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Abstract
Althoughinvestment risk decisions made pyofessionals araggressively audited by regulators
the suitable and prudentiduciary standard by which they are judgegrovide excess room for
interpretation. Strikingly absent fronthe Financial Industry Retatory Authority(FINRARules
the Employee Retirement Income Security Act of 19ZRISA)Yhe Securities and Exchange
Commission (SEC) Investment AeidsActof 194Q andthe Uniform Prudent Investor Act (UPIA)
is (a) any practical definitionof riskor how it is quantitatively measuredb) any guidance for
determining how much diversification required and (c)any mention of the risk categories
(conservative moderate and aggressivefinancial professionalsmost commonlydiscussand
employ. While regulatorshave givenfinancialprofessionals wide latitude, th€yZp&videdno
guantitativemeansfor professionaléo defendtheir investmentadviceassuitable and prudent.
Fortunately we can look tdhe traditional risk-classification model pdiolios used by respected
industry leaderghat have long stood the test of time wittegulators Althoughsomevariation
between these portfolios exists, together they form a consensuset of industry-standard
definitions that enableisk categoryportfolios to be modeledquantified, and useas reference
standards in assessing the relative gformance ofother investmentportfolios. This paper
will (1) develop consensusased portfolio definitions for eachrisk category, 4) establish
standadizedrisk performancemeasuredor eachcategory (3) quantitativelyassesshe relative
risk performanceof a fewnoteworthy portfolios, and (4)demonstratethe compellingrelative
riskperformance advantage provided kynbracingthe methods ofTemporalPortfolio Theory
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TheGenesiof Suitable and PrudenEiduciaryDuty
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with prudence, discretion and intelligence manage their own affairs,
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the capital invested. Thefiduciaryduty of investment advisers waater

more formally establishedthrough case lawnterpretations of the anti-
fraud provisionswithin the Investment Advisers Act of 194The Prudent

Man Rule was originally interpreted to apply separately to ec
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USC § 110d&riduciary Dutiesalsoincorporated the rulen paragrapha)dPrudentMan Standard

of Careé¢ stating thata ¥ A RdzOA | NB & K| fwith the Aage GKill, MBS ceKahdd R dzi
diligence under the circumstances then prevailing that a prudent man acting in a like capacity

and familiar with sah matters woulduse X by diversifying the investments of the plan so as to
minimize the risk of large lossamlessunder the circumstances it is clearly prudent not to do
sod the Prudent Investor Ruleirther became the centerpiece of the Uniform Prudénvestor
Actof 1994 UPIA, which has now been adopted by every state.

On a parallel path, ssessing thed ditabilityé of an investmentwas recognizedas the
responsibility of brokedealers as early @938intheb | G A2y It | a420AF A2y 27
(NASDJRules of Fair Practigdn Article 111,Section 2 it states:

In recommending to a customer the purchase, sale or exchange of any security, a
member shall have reasonable grounds for believing that the recommendation is
suitable for such customer upon the basis of the facts, if any, disclosed by such customer
as to his other security holdings and as to his financial situation and needs.

In his1965 Dukelournal articledProfessional Responsibilities of Brokaealers: The Suitability

Doctringé Robert Mundheimproposeal shifting the responsibility formaking appropriate
investment decisions from the customer to the broldealer becauseurrent practiceiad not
been wholly effective in protecting the investqiincluding praecting him from his own greed.
In 199Q following the consolidation of NASD tm the Financial Industry Regulatory Authority
(FINRA the 1938 NASDsuitability rulesbecame FINRA Rule 2316Recommendations to
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Customers (Suitability) and further required makinga reasonable effortto ascertainthe
customer's financial statysax status investment objectivesand such other information used

in making recommendations to the customem 1994 the SEGroposed rule§275.206(4%

Sy G A 8uitdbilRy ofi Investment Adviéeto formally upthe ante, declaringt fraudulent or
deceptive to provide investment advice to a client without (1) a reasonable inquiry into the
Ot ASyiQa TFTAYIYyOALt &R’ i cdadi{2) 2rgasonddle déenim&ighGhdt | v R
the investmentadvice was suitable for the client. Althoutife proposed rule wasever enacted,

the SEGuccessfullysedit to permanentlychange theaegulatorymeaning of suitabilityin 2011,

the SEGormally approvedi 2 R IEBNRAL Rule 211dSuitabilityé to (a) further clarify thata
Odza i 2 Y S NI tiprofile/indlGdadherc8syomer's age, other investments, financial situation
and needs, tax status, investment objectives, investment experience, investment time horizon,

liquidity needs, risk tolerance, and any other disclosed informatamd (b)codify case law
regardinginstitutional investor exceptions anthe three primary components of suitability
reasonablebasis customerspecific and quantitative.

SuitablevsPrudent—Wh a t * Biffeterite? A
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these parallel standards, which have both evolv
over time to technically require evaluation of th
LRNIF2fA2 a | gK2tS 1 &
objectives and time horizonlogistically, however, Suitable versus Prudent
C L b viSuitahilityg Rule2111is applied to brokedealers whileERIS® @rudentMan Standard
of Caré | y RPIAaf€ &pplied toinvestmentadvisorsand uniformly considerethe higher

fiduciary standard. The difference isften describedas a more thorough application of
professional judgmentwhen evaluatinga O dza G 2 iNvEshdarit profie. For examplewnhile a

young man may have sufficient income to suitably afford an expensive sports car without
jeopardizing rentfood, clothing utilities and other expenses,iitaynot be prudentto buy one

if it conflicts with meeting appropriataetirement savings objectivesPrudenceincludes
evaluatingthe investmentsof the 22-year-old in view ofthe needs ohis65-year-old future self.

Notably, he Pension Benefit Guaranty Corporation (PB&@Gijlarlydemonstratedprudence in
2008whenadopting amore aggressive investment politty meet its obligationsPBGMirector
CharlesMillard stated d a2 ad AYLR2NIFyds AG FRRNBaasSa GKS 3
Corporation could someday fail in its commitment to the 1.3 million Ameriedrsdepend on

it for retirement income."
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Defining andMeasuring Risk
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mustbe defined in a manner that can be quantifiably measut¢owever, aeview ofthe rules,
regulations, and standardsf FINRA, ERISA, UPIA and the ri8i&alsthey areeither silent or
nebulousabout riskQ & R S Fah ijustratéddythe words and phrasesf the documents
cataloged inTable 1 and Appendix A.

The column headersf Table 1 identifghe four basicrisk assessment methodisund in therules,
regulations and standardsocuments ofAppendix ATheyinclude
1. Loss of ¥lue: Thismethod is referenced i(a) the ERISA regulationg) the UPIA (3)
diversification commers2 | YR 06 O0 { &kXSfor indgtnieabdisardlly | 5 +
2. Downside DeviationAn academic favoritenot referenced in any rule or regulation.
3. Standard Deviation:An ndustry favoritenot referenced in any rule or regulation.
4. Insufficient ReturnsThe WPIArequiresareturn objective suitedo the trust, which
includes both purpose and term, i.the risk ofnot meeting a longerm objective.

