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BOOK 1 OF 4 20% OF THE EXAM

Foundations of Risk Management formulas

The Building Blocks of Risk Management 1 formula
RAROC RAROC — Rev.vard
Risk
i full: After-tax net risk-adjusted expected return

Economic capital

frM 2 How Do Firms Manage Financial Risk? Concepts only

No formulas to memorise. GARP tests this chapter on concepts, so there is nothing from it to learn for this sheet.

FrRv 3 The Governance of Risk Management Concepts only

No formulas to memorise. GARP tests this chapter on concepts, so there is nothing from it to learn for this sheet.

FRM 4 Credit Risk Transfer Mechanisms Concepts only

No formulas to memorise. GARP tests this chapter on concepts, so there is nothing from it to learn for this sheet.

Modern Portfolio Theory and the CAPM 10 formulas
Bet Cov(R;, R o;
i 6i:M:pi,M_’ﬂM:1

Portfolio beta Bp = w;B;
CAPM (sML) B(R) =y + B [B(Bar) ]

slope of the SML= E(Ry) — 7¢

E(Rm) —
ML E(RP):T,fJFMUP
oM

slope of the CML = [E(R]u) — Tf]/O‘]w



Sharpe performance
index

Treynor performance
index

Jensen performance
index

Tracking error

Information ratio

Sortino ratio

_ E(Rp) — 1y

SPI
op
E _
pr = ZEe) 1y
Bp

Rp —ry=ap+ Bp(Ry —ry)

ap = E(Rp) — {ry + Bp[E(Ru) — r¢l}

ap = 0inequilibrium; significantly positive is superior, negative is inferior
TE = O'(Rp — RB)

E(Rp — Rp)
o(Rp — Rp)

active return over tracking error

IR =

E(Rp) — MAR

SR = \ MSDmin

1
MSDpin = == S min(0, Rp; — MAR)?

EXAM TIP Sharpe divides by total risk o p; Treynor divides by systematic risk 8p, so it suits a well-diversified

portfolio.

SIS The APT and Multifactor Models 4 formulas

APT return model

APT expected return

Fama-French three-
factor

Portfolio factor beta

R; = E(R;) + Bull — E(I)] + -+ + Bix[Ix — E(Ik)] + &

E(Rp) = E(Rz) + Bpi[E(L1) — E(Rz)] + - + Brx[E(Ik) — E(Rz)

E(Ryz) = zero-beta (risk-free) return; single factor: K = 1

E(Rp) =rf+ap+ Bpu[E(Rm) — rf] + Bp,sup E(SMB) +
Bp.HML E(HML)

Brr =Y. wiPik

a hedge adds positions until p ; = 0 for each factor hedged

rry 7 Principles for Effective Data Aggregation and Risk Reporting Concepts only

No formulas to memorise. GARP tests this chapter on concepts, so there is nothing from it to learn for this sheet.

FrRv 8 Enterprise Risk Management and Future Trends Concepts only

No formulas to memorise. GARP tests this chapter on concepts, so there is nothing from it to learn for this sheet.

FRM 9 Learning from Financial Disasters Concepts only

No formulas to memorise. GARP tests this chapter on concepts, so there is nothing from it to learn for this sheet.

FRM 16 Anatomy of the Great Financial Crisis of 2007-2009 Concepts only

No formulas to memorise. GARP tests this chapter on concepts, so there is nothing from it to learn for this sheet.

FrM 11 GARP Code of Conduct Concepts only

No formulas to memorise. GARP tests this chapter on concepts, so there is nothing from it to learn for this sheet.



BOOK 2 OF 4 20% OF THE EXAM

Quantitative Analysis formulas
Fundamentals of Probability

Complement P(A°) =1- P(A)
Addition rule P(AUB) = P(A)+ P(B) - P(ANB)
Conditional probability ~ P(ANnB)
P(A|B) = “PB)
Total probability P(B)=P(B|A))P(A)+---+P(B| A,)P(4,)

A; mutually exclusive and exhaustive

Total probability, two P(A) = P(A| B)P(B) + P(A | B)P(B°)

events

Independence P(ANB) = P(A)P(B),ie.P(A| B) = P(4)
nevents: P(A;N---NA,) = P(A1)--- P(Ay)

Conditional P(ANB|C)=P(A|C)P(B|C)
independence
Bayes' rule P(B|A) = P(A 1|3(Bf)1)P(B)

8 formulas

EXAM TIP Mutually exclusive is not independent: two mutually exclusive events with positive probabilities

are dependent.

