0.7122384 -1.268656 -45617%  -95278%  -40580%  -4.0454%
21 008219 |1.615635 1.41437 1582458 1.454906 1330512 9.2173 % 8.0633 % 9.0271% B2957%
22 008219 |0.1332374 -0.1532606 0.1047874 0.1320881 0.002746835 0.7687 % -0.8781%  0.6056% 07620%
23 008219 |2.005604 0.9153425 -0.01529968 2.061847 0.5276975 11.5071% 52558 % -00804%  11.8296%
24 008219 |-0.5012379 0.1087353 0.09050599 -1.097984 0.6777421 -2.9234%  0.5741% 0.4696 % -6.3450 %
5 n,t‘mzla -0.9138255 -1.407303 -0.3786871 -l,omﬁlfsa -0.4997702 -5.2820%  -B1115%  -22136% | -5.8371%
P »
Readty | Precisiom: Single {

Aon Benfield Securities | Annuity Solutions Group
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PathWise Modeling Studio

» Calculate number of time-steps to simulate

C:\Users\amuhammad\Dnr P MME\GMME.medelxml [ManteCarlc] - PathWise Medeling Studie = B =
Formulas View Revisions Contrel Inforce Shocks
BB # Add column ~ S %1 Add Local Run W F) @
Add  Remove Rean:?ge e Deploy Sample  Find
sheet sheet  Sheets = Script
v X|  cashflow / Geometric_Brownian_Motion.scenarios | RNG Configuration | s X
\ﬂ E - =time step logic.num steps
Name Type
« 78 Model - GMME
4 (5 Data sources
B model_data
3 custom_scenarios
@[3 market_data
& shocks
Shocks
% RNG Configuration
4[5 Model Libraries rev_projection_date current_projection_date next_projection_date prev_projection_date_jd current_projection_date_jd projection_time_in_days projection_time_in_y *
(3 Equity_ESG @ 1 o §o12-01-01 2012-01-01 2012-01-24 2455928 2455928 0 0.00000
[ Interest_ Rate_ESG |:J 1 Pizoron 2012-0124 2012-02-23 2455928 2455951 23 006301
53 Volatiiy. 56 2 Joiz-01-24 2012-02-23 2012-03-24 2455951 2455981 53 014521 E
+ [ Catcutations \ 2012-02-23 2012-03-24 2012-04-23 2455961 2456011 X! 0.22740
constants Dictionary 4 | 2012-03-24 2012-04-23 2012-05-23 2456011 2456041 113 030959
—ero cume Computation 5 | 2012-04-23 2012-05-23 2012-06-22 2456041 2456071 143 039178
Vol curves Computation 6 | 2012-05-23 2012-06-22 2012-07-22 2456071 Time 2456101 173 047397
input validstion Constraint 7 2012-06-22 2012-07-22 2012-08-21 2456101 2456131 203 055616
time_step_logic Dictionary &  2012-07-22 2012-08-21 2012-09-20 2456131 2456161 233 0563836
business._rules Dictionary o | 2012-08-21 2012-08-20 2012-10-20 2456161 2456181 263 0.72055
cashflow Projection 10 2012-09-20 2012-10-20 2012-11-19 2456191 2456221 293 0.80274
=l Calculation Results 11 2012-10-20 2012-11-13 2012-12-19 2456221 2456251 323 058493
=) Graeke 12 2012-11-19 20121213 2013-01-18 2456251 2456281 353 096712
1 Local Runs 13 2012-12-19 2013-01-18 2013-02-17 2456281 2456311 383 104932
1 User-defined functions 14 2013-01-18 2013-02-17 2013-03-19 2456311 2456341 413 113151
15 2013-02-17 2013-03-19 2013-04-18 2456341 2456371 443 121370
16 2013-03-19 2013-04-18 2013-05-18 2456371 2456401 473 129589
17 2013-04-18 2013-05-18 2013-06-17 2456401 2456431 503 137808
18 2013-05-18 2013-06-17 2013-07-17 2456431 2456461 533 1.46027
19 2013-06-17 2013-07-17 2013-08-16 2456461 2456481 563 154247
20 2013-07-17 2013-08-16 2013-09-15 2456491 2456521 593 162466
21 2013-08-16 2013-09-15 2013-10-15 2456521 2456551 623 170685
22| 2013-09-15 2013-10-15 2013-11-14 2456551 2456581 653 178904
23 2013-10-15 2013-11-14 2013-12-14 2456561 2456611 683 187123
24 20131114 2013-12-14 2014-01-13 2456611 2456641 713 195343
25 mlls-u-m 20140113 | 2014-02-12 2456641 2456671 743 203562 -
7 »
Ready | Precision: Single 0% {J

