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INDEX-BASED EQUITY STRATEGIES

Tracking error decomposition
TE2 = TE?actor + TE?pecific

Factor TE from active factor exposures x factor covariance matrix
Specific TE from active stock-specific bets

Index funds minimize both; active strategies accept higher TE

Tracking error of an index portfolio

TE = o(R, — Ry) — R_p = portfolio return, R_b = benchmark return, o =
standard deviation of the return differential (annualized)

Index portfolio total return decomposition

R, = Rigz — f — ¢t — €5 + Tiena + Teash — R_idx = index return, f = fees, c_t =
transaction costs, €_s = sampling residual, r_lend = lending revenue,
r_cash = cash spread

ACTIVE EQUITY INVESTING

Jensen's alpha
o= Ry — [Ry + Bp(Rm — Ry)]
CAPM-adjusted outperformance

Fundamental law link: E(a) = IC X vVBR x o4 x TC

Days-to-trade (capacity)
Position $

0.10 x ADV §°
avg daily dollar volume; if days-to-trade exceeds the strategy horizon, the

Days-to-trade = Position \$ = AUM x target weight; ADV \$ =

fund is capacity-constrained.

Correlation-adjusted effective breadth

_ N _ _ _ 0 o
BResr = mv—y, — N = raw number of bets, p = average pairwise
correlation across signals

LIABILITY-DRIVEN & INDEX-BASED STRATEGIES

DVO1 (Dollar Value of O1)

__ Modified durationx V'
Dvol = 10000

Dollar price change for a 1 bp decline in yield

V = portfolio market value

Liability-driven surplus duration
ASurplus = (Dgy x A— Dy, x L) x Ay

D_A = asset duration, A = asset value

D_L = liability duration, L = liability value

Immunize when: Dy x A= Dy x L
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5 items

Implicit financing cost of an equity index future

Cearry = T — d — r_f = risk-free rate (cost of carry), d = dividend yield of
the index; embedded in the futures price versus spot

Cash drag on an index portfolio

Drag = Wegsh, X (Reg — Rmm) — W_cash = cash weight, R_eq = equity return,
R_mm = money-market rate earned on cash

5 items

Active risk (tracking error)

o4 = y/Var(Rp — Rg) — R_P = portfolio return, R_B = benchmark return,
o_A = standard deviation of active return

Expected active return from information ratio

Ry = IR x TE — IR = information ratio, TE = tracking error (active risk)

4 items

Futures contracts for duration adjustment

N, — (Diarget="Dyort folio) X Vaortfalio
f 1Dt R otiames

D = duration, V = dollar value
Positive N_f — buy futures (extend duration)

Negative N_f — sell futures (shorten duration)

Macaulay duration of a bond portfolio

>N t-CF/(1+y) -
— =l A I - = —_
Dirae = SRR t = time of cash flow, CF_t = cash flow at t, y =

yield, N = number of periods



YIELD CURVE STRATEGIES

Key rate duration
%AP ~ _Zk KRDk X Ayk
KRD_k = key rate duration at maturity k

Used for non-parallel yield curve shifts; sum of KRDs = effective duration

Barbell vs bullet convexity
Barbell (short + long): higher convexity

Bullet (middle): lower convexity
At same duration: Cyrpenr > Chrutter

Barbell wins in high vol; bullet in stable curves

Hedged cross-currency bond return under CIP

Ryedged ~ Riocal — (T1ocal — Tbase) — R_local = local bond return, r_local = local
risk-free rate, r_base = base-currency risk-free rate

Expected bond return from a yield change

E(R) ~ Y + Rolldown — Dy,0aAy + 1C(Ay)? — Y = yield income, D_mod =
modified duration, C = convexity, Ay = yield change

CREDIT STRATEGIES

Credit spread duration
%AP ~ —Spread duration x As
As = change in credit spread

For corporate bonds: spread duration = modified duration
For floating-rate notes: spread duration = time to reset

CDS-cash basis

Basis = CDS spread — Z-spread,,q, — CDS spread = single-name or index
protection premium (bps), Z-spread_cash = zero-volatility spread on the
cash bond (bps)

Conditional value at risk

CVaR, = E[L | L > VaR,] — L = portfolio loss, VaR_a = value at risk at
confidence level g, E[-] = expected value conditional on tail breach