Table 1. Definitions of Risk (see also Appendix A)

Loss of Value Downside Deviation @ Standard Deviation @ Insufficient Returns
12 S6a i SND& £ fBehavioraEconomics| TMPT (variance) 1 UPIA 2(bObjectives
1SEC Form AR¥/Item 8 @ {PostMPT 9 Sharpe Ratio TPBGC Press Release
T UPIA3 Diversification 9 Sortino Ratio T PBGC Press Releas
TERISA § 404(a) 1 Morningstar TNASDAQ

129 CFR § 2550.404a
TPBGC Press Release

While neither standard deviation nor downside deviateme anywhere to be found ithe rules,
regulations, and standards\ (i (R understood that(a) the Prudent Man and Suitability
standards predate the use of standard deviatiorntlas measure of riskn MPTand the Sharpe
Ratio; and (b)he use ofstandard deviation predatethe development oflownside deviation as
the measure of risk iBehavioral Economi@nd the Sortino Ratioloday, aademiahas clearly
indicatedits preference fordownside deviatiorasthe measure of riskandFINRA 2111.03(c) is

satisfiedwith any definition,so long as it isbased on generally accepted investment thebrgy

Although egulatory languageniformly A Yy RA Ol 6 S& Ay @SaidyYSyid £NR &
R2Say Qi adaseashrg @Dovihgide deviatioris clearlya better conceptual matcho
Gf 2aa #hanisgiandadkB8edviationand has rightfully gained traction in recent years.
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Reducing Investment Risk

Once risk is quantifiedhe mattesofd I OO S LG larw & & dzNId&epskiGyor Y dzad ad At
be resolvedo satisfy suitability and prudenc@ review of therules, regulations, and standards
againrevealsthey are either silenbr nebulous orthesematters, as illustrated by the words and

phrases of the documents catalogedTable 2 and Appendix B.

The column headers of Tali?adentify three categories related to magnitude of risk or amount
of diversificatiorfound in the documents of\ppendixB. Theyinclude:
1. No more than 20% in any one stocR9 U.S. Code § 1026Reporting o NJi A OA LI y { C
Benefit Rghtst regarding investor reports about possible risks that musphmvided.
2. No automatic rule, diversify as needed’he UPIA Diversification section indicates
there can be no automatic rule becaugeere are situatons such as owning a family
businesswherediversificationis not an appropriatesolution
3. Invest at risk level suitable to purposdhe UPIA2 Commentssectionsayst is the duty
of the trustee toinvest at a risk level that is suitable to tharposes of the trust

Table 2. How Much Risk / Diversification (see also Appendix B)

More than 20% in any No automatic rule. Invest at arisk level
one stock may not be Diversify unless it is suitable to purposes
enough diversification. better served without. of trust.

TERISA 29 USC § 1025 9 UPIA3 Diversification TUPIA2 Comments
TERISA 8§ 404(a)

The only quantitative guidance for judging how much risk or diversification is appropriate is found
in29 USC § 1026Reporting o NJi A OBemsfit FightQawhich isreally onlyabout providing

risk information to investorsnot about the rules, regulations or standard$or investment
management Whileit is good advicefor stocks it offers no guidancepertinent to ETFs and
mutual fundswhich arealreadywell diversified Since there are no other rulefinancialadvisors

have onlyUPRA-3 to guide them whichstatescthere is no automatic rul® €

Absent anyregulatory measure of riskthere can be no safe harbor during a fiduciary audit.
Fortunately, regudtors have longaccepted the asset allocation portfolio definitions marketed by
members of the financial industry, such as those illustrated in Appendix C. Together they form a
consensus set of induststandardrisk categoryportfolio definitions that can be modeled,
guantified, and used as reference standards in assessing the performance of other portfolios.
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DevelopingConsensufisk Categorjportfolios

While regulators haveset broad fiduciary standard for suitable and prudent investments
financial irstitutions have been free to interpretxactlyhow to create and offer a range oisk
category portfolios such as conservative, moderate, and aggressiNet surprisingly the
number ofriskcategoriesandasset clasallocation weightyaries from oneristitution to another
as illustrated by hie portfolio chartsof ten wellknown financial institutions irAppendixC.
However, together thg can be used tdorm a consensus set of industsyandardrisk category
portfolios provided the ambiguities listed in Tablai@ resolvedg as suggestetherein.

Table3. Ambiguitiesto Resolvefor Consensus StandardizeRisk Categoryortfolios
Ambiguity Ambiguity Resolution Used Herein

Industry models typically include three-five risk categoriesAs
1. Number ofRiskCategories three is too granular,ive risk categorieswill be used aggressive,
growth, maderate, conservative, and stable income.

The simplest portfoliosnclude only stocks and bondslhese are
2. Number of Asset Classes to Use| often further subdivided. REITsd gold aresometimesincluded.
We use B stocks, foreign stocks, bonds, and a money maiiked.

Weights of the foulassetclassewill changein equal stepstarting
3. TheAllocation Weightso Use with allocations typical of a fixed income portfoland moving
toward allocations typical of an aggressive portfdliagure 1).

Downside deviation,he favored behavioral economidgfinition of
4. How Risk Will be Measured risk, will be used Downside deviation will be measured on
quarterly basi monthly is a bit short, and yearly is a bit long.

awSt I GABS wA a {déwnsiklédeviatirs for Ml client
5. How Rislill BeStandardized portfolio to the downside deviation of theansensusiefinition for
an gygressiveortfolio (Figurel) measuredover the same time span

Theunderlyingmeasure of risk used herein will iee Quarterly Downside Deviationwhichis
calculatedas the root mean square of negative quarterly returns, sampled daily over the
LJ2 NI T 2 A 2 Kgie spetifically: & LI y @

e

B D "Q¢ phTt

[ g

L 5 - P n Q oae

For><urme villa T« YEDD & 0 06 £
Where:

1 Total Days = the number of market days in the evaluation period.
1 3mo = one quarter of a year, typically 63 market days.
1 p(i) =the equity curve value on day
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However Relative Riskvould providea better perspective and will based inthe comparative
performance charts that followit isthe ratio of theQuarterly Downside Deviation (QDa&fthe
test portfolio to theQDDof the Consensu#ggressive Portfoliof Figure 1 Thusthe Consensus
Aggressive Portfoliois thereference standargdand by definition has Relative Risk of 100%.

00® QIE i 0'QE & Q¢
HO0®0eti Q6O QiLIERWME & Q¢

Tmo+ 4

¢ KS TAYIl yOAsk tatedoryy RattfolibdNG @ppendild C together with the ambiguity
resolution methods of Tablgéwere used as the basis for defining the five consensusaiggory
portfolios of Figre 1. Vanguard mutual funds VFINX, VTRIX, VBMFX, and YM¢HER) were
selected as proxies to represent the four asset clagpesnestic Equity, International Equity,
Fixed Income, and Shefierm Funds) because of their excellasset classatches long data
history, and broad industry respect. However, there arenewousequally suitablesirtual clones

of these funds available from otheompanies that will produce like results.

Consensus Portfolio Asset Class Allocations

Consensus hased on models posted online by numerous financial advisory firms.

Age Portfolio Recommended Allocations
75 Stable Income 50% 20%

65 Conservative 40% 15%

5 | Modarme i a0
o | orom o %
25 | pegrsi 10

Asset Class Example  Fund Name
Bl Domestic Equity VFINX Vanguard S&P 500 Index Fund
M International Equity VTRIX Vanguard International Value Fund
Fixed Income VBMFX Vanguard Total Bond Market Fund
(@) AlphaDroidStrategies 2016 Short-Term Funds VWSTX Vanguard Short-Term Tax Exempt Fund

Figure 1. Consensus Portfolio asset class allocations arappskite categories

Regulators havéndirectly approved the Consensus Portfolio definitions of Figure 1 by default
through their decade$ 2y 3 | OOSLIi I yOS 2F GKS FAYlIYOALlf
Appendix C. As such, these Consensus Portfolio definitions foeguéatory acceptedet of
standardizedisk category portfolios that can be statistically quantified and used to set reference
standards fothe risk and return statistics typical ttie Stable Income, Conservative, Moderate,
Growth, and Aggressive portfolidgpicallyoffered within the industry

Ay


http://www.alphadroid.com/

Max = 357%

Asset Class Proxy Funds

. Domestic Equity: VFINX  Vanguard SEP 500 Index Fund

O International Equity: VTRIX Vanguard International Value Fund
@ Fixed Income: VBMFX Vanguard Total Bond Market Fund
O Short-Term Funds: VWSTX Vanguard Short-Term Tax Exempt