Aon Benfield Securities | Annuity Solutions Group

25

AWBENFIELD



PathWise Modeling Studio

= Define simulation columns and formulas

C:\Users\amohammad\Documents\pwms\GMMB\GMMB.modeI.me [MonteCarlo] - PathWise Modeling Studio = B OR
Formulas ~ View  Revisions Control ~ Inforce  Shocks
) % Add column - s, 3% Add Local Run F =y
s b z
S =X (:5 - &4 . Q
Add  Remove Rearange Deploy Sample Find
sheet sheet  Sheet: Ll = Seript
- cashflow  Geometric_Brownian_Motion.scenarios onfiguration 5
1% hflow © G ic_Brownian_M: ios | RNG Configurati X
suaranteed_value real % « [if is_ratchet_step then
Name Type gv = max(total_ account_vwalue, prev(guaranteed value})
T Model - GMMB else
wiE Vodel- gv = prev(guaranteed value)
4 %Datj sources lendif -
. 5 model_data return gv |
" 5 custom_scenarios 7 Sroot "
« 5 market_data [ dabs
@ 3 shocks [l account_value
. Flacos
7 Shocks [ age
% RNG Configuration 4 asin
4[5 Model Libraries retun(2] account_value[2] log_r || atan }_return[4] account_value[4]|total_account_value guaranteed_value itm_pct |base_la *
. Fdlav ‘s10000000
. =i 0D0% $00.00 0.00¢ 9 boo % 500.00 $100,000.00 $100,000.00 000% 000%
[ Equity ESG l Fdavg_range
(8 Interest_Rate_ESG 122 1192% 500.00 183 base lapse Lt 517 % 500.00 599,141.83 5100,000.00 086%  100%|
(4 Volatilty £5G 2 1% 500.00 115 [ base_ Gt 511% 500.00 $99,296.53 $100,000.00 070% 100% |5
'olatility_| .
i 3 50% 500.00 7.43| business_rules 8454 500.00 $03,626.80 $100,000.00 637% 100%
4 [ Calculations Al ceil
constants Dictionzry 4 79% $00.00 792 [ 4 check date 880 % 500.00 $85,995.97 $100,000.00 14.00% 100%
ser curve Computstion 758 % 50000 0.36 | A check_julian 551 % $00.00 585,423 35 $100,000.00 14.58% 1.00%
| - 6 8% 500.00 468 mc"‘,"esw 208 % 500.00 581,682.17 $100,000.00 1832% 1.00%
vol_curves Computation [ claims
input validation Constraint 7 26% $00.00 18 |4 compare - |38 % 500.00 $79,514.26 $100,000.00 2049% 100%
time_step_logic Dictionary 8 1% 500.00 -4.538%% 0000 “5.042% 500.00 574,734.88 5100,000.00 25.27% 100%
business rules Dictionary 9 05% $00.00 3978% $00.00 0.089% 500.00 $70,944.74 $100,000.00 2906% 100%
cashflow TeEz 1011% 500.00 5523% $00.00 6.264% 500.00 $76,652.30 §100,000.00 2335% 100%
=} Calculation Results 1134% $00.00 2850% $00.00 -2657% $00.00 $77,01166 $100,000.00 2299% 100%
=) Greeks 1250% $00.00 9282 % $00.00 5.566 % 500.00 $86,064.43 $100,000.00 1394% 100%
¥ Local Runs 13996 % 500.00 0.042% $00.00 -0154% 500.00 586,568.73 5100,000.00 13.43% 2.00%
#e User-defined functions 1444% $00.00 4898 % $00.00 2.358% $00.00 $88,518.16 $100,000.00 11.48% 2.00%
15382% 500.00 -4.586 % $00.00 -3.450 % 500.00 $84,828.74 §100,000.00 1517% 2.00%
16 966 % $00.00 2255% $00.00 -0.382% 500.00 $82,778.07 $100,000.00 17.22% 2.00%
1745% $00.00 3707% $00.00 0.950% 500.00 $86,199.04 $100,000.00 1380% 2.00%
1855% 500.00 1919% $00.00 1457 % 500.00 586,786.30 5$100,000.00 13.21% 2.00%
19 439% 500.00 10273 % 500.00 13.510% 500.00 396,765.66 §100,000.00 323%  200%
20058 % 500.00 -4.045 5 $00.00 -7.236% 500.00 592,450.63 5100,000.00 755% 2.00%
2127% $00.00 8295 % $00.00 7.582% 500.00 $101,377.10 $100,000.00 -138% 200%
22 06% 500.00 0762% 500.00 0.020% 500.00 $102,159.40 §100,000.00 -216% 2.00%
23180% $00.00 11830% $00.00 3033% $00.00 $114,61810 $100,000.00 -14.62% 200%
2470% 500.00 6.345% $00.00 3.837% 500.00 $111,315.50 5§100,000.00 -1132% 200%
95114 % 500.00 58375 500.00 -2.908 % 500.00 C 5105.586.80 5100.000.00 -559% 3.00% T
7] B — v
Reacy | Precision: Single ‘ 0% (= ——

Aon Benfield Securities | Annuity Solutions Group 26 AWB E N Fl E I_D



PathWise Modeling Studio

» Encapsulate re-usable logic in UDFs and UDF libraries

CEEEERX

Formulas View Revisions Cantrol

Add R
sheet

Rearrange
Sheets

EE

constants

Name
uictionary

zero_curve Computation
vol_curves Computation
input_validation Constraint
time_step_logic Dictionary
business_rules Dictionary
cashflow Projection
[} Calculation Results
(=1 Greeks
¥ Local Runs
4 2 User-defined functions
4 g System
& Date
4 &od
Jroavg
ﬁd avg_range
S cholesky
[ correlate
fiwcomrelater
fiodo interpl_
ﬁd do_interpZ_
fiufind_interp_point
foainterpl
fointerply
foainterp2
ﬁd interp2v
filen
Joonum_cols
Joo num_rows
Jio shock
ﬁd sum
fiosum_range
Jow sumproduct
Jow sumpraduct_range
fiodate_min