Butterfly spread conditions

Net position: long belly, short wings (or reverse)
Positive butterfly = yield curve humps in the middle
Profit condition (long butterfly): 2ysy < yoy + Y10y

Measures curvature of yield curve

Expected price change from rate view vs. forwards
E(AP) ~ —D(Ayview — Ayswa) + $C(Ayyiew)? — D = duration, C = convexity,
Ay _view = view yield change, Ay_fwd = forward-implied change

Expected return of a yield curve strategy

E(R) =Y + Rolldown + E(APyew) — E(Credit Loss) £ E(FX) — Y = yield
income, AP_view = price change from rate view, FX = currency return

6 items

Excess return over Treasuries
XR~s-t—As-Ds—t-p-L

s=spread, t=horizon, D,=spread duration, p=PD, L=loss rate

Option-adjusted spread
OAS = Z-spread — Option cost — Z-spread = zero-volatility spread (bps),
Option cost = embedded option value from lattice/Monte Carlo (bps)

FX-hedged USD-equivalent OAS on foreign credit

OASusp-eq = OASforeign — (Tbase — Tioreign) — F_base, r_foreign = short rates in
base and foreign currency; differential = rolling FX-forward hedge cost



TRADE STRATEGY & EXECUTION

Implementation shortfall

I8 = Paper portfolio gain—Actual portfolio gain
- Investment decision value

Components: delay cost + trading cost + opportunity cost

Measures total cost of executing a trade vs decision price

Market impact cost
Market impact = (Przec — Pyre)/ Ppre (for buys)
P_exec = average execution price, P_pre = pre-trade benchmark

Temporary impact reverses; permanent impact does not

Higher urgency — more market impact

Trading cost component of implementation shortfall

Trading = (Pegec — Parrivat) X Stiied — P_€xec = average execution price,
P_arrival = arrival price, S_filled = shares filled

Opportunity cost component of implementation shortfall

Opportunity = (Peose — Piecision) X Sunfiled — P_close = closing price,
P_decision = decision price, S_unfilled = shares not filled

CASE STUDY: ENDOWMENT

DVO1-based hedge ratio

N = 7DV01gm'ttolio
DV 01hedge

Negative = short the hedge instrument

DV01
For cross-hedge: N = — 5757 X Bypread

Endowment smoothing spending rule

Si=w-S1(1+7)+(1—w)-r-MV; —w = smoothing weight, S =
spending, T = inflation, r = target rate, MV = current market value

7 items

VWAP benchmark
P xV,

VWAP = &
P_t = price at time t, V_t = volume at time t
Trade cost vs VWAP = (VWAP - execution price) for buys

Limitation: manipulable; meaningless for large orders

Explicit fees component of implementation shortfall

Fees = ¢ X Segec + taxes — ¢ = commission per share, S_exec = shares
executed, taxes = transaction taxes

Delay cost component of implementation shortfall

Delay = (Purrival — Piecision) % Sfiea — P_arrival = price when trader gets
order, P_decision = PM decision price, S_filled = shares executed

Effective spending rate
— St

Teff = MYV,

portfolio market value

— S_t = current period spending distribution, MV_t = current

llliquidity budget
IB=TP— (Sp+ CC + RB + SR) — TP = total portfolio, Sp = spending
reserve, CC = capital calls, RB = rebalancing buffer, SR = stress reserve



TOPIC 1

Mean-variance optimal portfolio weight
w* =32 Y (u—rsl)

A =risk aversion, ¥ = covariance matrix, u = expected returns

Black-Litterman expected return
Equilibrium: IT = §Xwmkt
Blended: E(R) = [(X) ! + PTQ 1P| [(r2) 'O + PTQ Q)

d=risk aversion, w,=mkt cap weights

Grinold-Kroner expected equity return
E(R)=D/P — AS + g+ A(P/E) — D/P = dividend yield, AS = net share
issuance, g = nominal earnings growth, A(P/E) = repricing

Covered interest rate parity

F/S = (1+1q)/(1+i5) — F =forward rate, S = spot rate, i_d = domestic
interest rate, i_f = foreign interest rate