-11%
1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 20

Figure 2. Vanguard mutual funds as a proxy for traditional asset class investme

Risk Categoryortfolio Performance

The 2-year risk/return performance fothe five consensusisk category portfolios is plotted in
Figure 3.Return issimply measured as the compound annual growth rate (CAGRK is
measured ashe Quarterly Downside Deviatioand is anabsolutenegativevolatility measure

not scaled byreturn in the manner employed bthe Sharpe and Sortino ratiods should be
expected, portfolio through|3| line up evenly distributegust beneatha t ¢ effidient frontier
stretchingbetween the@ domestic equitfund andthe© fixed income fundThefive portfolios

lie just beneath the efficient frontier because their asset class allocations actually are slightly sub

Consensus Risk Category Portfolio Performance

20% .
F Typical Asset Class Proxy Funds
18% | | | . Domestic Equity: VFINX  Vanguard S&P 500 Index Fund
= 16% iy i = {0 International Egquity: VTRIX Vanguard International Value Fund
§ 14% 5 ; @ ; O Fixed Income: VEMFX Vanguard Total Bond Market Fund
& 13% g E £ | § O Short-Term Funds: VWSTX  Vanguard Short-Term Tax Exempt
o —_ a-’ a =
= v § = % § ) )
& 10% e g G ] Consensus Portfolio Asset Class Allocations
? 8% & E—E [5] Aggressive Portfolio: 60% b 10%
E 6% @ o) [2] Growth Portfolio: 50% b 20%
<L [3] Moderate Portfolio: 40% b 30%
N O [Z] conservative Portfolio:  30% o 40%
- 2 [] stable Income Portfolio:  20% 6 50%
0%
0% 1% 2% 3% 4% L% 6%
. e Statistical Performance Measured
Quarterly Downside Deviation - From: 9/20/1992 To: 9/20/2016.
AlphaDroid Strategies, LLC

Figure 3. Consensus risk category portfolio performance.
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optimal, as can be demonstrated with tHigficient Frontieonline analysis toolAlthough their

absolute values will move around somewhat depending on the time interval evaluated, their

locations relative to one another will remain fairlyabte because thegll will include or exclude

the same major market event3.he horizontal axis of
Figure 4has been rescaleffom Figure 3 to instead
indicate Relative Risk The ConsensusAggressive
Portfolio B is designated aghe primary reference
portfolio andthusby definition has #&elative Riskalue

of 100% The Relative Risk for theStable Income,
Conservative, Moderate and Growth Consensus
Portfolios is 28%, 45%, 63%, and 82%, respectiv
These five Consensus Riskégory Portfolios actually
are the de facto reference standards against which ¢
other investment portfolios can be judged.

Relative Risk vs Perceived Risk
Lay@aiYxaiy (yz2e6fSR3IS GKI G

glide slope Conversely, a portfolibolding30 stocks, all of which areiotech startups, will not
cut the mustardfor diversificationin a fiduciary riskaudit. Notably, ezen though portfolios
through@ have the same set of fundiheir Relative Risk values are quite differeRtk cannot
be assumedor measuredsimply byknowing the names orthe number of funds ima portfolio.

Consensus Portfolio Performance

ggressive

=
.
El

0

Annualized Return

Relative Risk
Rifer ence

25% 50% 75% 100% 125% 150%

Relative Risk

AlGQa
true if itQ a money markefund or a targetdate retirement fundwith built-in asset allocation

Figure 4. The Aggressive Portfolio b
definition has 100% Relative Risk.

Wi funda. | dziSHhotiAzl Q adzi

Risk is knowronly whenthe portfolioQ gerformanceis plottedon the chart of Figure 4.

Relative Rislof Funds

Investment companies have not only proposed ri
category models, such as those of Appendix C,
actually offer corresponding sets of mutual fundisat
implementthem ¢ & SESYLX AFTASR
al yI 3SNE +| y3dz NRQA [
[ ATS/ 20t Sz wdkrayaRs f /t XdadzY] AKX
series of funds. Not surprisinglyhe CA RSt A fi
Managerfamily of fundsplotted in Fig. 5A aligns wel
with consensus risk categopprtfolios through@.

Fidelity Asset Manager Funds

(]
18%
- 16%
S
2 1%
[}]
o 12%
B 10%
N %
® 8% Bl ?ﬂ c
S
E 6% 7.% @ |
< 4y
(
2%
0%
0%  25% 50% 75% 100% 125% 150%
Fg.5A Relative Risk

N F2six - Fidelity Asset Mgr 2 FASGX - Fidelity Asset Mgr 7¢
Bl FAsMix - Fidelity Asset Mgr 50 )] FAMRX - Fidelity Asset Mgr 8!
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Relative Rislof Stocks
_ ) Common Stocks
The chart of Fig. 5B illustrates the wedserved 20%
reputation held by stocks for their highgsk and return - '
o 16%
characteristics in comparison to diversified fund | 3 En .
Stocks are well known for pops and drojs price %i;: Hg G|
associated with earnings reportgroduct problems T % o E G & 3
S 6% (@)
aggressive competitorsmanagement scandal and | < 4%(9
regulatory challengeg any of whichcan devastate an > ‘
0%
investment accountovernight. The charted stock: 0% 25% S0% 75% 100% 125% 150% 175%
Relative Risk
include five selectedfrom the DJ30 plus Warren Fg. 5B ST

E BRK-A - Berskshire Hathaway n KO - CocaCola Compal

dz-'F -'F é lj Q é . S N\Ql/\/hldh iS "m'lwbré (leéﬁ.( BGE General Elect -XOM Exxon Mobile

diversified collection of wellun companies. Il ve -Procior s.camble [ MeD - MDonalas

Relative Rislof Robo Advisors

LY HnannyZ | 6+ @8 st@tdps bagar? AAIl and Robo Advisers
launching with a mission to automate personal 0%

portfolio management for a fraction of the 2% wrap fe c 12:

typical of professionally managed accounts. Tod: | 2

virtually all large investment management firms offe ;1;1 .

their ownRobo Advisor servic#larketWatch Research § * Fad Ekﬂﬁa
examined theportfoliosrecommendedoy Betterment, E z: |
Wealthfront, FutureAdvisor, and the AAdr a typical 2%5') ‘
35 year old investor, which correspasidvell to the O e et et 100w 1awn 1o
Consensus Aggressive Portfold of Figure 1.Their | Fg.5C Relative Risk

portfolios (Appendices E and F) perfadsimilarly to g aan [J westthront [ setterment [ Futureadvisor
the Aggressive Portfolda wmn 2 wSE F A o .o« « e - «<SR

inFig. 5CltQ &  LJI Ndbtevidrhly thatidliRobo Advisorsffer only MPTster portfolios that

I NBryeningfully differenfrom the performance and function of ordinatgrget-date mutual

fundsthat perform the samdunction with no annual fee Automating Modern Portfolid heory

may make it faster or more cost effective, but improves neither its risk nor return performance.

In spite of theirautomated guidanceand slickcellphone apps A 1 Qa y 204 KI NR (2
w202 ! ROA&2NAR aStt 2NRAVYAINS2 dait ¢ | RARF F S\NNES yad
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New ToolsChange OldRules
hyS 2F at ¢Qa Y2 NXB onémustarada riski S»
for return. It turns out thatthis isonly true when analysis is

constrainedd € a pribcdipkesc no thinking outsideof the
box. Indiana Joneslemonstratedhow new tools change old
rules when he reduced his risk deathby bringing a gun to a
sword fight¢ a prudentmanindeed! A prudent manlikewise

would expecttof 221 2dziaA RS UKS 0 Fig. 6 Indiana Jones reduces his r 02E

new toolsto further improveinvestmentperformance by bringing a gun to a sword fight.