ﬁd\s_dale_equa\
Frie dean in

Inforce

~1 X

mn

Q@
Add

N -]

- tn

Shocks
umns 5, Add Local Run

Result

cholesky a
1 real[N,N] cholesky(real[N,N] matrix)
if N = 1 then
Sresult[0,0] = matrix[0,0]
end
for i = 0 to N-1
for j = i to N-1
real summ = matrix[j,i]
for k = 0 to 1-1
summ = summ - $result[i,k] * $result[j,k]
end
if 1 == j then
Sresult[i,i] = sqgrt(summ)
else
Sresult[j,i] = summ / Sresult[i,i]
end
end
end
end

)

-1 &t

=

[@ 0 Errors |[ 4 0 warnings |[(i) 0 Messages

Ci\Users\amohammadiDocumentsipwms\GMMB\GMMB.modelxm! [MonteCarlo] - PathWise Modeling Studio

v 2 Q

Deploy Sample | Find

Seript

No Message

Line Position

Ready | Precision: Single

lniCoil Ins |20% (=) S, 1)
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PathWise Modeling Studio

» Encapsulate re-usable logic in UDFs and UDF libraries

CEEEERX

Formulas View Revisions Cantrol

Add R
sheet

Rearrange
Sheets

EE

constants

Name
uictionary

zero_curve Computation
vol_curves Computation
input_validation Constraint
time_step_logic Dictionary
business_rules Dictionary
cashflow Projection
[} Calculation Results
(=1 Greeks
¥ Local Runs
4 2 User-defined functions
4 g System
& Date
4 &od
Jroavg
ﬁd avg_range
S cholesky
[ correlate
fiwcomrelater
fiodo interpl_
ﬁd do_interpZ_
fiufind_interp_point
foainterpl
fointerply
foainterp2
ﬁd interp2v
filen
Joonum_cols
Joo num_rows
Jio shock
ﬁd sum
fiosum_range
Jow sumproduct
Jow sumpraduct_range
fiodate_min

ﬁd\s_dale_equa\
Frie dean in

Inforce

~1 X

mn

Q@
Add

N -]

- tn

Shocks
umns 5, Add Local Run

Result

cholesky a
1 real[N,N] cholesky(real[N,N] matrix)
if N = 1 then
Sresult[0,0] = matrix[0,0]
end
for i = 0 to N-1
for j = i to N-1
real summ = matrix[j,i]
for k = 0 to 1-1
summ = summ - $result[i,k] * $result[j,k]
end
if 1 == j then
Sresult[i,i] = sqgrt(summ)
else
Sresult[j,i] = summ / Sresult[i,i]
end
end
end
end

)

-1 &t

=

[@ 0 Errors |[ 4 0 warnings |[(i) 0 Messages

Ci\Users\amohammadiDocumentsipwms\GMMB\GMMB.modelxm! [MonteCarlo] - PathWise Modeling Studio

v 2 Q

Deploy Sample | Find

Seript

No Message

Line Position

Ready | Precision: Single

lniCoil Ins |20% (=) S, 1)
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PathWise Modeling Studio

» Define model outputs (e.g. Greeks)

[T = mC:\Users\amohammad\Documenu\pwms\GMMB\GMMB.modeI‘me [MonteCarlo] - PathWWise Madeling Studio = B =
Formulas  View  RevisionsControl  Inforce  Shocks Format
221 B | 3 Add Local Run EH I~
G I q P
- = + o i | ¥ 1 | 1D
dd - Reamrange Add . Deploy Sample | Find
sheet Sheets Result olumn - Seript
Calcula Data Calculation Results Runs Deployment Find
AL delta_gamma.shocks * cholesky 4 | 3 X
= inforce_account_value
Name Type 0 (v Array [5]
01 Model - GMMB ) Array [5]
558 Data sources Ear o
. Shocks a0 001
% RNG Configuration 1/t 0 0
5 Model Libraries 20 o
[ Calculations 3 0 °
=l Calculation Results 20 °
4 [ZlGresks ~ ) Array [5]
4 delta_gamma Greeks add mul
B shocks 00 0.01
Calculation Greeks 2|0 °
o ]
gresks Greeks :
30 4]
% Local Runs = .
#= User-defined functions
~) Array [5]
add mul
00 o
3|10 D01
20
30 o
4 0 o
| Array [5]
add mul
00 o
all1 0 0.01
20 o
3 0 o
4 0 o
5 (v Array [5]
6 (v Array [5]
7 (v Array (5]
8 | (v) Array [5]
9 (v Array [5]
10 (%) Array [5]
Ready | Precision: Single 0% =)
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PathWise Modeling Studio

