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OptiFolio

Solution overview

Portfolio optimization
including Stocks Fixed
income and multiple
currencies.
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attribution.

Markowitz-Sharpe, Black  Interactive exploration of

and Black-Litterman efficient investment
models. strategies.
Monte-Carlo forecasting Key indicators for
of assets and portfolio strategic asset

value. allocation decisions.




OptiFolio

Solution overview

Key features

Optimization process Optimum portfolios | Efficient frontier

Interactively visualize all feasible investment portfolios
on the Risk/Return plane given a set of investable
assets, considering investment limits and portfolio
benchmarks.

Import prices from MS Excel® worksheets, comma or
tab-separated files or directly from the web.

Find the optimum portfolio composition applying either
the classical Nobel-awarded Markowitz model or the
Basel lll Conditional-Value-at-Risk model.

Conduct Monte-Carlo simulations to forecast the value
of portfolios or individual assets, apply Performance
Attribution Models, define Risk Factors mapping and
more.




Data manager

» The system allows you to explore the historical prices, returns, correlations and
covariances. The user may enter different assumptions to be used as expected values.

] Data Manager

Historical prices | Asset Returns | Return statistics | Transaction Costs | Best-fit | Monte-Carlo

Historical prices chart | Historical prices table | Price discontinuities
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Mote: All statistics are calculated and should be entered considering Helding Period returns




Feasible Investment area

= Interactive charts show the feasible investment area and the efficient frontier.

= Color represent the portfolio density in each combination of risk and return.

= The user can select two methods to produce the chart (random or quasi-random).
» The analysis can employ either a Markowitz-Sharpe or Conditional VaR approach.

Iz‘ Portfolio optimization

Optimization process | Optimum portfolios | Effident frontier

E(Return)
15555%

BELLSOUTH 42.4%
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Optimum portfolios

The program automatically reports the minimum risk and maximum risk-adjusted return

portfolios.
These optimum portfolios (as well as any portfolio on the efficient frontier) can be saved to
the Portfolio Manager module for further analysis.

|z| Portfolio optimization

Optimization process | Optimum portfolios | Effident frontier

Optimum portfolios

The following report details the composition and main statistics of two notable portfolios resulting from the optimization: the minimum-risk portfolio and the
portfolio with the highest risk-adjusted return.

Asset Optimum Min StdDev Optimum Max Sharpe

AMERICAMN EXPRESS 18.52% 24.65%
BELLSOUTH 55.56% 11.64%
COCACOLA 3.70% 0.00%
DELL 7.41% 24.17%
GE 7.41% 0.00%
HONEYWELL 0.00% 39.55%
IBM 7.41% 0.00%
E(Return) 0.0816% 0.2291%
E(StdDev) 1.5389% 2,3250%
Sharpe 0.0531 0.0936
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Save optimum portfolios to Portfolio Manager: | Minimum Risk portfolio | | Maximum Risk-Adjusted Return portfolio |




Alternative portfolio optimization criteria

= Sharpe ratio = |nvestor utility
(Risk-adjusted return) (Considering Arrow-Pratt risk-aversion)
E(r))-r, >
Sh = U:E(rp)—0.00S-A-E(ar )
E(o, ) P

Keating’s Omeg: L

CVaR = E(r,,r, <VaR ) Q" =3 (r,=b) /> (b-r)
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Efficient frontier exploration

= OptiFolio reports all optimal positions along the efficient frontier, including key statistics for
each portfolio.
» The user can select the level of detail (number of portfolios) along the frontier.

lz‘ Portfolio eptimization @

Optimization process | Optimum portfolios | Efficent frontier

Efficient frontier
The effident frontier contains the portfolios with the highest levels of expected return for each possible level of expected risk.

