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Section 1
ZHelel XpatEte| = o B A = 2ol OF 5t=7t:
Goal-based Investing (GBI)
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.
= B 7|YEEE X} (goal-based investing)

o

= Behavioral Portfolio TheoryOl| A{ Goal-Based Investing
(GBI)Z} X| CtE| R = (Shefrin and Statman, 2000)

—JjoIE2 of2{ 74e| AH| BEHE J}X|1 QT
Z+2+0f| Cislf CHE @M= EE IS dE S 7HX| 1 At

ANhsT UNIST Financial Engineering Lab.



= B 7|YEEE X} (goal-based investing)

»
MPT (High risk) MPT (Moderate risk)
Portfolio | Portfolio |
value value
Goal - Goal -f::::
., |,
| scenarios 0 | scenarios
S S
N MPT (Low risk) N GBI
Portfolio Portfolio
value value
Goal Goal - pr e
0 scénarios 0 sce'nario
drhisT S UNIST Financial Engineering Lab. S 9
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Z B 7|89HE X} (goal-based investing)
« 2 AT M= 7S fITt GBI 2™ S KA
_ ChagtE Ol AR A EE| 2o R B 4 98
- D¥O| Cradts A8 SHO| 242912 S8 0|20{Z

= Ol = 7HX| 2= 2

Multi-stage Stochastic Programming (MSP) + Goal Programming (GP)

multi-period decision making decision making with prioritized objectives

ANisSsT UNIST Financial Engineering Lab. 11



Multi-stage Stochastic Programming (MSP)

o 0o 0
| | | | | N
| | I | | | o
year =0 1 2 3 4 5

ANisSsT UNIST Financial Engineering Lab. 12



Multi-stage Stochastic Programming (MSP)

* First year
o stock: 8%

_ = bond: 2%

o cash: 1%

* Second year
o stock: —1%
= bond: 3%
o cash: 1%
Third year
o stock: 2%
= bond: 2%
o cash: 1%

AN

p
4

year =0

v

1/

ANisSsT UNIST Financial Engineering Lab. 13



Multi-stage Stochastic Programming (MSP)

-

< Decisions:

o How much to buy/sell stocks
o How much to buy/sell bonds
o How much to buy/sell cash

year =0 1 2 3 4

v

ANhsT UNIST Financial Engineering Lab.
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I
Multi-stage Stochastic Goal Programming (MSGP)

= Sequential Optimization

Goals MSP Problems Optimization Results
1) Post-Retirement Living » Maximize  Prob (Goal 1) » MaxProb (Goal 1)

(priority 1) Subject to  Constraints

» Maximize »
(priority 2) Subject to  Constraints
MaxProb (Goal 1)

3) Luxury Life » Maximize Prob (Goal 3) » MaxProb (Goal 3)

(priority 3) Subject to  Constraints

MaxProb (Goal 1)

4)

ANisSsT UNIST Financial Engineering Lab. 15



Multi-stage Stochastic Goal Programming (MSGP)

» Parameters set by scenario tree

‘r‘tl c Return of asset 7 from time ¢ to time #+1 under scenario s

Tts  Probability of scenario s at time ¢

d¢s  Discount factor from time 0 to 7 under scenario s

= Parameters set by client

xﬂ’) Cash savings at time 0 Current wealth

p . . . .y Consumption goals

G; Level of consumption goal at time ¢ with priority p (along with their priorities)

Iy  Investment at time ¢ Income level
ANisSsT UNIST Financial Engineering Lab. 16



Multi-stage Stochastic Goal Programming (MSGP)

m Decision variables

Ct,s
buy
Xi 0
sell
Xi,0
Xi,0
H
X its
buy
it,s

sell
xi,t,s

X

Xit,s

Total consumption until time # under scenario s

Purchase amount of asset 7 at time 0

Sell amount of asset 7 at time 0

Final amount of asset i at time 0

Amount of asset i at the beginning of period ¢ under scenario s
Purchase amount of asset 7 at time ¢ under scenario s

Sell amount of asset 7 at time ¢ under scenario s

Final amount of asset i at time ¢ under scenario s

= Decisions from previous iteration

p—1
Cts

Total consumption achieved at previous step until time ¢ under scenario s

WUrisT

UNIST Financial Engineering Lab.
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Multi-stage Stochastic Goal Programming (MSGP)

maxZE dec,] = ZZd”ctSnm ————————————————————————————————————————————————————————————— Objective function
(Expected total consumption)

— sell

Subjectto X109 = X179 — X0

O_xf’gy, i€ A\ {1}

] z ST Decisions on the first node

buy __
X1 X; 0 =0:

i#1

x7s=(1+1i)x0 VSES, VieA
Xips = Xps+all —xsél, Vs€S, Vi€A, t=1,.,T s Asset buy and sell constraints

I; = Cs)fes + fo,ﬁfs’ - Z Xy =0,  VSES, t=1.,T -ocooooioo Asset balance equations