» Define model outputs (e.g. Greeks)

dollar_gammal0] i

ndex*2 +2

frow_up = frmv(idx_up].avg_fmv

fmw_dn = frmv(idx_dn].avg_fmv

fmw_base = frv[0].avg_frov

av_up = shock({ inforce. account_value[Sindex], shocks[idx_up].inforce_account_value[Sindex] )
av_dn = shock({ inforce.account_value[Sindex], shocks[idx_dn].inforce_account_value[Sindex] )
av_base = inforce.account_value[Sindex]

return (fmw_up - 2*fmv_base + frv_dn) / ({av_up - av_dn)"2) * av_base"2

| C\Users' imad\Decuments\pwms\GMMBE\GMMB.medel xml [MonteCarlo] - PathWise Modeling Studio = = =
Formulas Wiew Revisions Control Inforce Shocks
2| o8 Og) # Add column - ¥} Add Local Run 0
G & & M Q 3 e O @ @@
Add Remove Rearrange Add e Add Deploy Sample | Find
sheet  sheet Sheets =N 4 © Result < Script
g x delta_gamma.Calculation * delta_gammashocks | T X
: - *
@lﬂ delta real[s] + P X ;.dx_dn i:!.ndex 2+ 1
idx up = Sindex*2 + 2
Name Type ! -
T Model - GNIME fmv_up = fmv[idx up].avg_fmv
OLg Vodet- fmv_dn = fmv[idx dn].avg_ fmv
E9iDats sources av_up = shock( inforce.account_value[Sindex], shocks[idx up].inforce_account_value[$index] )
Shacks av_dn = shock( inforce.account_value[$index], shocks[idx dn].inforce account_ value[$index] )
% RNG Configuration return (fmv_up - fmv_dn) / (av_up - av_dn)
59 Model Libraries
Calculations
(=] Caleulation Results
4 [Z|Greeks
4 defta gamma Gresks formula calculated value
Bshocks B base_fmv | =fmu[0].ave frv 72,0284
5
Caloulation Greskos deltal0] ndexz+1 0.00425206
greeks Greeks ex*2 +2
% fmw_up = frmv(idx_up].avg_fmv
)
3 Lacal Rur.ﬁs frw_dn = frv[idx_dn] avz_fmv
0 User-defined functions av_up = shock( inforce.account_value[Sindex], shocks[idx_up].inforce_account_value[Sindex] )
av_dn = shock{ inforce account_value[Sindex], shocks[idx_dn].inforca_account_valus[Sindex] )
return (fmv_up - fmv_dn) / (av_up - av_dn)
dollar_deltal0] | idx_dn = Sindex*2+1 425.906
idx_up = Sindex*2 +2
frrw_up = frvids_up] avg_fmv
frmw_dn = frmv(idx_dn].avg_fmv
av_up = shock( inforce account_value[Sindex], shocks[idx_up].inforce_account_value[Sindex] }
av_dn = shock( inforce.account_value[Sindex], shocks[idx_dn].inforce_account_value[Sindex] )
av_base = inforce.account_value[Sindex]
return (fmv_up - fmv_dn) / (sv_up - av_dn] = av_base
gammal0]  |idx_dn=Sindex*2+1 -2.408791E-08
idx_up = Sindex*2 +2
frrw_up = frmv(idx_up].avg_fmv
frmw_dn = frmv(idx_dn].avg_fmv
fmw_base = frv[0].avg_frv
av_up =shock{ inforce.account_value[Sindex], shocks[idx_up].inforce_account_value[Sindex] )
av_dn = shock{ inforce account_value[Sindex], shocks[idx_dn] inforce_account_valus[Sindex] )
return (fmw_up - 2*fmv_base + fv_dn) / ({av_up - av_dn}"2)
ndex*2 + 1 -240.879

Reacy | Precision: Single
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PathWise Modeling Studio

= Commit model to SVN source code repo

¢ Commit Check Discard

Revision
in Changes Log

Ea
Name

@[ Model - GMMB
5 Data sources
* Shocks
% RNG Configuration
59 Model Libraries
4 [E Caleulations
constants
zero_curve
vol_curves
input_validation
time_step_logic
business_rules
cashflow
[ Calculation Results
=) Greeks
] Local Runs

= User-defined functions

Type

Dictionary
Computation
Computation
Constraint
Dictionary
Dictionary

Projection

i x input_validation
Value | Expression

0 True  =check_date(i
1 True  =check_date{i
2 True  =check_date{i

=i 3 True  =compare_dal
4 True  =compare_dal
5 True  =compare_dal
6 | True

Committing model GMMB. Version: 1.0.0.0; Last committed version: 1.0.0.0

Message:

B A J ulation iny attin C\Users\amohammad\Documents\pwms\GMMB\GMMB.model.xml [MonteCarlo] - PathWise Modeling Studio o EBOR
il El g
Home Formulas View Revisions Control Inforce Shocks Format

Hello GTC 2012

Changes made (double-click on file for diff):

Path
GMME.madel.xml

Action
modified

-~

Ready | Precision: Single
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PathWise Modeling Studio