Detailed portfolios | Frontier composition chart lz‘ Portfolio optimization @
100 : :
a Optimization process | Optimum partfolios | Efficient frontier
a0 Efficient frontier
70 The efficent frontier contains the portfolios with the highest levels of expected return for each possible level of expected risk.
[=1] - -
a Detailed portfolios | Frontier compesition chart
40 Portfolio Return Std.Dev. CVaR Sharpe  AMERICAM EXPRESS BELLSOUTH COCACOLA DELL GE it
30 1 0.10% 1.54% 3.17% 0.0652 20.62% 52.64% 1.23% 10,24% 5.31%
20 2 0.15% 1.69% 3.52% 0.0891 22.88% 39.89% 0.00% 18.23% 0.00%
3 0.17% 1.84% 3.90% 0.0949 23.41% 31.15% 0.00% 20.06% 0.00%
1 = 0.19% 1.99%. 4.22% 0.0972 23.92% 24,34%. 0.00% 21.51% 0.00%:
1] 5 0.21% 2,15% 4.54% 0.0933 24.26% 18.24% 0.00% 22.76% 0.00% A
! 28 4 5 B 7 B 8 M N 5 0.23%  2.29%  484%  0.0985 24.59% 12.78% 0.00% 23.92%  0.00% 3
] AMERICAN EXPRESST] BELLSOUTH = cod| 7 0.24% 2.45% 5.17% 0.,0985 25.05% 7.26% 0.00% 25.10% 0.00%
B GE I HOMEYWELL I 1EM 8 0.25% 2.59% 5.47% 0.0982 25.37% 2.38% 0.00% 26.04% 0.00%
9 0.27% 2.75% 5.77% 0.0977 23.75% 0.00% 0.00%
10 0.28% 2.90%: 6.05% 0.0970 20.73% 0.00%: 0.00%

Frontier level of detail: [ portfolios

-
=

0.29% 3.05% 6.34% 0.0961 17.64% 0.00% 0.00%
0.30% 3.20% 6.61% 0.0952 14.92% 0.00% 0.00%
0.32% 3.35% 6.90% 0.0942 12.17% 0.00% 0.00%
0.33% 3.50% 7.19% 0.0933 9.54% 0.00% 0.00%
0.34% 3.65% 7.48% 0.0923 6.91% 0.00% 0.00%b

Frontier level of detail: “ portfolios Refresh

e
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Asset groups and Iinvestment limits

= Manage any number of asset group categories and investment limits
= Conveniently manage this information using MS Excel files.

@ Asset groups and limits E@

Assetgroups | Investment limits | Portfolic benchmarks | Asset limits report

| Mew group H Mew category Load groups... | ‘ Save groups... |

4 -8 Groups by Region Group contents
“ Apmer?'ca ? {@ Asset groups and limits El@
3 AMERICAMN EXPRESS

'@ Europe | BELLSOUTH Asset groups | Investmentlimits | portfolio benchmarks | Asset limits report

4 % Groups by Industry 7 COCACOLA
‘ Technology DELL | Mew limit || New category Load limits... | | Save limits. .. |
- Finandal +1 GE
=) Consumer I HOMEYWELL 4§ Regulatory limits Limit definition

IBM ... Consumer sectar limit
i Europe limit The limit applies to: @ An asset group as a whole (sum of asset's weights)

@ Technology < Consumer Every individual asset contained in a group

A single asset

The portfolio position of:

|Groups by Industry: Technology

Delete group || Delete category| | Al || Mone | Must be: |—{= M a given weight: o

@ the weight of: GR: Consumer

Mutiplied by:

Disable this limit -
Keep changes

Delete limit || Delete category




Portfolio benchmarks and turnover limits

Previously saved portfolios can be used as benchmarks in order to find optimum positions

that do not exceed certain turnover threshold (position differences).
The turnover can be expressed either individually (for each asset) or globally (total turnover).

Additional constraints on total portfolio risk or return can also be considered.

@ Asset groups and limits

Asset groups | Investment limits | Portfolio benchmarks | Asset limits report

Turnaover limit

V| Limit |Individual w | asset turnover to: 10 % relative to portfolio: | My Best Sharpe

Risk and Return limits
Minimurm Maximum

Limit portfolio Return to: a % - 100 % |P'er year

7] Limit portfolio Risk to: 0 % - 25 % |peryear

| Keep changes




The feasible area affected by constraints

= When constraints are entered, the feasible area automatically shrinks to reflect only
portfolios that comply with all the limits.