Fortunately, there have beenumerousadvancesapplicable toinvestment theory sincMPTQ a
debut n 1952 Thesenew toolsinclude:

Momentum in market datavasformallyfound, confirmed andpracticed
Shannorshowssignatto-noise ratiodetermines probability of good decision.
Signaifto-noise ratio optimizedvith Matched Filter Theory

Signafto-noise ratio further improved witldifferential signal processing
Kahneman and Tverskgdefine risk through use dfehavioral economics
Multiple analoginformation sources can be better combinadingfuzzy logic
Holistic Risk Managemerttonquering the Seveades of Risk

NogakwNE

These advancementsaveall beenmade2 dzi & A RS 2 7
andlargelyrelate to time domain (temporal) signal processin
Taken as a whole, we refer to ttegplication of thee toolsto

the science of investings Temporal Portfolio Theory(TPT)
. . . Eugene Fama Kenneth French
SeeAppendix Cfor a detailedsummary of TPWith numerous |  univ.of chicago  Dartmouth College
. . . . “Th | t iated
externallinksto aid further study. In brief, TPT boils dovia | & °"omaous returns associaied
with ... momentum are pervasive

the five primaryalgorithmiccomponentdisted below. _The premier anomaly is momentum”

True Sector Rotation Momentum used tadentify the trend leader and avoid laggards.
StormGuard- Armor: Determines safety of markeitsingthree separateanarket views.
Bear Market Strategy Alternate setof candidate fundsisedonly during bear markets.
ForwardWalk Progressive TuningJses outof-sample datdo establishperformance
Portfolio-of-Strategies A layered framework that furthereduces overalportfolio risk.

arwdE

EvenMPT stalwart$-ama and Frenamow confirmthat momentumis pervasiven market data
Theopportunity is to enbrace momentum and make dust, or ignore it and eat dust.
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Tempor al P o r "tParadigm 8hifftThe or y ' s
The departures from MPT and rudimentary sector rotation ttiefine TPTasa paradigm shift
include (1) recognizingthe Efficient Market Hypothesis falsebecause momentum exists in

market data (2) understandingsector rotation performance depends on the sigiainoise ratio
of the momentum signal(3) recognizinghat the character difference between bull and bear
markets requires problem segmentatipand (4) discovering thatsimplistic market direction
indicatorsgenerallyperform poorly because the real probleno solveis about evaluatingthe
marketQ safety.

Applying the principles of TPT to the asset class proxy funds of Figure 3 includes the following
steps: (1)Enabing StormGuardArmor as the method for determining whether to use a bull or

bear market strategy(2) duringa bull maket, invesingin the better trending othe two stock
funds VFINXand VTRIXand (3) during a bear market, investg in the better trending of fixed
income fundsVBMFXandVWSTXThe formalTPT Strategy chaaindits underlying Bear Market
Strategy chartre illustrated in Appendix . Theequity curve forthe strategy isadditionally

charted in Figure Xalongsidethe equity curves fothe relatedConsensu#\ggressivé’ortfolio
andthe ConsensuStable Incomértfolio, which use the same fundeg/hile a traditional MPT
portfolio holds a fixed portion of every one of its funds, a TPT strategy holds only the trend leader
among them at any given tim&his is calle&erialDiversificationandis a risk avoidance form of
diversification where many fuds are ownedacross the span of timdgut onlyoneis owned at

1.9K% Max = 2000% Start: 6/20/1996 End: 6/21/2016

15K Temporal Portfolio Theory

with
Asset Class Proxy Funds

1.2K%

M.
. Domestic Equity: VFINX  Vanguard S&P 500 Index Fund \
O International Equity: VTRIX Vanguard International Value Fund ,ﬂ\

O Fixed Income: VBMFX Vanguard Total Bond Market Fund i ;

O Short-Term Funds: VWSTX Vanguard Short-Term Tax Exempt

: Traditional
Stable Tncome
Portfolio

1997 1998 1995 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 20

Figure 7A. Temporal Portfolio Theory vs. Traditional Consensus Portfolios.
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any given time Figure 7Bclearly illustrates trat

TPT produced twice the return with half the risk ¢ Consensus Funds w/TPT Strategy

20%

a traditional moderate risk MPT portfolioWhile 18%

owning a single fund often triggers the fear « gij:

insufficient diversificationTable 4 illustrates that E 12%

even the least diversified of the four Asset Cle Elo‘% |3:|.
Proxy Fund$iolds156 stocks. The risk of failure ¢ g :; o
any individual company islready more than < ax% 5

sufficiently diversified away. >

0%

0%  25% 50% 75% 100% 125% 150%
Relative Risk

Appendices F1 through F4 document tt

performance of TPT Strategies utilizing tAdll, Figure 7B. TPT Strategy using Consens
Asset Class Funds has 2x Return, .5x R

Betterment, Wealthfront, and FutureAdvisor
fund sets previously evaluated for Figure £ Table 4. Equities Held by Asset Class Proxy Fui

The performancef thesefunds utilizing a TP1 | Fund Name GRS
. . . . VFINX Vanguard 500 Inde 510
strategy isplotted in Figure 8nd stands in 9 _X
) VTRIX Vanguard International Value 156
stark contrast to their MPT performansef VBMEX Total Bond Market Index 8571
Figure 5¢.By owning only the trend leader \\wsTx vanguard Shawerm TasExempt | 1883

and avoiding the trend laggards one car.
simultaneously improve returns and reduce risk.

Temporal Portfolio Theory Applied to Aggressive Robo Funds

20% E Betterment ﬂ FutureAdvisor
18% m Wealthfront E Consensus n AAI
c 16% o o Typical Asset Class Proxy Funds
E 14% % . Domestic Equity: VFINX  Vanguard S&P 500 Index Fund
E %‘. O International Equity: VTRIX Vanguard International Value Fund
% 12% 93# . Fixed Income: VBMFX Vanguard Total Bond Market Fund
ﬁ 10% . O Short-Term Funds: VWSTX Vanguard Short-Term Tax Exempt
i 8% 1 B EgEl i Standard Portfolio Asset Class Allocations
C % o [5] Aegressive Portfolio: 60% 30% 10%
5: 2% [2] Growth portfolio: 50% 25% 20%
() m Moderate Portfolio: 40% 20% 30%
2% Conservative Portfolio: 30% 15% 40%
0% [1] stable Income Portfolio: 20% 10% 50%

0% 25%  50%  75% 100% 125% 150% Statistical Performance Measured
] ) From: 9/20/1992 To: 9/20/2016.
Relative Risk AlphaDroid Strategies, LLC

Figure 8. TPT applied to Robo Advisor fuledsin aggressive portfolio.
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Algorithmic Prudence

Performance countsL {pfudent to use the right tool for the jobThe prudent question fhen
measuringnomentumis; Which trend is our friend? There are numerous momentum algorithms

(such as RSI, SMA, EMA, and DEM#®the time span over which momentucanbe measured
variesfrom seconds to years. Furthermore, theaee significantharacter differences between

bonds, teasuries, utilities, sectors, value funds, growth funds, and broad index.flindshort

answer is that the optimum choice for algorithm and time constant depends on the character
YR YAE 2F | aGNyGS3ega Ol yRARI (iMoméndnyi Rasz | y R
developed. The term Polymorphic means that the momentum filter is both adaptive in shape and
duration to accommodate the diverse character of these asset classes and the evolving character

of the market. Additional information about it can Heund in Appendix D and in ¢hpeer

NB @A S 4 S RinvdsimédS Rerfodnance Improvement Utilizing Automated Polymorphic
Momentum> £ GKAOK R20dzySyida (a&® adwaimage AuidRakey 3 LIS
Polymorphic Momentum over numerous other popular momentum algorithms in tests involving

many hundreds of randomly selected sets of mutual funds and HTtEsestingly authors of
momentum investindpooksand researclarticlescomnonly defend theichoice of algorithm and
time constantbasedsimplyon choices madey prior published authors, as opposed to offering
a technically defensible explanation for their choi€ee 12month SMA (simple moving average)
is the most populachoice, althoughit isfar fromthe optimum. It appears to be a popular choice
becauseit works fairly well is easyto compute,and prior authorshave never beerseriously
challenged to defendhat choice. Algorithmic pudence however, means making this choice
based on quantitative evidence, the importance of whishmade obvious by theomparative
analysis of eighFidelity Asset Classr&egiesbelow.