Expected fixed-income return decomposition

E(RFI) =YTM + Roll-down + APyield — Leregit — Lrpx — YTM = yleld to
maturity, AP = price change from curve shift, L = expected losses

Singer-Terhaar blended risk premium

RP =w(op-SRy) + (1 —w)(o - SR,) — w = integration weight, o = asset vol,
p = correlation with global portfolio, SR_g = global Sharpe ratio

Net after-cost tactical premium

Otnet = Ogross — 1'C' — T — a_gross = expected gross tactical alpha, TC =
transaction costs, T = realized tax cost

Endowment spending rate

s = Amalspending __ o _ gronding rate (e.g, 5% = \$40M on \$800M)

— Portfolio value

Pension funded ratio

FR = % — A = market value of plan assets, L = present value of liabilities
(e.g., PBO)

Pension surplus

S = A— L — A = market value of plan assets, L = present value of liabilities;
surplus optimization maximizes return on S

Geometric mean approximation from arithmetic mean and variance

G ~ A —0.50% — G = geometric (compound) mean return, A = arithmetic
mean return, 02 = variance of returns

Roy's safety-first ratio

FE —
sp_ ER) —Ru
Op
The optimal portfolio maximizes SF; under normality this minimizes the

probability of a return below Ry.

L where R;, is the minimum acceptable (threshold) return.

23 items

Corner portfolio blending
E(Rp)—E(Rp)

WA = FRI)"E(Rs) ,wp=1—wy
Blend two adjacent corner portfolios A and B to achieve target return
E(R_P)

All blends lie on the efficient frontier

Portfolio rebalancing trigger (range-based)
Rebalance when: |w; — wj| > A;
w; = target weight, A; = tolerance band

Wider bands — lower costs, less precision

Correlation-adjusted bands: wider for high-correlation assets

Taylor rule policy rate

it =r* +m + 0.5(m — ) + 0.5(y; — y*) — r* = neutral real rate, 1 = inflation,
* = inflation target, y - y* = output gap

Fixed-income expected return building blocks

E(R)=r;+n°+ TP+ CP + LP — r_f = real risk-free rate, mhe =
expected inflation, TP = term premium, CP = credit premium, LP = liquidity
premium

GARCH(1,1) variance forecast

0} = w + ae?_; + Bo?_; — w = long-run vol anchor, a = weight on last
squared shock, B = weight on prior variance estimate

TAA permitted weight range around SAA
wraa € [wsaa — b, wgaa + b —W_SAA = policy weight, b = IPS-defined TAA

band (e.g., +5%)

Stress liquidity coverage ratio

_ Accessible liquid assets,, ..
LCRS“"@SS - Cash demands

— minimum prudent target = 2x for illiquid-

stress

heavy portfolios

Number of correlation inputs required for MVO

N, = @ — n = number of asset classes; MVO also needs n expected

returns and n standard deviations

Dollar duration of a portfolio or liability

DD = MV x D — MV = market value (or PV of liabilities), D = modified or
effective duration; used to size LDI hedges

Mean-variance utility function

U = E(R,) —0.5- X 02 — E(R_p) = expected portfolio return, A = risk
aversion coefficient (1-10), o_p? = portfolio variance

Total MVO inputs required for n asset classes

N =2n+ @ — N = total inputs, n = asset classes; counts n expected

returns, n standard deviations, n(n-1)/2 correlations



TOPIC 2

Marginal Contribution to Risk (MCTR)
]\IC’CI’]%z = ﬂz X Op

ﬂi _ Cov(R;,R,

2
9p

Measures risk added by a small increase in asset i's weight

Tracking error
TE = o(R, - Rp) =/ Bt
Also called active risk or tracking risk

Annualized: TE,nnuat = T Emonthiy X V12

Square-root market impact model

Impact o< 4/shares/ADV — shares = order size, ADV = average daily volume;
doubling order size raises impact by ~41%, not 100%.