E Portfolio optimization

Optimization process Optimum portfolios | Efficient frontier

E{Return)




Risk-Factor Mapping

In addition to investable assets, import data from risk-factors (e.g. interest rates, exchange

rates, stock indices, inflation, etc.).
Define the sensitivity of each asset relative to risk-factors.
Risk-Factor mapping allows the user to work with multi-currency portfolios and include

derivatives, complex and even illiquid assets.

2 Manage Risk Factors

Define Risk Factors | Map Risk Factors to Assets

Risk factors mapping

Enter the coeffidents that represent the sensitivity of each asset to changes in the corresponding Risk Factors, A coeffident of 1.2, for instance, would mean that a 10% increase in the risk factor
would be assodated to a 12% increase in the asset value.

‘ Estimate asset statistics |

Assets | Risk Factors BANK OF| COCACOLA| WALMART| BUENAVENTURA| RATE_0_30| RATE_31_180| RATE_181_360 RATE_351_1080| RATE_lDB1_| I.ISDPEH|
BANK OF AMERICA 1.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
COCACOLA 0.0000 1.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
WALMART 0.0000 0.0000 1.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000  0.0000

BUENAVENTURA 0.0000 0.0000 0.0000 1.0000 0.0000 0.0000 0.0000 0.0000 0.0000 10000
BOND 2031 0.0000 0.0000 0.0000 0.0000 -0.0100 -0.2500 40,6500 -2.1000 -8.9000  0.0000
BOND 2018 0.0000 0.0000 0.0000 0.0000 -0.0500 -0.1500 -0.4000 -1.1000 0.0000  0.0000

| Use color highlighting




Portfolio Manager

» The user can manage any number of portfolios inside a specialized interface.
= All optimum portfolios can be added interactively from the optimization window.
= Portfolios can be stored in and retrieved from MS Excel® files.

@ Portfolio Manager |i”£|@

| Mew portfolio || Delete portfolio Load portfolios. .. | | Save portfolios. .. |

il Equally weighted Portfolio composition | Return statistics | | imit status | Monte Carlo Simulation | Performance attribution
-{&) New Benchmark
il Constrained low risk Portfolio return statistics

This report shows the main statistics related to the portfolio return, given the assumptions entered in the Data Manager
module {expected returns, covariances and correlations). |?”E|@

jin] Statistic Value Load portfolios... | | Save portfolios. .. |
1 Expected return 0.1713% |
2 Feriom 8 o T TS 1.9494% | statistics | Limit status | Monte Carlo Simulation | Performance attribution
3 Skewness of returns -0.0277
2 L Df_ I EEA portfolio composition detailed by asset or by asset groups. After editing positions, press the
] Sharpe ratio 0.0878 locess the new values.
[ CVaR (Mon-parametric) @ 1% -5.2725%
7 CVaR (Mon-parametric) @ 5% -4.1240% B-ct [ Table -By groups
8 CVaR (Mon-parametric) @ 10% -3.2554% B
g Cvar (Mormal) @ 1% -5.0243% 29.58 %
0 CVaR (Mormal) @ 5% -3.8498%
BELLSCUTH
11 CVaR. (Normal) @ 10% -3.2499%

HORNEYWWELL

DELL

COCACOLA

GE

AMERICAR EXPRESS
Cther




Portfolio limits report

» The system automatically evaluates each investment constraint for all portfolios and
report which limits are being met and which are being violated given the portfolio

positions.

El Portfolio Manager

| New portfolio || Delete portfolio

ol Equally weighted
@ New Benchmark
il Constrained low risk

=N EOR =5

Load portfolios... | | Save portfalios... |

Portfolio composition | Return statistics | Limit status | Monte Carlo Simulation | Performance atiribution

Investment limits status

The following report summarizes the status of the active investment limits given the current composition

of the portfulio.