The set of funds listed in Table 4 is played by each of eightidelity Asset Class Strategies
summarized ifTable5 andmore thoroughly documenteth their Charts GiG8of Appendk G.

The set of fundsncludesrepresentatives froma wide [UleallVBIEE SR s R R L e
. . Fidelity LargeCap Stock Fund FLCSX

rangeof basicmarketasset classes. An equally weight Fidelity Growth Company Fund  FDGRX

portfolio of these fundswould have a bond allocation

weight of approximately 17%a stock allocation weight

of approximately 83%and thus would be expected to |Fidelity Intermediate Bond Fund | FTHRK
_ _ Fidelity Telecom Utilities Fund | FIUIX
haveaRelative Riskaluebetweenthat of theConsensus [Figelity investment Grade Bond F| FBNDX

Growth and ConsensusAggressive portfoliox; as is [Fidelity Worldwide Fund FUWWFX
. m . . Fidelity Hew Markets Income Fun FNMIX
confirmedby the I markerin the chart ofFigure 9. Fidelity Europe Fund FIEUX

Table4. Asset Class Strategy Funds
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Bl Matket Agortm " icaior | Aaorit | ACF| " sk | Ratio |p.our
--- |S&P 500 Dividend Adjusted --- 10.1%| 109% [ 0.45 55%
P: [Portfolio: Equal Weight Fundg --- 9.8% 91% 0.54 48%
G1 |1-Mo. SMA --- 14.0% | 99% 0.67 38%
G2 |3-Mo. SMA --- 13.2% | 90% 0.59 32%
G3 |12-Mo. SMA (Dual Momentum)12-Mo. SMA of S&P Money Market | 11.9%| 107% | 0.52 35%
G4 [125-Day EMA (like Fund-X) --- 11.0% | 122% | 0.43 46%
G5 [1-Mo. EMA --- 14.5% | 93% 0.78 38%
G6 |1-Mo. EMA (no bonds) Death Cross Money Market | 13.2% | 63% 0.77 27%
G7 [Polymorphic Momentum StormGuard-Armofr Money Market | 15.4% | 60% 0.96 32%
G8 [Poly. Momentum (no bonds) [StormGuard-Armofr BMS - Fidelity | 19.6% | 63% 1.30 32%

Table5. Performance Comparison of Various Fidelity Asset Class Strategy Configurations

Data markerd& to B of Figure Plot the CAR and Relative Risk performance lisied able 5

for each corresponding strategit is notablethat the Fidelity Asset Class Strategies
fund selection algorithmsfor all eight strategies i:: ' @\

succeeded in producing better returriban a basic o 1% WD'

portfolio of equaly weighted funds. dwever, the giiz \ 2

only three strategiesto successfully reducRelative | < . N\ =&
Riskadditionallyemployedeither StormGuardArmor % Z om T m B & 2
or the Death Crosss amarket direction indicator | < ., |

(MDI) to better handle bear markets. fie best 2% ‘
performingstrategy,G8 additionallyimplemented a 7 o e sow  7sw 100% s 150%
complete Bear Market Strategyo further improve Relative Risk

bear marketreturns. The BMSFidelity bear market Fi9ure 9. Strategies w/ Different Algorithr

strategythat it usesselects the best trending of eight candidate bond, treasury, and money
market funds in order to provide the best opportunity for positive returngidown market.
Integral with the Automated Polymorphic Momentum algorithm utilized by strategy G8 is
ForwardWalk Progressive Tuning, the gold standard in algorithmic cregibistwalk forward
GKNRdzZAK G2dzi 2F & I-18R004Sas postdd breits cndtIhMpgpandi2 . M M
Algorithmic prudence means thoughtfully and wisely selecting 1) a trend filter algorithm for
bull markets, 2) a market direction indicatdor knowingwhen to switch between bull and bear
markets, and 3) a bear market strategypr achievingpositive returnsduring down market.
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Prudent Portfolio Design

Prudent portfolios aredesigied to addressboth risk and returX with no tool left behind.The

design of the ETF Prudence Portfolio below incorporates additional tools; one addresses

return, and the other addresses riske firsttool simplyexpandsthe scope ottandidate funds

beyond basic asset clafsndsto includethe more dynamic sectoountry, and commodity

funds which provide opportunity for greater return$he secondool is a Portfolio-of-Strategies

frameworkwherethe top levelportfolio holdsa dynamically selecteset of funds, each selected

by one itsunderlyingstrategies A Portfolicof-Strategies provideadditional risk reductionvhen

the remnant volatility (equity curve
odzyLlaov 27F U K®lerlying
strategiesare poorlycorrelated

The fourdzy RS NI & A
5AOSNBEAFTASRE
Fixed Incomg | Y R
6! LIWSYRAE | M0 F2NJ
t 2NI F2€ A 2¢ The dalidiSayer
fundsfor these strategies aradentified
in Table6. Thesestrategies are designed
to selectETK from different portiors of
the marketto help reduce correlation

Strategy: ETF US Diversified
Guggenheim ETF S&P MidCap 40| RFV
State St ETF SPDR S&P 400 MidC:| MDYV
StateSt ETF SPDR S&P MIDCAP ¢ MDY
|Guggenheim ETF S&P MidCap 40 EWMC |
\Guggenheim ETF S&P 500 Equal| RSP |
StateSt ETF SPDR S&P 500 Grow SPYG

StateStETF SPDR S&P 500

StateSEETF SPDR S&P 500 Valuel SPYV |
StateStETF SPDR S&P 400 MidC: MDYG
Guggenheim ETF S&P 500 Pure § RPG |

Strategy: ETF Fixed Income
PIMCO ETF Investment Grade Co CORP-
iShares ETF National Municipal B MUB
iShares ETF Core US Aggregate | AGG

iShares ETF 3 7 Year Treasury Bc  IEl
StateSt ETF SPDR Barclays Morty MBG
iShares ETF 1 3 Year Treasury Bc  SHY |

Strategy: ETF International
iShares ETF MSCI Brazil Capped EWZ

Vanguard ETF Emerging Markets| VO |
StateSt ETF SPDR S&P Emerg As| GMF |
Bardays ENiPath MSCI India mp

Global X Mgnt ETF Southeast AS| ASEA
iShares ETF MSCI Germany | EWG |
liShares ETF MSCI EAFE - Extend| EFA- |
lShaIes ETF MSCI Swdell

1 ares ETF MSCI Slngapure

[iShares ETF MSCI United Kingdo| EWU

StateStETF Tech Select Sector'S ["XCK
StateSt ETF Energy Select Sector
State St ETF Financial Select Sect
i1Shares ETF Transportation Avers
State St FTF SPDR Gold

XLE

State St ETF Heaith Care Sel Sect
StateSt ETF SPDR S&P Retail

iShares ETF US Home Construct]{ 118 |

(@)

and thus reduce overgtlortfolio risk

The Relative Risk and Retyrarformance for the
ETF Prudenceorfolio B andits four underlying
strategiesla,m,n, and® is plotted alongside
the performance otthe Consensus Risk Category
Portfolios[2] throughEl. The value of applying the
tools of Temporal Portfolio Theory tgiite clear
The ETF Prudence Portfolibas a return 3x

Table6. Funds of thg2 NJi F éntlellyth@t#ategies.