Xens = (L+7i)xics Vs €S, Vi € A, t=1,...T—1

Asset value and discount rate

d,, = Ht 1 —,  Vs€S, t=1.,T: ] calculations
’ u=1 1 + Tu‘s /l
K bwy = ybw xsell = ysell c =c . -
it—1,s1 — it—1,sp’ i,t—1,s7 — “tijt—1,s9” t—1,s1 — “t-1,57 °* ‘: Non anticipative policy
Vsi,S; €S sharing same parent node, VIi€A, t /:” N constraints
s STV 4GP, ¥seS,  t=1,..,T |
ST Consumption constraints
cﬁs_ISCt,s, Vs € S, t=1,..,T L
a2 0, VSES, Vi€A,  t=1,.Ti Non-negative constraints

Il rllg UNIST Financial Englneenng Lab. 18
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MSGP: Demo
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O0}0| 5| O] E{ = Game Changer
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> GlO|E] £4 Wy

X8l 24 (Dimensionality Reduction)

UEESY.

7

« A ZAF DX C|O|E| AHH S HA50 22 XM 2| HIO|H 2 5= Y

« ME22 XH32| H|o|E{= 1AL 2| H|o|E{ &
- ST UHES o{2] EOFIM X| E(Index)E M| 2ASt= HTE0AM BO| AHEE.

- 2EHFONMEE Y 7|8 Xt FHA WOl 2 E QIAC{(Autoencoder) 7| B2

dg.

&%510] G|0|E{ 2| £ HH (Feature representation)S L}ELd.

\

22 |ojE{e| B| Y 2tAIt ClO|E{2| £ S LiEHY.

¥ 2%} (Reconstruction Error)
LOox) = lIx —x'II - 9E QACiE QACClAnE 4.
O O -3 }2H0IHE 5’3 BHOR UHsH= AE.
Feature Representation -C|30H: 53 BEHE Y 2H0|EH 2 S5 9.
Q135 (Encod C|2 L (Decod
O s >CJ ena g O . 2E9IACE B2 OXE FOILTHE YHOE HE,
: : « SEEEQIAGMM A2 EH B2
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= - |
> G|O|E| &4 2ty
First Level
XE A HS>

S2X B
Aok HA ES
Inputx Loss Function »| Outputy’

L(xx') =[x —x'||> + [Ix' - pl|?

O

Feature Representation
" CJ

Risk Probability (p)

OO

Second Level

, o @ X} (Reconstruction Error) Outputx’
Lxx") =[x —x'|* C
‘gl-tx*ﬂ Feature Representation lg%ﬂ
- - ' | H=2H (l::coder) > r )
= st =y
by 74 M2 A e~
CJ Hez 284 C )
& &
k3] k3]

* J2l0j| LiEp ZkZto| S5 BH 2 & 0 7H# 4= (Hyperparameter) 2 # #i5 KPR CH= W2 XIS 71X| D A E. (R E1EE)
20| B2 moj2 4|2 Helsiion] ofT 7| Eat RW ME 7| E2 2.5 20 7|MEl0f AS.

« 23X LY FIIX| THA 2 0] AS.

1) FirstLevel: Xt&t/ BXlj /X ZE HE 53 B E 28 SES YIS LEQ AL (RSAE)E Sofl &5

2) Second Level : X4/ 2| / X| Z2| 2|E &ES UHPT S B Y S 7| (Agegregate)ol0] T 2LE AIACE Soll 7HAl 2| F H = (Index) & 4d.
- SEH SES I 2N ThEd| XIS [A5H= A0| ofL| 2}, R0 HE X4 2 BHFso] E2| X S EHS SSAME = U8,
o KA/ EX /RS EEUHM SN BEHS SETO 2N HHO| e (Bias) S 02T I F H4E UE S US.
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* Word embedding (Word2vec, BERT, etc.) » * Decision tree based models -

 Patient-Diagnosis Projection Similarity Random forest
* Neural Networks * Boosting algorithms
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* Combinatorial optimization
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NLP (Topic modeling, Similarity, etc.)
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WEALTHFRONT

Banking that streamlines

your finances.

—  Banking should be effortless.
Zero account fees, up to $1M FDIC insurance through our
partner banks, and the convenience of automation.

GET STARTED

The Wealthfront Cash Account is a product offered by
Wealthfront Brokerage in partnership with Green Dot Bank

N nerdwallet TRUSTED BY OVER
BEST CASH MANAGEMENT, 2020 440K+ CLIENTS

Banking Investing Borrowing Planning ~ Expertise ~ LOGIN

941 il = -

¢ Individual Cash  Settings
L J
$5,910.50
$31000

Transfer
g FindATM (5

Categorigs

TS0 ey
ies

$150009
Electric by
$6600
Cash App Janig -
TRUSTED WITH APPLE APP STORE GOOGLE PLAY STORE
$25B+ IN ASSETS Kk kkk &9 *kkkk 47

GET STARTED

WUrisT
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Sort your
@ Keep $700 for everyday cash eveI'Yday CaSh.