D Limit name

1 Consumer sector limit
2 Technology < Consu...

Limit weight Status

60.00% Violated
64.61% OK

Enabled? Current weight

Yes 75.01%
Yes 20.43%




Portfolios Back-testing

= Employing transaction costs entered by the user, OptiFolio estimates the net return of
an strategy after costs of rebalancing.

|§| Portfolio Manager = || =] ER

| New portfolio || Delete portfolio Load partfolios... || Sawve portfolios...

ol Equally weighted Portfalio composition | Return statistics | Back-testing | Limit status | Monte Carlo Simulation | Performance attribution
il Portfolio 1
il Portfolio 2 Portfolio back-testing

L PDFH‘D'!D 3 This chart shows the hypothetical portfolio value assuming that current weights were valid on day 1 and no transactions were
i @ Portfolio 4 made (j.e. individual asset's "Qs™ were held constant).

Simulated portfolio value (backward looking)

1,550
1,500
1,450
1,400
1,350
1,300
1,250
1,200
1,150
1,100
1,050
1,000 § -

550

} } } 1 } } 1
22/06/2004  20M09/2004 194202004 190302005 17062005 150972005 14M 202005 1400372008

Method: | Constant Qs (Ws valid in t = 0)




Investor views

The Views Manager allows the user to manage sets of assumptions about the future
behavior of assets and their relative returns.

This information can then fed into the Black-Litterman model in order to produce
Improved investment strategies recommendations.

Define Views  Black-Litterman expected returns

Investor Views - Black-Litterman Model

Each view establishes the an expected return for a portfolio with the given weights. Long and short positions can be combined in order to define a
relative return portfolio (typically when the weights add up to zero). Strictly long weights can be used to define absolute expected returns,

Mew set of views Mew view

v.@ rincipal Asset S
D Tecnolbgicas
8D Consuma

AMERICAN 0
BELLSOUTH
COCACOLA

DELL

GE
HONEYWELL

IBM

Return (pfy}

Mote: View's returns should be entered as annualized values (they will be converted to HP-returns using a simple interest transformation).




Black-Litterman modeling

= OptiFolio automates the application of the Black-Litterman Bayesian model and
generates the adjusted expected returns for the investment assets. These returns can
then be used to generate an improved set of efficient portfolios.

4 Investor Views \El@

Define Views Black-litterman expected returns

Expected asset returns - Black-Litterman Model

The base returns for this model are Black's equilibrium returns {obtained as a result of a reverse optimization process). Each investor view adds some information to & Bayesian analysis that combines this new information with the prior
returns in order to improve the quality of the estimation.

D Asset Bladk's HP Return (1 day) Black's pfy (Compound) Black's p/fy (Simple) B-L Adjustment (1 day) B-L HP Return (1 day) B-L pfy (Compound) B-L pfy (Simple)
1 AMERICAN EXPRESS 0.0430% 12,85% 12,09% -0.0050% 0.0430% 11.43% 10.83%
2 BELLSOUTH 0.0234% 6.08% 5.91% 0.0004% 0.0238% 5.19% 5.01%
3 COCACOLA 0.1387% 41.79% 34.94% -0.0493% 0.0394% 25.24% 22.52%
4 DELL 0.0776% 21.60% 19.57% -0.0043% 0.0734% 20.30% 18.49%
5 GE 0.0863% 24.29% 21.75% -0,0089% 0.0774% 21.53% 19.51%
3 HOMNEYWELL 0.1454% 44, 23% 36.65% -0.0355% 0, 1060% 30,59% 26.70%
7 IEM 0.1028% 29.56%: 25.91% -0.0310% 0.0718% 19.83% 18.10%
Investor set of views:  Princpal ~ Risk-gversion factor:  Low risk aversion [A=2] w

Market Portfolio: Equally weighted ~ Use results as expected asset returns




Best-fitting probability distributions

= OptiFolio identifies the best distributions to represent asset returns for Monte-Carlo
simulations. Data generation employs multi-variate copulas.