= Compile and deploy model to GPUs

Aon Benfield Securities | Annuity Solutions Group

32

| = a | ulat atting Ch\Users\amohammadiDecuments\pwms\GMMB\GMMB.modelxml [MonteCarle] - PathWise Modeling Studio = b
Formulas View Revisions Control Inforce Shocks Format
%E_ir_! {%ZES . = i, Add La:a\ Ru >
Copy Add Rearrange - Add Add Deploy Sample
- sheet Sheets Rerm A Result i Seript
Project Browser 3 x cashflow *input_validation | s X
E‘\ﬂ total_account_val real ¥
Name Type
«[1§ Model - GMMB
4 % Data sources
@& model_data Messages
# [5 custom_scenarios -
& 5 market_data Severity Message
@B shocks i) Info C++ Project generation started for model "GMMB®
7 Shocks _}‘_\, Warning ..Column: 'hw2_parameters_hw2_drift' not used - removed
% RNG Configuration i) Info Generating c++ gpud interface
59 Model Libraries (eilci i) Info Generating python interface
4 [FCaleulations B 0 ?0% 0.00% i) Info Uploading madel C++ sources to Linux Build Computer
constants Dictionary )22 L% |066% i) Info Compiling model C++ sources
zerecune Computation 1% [092% i) Info Uploading compiled model to /C/Users/amohammad/AppData/Local/Temp/5/pwms_temp/GMME_v1_0_0_0/work_temp
vol_curves Computation 379% 071% = - )
input validstion Constraint 2 34% 081% i) Info Caleulating C\Users\amohammad\AppData\Local\Temp\S\pwms_temp\GMMB_v1_0_0_0work_temp\GMMB_v1_0_0_O.model.:
time_step_logic Dictionary S 0% 044% i) Info Uploading Python interfaces for PwaStudio
business.rules Dictianary 6 02% -040% i) Info Uploading py to \“WAMZXAOLasgpw.net\DataProd#asg_600\PwasGridDeploymentRegistry\ (overwriting existing files)
cashflow Projection 7 8% 0.08% i) Info Restarting grid, Please wait...
ElCaleulation Results 850% 068% i) Info Requesting disconnect of 2 warker(s)
[ZHGreeks 9 53% 049% i) Info Waiting up to 60 seconds for werkers to come back online
% Local Runs 1057% 024% i) Info Grid restarted
2 User-defined functions 11:9% 066% !/ Info Deployment completed
1232% 0.88%
1332% 078% [ Debug Mode
1837% 162%
1551% 169% Edit Deployment Configuration ] [ Copy to Clipboard ] I Close
1657% 122%
17i0% 169% @ Ready
1815% 226% 0.678 % 586,785.30 1582% £00.00 3355% 500.00 1519% Si
1954% 2.91% 10.884 % 5$56,765.66 12.784 % 500.00 10439 % 500.00 10.273 % St
2055% 247% -4.562% $52,450.63 -9.528 % $00.00 -4.059 % $00.00 -4.045% s
2113% 143% 5.217% $101,377.10  8.063% $00.00 2.027 % $00.00 8.296% s
2200% 2.06% 0.759% 5102,155.40  -0.878% 500.00 0.606 % 500.00 0.762% sl
23)8% 2.09% 11.507 % 511461810  5.256% 500.00 -0.080 % 500.00 11.830% Bl
2455% 140% -2.823% 5111,31590  0.574% 500.00 0.470% 500.00 -6.345% Bl
9536% 1.48% -5.282 % 510558880  -B.111% $00.00 -2.214% 500.00 -5.837 % 57
’ [ —— v
Reacy | Frecision: Single | s0% = *)
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PathWise Modeling Studio

= Add GPU grid workers from the Cloud

PathWise Grid Management Console

'

workers (2/6) models (4) amazon workers

Start new instances Terminate selected instances

ip address state launch time time running termination policy instance type max price started by

10.16.0.205 Online  5/10/2012 10:55:40 AM 0Sh 42m 46s Newver Spot $1.500 ASGPW\svcpathwise

Start Instances

Termination @ Never
pelicy: O After1idle hour

* On-Demand instances
= Spot instances

Current price: 50,665

Max Price:

Spot instances count: |1

Start Spot instances

Current spot price: 50.665

1017.163.175:6147

last update : 20:38:32
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PathWise Modeling Studio

» Generate sample Python script

EM Sample Script

~Options

Precision

Begin session

Default_begin_session

Default_begin_session_with_shocks

Computation
compute_aging
compute_delta_gamma
compute_esg_verbose
compute_gresks
compute_sutput_by_path

compute_peolicy_verbose
compute_test verbase

For Version

Current

Script

import glcbal config as cfg
import etl
import numpy as np

§ Import model
import GMME model t float as model

§ Load inpu
DATA DIR = I

model_data npz =
market date npz =
inforce =

etl.load (DATA DIR + 'd
etl_load{DATL DIR + °
model data npz['inforece']

§ Compute
session = model .GMMB session t (cig.COCORDINATCR ENDPOINT)

session.begin session(model dsts npz, market_dats npz, modellype = model ModelType.Defa

fmwvs = session.compute option value(inforce]
session.end session()

£ Results
etl_sawves
print 'L

oz, fmws = fmvs)

npz', model PRECISION)

npz", model PRECISION)

Copy to Clipboard | | SaveAs.. | |

Close l
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PathWise Analytics Studio

= Run Python scripts from PathWise Analytics Studio (customized Python IDE)

B pathWise Analytics Studio 2.0 - ol x

File Edit Search Source Run Tools View 7

| L HE b = H| B E X Palk: “J € A @Mﬁ a]| A ) H| & [coVsersocl Documents Pathitise_Training scripts = I 3

Editor - C:{Users\joel\Documents\PathWise_Training\scripts\Demo3.py & X |[Task manager & x