(yWH Random Variables

Bernoulli PMF f(z) =p*(1 —p)'=,z < {0,1}
Expectation EIX] = Sam EF(X)] = X f@n
Properties of E Ela+bX +cY] =a+bE[X]| + cE[Y]

E[g(X)] # g(E[X]) ingeneral
Variance o2 = E[(X _ #)2] — E[X2] _ (E[X])Q

Skewness Skew(X) = E[(X — #)3]

o3

numerator is the third central moment

Kurtosis Kurt(X) = E[(X - N)4] excess kurtosis = Kurt — 3

ol

X —p
ag

Standardized variable 7

mean O, variance 1

10 formulas



Linear transformation

Higher momentsof Y =

a+bX

Median and IQR

W8 Common Univariate Random Variables

Binomial

Poisson

Uniform, interval
probability

Normal

Normal facts

Normal probability
ranges

Lognormal

Exponential

Student's t kurtosis

Constructions

Mixture

Y =a+bX:E[Y] =a+bE[X],V[Y] =bV[X],0y = |blox

skewness unchanged if b > 0 (sign flipsif b < 0) kurtosis unchanged

median and IQR move like the mean and SD

median = 50% quantile IQR = qp75 — qo.25

23 formulas
P(X =z)="C;p"(1-p)""

Ae

P(X =z) = -

over a period ¢, use A\t

min(u, b) — max(l, a)
b—a

Pl< X <u)=

1
V2T

mean = median = mode skewnessO kurtosis 3

(—2)=1-®(2)

P(X <z)=2%((z—p)/o) d(z) = e /2

68%: uto 90% p+1.6450 95%: pu+1.960 99%: u =+ 2.580

P(X <z)=%((Inz — p)/o)

positively skewed

PX<z)=1-e*Pf2>0
Kurt = 3(’/—_42) for v > 4, always above 3
V_
=SB = —2— W~ F,, - i
VW v ’ Ws/vs
f(@) =X wifi(z) E[X]=> wip
VIX] =Y wi(o? + ) — (X wip)”




Distribution Mean Variance

Bernoulli P p(1—p)
Binomial np np(1 — p)
Poisson A A

Uniform [a, b] (a+b)/2 (b—a)?/12
Normal u o’

Standard normal 0 1
Lognormal ehto’/2 (e7" — 1)t
Student's ¢, 0 v/(v—2)
Fy, va/(va —2) not required
e v 2
Exponential B B2

Beta(a, ) a/(a+pB) not required

EXAM TIP Inthelognormal, xand o are the mean and SD of In X, not of X.

WA Multivariate Random Variables 10 formulas

:\D/Ih;;\l::ginaland conditional fx, (z1) = Zz2 f(z1,29) Flar | Xo = 22) = f;zl(,;g)

Conditional expectation E'[X1 ‘ X, = 232] — Zwl f(i'l ’ X, = x2)
Conditional variance V[X1 | X, = :1:2] — E[X12 | X, = 132] _ (E[X1 ’ X, = 2132])2

Covariance Cov(X1,X2) = E[(X1 — E[X1])(X2 — E[X5])] = E[X1X5] —
E[Xi])E[Xs]

Correlation

COV(Xl, X2)
g109

Corr(X1, X2) =
so Cov = Corr - 0109

Linear transformations Cov(a + bX1,c + dX3) = bd Cov(X1, Xo)
_ab
|al[b]

unchanged if a, b have the same sign, flips sign otherwise

Corr(aX1,bX>) Corr (X1, X»)

Covariance with a sum Cov (X1, Xy + X3) = Cov(X;, X,) + Cov(Xy, X3)

Variance of a sum or VI[X1+ Xo] = V[Xi] + V[X2] + 2 Cov(X1, X2)
difference

Variance of aweighted V(o X, 4 bX,] = a®V[X1] + b2V [X3] + 2ab Cov (X1, X2)

sum

Sum of niid variables EXX]=nu V[ X = no?



Sample Moments

Sample mean

Bias

Variance estimators

Standard error of the
mean

Central limit theorem

Scaling the mean

Scaling volatility

PN
m=— Zi:1 Xi
n
Bias() = E[f] — 6 Bias(i) =0 Bias(6?) = —o?/n
g2t S (X; — f1)? (biased) s? = =
n ! n—1
o/v/n

ft =~ N(u,0?/n)forlargen /n (i — u)/o — N(0,1)

ﬂannual = 252 ﬂdaily =52 ﬂweekly
n periods: nu

Oannual = V 252 Odaily = V 52 Oweekly = V 12 Omonthly
n periods: \/n o

EXAM TIP Square-root-of-time scaling assumes iid returns; it fails with autocorrelation.