@Data Manager EI@

Historical prices | Asset Returns | Return statistics | Best-fit | Monte Carlo

Best-fit report

Variable

AMERICAN EXPRESS
BELLSOUTH
COCACOLA

DELL

Distribution
Mormal
Mormal
Mormal
MNormal

Parameters

0.1218% ; 2,5504%
0.0468% ; 1.8677%
0.1662% ; 4.1379%
0.1668% ; 2.6124%

Anderson-Darling
5.8720
2.2099
2,1327

@ Data Manager

= Hom (==

GE Mormal
HOMEYWELL Mormal
I6M Mormal

0.0706% ; 3.2048%
0.3878% ; 4.4077%
0.1261% ; 3.0074%

Historical prices | Asset Returns | Return statistics | Best-fit | Monte Carlo

Forecasted asset: | AMERICAM EXPRESS w | Horizon: 30 working days Forecast H Copy paths |

Price simulation chart | Price simulation table

a0
45
46
44
42
40
Mote: Best-fit distributions refer to historical 1-day returns 36
36
34
a2
30
28

9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 X6 X7 2% 29 30

Median - p01 ! po




Portfolio Monte-Carlo simulation

= Using mutivariate elliptical copulas, future portfolio values can be forecasted for
thousands of possible outcomes. The software reports key confidence intervals for the
expected portfolio values.

Eportfolio Manager EI@

| New portfolio || Delete portfolio | Load portfolios... | | Save portfolios... |
-l Equally weighted Portfolio composition | Return statistics | Limit status | Monte Carlo Simulation | performance attribution
@ New Benchmark o &R

Multivariate Elliptical Copula Simulation Horizon: 30 working days [ Forecast ] | Copy paths |

‘:Load portfolios... ‘ ‘:;Save portfolios... ‘

Price simulation chart | price simulation table ;tabsbcs | Back-testing | Limit status | Monte Carlo Simulation | performance attribution

pula Simulation Horizon: 30 working days W] ‘ Copy paths ‘
130 i SOPYDRTE)
125 ;imulabon table | Overlaid forecasts
120

115




Performance attribution

Applying the Brinson model, OptiFolio decomposes the return difference between the
portfolio under analysis and any benchmark portfolio. Results show the return attributable
to Asset Allocation and Security Selection, employing any asset grouping criteria.

|E| Portfolio Manager E\@

Load portfolios. .. || Save portfolios... |

| Mew portfolio || Delete portfolio

5 Equally weighted Portfolio composition | Return statistics | Limit status | Monte Carlo Simulation | Performance attribution
Alpha position

Performance attribution

This report explains the active performance of the portfolio compared to any benchmark portfolio according to the Brinson model. Total Value Added is the
difference in total returns between the portfolio and the benchmark. This value is decomposed in the Asset Allocation, Security Selection and Interaction
effects.

Detailed results | Graphic summary

D Group name Wi(Paort)  W(Bench) Ret(Part) Ret(Bench) Asset Alloc.  Security Sel.  Interaction

1 Technology 21.19% 28.57% 72.28% 52.56% -3.88% 5.63% -1.46%
2 Financial 23.80% 14.29% -11.94% -11.94% -1.14% 0.00% 0.00%
3 Consumer 55.01% 57.14% 121.88% 91.39% -1.95% 17.42% -0.65%
= TOTAL 100.00% 100.00% 79.52% 635.54% -6.96% 23.06% -2.11%

Analyze from date: 18/05/2005 to date:  19/05/2006

Benchmark: |Equally weighted Grouping: |Groups by Industry




Experiment

Instead of analyzing specific market data, OptiFolio allows you to examine generic or

random 3-assets portfolios.
Explore the behavior of VaR and CVaR for unlimited sets of artificial data in order to

discover common properties.

VaR Surface CVaR Surface

40.0

Asset1  20.0 0.0 40.0
20.0 Asset1 0.0 .o 40.0

VaR Surface CVaR Surface




Data sources

= Historical prices data can be imported from MS Excel® documents, delimited files or
directly from the web.
= There is no predetermined limit to the number or assets or data points you can manage.