35%
30%

25% [E——

ETF Prudence Portfolio

20%

15%

10%

Annualized Return

o

5%

greater, and risk 3x smaller than thstandard ?

Consensus Aggressive Portfolal. b 2 &

something to write home about!

0%

0K 0%
Figure 10

25%

50%
Relative Risk

75%  100%

125%

150%

m ETF Prudence Portfolio
ﬂ ETF Fixed Income Strategy n ETF International Strategy

n ETF US Diversified Strategy B ETF Sectors + Gold Strategy
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Why Temporal Portfolio Theory Matters
CKS 902y2YAO0 t2fA0e L§Rebd dzifefchn Retrad®péintsian mc | N
dire picture of American retirement savings. While the average retirersamingdor families 45

to 55 years of age is $102,000, the medianrestient savingds only $7,200. The discrepancy is
becausenearly half of familiesdo not participate in any retirement savings plan whatsoever.

According to Fidelity Investments, to be financially ready to retire by ag®m&should have
approximatelylOtimestheir final salary in saving&rguably, the greatest investment risk facing

most Americans is the possibility@ther running out of money early, areedingto work forever

G2 YSSO SyRaod 2 KAt S A lc&ch uRolirEréang sabinys irftBeNimey 2 a i L
remaining, alternative investmemethods éuchasTP7 cansignificantly change the picture.

Consider the case of someone 50 years

age with $50K currently saved, contribugir Retirement Age
- ] S50K @ SOyrs, Live 100 years, +56k/yr
an additional $6K/yr, expecting $25K/y 2.5% Inflation, $25K/yr Social Security

from Social Securifyplanning for 2.5% | '®

inflation, andhoping to liveto 100yearsof 50 Budget:
age Figure 11llustratesthat the estimated m $75K/yr
W 5125K/yr

retirement age is tightly tied to investmen 80

returns. Simply tting retirement saings .

Retirement Age

under the mattress guaranteghe need to

67
& 62
work until the bitter end Evenan 8% per 60 o
yearreturn means working until at least 8( ‘

. 50
years of age. However, earning 16% 24%Return  16% Return  8%Return  Mattress

more radicallyimprovesthe prospects for Figure 11. Retirement age depends on returns.

retiring early and well.

While, anyoneof ordinary skill can purcls® a targetdate mutual fundthat arguablyproduces

8% longterm returns from anyone of numerouscompaniesit will be too little, too late fomost
AmericansFortunately, MPTQ Bmited performance is not a mandateAccordingto UPIA 2(h)
professionally managed accountsjuire a standard of carhat includesand 2 SN f f Ay @S a
strategy having risk and return objectives reasonathlifed to the trusk and UPIA2(f) further
requiresthatd ! (G NHzZA 1SS 6K2 KI & >haiSa@lity td usdiigspetid skills2 NJ S E L
or expertise¢ The reasonwhy Temporal Portfolio Theory matteisthe point of Figure 11
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Satisfying the Prudent MarConclusion

Industry rules, regulations, and standards are sileagardingthe definition ofriskand amount

of diversificationrequiredto satisfyafiduciaryriskaudit. Fortunatelyriskclassification portfolios
developedby industry leadertave stood the test of time with regulatoesidform a consensus

set of risk categoryportfolios that canbe quantified and used as standards in assessthgr
investment portfolis. An advisor cannow RS TA Y A G A @St & ljdzZ yaAFe (KS
portfolio to assess and defenits prudentdesign and satisfyis lawful fiduciary duty.

Vintage 1952

While MPT was a giant leap forward for portfolio ris

managementwhen it was introduced in 1952, virtually a
product designs of that era have long been relegated to t
museum. However, the recent proliferation of MPT bas
target-date funds and Robo Advisor services makes it clear t
MPT remains the industry standbfor acceptable performance
Py F2NldzyF GStes at ¢Qa LISNF
meet the retirement objectives of most Americans.

Phones @

Rockets

Although MPTQ a@assurance of achievingverage returns puts a secure floor under its
performance it also puts a ceilingon it. Better performance requiredbetter information.
Fortunately,numerous Nobel Laureates have since contributesv tools for extracting better
information from market dataincluding:

Nobel LaureateFamaconfirmedthat momentum is pervasive in market data.

Nobel LaureateShannonprovedsignatto-noise ratio determines the decision error rate.
NobelLaureateVan VleckdevelopedVatched Filter Theorywhichoptimizessignatto-noise ratio.
Nobel Laureates Kahneman& Tverskyredefinedrisk throughbehavioal economic® t NP & LIS

= =4 -4 =

Collectively, these advancements)d othersdescribedearlierin this paper, are referred to as
Tenporal Portfolio Theorylts five primary algorithmic components are:

1. True Sector RotationMomentum used to identify trend leader and avoid the laggards.
2. StormGuard- Armor: Determines safety of marketsingthree separatanarket views.

3. Bear MarketStrategy: Alternate setof candidate fundsised onlyduring bear markets.

4. ForwardWalk Progressive Tuninddses outof-sample data to establish performance.

5. Portfolio-of-Strategies’A layered framework that further reduces overall portfolio risk.
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We believe industry analysts are correc

1 ItQ the technologyaidedfinancial advisors that
will eventually win the battle for clients.

ETF Prudence Portfolio [
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Authority

2 S50a0GSNDR&a 54
Risk Definition

Sharpe Ratio
Standard Deviation

Behavioral Economics
Prospect Theory

Sortino Ratio
Downside Deviation

SEC Form ADMtem 8
Methods Strategies Risk

ERISA § 404(a)
Prudent Man Std. of Care

29 CFR 8 2550.404a
Investment duties

FINRA Rule 2111
Suitability

FINRA Rule 4210
Margin Requirements

UPA 2(b)
Standard of Care

UPIA 3
Diversification: Comments

PBGC Press Release
Jan 15, 2009

PBGC Press Release
Aug 18,2008

Morningstar
Risk Definition

NASDAQ
Risk Definition

Appendix A

Risk Definition or Description

the chance that an investment (as a stock or commodifyf)lose value

The Sharpeatio is the 'excess' return of an asset over the return of a risk free
asset divided by the variability standard deviationof returns

In 1992Kahnemarand Tverskghowed that foralternativedecisiorsinvolving
riskthat losses hurt moreéhan gains feel good (loss aversion).

The Sortino ratio takes thasset's return and subtracts the rifilee rate, and
then divides that amount by the assetlswnside deviation

Describe the methods of analysis adaxplain that investing in securities
involvesrisk of losgthat clients should be prepared to bear.

OMUO/ 0O X | FARAOAFI NBOBKRAIDSREA DR M
the planso as to minimize the risk of large lossesless under the circumstance
AG A& Of SINI e LINUJzZRSy(d y2a G2 R2 &z

60VOHUOOAUD ! RSUSNNWAYIGAZ2Y o0& GKS 7T
NEBI a2yl of etakiRgSrioicahyidemtiorkthe risk of losand the
2L NIidzyAGe F2N 3FAyX

dnpol v aX NBlFaz2ylrotS RAftAISYyOS Ydz
with anunderstanding of the potential risks and rewardss®ociated with the
recommended security or strategy.