. Deme.py | # plotterpy 39 Clear

I “ settings.py

Compute Greeks [

100% 1020000/1020000 6

Compute FMV |

100% 40000/40000 &F

Objectinspector Task manager

Console

200+ ~“|Bv@

& X
[ 3 x|

[
10
= computeF¥

ks,

inforce,

yyroeyrol

P&L Attribution, 2nd Order Greeks

TSX
Inga, SPX
(S
*shoﬁr EAFE MM
x=-0.552, y=-0.791, z=0827.608 y
|Permissions: Bw~ [End-of-lines: CRLE  [Encoding: ASCII [Line: 14 Column: 37
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PathWise Analytics Studio

» Run Python scripts from PathWise Analytics Studio (customized Python

PathWise Analytics Studio 2.0

File Edit Search Source Run Tools

View 7

IDE)
- | o] x|

[0 e =

| o &% * i

|& A &8

] (a]

|

A E)

- IC:\paﬂwwise#sampIe_4[J[J‘|paﬁ'w\'ise‘nproducts‘npux'astudio

5+

Editor - C:\demo\GMMB\PWAS _scripts\delta_gamma.py

[l 4

Task manager

[l 4

—

@ convergence_testing.py ||

# delta_gamma.py [£] | A greeks_report.py || I A throughput_test.py | 4| ¥ | =

@ Clear

3 import numpy as np
4 import utils

5

6

-

GMMB_session_t.compute_delta_gamma

REREN| w0 172 (X

drpens O] U —ioi=
5 import GMME 2
g ”ﬁ' 0O “I” - |@ w GMME_session_t.compute_delta_gamma BIIIN 1002 172 @

18 NUM_INDICE:

11

12 0.30 Delta Seln5|t|wty

15 DATA_DIR =

14 025

15 model_data — :

16 market_dat: 020} - Objectinspector  Taskmanager | File explorer |

1; §h$cks_npz 015 Console B X

inforce = r § 015 - :

19 8 L @ python1[.| & delta_gamma.py [ | 000410 [= @ A

21 inforce[ "ni NUM_WORKERS: 1@

22 0.05}

23 inforce[ "t: »»» print 'Helle GTC 2@12°

24 inforce[ 't: 0.0055 B —20 0 20 50 Hello GTC 2812

25 Account Value Shock (%) R3]

. Gamma Sensitivity

26 inforce[ "a¢  0.0000000 -

27 inforce['g I neaaal.....

28 inforce[ "'r: '

29 —0.0000004 |-

3@ o

31 num_shocks E LIS

32 min_av_shotg g oopoo0s

33 max_av_shot ;

34 shock_grid =~ —0.0000010F o

> 0.0000012 A

36 shocks_npz| ’ § -

[ -oocomagg —40 =0 0 20 %0 k Historylog  Console |

Account Value Shock (%) missions: Rl |End-of-lines: CRLF  [Encoding: UTF-8-GUESSED |Line: 18 Column: %8 ¢
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PathWise Platform

-

Bloomberg

PathWise
GPU Coordinator

Aon PathWise Platform

Pathise Market
Data Server

Front-End
Applications

Pathwise SRT Risk
Dashboard

PathWize Asset
Portfolic Analytics
Server

PathWize Services
Scheduler

Fd

Pathwise
Operations Control
Center

Pathwise ETL Server

PathWise MessageHub

FathWizsa
Analytics Studio

PathWise Liability

Anakytics Server

MessageHub
Persistent
Storage

=

PathWise Modeling
Studio

R

Pathwise Message
Hub Browser

Front-End
Services

Secure FTP Server

SMTR Email Server

FI¥ Engine

— 8

'R

Client Site
Users

Rizk Management

Corporate Actuarial

Praduct Development

Trading Desk

Middle Office

—

Client IT Systems

i

Inforce Data, Trades,

v
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PathWise MessageHub

Topics

- le ] x|

Summary
=l By Topic
udit

bloomberg_eod_quotes
bloomberg_eod_reference_data
market_aux_data
liability_shocks
dvll_risk_facter_changes
index_total_returns
liahility_input_data
) signed
signed_assumptions
signed_market_data
signed_bifurcation_cohorts
signed_excluded_contracts
signed_risk_limit_params
signed_nw_params
signed_nw_params_mccsr
signed_unitrax_extract
signed_nav
signed_positions_file_list
signed_positions
signed_mapped_inforce file_list
signed_mapped_inforce
signed_liability_greeks
signed_mapped_inforce_control_report
signed_asset_greeks
eal_world_scenarios
etl

Message Hub is alive
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Topic Time

bloomberg_sod_quotes
bloomberg_eod_quotes
bloomberg_sod_quotes
bloomberg_eod_quotes
bloomberg_sod_quotes
bloomberg_eod_quotes
bloomberg_sod_quotes

b ]
bloomberg_sod_quotes
bloomberg_eod_quotes
bloomberg_sod_quotes
bloomberg_eod_quotes
bloomberg_sod_quotes
bloomberg_eod_quotes
bloomberg_sod_quotes
bloomberg_eod_quotes
bloomberg_sod_quotes
bloomberg_eod_quotes
bloomberg_sod_quotes
bloomberg_eod_quotes