Datos PE 501:8 xlsx - Microsoft Excel

Inicio | Insear  Disefiodepagina  Férmulas  Datos  Revisar  Vista  Programador  Complementos  LoadTest  Team

alibri - AT = -] Sisjustartexto echa - ! / j | Em I Wil i A .

Calib A A F-| | S justar tes Fech g 2 5| S _EJ i ar o]
B B - [@- <3 %] Formato Darformato Estilos de || Insertar Eliminar Formato Ordenar  Buscar

F Copiar formato 18 )| ES combinary centar - | [ B v oue {5k 8] Formete, O e [ T ZBomart  yitar selecciona~

Portspapeles S én Nimero Estilo: Celdas Modiicar

% Cortar

{3 Copiar
Pegar

AL hd fx | Date
A 8 F H M s L M

Date S&P 500 AMERICAN EXPRESS  BELLISOUTH  COCACOLA o _wonerwe| S S . .
21/06/ 2004 e gy oy y y Yt Load historical prices from the web
22/06/2004. 1499.48 2208 49.35 25.2
23/06/2004 1498.13 2266 50.5 26.02 . . .
24/06/2004 1505.97 2175 4952 25.89 2 Import prices for the following assets: Data sample
25/06/2004 150831 2.3 51 26.62
28/06/2004 1506.45 2425 50.4 26.75 . 3M Com pany

29/06/2004 1514.09 24.44 5128 2%.72 y 4 7 d From: 18/09/2015
30/00/2004 e 2509 5252 2715 : MMM (Industrial Conglomerates)

01/07/2004 1502.59 25.31 53.01 2788 . .
02/07/2004 1517.68 25.29 527 27.85 X Abbott Labora tDrlﬁ. . To: 17/12f2015
05/07/2004 1520.77 2575 s52.4 2.3 . ABT (Health Care Equipment & Servicas)

06/07/2004 1507.08 25.99 52.74 28.05 .| _ . . .
07/07/2004 1492.25 255 5163 27.7 : AbbVie Price frequency: | Daily

08/07/2004. 1502.51 25.7‘1 517 28.12 . ABBY (Pharmaceutica|5)

09/07/2004 1494.5 25.78 52.19 27.53 . . | |
12/07/2004 1489.26 25.18 5141 27.14 . Accenture plc Data source: Conﬁgure. '

13/07/2004 1481.99 25.6 51.95 27.15 . . ACM UT CDHSU'tng & Other SEI’\'iCES]
14/07/2004 1484.91 2415 50.26. 25.72

Eﬁ%gi 122:-;1 2?; 5:.131 i: : 7 ACE Limited Clear data and get prices
15/03/2004 1aas1 26 s082 ' ACE (Property & Casualty Insurance) [ ]

20/07/2004 1459.9 2357 49.01 S -
21/07/2004 145124 2451 47.87 Activision Blizzard

22/07/2000 1449.05 285 a8.36 | ATWVI (Home Entertainment Software) =
23/07/2004 1448.72 25.95 50.1

26/07/2004 1438.03 25.36 43.93 2 - .. |
27/07/2004 1427.01 26.85 49,90 X | Add new... | | Remove | Select: | All ||None |

28/07/2004 1426.57 24.65 48.15
29/07/2004 1458.29 49.43

30/07/2004 143851 azas : Dates\Prices 3M| Abbottl Abeie|Aocenture| ACE| Activision
‘j o rga/;):hmm 1436.23 47,56 7.

— = 18/09/2015 141,17 43.64 59.42 94,79 99,79 30.61
21/09/2015 140.50 43,85 61.24 98.05 100.63 3111
22/09/2015 138.27 42,83 58.17 97.13 100.70 3126
23/09/2015 138.53 42,50 57.90 97.82 100.87 31.33
24/09/2015 136.63 42,00 56.93 95,77 100.53 3136
25/09/2015 139.62 42,23 57.84 98,35 102.89 3171
28/09/2015 138.30 40,74 55.39 96,53 102.21 32.22
29/09/2015 138.62 39.26 53.10 96.09 100.83 31.25
30/09/2015 142.52 39.84 53.54 97.64 102.39 31.01

&4 prices for 7 assets
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