(9)(1) Members musnonitor the riskof portfolio margin accounts anehaintain
a comprehensive written risk analysis methodolofyr assessing potential risk
2PSNI I Nry3aS 2F YINJ SO Y20SYyYSyida X

X & S § 1 éverdll iivestment strategaving risk and return objectives
reasonably suited to the trusb ¢

The purposes of such a common or joint investment fund are to diversify the
investment of the several trustend thus spread the risk of loss

t. D/ QAGBEBMINBAT T I NR a4l AR (GKS ySg Ayd¢
the possibility of full funding ankdas lower standard deviationhigher Sharpe
ratios, andlower ultimate downside risk® &

t. D/ Qa4 5 A NB Othe el policy'stleveNdisk-StaniaRl deviation-is
consistent with the best practices of other large institutional investors. Most
important, it addressethe greatest risk of all: The risk that theBG@ould
someday fail in its commitment to the 1.3 million Americans who depend @n i

An assessment of the variations in a fund's monthly returns, witeraphasis on
downside variations in comparison to similar funds.

Often defined ashe standard devation of the returnon total investment.
Degree of uncertainty of return on an asset.
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Authority

UPIA 2
Comments

UPIA 3
Diversification

UPA 3
Diversification: Comments

ERISA § 404(a)
Prudent Man Std. of Care

PBGC Press Release
Aug 18,2008

ERISA 29 USC § 1025
Reporting benefit rights

ERISA 29 USC § 1054
Reporting benefit rights

Dictionary.com
Diversification Definition

NASDAQ
Diversification Definition

Morningstar
Diversification Definition

Mark Twain
Pudd'nhead Wilson

Appendix B

How Much Risk Diversification

It is the trustee's task tinvest at a risk level that is suitable to the purposes of
the trust

A trustee shall diversify the investmentsf the trust unlesshe trustee
reasonably determines that, because of special circumstaricegurposes of
the trust are better served without diversifying.

The message of Section 227(b) of the 1992 Restatement of Trusts, carried fo
in Section 3 of this Act, is thatudent investing ordinarily requires
diversification. Circumstances can, however, overcome the duty to difsersi

The object of diversification is to minimize this uncompensated ggkaving too
few investments.

There isno automatic rule for identifying how much diversification is enough.

O6MUO/ 0O X | FARAZOAI NBOBKRADSREA DR M
the planso as to minimize the risk of large losseslesaunder the circumstance:
AG A& Of SINIe LINUJzZRSy(d y2a G2 R2 &z

Most important, it addressethe greatest risk of all: The risk that theBG@ould
someday fail in its commitment to the 1.3 million Americans who depend @n i

(a)@)Statement$B)Additional Informatiorii)(I1)an explanatio/ Xof a welt
balanced and diversified investment portfolio, including a statement of the risl
that holdingmore than 20 percent of a portfolio in the security of one entity
(such as employer securitiesiay not be adequately diversified

() Diversification requirementsindividual account plans (4)(A)Investment
options The requirements of this paragraph are met if fhlan offersnot less
than 3 investment optionsother than employer securities, to which an applical
individual may direct the proceeds from the divestment of employer securities
pursuant to this subsectiorsach of which is diversified and has materially
different risk and return characteristics

the act or practice of manufacturing a variety of products, investing in a variet
securities, selling a variety of merchandise, eto.that a failure in or an
economic slump affecting one of them will not be disastrous

Investing in different asset classes and in securities of many issuers in an attt
to reduce overall investment risknd to avoid damaging a portfolio's
performanceby the poor performance of a singlecsgity, industry, (or country).

You can reduce risk and volatility in yoportfolio by investing in different types
of securitiest among stocks, bonds and shderm investments, which are
unlikely to all move in the same directio

. SK2f R GKS F22f &l AdKSZ b t-diich ¢ Butia
matter of saying, "Scatter your money and your attention"; thé wise man
saith, "Pull all your eggs in the one basket artiVATCH THAT BASKET."
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AppendixC
RiskCategoryPortfolio Examples

ASSET ALLOCATION OVER TIME FOR TIAA-CREF LIFECYCLE FUNDS

Your Portfolio Choices Compared Flde|lty Investments
100% * Consider your risk tolerance, from conservative to aggressive, and find a Fidelity VIP asset allocation portfolio

that most closely aligns with your tolerance for risk.
80%~

Asset allocation
. . [l Domesticequity funds [ International equity funds
vestmen
60% . —— strategy Portfolio [ Fixed income funds Short-term funds
u
. Conservatie 1 Funceanaser20% [T N S 505
International Equity Portfolio
40% = T 508
= e ncome aced PR anager s 1o

Portfolio

20% Short-Term Fixed Income Growth & VIP Funds Manager 60% 229 5

income Portfolio
M Inflation Protected Assets

Portfolio
Agpressive VIP FundsManager 85% 6004

. 65 1.
Retirement Fortfolio

AAIll—American Association of Individual Investors
25-Year-Old 45-Year-0ld 65-Year-Old

Aggressive Moderate Conservative 5% 10%
Investor Investor Investor
90% Diversified Stock 70% Diversified Stock 50% Diversified Stock
Suggested Allocation Suggested Allocation Suggested Allocation
Breakdowns Breakdowns Breakdowns
20% Large-Cap Stocks 20% Large-Cap Stocks 25% Large-Cap Stocks
20% Mid-Cap Stocks 20% Mid-Cap Stocks 10% Mid-Cap Stocks

10%

Standard & Poors

o L o, ¥ g ¥
20% Small-Cap Stocks 10% Small-Cap Stocks 10% Small-Cap Stocks B Stocks m Bonds Cash
20% International Stocks 15% International Stocks 5% International Stocks
Emerging Markets Emerging Markets Emerging Markets
10% oo 5o o ond 0% o9
Stocks Stocks Stocks
C : ~
10% Intermediate Bonds 30% Intermediate Bonds 40% Intermediate Bonds ® USstocks @ International stocks @ Bonds Specialty/Cash MFS
0% Short-Term Bonds 0% Short-Term Bonds 10% Short-Term Bonds
Allocations Allocations Allocations
10% Fixed Income 30% Fixed Income 50% Fixed Income
90% Diversified Stock 70% Diversified Stock 50% Diversified Stock
Portfolio Return Portfolio Return Portfolio Return
YTD: 3.5% YTD: 3.6% YTD: 3.4%
1yr:-42% 1yr:-1.8% 1yr: 0.7% s o~ . . % .
sy . " " MFS® Aggressive MFS® Growth MFS® Moderate  MFS® Conservative  MFS® Lifetime®
S S S Growth Allocation  Allocation Fund Allocation Fund  Allocation Fund Income Fund
10 yrs: 5.8% 10 yrs: 5.8% 10 yrs: 5.8% 1L phide e , e

Fund
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AppendixCqcont.)
RiskCategoryPortfolio Examples

Sample Asset Allocations

v“rs um“ I'Gﬂl‘emﬂlt sm M ash Younger Investor Older Investor

30 years f 80% 15% 5%
12 years (ﬁ 60% 30% 10%
5 years % 40% 40% 20%

FINRA 401(k) Investing Asset Allocation
FINRA 401(k) Investing Reallocation

SEC Investor Alert Bulletin: Target Date Retirement Funds

MODERATELY
MODERATE CONSERVATIVE CONSERVATIVE
100% - : Ape BO-53 At JO-75 Age Bl
g = Cash
£ sose ] 25%
35%

=%
ol Bonds 50% 50t
£
=
g a4
=
=
# 20%
<

W Stocks  ECash/cash investments Bonds Schwab.com

35 30 25 20 10 5 20 25 30
—— Yiears bofore target date e Targeivﬂa e, fipars after target date ——

2 i MarketWatch.com
Investopedia.com Market Allocations
Bull Market Bear Market Transitional Market
Conservative Portfolio Moderately Conservative Portfolio  Moderately Aggressive Portfolio  Very Aggressive Portfolio Chsh

5% S[c-l;.ki

70 to 75% F ¢ ¢ 50 to 55% Cash
Fixed Income S % Equities A 0%
Securities “
- o . 80 o 100% Al
35 to 408 '3:' “:1':‘-“’ Equities
0 40% ixed Income
15 to 20% Equities Securities Bonds
Equities

AlphaDroid Strategies, San Luxbispo, CAwww.AlphaDroid.com p.23
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Appendix D
Temporal Portfolio Theory Summary

Modern Portfolio Theory is 65 Years Old

MPT (Modern Portfolio Theory) was developed long before computers were available for analyzing time

domain data on a daily basis. Th is inherently imitated MPT to long -term stat istical analysis of portfolios
and market data. With no temporal analysis functionality there could be no trend/momentum

information; limiting MPT to buy -and -hold diversification models. However, today it has become widely
accepted by academia and industry alike that harvestable momentum exists in market data. It's time
to extend MPT's framework with temporal data analysis

Temporal Portfolio Theory™ Introduction

Temporal Portfolio Theory extends MPT by integrating the cross -disciplinary sciences of  Matched Filter
Theory , Differential Signal Processing , Fuzzy Logic , and Holistic Risk Management  within a layered
Portfolio -of-Strategies framework . Its primary operational components are briefly described  below .