SeqMNo

1/23/2012 12:00:00 AM 7171874
1/20/2012 12:00:00 AM 7123794
1/20/2012 12:00:00 AM 7123777
1/19/2012 12:00:00 AM 7079360
1/19/2012 12:00:00 AM 7079343
1/18/2012 12:00:00 AM 7015306
1/16/2012 12:00:00 AM 7015883
117 \

171772012 12:
1/16/2012 12:00:00 AM 6878439
1/16/2012 12:00:00 AM 6878422
1/13/2012 12:00:00 AM 6846508
1/13/2012 12:00:00 AM 6846451
1/12/2012 12:00:00 AM 6788223
1/12/2012 12:00:00 AM 6788206
1/11/2012 12:00:00 AM 6757137
171172012 12:00:00 AM 6757120
1/10/2012 12:00:00 AM 6727726
1/10/2012 12:00:00 AM 6727709
1/9/201212:00:00 AM 6686833

6947112

Key

files#201 2\#201 201\#201 201 23\market\bloomberg_eod_quotes-20120123-000000-0049PUQ-0D.npz
files#201 21#201 201\#201 201 200 market\bloomberg_eod_quotes-20120120-000000-0048 0RG£00-0D.npz
files#201 21#201 201\#201 201 200 market\bloomberg_eod_quotes-20120120-000000-00480QP-0D.npz
filles#201 2\#201 201\#201 20119\ market\bloomberg_eod_quotes-20120113-000000-0047QGW#00-0D.npz
filer#201 213201 201\#201 20119\ market\bloomberg_eod_quotes-20120115-000000-0047QGF-0D.npz
filles#201 214201 201\#201 20118\market\bloomberg_eod_quotes-20120118-000000-0046DIA00-0D.npz
filer#201 2\#201 201\#201 20118\market\bloomberg_eod_quotes-20120118-000000-0046DHT-0D.npz

- omberg_sod_quot
files#201 213201 201\#201 2011 T\market\bloomberg_eod_quotes-20120117-000000-0044WFC-0D.npz
files#201 214201 201\#201 20116\ market\bloomberg_eod_quotes-20120116-000000-0043FFR#00-0D.npz
filer#201 214201 201\#201 20116\ market\bloomberg_eod_quotes-20120116-000000-0043FFA-0D.npz
files#201 214201 201\#201 2011 3\market\bloomberg_eod_quotes-20120113-000000-0042Q55400-0D.npz
files#201 214201 201\#201 2011 3\market\bloomberg_eod_quotes-20120113-000000-0042Q5B-0D.npz
filles#201 2\#201 201\#201 2011 2\market\bloomberg_eod_quotes-20120112-000000-0041HTR#00-0D.npz
filer#201 214201 201\#201 2011 2\market\bloomberg_eod_quotes-20120112-000000-0041HTA-0D.npz
files#201 214201 201\#201 2011 1\market\bloomberg_eod_quotes-20120111-000000-0040TU9400-0D.npz
files#201 214201 201\#201 20111\ market\bloomberg_eod_quotes-20120111-000000-0040TTS-0D.npz
filer#201 214201 201\#201 2011 0\market\bloomberg_eod_quotes-20120110-000000-004075A#00-0D.npz
filer#201 214201 201\#201 20110\ market\bloomberg_eod_quotes-20120110-000000-004074T-0D.npz
filles#201 2\#201 201\#201 20109\ market\bloomberg_eod_quotes-20120103-000000-003ZBN1#00-0D.npz

0120117-00

0 | i
e Sys | Sys_ HistoryDate.year Sys_HistoryDate.month Sys_HistoryDate.day PX_LAST PX_ASK PX_BID PX_SETTLE CHG_PCT_1D
| ;_Histo e.year Sys_Histol €.mon :_Histo . | [ | L _PCT_:
_ METADATA_INFO ey v v
“automated trend_dates 0] USDCAD Curncy 2012 1 12 10191 10192 1019 NaN -0.05
_automated_trend_in_column 1| USDCAD Curncy 2012 1 13 10232 10235 10228 NaN 04
E:m-q“°:es-:°°:§ﬁp—baxh . 2| USDCAD Curncy 2012 1 16 10179 1018 10177 NaN -0.52
m_quotes_bootstrap_cash_depo 3
bl auctes bootatrap € DOR0S fings |3 USDCAD Curncy 2012 1 17 10151 10152 1015 NaN 0.28
bim_quotes._bootstrap_par irs 4] USDCAD F1600 Curncy 2012 1 12 10183 10183 10182 NaN 01
blm_quotes_currency 5| USDCAD F1600 Curncy 2012 1 13 10226 10227 10226 NaN 042
blm_quotes_futures 6| USDCAD F1600 Curncy 2012 1 16 10179 1018 10178 NaN -046
blm_quotes_generic_futures 7| USDCAD F1600 Curncy 2012 1 17 10152 10153 10152 NaN 027
blm_quotes_index
blm_quotes_volatility
diype description ™ show as text
String[32]  Sys_Instrument
Struct Sys_HistoryDate
Double  PX_LAST
Double  PX_ASK
Double  PX_BID
Double ~ PX_SETTLE
Double  CHG_PCT_1D
20 topic keys
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PathWise Operations Control Center