Effective equity beta from a PE allocation

Bess = weq + wpp X Bpr — W_eq = public equity weight, w_PE = PE weight,
B_PE = 1.3 (PE equity beta)

Liquidity coverage ratio for an alternatives program
L

CFIZm
cash outflows (capital calls + benefits)

LCR = — L = liquid assets, CF_{12m} = next-12-month committed

Endowment real return target

Rreat = s + ¢ — s = spending rate, ¢ = management cost ratio

Foundation minimum nominal return target

R >0.05+c+ 7 — 0.05 = 5% IRS minimum distribution floor, ¢ = costs, T =
inflation

Active share of an equity portfolio

AS =1 Zilil |wy,; — wy;| —w_{p,i} = portfolio weight in stock i, w_{b,i} =
benchmark weight in stock i, N = combined universe

Leveraged portfolio return on equity

Vi . .
rp =1 + V—B(ri —rp) — r_i = asset return, r_B = borrowing cost, V_B =
E

borrowed value, V_E = equity
Real after-tax return approximation
Trealat = Tnom — T — b Tpom — F_nom = nominal return, 1 = inflation rate, t =

tax rate on nominal gain

Taxable-equivalent yield on a municipal bond

TEY = Zf’”‘”z — y_muni = muni pretax yield, t = investor's marginal tax rate

SWEF stabilization sub-fund sizing rule

AUMq = f X G x n — f = fiscal dependence on commodity, G = annual
government spending, n = years of shortfall coverage

Commodity SWF energy-sector exposure cap

Wenergy < Whench — A — Wrenen = D€NChmark energy weight, A = transition-
risk tilt (e.g., 30%) to offset inflow correlation

26 items

Absolute Contribution to Risk (ACTR)
ACTRl =w; X MCTRQ = w; X /Bi X Op
> ACTR; =0, (contributions sum to total portfolio risk)

Risk budget = set target ACTRs

Implementation shortfall (decomposition)

1S = Explicit + Delay 4+ Impact + Opportunity — explicit =
commissions/fees; delay = decision-to-desk drift; impact = price move
from trade; opportunity = unfilled-share return.

VWAP transaction cost (buy and sell)

VWAP costiyy = Pexee — VWAP; VWARP costgen = VWAP — Pyee — positive =
unfavorable; VWAP = period volume-weighted average price.

Effective PE allocation including unfunded commitments
eff NAV +UC

w =
PE P+UC
commitments, P = total portfolio value

— NAV = PE net asset value, UC = unfunded

Total PE economic exposure

Epp = NAV + UC — NAV = net asset value of PE holdings, UC = unfunded
capital commitments

Insurer duration-matched immunization

Dy x A= Dr x L —D_A = asset duration, A = assets, D_L = liability
duration, L = liabilities

DVO1 (price value of a basis point)

DVOl = D,,,q X MV x 0.0001 — D_mod = modified duration, MV = market
value of the bond/portfolio

Required pre-tax nominal return for a private client

P = % + f — S = spending need, | = other income, V = portfolio

value, T = inflation, t = tax rate, f = advisory fees

Human capital as present value of future labor income
Blw]
(1+4r)
adjusted discount rate, N = remaining working years

HC = Zf;l — w_t = expected labor income in year t, r = risk-

Modified duration from Macaulay duration
DMac

Dmo -
1T 1y

— D_Mac = Macaulay duration, y = periodic yield to maturity

Economic net worth

ENW = FC + PV(HC) — PV (L) — PV(C); FC = financial capital, PV(HC) =
PV of human capital, PV(L) = PV of liabilities, PV(C) = PV of future
consumption needs

Norway-style SWF fiscal transfer (spending) rule

Tonnual = Treal X Viund — Trear = €Xpected real return (~3%), Vyyng = fund
market value; principal preserved

SWF maximum single-year withdrawal under charter cap

Winae = ¢ x AUM3, — ¢ = charter cap (e.g., 5%), AUM;, = 3-year average
AUM



TOPIC 3

Information ratio

a = mean active return, TE = tracking error

Measures active return per unit of active risk

Sharpe ratio

SR, = &t

43
Reward-to-variability ratio using total risk

Sharpe of combined portfolio: SR% = SR% + IR?