M

Automated Polymorphic Momentum '
Information Theory dictate s that the probability of making an excellent investment decision is directly

proportional to the  signal -to-noise ratio of the employed momentum indicator signal. While Matched
Filter Theory actually specifies the momentum filter shape and duration for optimum signal -to-noise
ratio, Differential Signal Processing further reduces noise from the decision process. By owning  only
the trend leader and avoiding the laggards one can simultaneously improve returns and

reduce risk. The term Polymorphic indicates that the momentum filter is both adaptive in shape and

duration to accommodate (a) the diverse character of various equity classes (i.e. bonds, market indexes,

sectors, REITS, and commodities), (b) the evolving characte r of the market, and (c) the evolving
character of Strategies as funds with shorter histories begin to participate. An integral part of Automated
Polymorphic Momentum is Forward -Walk Progressive Tuning , which is the process of walking forward
through out -of-sample data to show results that can be produced in the absence of hindsight. See
our NAAIM Wagner Award paper : "Automated Polymorphic Momentum "

Risk-On Risk-Off Triple Assessment

Simple Risk-OnRisk -Off market direction indicators, such as the Death Cross and Golden Cross __, typically
use a moving average of S&P500 or advance/decline daily datato react slowly enough to avoid short -
term whipsaw losses, but fast enough to respond to a true bear market. Unfortunately, they are still
vulnerable to medium -term market declines . StormGuard -Armor  ach ieves its remarkable
performance utilizing  three distinct  views of the market: price -trend, volume -momentum, and
value -sentiment. Twelve measurements combined by Fuzzy -Logic mathematics produce the final result.

Integrated Bear Market Strategies

When StormGuard -Armor_ signals that market conditions have become bearish, a Bear Market Strategy
automatically takes charge and selects from a list of trusted safe harbor investments, such as money

market funds, bond funds, gold bullion, or US treasuries. While money market funds are intrinsically

safe, they offer virtually no growth opportunity duri ng a bear market. Conversely, bonds, gold and
treasuries offer growth opportunity, but are not reliably negatively correlated with the market.

Integrated Bear Market Stra _tegies automatically select the current best performing safe harbor fund.

Multi-Dimensional Risk Abatement

Risk is not a one -dimensional problem cured by a single act of diversification. It's a multi -
dimensional problem, and diversification is just the start. There are numerous sources of risk to address
that relate to companies, funds, strategies, markets, political events, natural disasters, and even
personal behavior. Temporal Portfolio  Theory embraces Holistic Risk Management as a means to abate

risk on many levels, as described in our white paper: "Conquering the Seven Faces of Risk
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AppendixE
Robo Advisoland AAlIModerate Portfolios

(MarketWatch Research

Wealthfront's recommended portfolio Betterment's recommended portfolio
Fixed income: 10.1%
Other:
0
U.S. stocks: 14%
0
6% Fixed uU.Ss.
income: stocks:
17% 42.1%
Foreign
stocEs:
48%
Total does
ngg;qual
N 1
Foreign stocks: 33% DOLLAR % OF because of
TICKER ~ AMOUNT  PORTFOLIO rounding DOLLAR % OF
2+l Vanguard Total Stock Market ETF AL $8,400 21.0% TICKER AMOUNT  PORTFOLIO
=§ Vanguard Dividend Appreciation ETF iVIG $6,000 15.0% ﬁ Vanguard Total Stock Market ETF i VIl : $6,480.00 | 16.2%
o : o Vanguard Value ETF i VIV | $6480.00 | 16.2%
EEEE MR TR | VEA L $7.000 | 18.0% Vanguard Mid-Cap Value ETF | VOE | $2,080.00 | 52%
§tz Vanguard FTSE Emerging Markets ETF VWO $6,000 15.0% Vanguard Small-Cap Value ETF © VBR | $1,800.00 | 4.5%
7 iShares iBoxx USD Investment Grade ~ © LQD | $4,000 | 10.0% il Vanguard FTSE Developed Markets ETF | VEA 1$15000.00 | 37.5%
i =45 Vanguard FTSE Emerging Markets ETF { VWO : $4,200.00 | 10.5%
iShares J.P. Morgan USD Emerging : EMB $2,800 7.0% ; : :
Bleler s baridlEL : Vanguard Total International Bond ETF | BNDX | $1,440.00 | 3.6%
Vanguard REIT ETF { VNQ | $5600 : 14.0% Vanguard Total Bond Market ETF i BND : $1,280.00 | 3.2%
: ‘ & iShares iBoxx USD Investment Grade i LQD : $680.00 | 1.7%
Source: MarketWatch Research Bond ETF
Vanguard Emerging Markets Government : VWOB | $640.00 | 1.6%
Bond ETF i d :
Source: MarketWatch Research

FutureAdvisor's recommended portfolio

U.S. stocks: American Association of Individual Investors'
33.5% Fixed . recommended moderate portfolio
Fixed
income: 30%
Us:
stocks: i
zgﬁaelz may 50% Association of
Jas i i s
because of
rounding Foreign stocks: 37.8% DOLi ok
TICKER AMOUNT  PORTFOLIO Foreigh
;EQ Vanguard Total Stock Market ETF LoVl $5,372.27 13.4% stocEs:
§ Vanguard Value ETF i VIV | $5374.98 | 13.4% 20% TR Wi
o Vanguard Small Cap ETF i VB $2,688.00 6.7% TICKER AMOUNT  PORTFOLIO
29 z ;4] Large-cap stocks N/A $8,000 20.0%
fCrs] Vanguard FTSE Emerging MarketsETF | VWO | $6,490.48 | 16.2% %] Mid-cap stocks N/A|  $8000 | 20.0%
ard FTSE Developed MarketsETF  : VEA | $5270.52 | 13.2% 7 Small-cap stocks N/A.  $4000 | 10.0%
i ERV $3,363.75 8.4% gg International stocks N/A $6,000 15.0%
= Schwab U.S. Aggregate Bond ETF i SCHZ | $3,520.00 8.8% &0 Emerging markets stocks N/A:  $2,000 5.0%
Eg Vanguard Short-Term Inflation-Protected | VTIP | $2,880.00 7.2% -
1 Securities ETF : Intermediate bonds N/A:  $12,000 30.0%
= Vanguard Global Ex-U.S. Real Estate ETF VNQI $2,520.00 6.3%
E vanguard REIT ETF : VNQ ¢ $2,520.00 ° 6.3% Editor's note: AAll's recommendation can serve as benchmark,
Source: MarketWatch Research but it doesn't pick specific funds Source: MarketWatch Research

AlphaDroid Strategies, San Luxispo, CAwww.AlphaDroid.com p. 25
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AppendixF1
Wealthfront Portfolio vs Strategy w/TPT
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AppendixF2
Betterment Portfolio vs Strategy w/TPT
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