Wealthfront Cash Account (..0867)
Use the Wealthfront Cash Account for monthly
spending like rent, food, bills — while you save
towards your future.

Next save for
your g()als @ Save up to $10,000 for emergency fund

add money to categories, like
an emergency fund or a down payment —

in Wealthfront or in an external account P Save $300/mo for down payment
« ). A6

R = Wealthfront cash category

,3 Save $100/mo in my vacation fund

Wealthfront cash category

Invest the rest
@ Invest the rest When you, e ready

Wealthfront Investment Account
Holding too much cash can't beat inflation.
Automate your investments and grow your
long-term wealth with a Wealthfront
Investment Account.

Learn more about our Investment Account

NS 40
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Purchase in Park Slope, NYC &

Buying a home for

$110M

would be

manageable

..and won't affect
your long term plans.

In 2021, you'll have enough for 20% down
payment which would mean housing costs
of $4,970/month.

Plan to purchase home in
3 years

Taking time-off to travel for.

1 year

is comfortable

Trip cost: $31,200 ($2,600 for 12 months)

What will it take to fund this trip?

Your retirement plan is unaffected

See impact on your Path

Start date Income

Feb 2020 4 $0/year [«

HOMEOWNERSHIP

Can I buy a home
in this city?

Based on your actual finances, we'll calculate a home budget that reflects the
mortgage you'll realistically qualify for while factoring in the all-in costs of
homeownership.

We'll help you explore which neighborhoods are in your price range and our
Redfin integration allows us to automatically update your plan with the real
estate market.

LEARN MORE

Can I take a year
off (o travel?

We'll show you how much time you can comfortably take off for travel and still
stay on track with your other financial priorities. The results may surprise you.

See how working remotely, subletting your home, or choosing different
destinations can impact the affordability of your trip.

LEARN MORE

Al set to retire at 54 and live the life you want @
You'll have $2.9M
You'll only need $2.6M

Age 54

Total monthly savings

$2,500/mo

Planned retirement spending

EARLY RETIREMENT

Am I on track for an
carly retirement?

After we analyze your current financial habits and account for factors like
inflation, investment returns and Social Security, we'll tell you the lifestyle
you're on track to have at retirement.

See how saving more, choosing a different retirement age, or adjusting near-
term goals impacts your future financial security.

RN MORE

$10,500/mo

Sending Lisa to Stanford
Estimated total costs in 2030: $392K

Based on your other goals and saving habits,
contributing $246,000 would be...

My planned savings
$2,800/mo

UNIST Financial Engineering Lab.

COLLEGE

Can I send my Kid to
her dream school?

Let us walk you through the important aspects of college planning — how
much it’s projected to cost, how much financial aid you can expect, and what
you're estimated to have in the future.

Once you choose a college, we'll help you set a realistic monthly savings goal
that accounts for the amount you'd like to cover and your unique financial
situation.

LEARN MORE
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Better
understand the
trade-offs

One decision will impact another — buying a house may
impact your plans to retire early. We'll show you the entire
picture so you can make the choices that are right for
you.

Things are bound to change. We embrace that fact.
Today, you may want a house in Los Angeles in 3 years.
But tomorrow, you may get an irresistible job offer in
Barcelona. Whether your finances or lifestyle change, we’'ll
automatically reflect the latest.

$441182 $51M

Net worth today Net worth at retirement

2BRin Los Angeles

Planning to buy a home
for $940,000 in 2022

Retire at 59

On track to spend $4,200
until age 91

ANhsT UNIST Financial Engineering Lab.
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Meet your future
with confidence.

After understanding your finances, habits, and aspirations, we'll provide the
recommendations and strategies tailored to your specific needs.

Learn how much you should be saving.

We'll tell you how much to save per month to be on track
to meet your goals.

We’ll recommend the right accounts.

Certain account types are better suited for certain goals. We'll open the
optimal accounts and recommend how much to deposit in each.

Meet future needs with the right investment strategy.

We use software to better execute time-tested investment strategies.

Learn More

Cover the short-term without compromising the future.

Get access to cash quickly and easily without selling your investments by
borrowing at a low rate with Portfolio Line of Credit.

Learn More

My planned savings

$2,100/mo

< Time Off Traveling

¥ Purchase a 2BR in Austin, TX

@ Retire at age 59

My planned savings

$2,800/mo

S Time Off Traveling

<> Purchase a 2BR in Austin, TX

@ Retire at age 59

My planned savings

$2,100/mo

Where to save:

Q $500/month in Wealthfront Account
Currently $450/month

@ $1,300/month in Work 401Ck)
Currently $650/month

0 $300/month in Chase Checking
Currently $1,000/month

My planned savings

$2,800/mo

Where to save:

Q $1,00/month in Wealthfront Account
Currently $450/month

@ $1,300/month in Work 401(k)
Currently $650/month

Q $400/month in Chase Checking
Currently $1,000/month

WUrisT
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Thank you for listening!
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