)

athwize Operations Control Center

j i é‘ Currentday: 20120124 ( working day ) Operating EOD date: 20120123 MBENFIELD PATHWISE
ASSETS PAS SYSTEM
El Operating Date (Monday, 2012-01-23) & @ e
B+ Default Combination 2012-01-24T05:37:03.4 - SR e — S
Market :I
Files
i Liability Performance Attribution Report 1: Liability FMV P&L
O LCR1 - Inforce Summary
© LCR2 - Inforce Recondiiation
O LCR3 - Funds Recondliation
O LCR4 - Liability Greeks Info
© LCRS - Real World Scenario Tests
O LCR6 - Liability CTE
5 LCR7 -Risk Limits Previous EOD Current EOD
O LCRB - Liability Account Values
O LCRS -Tracking Error Operating Date 2012-01-20 2012-01-23
O LCR10 - Breakdown of FMV
LPAS1 - Liability FMV PAL Liability Fair Market Value (CAD) -22,073,580.51 -19,291,043.71
O Erroneous Contracts Summary
EOD Reports . .
Testtoket SLC.543 Total Liability FMV P&L
Test ticket SLC-843 (after fix)
2011
2012 P&L Currency
Liability FMV P&L Explained 2,796,790.77 CAD
Liability FMV P&L Unexplained -14,253.97 CAD
Total Liability FMV P&L 2,782,536.80 CAD
Equity Risk Liability P&L
MM DEX TSE S&P500 EAFE Total Currency
Total Return 0.01 -0.19 1.01 -0.52 0.48
(%)
Previous EOD 30,130,062.63 147,168,724.1 196,330,423.6 33,085,371.82 20,531,311.23 427,245,883.4 CAD
Liahilihe Dalta 1 7 A |
< L B
Ready
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PathWise Seriatim Real-Time Risk System

seneieln PathWise

Mngr Group  Risk Factor Dollar Delta
114,846,800.00
17,544,200.00
11,752,600.00

66,200,000.00

Mngr Group  Risk Factor

Dollar Gamma

Currency

Currency

Mngr Group

Risk Factor Dollar Delta

36 -122,840,060.00
35 -17,574,724.44
34 -16,111,707.07
37 -66,094,560.00

Currency

Mngr Group
36
35
34
37

Risk Factor

Liability Dollar Delta
114,846,800.00
17,544,200.00
11,752,600.00
66,200,000.00

Asset Dollar Delta
-122,840,060.00
-17,574,724.44
-16,111,707.07
-66,094,560.00

Net Dollar Delta
-7,993,260.00
-30,524.44
-4,359,107.07
105,440.00

Currency

-185,920,000.00
360,000.00
1,320,000.00
-141,200,000.00

15m 30m 1H

-17500000

-17525000

-17550000

-17575000

Limit Breach

Mngr Group
£
35
34
37

Net Dollar Delta
-7,993,260.00
-30,524.44
-4,359,107.07
105,440.00

Risk Factor

Lower Limit
-10,723,249.36
-1,648,966.27
-1,083,626.63
-6,122,165.47

b 2/15/2011 8:26:33 AM

SRT Loop Started

Upper Limit
10,723,249.36
1,648,966.27
1,083,626.63
6,122,165.47

Currency  Limit Breach

Mngr Group
36
35
34
37

Net Dollar Delta
-7,993,260.00
-30,524.44
-4,359,107.07
105,440.00

Risk Factor

Lower Limit
-16,084,873.42
-2,473,449.30
-1,625,439.89
-9,183,247.84

Upper Limit
16,084,873.42
2,473,449.30
1,625,439.89
9,183,247.84

Currency

Limit Breach

Mngr Group

Net Dollar Delta
-7,993,260.00
-30,524.44
-4,359,107.07
105,440.00

Risk Factor

Lower Limit
-21,446,498.72
-3,297,932.53
-2,167,253.27
-12,244,330.93

Upper Limit
21,446,498.72
3,297,932.53
2,167,253.27
12,244,330.93

Currency
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PathWise Modeling Studio Roadmap

= Growing list of different Model Types
— Monte Carlo Models (v available now)
— Data Parallel Models (v available now)
— Nested Stochastic Simulation Models (v" in progress)
— Finite Difference Method PDE solvers

— Support for non-trivial interactions between CUDA threads and between GPU grid
nodes

= A large set of GPU Model Libraries
— Economic Scenario Generators Library (v" available now)
— Standard and Exotic Hedge Program Instrument Library (v" available now)
— Hedge Strategy Library (v" available now)
— International Capital and Reserve Library (v" in progress)
= Automatic Model Differentiation (Adjoint Method) (v in progress)
— PWMS compiler can support automatic differentiation

— Allows computation of model sensitiveness (Greeks) without re-simulation
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Conclusions

= High Productivity Computing (HPC)
— End-user focused tools for computational scientists
— User-friendly, high productivity environments

— Easy access to high throughput computing infrastructure (e.g. GPU cloud)

= HPC requires
— Domain Specific Languages, Middleware, User-Interfaces
— Even entire Domain Specific Platforms
— Domain knowledge experts to design and support such tools

— Investment in software tools

= HPC provides
— Unprecedented user productivity and computational power

Aon Benfield Securities | Annuity Solutions Group 43 AWBE N Fl EI_D