Brinson allocation effect

A; = (wp; —wp;)(Re,; — Ry) — w_p = portfolio sector weight, w_b =
benchmark sector weight, R_b,i = sector benchmark return, R_b = total
benchmark return

Sortino ratio

Sortino = E%AR — R_p = portfolio return, MAR = minimum acceptable
return, c_d = downside deviation of returns below MAR

Downside capture ratio

DC = }_Bp,down
Rb,down

<100% means manager dampens losses

— averaged over periods when benchmark return is negative;

Up/down capture ratio

Upside Capture . .
P P — ratio above 1.0 indicates

Up/Down Capture =
p/Dow e Downside Capture

favorable asymmetry

Fundamental Law of Active Management
IR=1IC x VvBR
IC = information coefficient, BR = investment breadth

Expected active return: E(R4) = IC x vBR x a4 (TC assumed = 1)

M-squared (M?)
M? = (Rp = Rf)%j" + Ry
Risk-adjusted return scaled to match market's volatility

M? > R_m — portfolio outperformed on risk-adjusted basis

Treynor ratio

T = E%Rf- — R_p = portfolio return, R_f = risk-free rate, _p = portfolio

beta (systematic risk)

Brinson selection effect

S; = wyi(Ry; — Rpi) — W_b = benchmark sector weight, R_p,i = portfolio
sector return, R_b,i = benchmark sector return

Upside capture ratio

R . . -
UC = = — averaged over periods when benchmark return is positive;
b,up

>100% means manager amplifies up markets

Symmetric performance-based fee

Fee = Base + s x (R, — R;) — Base = base fee, s = sharing rate, R_p =
portfolio return, R_b = benchmark return



TOPIC 4

Delta of call and put

Call: A, = N(d;) € (0,1)

Put: A, = N(d;) —1 € (-1,0)
Put-cal: A, — A, =1

Approx change in option price for \$1 change in underlying

Collar payoff at expiration

Long stock + long put (X_L) + short call (X_H)
Payoff: St + max(Xy — Sr,0) — max(Sy — Xg, 0)
= min(max(St, Xr), X#)

Limits gains above X_H, protects below X_L

Number of bond futures to adjust portfolio duration

N = @%ﬂ — DD_T = target dollar duration, DD_P = current dollar
duration, DD_f = dollar duration per futures contract (BPV adjusted by
conversion factor)

Variance swap payoff at maturity

— 2 2 — = H H i =
Payoff = Nyar X (07 0i20q — Tarive) — N_Vvar = variance notional, o_realized =

realized volatility (%), o_strike = strike volatility (%)

Roll yield on a currency forward hedge

Roll yield = FT_S — F = forward rate, S = spot rate; approximately equals

domestic minus foreign interest rate

Domestic-currency return on a foreign asset

Rpe = (1+ Rpe)(1+ Rrx) — 1; R_FC = foreign asset return, R_FX = %
change in exchange rate (domestic per foreign); the approximation R_FC +
R_FX drops the cross-product, material when either exceeds 5-10%

Long straddle breakeven prices

BE = K + (Cy + Py) — K = common strike, C_O = call premium paid, P_O =
put premium paid

FreeFellow - CFA Level lll: Portfolio Management

14 items

Protective put payoff

At expiration: Payoff = S7 + max(X — St,0)

= max(St, X)

Profit = Payoff - (S_O + p), where p = put premium

Limits downside while preserving upside

Covered call payoff at expiration

Long stock + short call (X)

Payoff: St — max(Sr — X,0) = min(St, X)

Profit = Payoff - S_O + ¢ (¢ = call premium received)

Caps upside; enhances income in flat/down markets

Variance notional converted from vega notional

Nyar = =2 N_vega = vega notional (\$ per vol point), o_strike = strike

2X Ostrike

volatility in whole-number percent

Number of equity futures to adjust portfolio beta

_ Br=8 v _ — — -
N = —%ﬂ X Brwm B_T = target beta, B_P = current beta, B_F = futures

beta, V = portfolio value, P_f = futures price, m = multiplier

Minimum-variance hedge ratio (MVHR)
h* = pap X 4 _ A =asset hedged, B = hedging instrument, p =
oB

correlation, o = volatility

Maximum loss on short stock plus long call (synthetic long put)

Max Loss = K — Sy + Cy — K = call strike, S_O = short entry price, C_O = call
premium paid

Put-call parity

S+ P =C+ PV(K) — S = stock price, P = put premium, C = call premium,
K = strike, PV(K) = present value of strike

freefellow.org/cfa-level3-pm/formulas