Sample skewness and
kurtosis

Median

Sample covariance

Sample correlation

g_axXi-pt 3 - p)f
=~ 3 k= ~4
o o
dd: T(n/2) T T(n/2+1)
nodd: T((n+1)/2) meven:

2

. 1 . .
Oxy = —= 2 (Xi — px) (Y = for)
. oxy
PXY = T

ox 0y

Hypothesis Testing

Hypotheses

Test statistic, mean

Population
Normal
Non-normal
Normal

Non-normal

two-sided Hy : = povs Hy : o # po
one-sided Hy : u < poVvs Hy : pu > pg (or the reverse)

T=HE_H N(0, 1) asymptotically

with s? from a normal sample, T' ~ t,_1

o? n > 30 n < 30
Known z z
Known z NA
Unknown t(or z) t
Unknown t (or z) NA

11 formulas

Y (X — f2)* (unbiased)

15 formulas



Critical z 10% 5% 1%

One-sided 1.28 1.645 2.33
Two-sided 1.645 1.96 2.58
Decision Hj true H, false

Do not reject H, Correct,1 — a Type ll error, B
Reject H, Type | error,  (size) Correct, power1 — 3

Confidence interval, two- ﬂ + Ca &/\/ﬁ
sided

Confidence interval, one- Hi: > ol [ﬂ _ Coﬁ/\/ﬁ, oo) Hi: p < o (—oo,ﬂ + Ca&/\/ﬁ]
sided

p-value two-sided 2[1 — ®(|T'|)] lower tail ®(T") upper taill — &(T)
Difference in means, T — ﬂX - ﬂY
paired V(6% + 6% —26xy)/n
Difference in means, _ fx — fly
independent \/5-%( /nX 4 &%/ny
Linear Regression 7 formulas
OLS estimates F Sz — X)(yi —Y) 6xy 5 0y 4=Y — BX
pr— — p— N pr— _XY =
> (zi — X)? 6% ox

Variance of the shocks 2 1 22 n_ . 2
Standard error of the s.e.(B) = 5
slope Vnéx
t test, one coefficient B — By

s.e.(8)

same form for &

Confidence interval, B+C, s.e.(B)
coefficient

C,, =two-sided critical value (1.96 at 95%)

Sums of squares ESS = Z(Yl -Y)? RSS=>.(Y;— i’;)2
TSS = Y (Y; — Y)? = ESS + RSS

R* , BSS . RSS 0 regressor: R? = p’
R =55 =1 Tss o
Regression with Multiple Explanatory Variables 5 formulas

2 . N ~
R? multiple regressors R2 = ,02 (Y, Y)

Adjusted R? RSS/(n—k—1) —n—_l(l—RQ)
TSS/(n—1) n—k—1

k excludes the constant

RP=1-




_ (RSSk—RSSv)/q (Ry — R%)/q

F test, q restrictions

F = —
RSSy/(n—kv—1) (1—R?})/(n—ky —1)
F~ Fq,n ky—1
F statistic, all slopes zero (TSS — RSS) /k
F = ~ -Fk7 n—k—1
RSS/(n —k—1)
F from t, uncorrelated P T? +T%
regressors -~ 2
Regression Diagnostics 4 formulas
Omitted variable bias A Cov (X1, X2)
— P14+ 56,0 = ——————=
Br = B+ B VX))
White test nR? from regressing 2 on the regressors, their squares and cross

products ~ Xi(k+3)/2

. . . 1
Variance inflation factor VIFj _ .
1- R
above 10 is excessive
‘s di A0y
Cook's distance D Z:&:l(y; _ Yz)2
J k s2

D; > 1flags anoutlier
Stationary Time Series
Autocorrelation ph = ’Yh/’Yo

AR(1) Y, =0+ @Y, 1 + &6, ~ WN(0,0?)
|¢| < 1stationary,

¢| = 1 non-stationary

AR(1) moments d o’ v(h) = ¢y p(h) = ¢l

/"L_l_¢ 7021_¢2

w is the mean-reverting level

AR(1) PACF a(h) = ¢l for |n| <1 0for|h| > 2
AR(p) Y, =0+ Y+t Y, +e
AR(p) moments o= d o = o2

L=y == L—¢1pr— - — Pppp
AR(p) ACF and PACF ACF decays, non-zero at all lags  PACF a((h) = Oforh > p
Characteristicequation  roots of 22 — 2P 1 — - .. — $,=0

stationary if every root has |z| < 1

AR(2) 22 — ¢1Z — ¢2 =0

19 formulas



MA(1)

MA(1) moments

MA(q)

MA(q) ACF and PACF

ARMA(1,1)

Y, = p + 0e;—1 + €4, always covariance stationary

0 > 0 persistent, # < 0 mean-reverting

_ _ 2\ 2 0
EYij=p v=01+60c p(l):m,p(h)zoforh22

Yi=p+e+biea+--+0,-4 EY]=p
Yo=02(1+6F + - +67)

p(h) = 0forh > g PACF decays, non-zero at all lags

Y, =6+ Y, +6e e -0 %:0—2(1+2¢9+92)
1—4¢ 1— ¢2
v(h) = ¢y(h —1)forh > 2

EXAM TIP lIdentification: the PACF of an AR(p) cuts off after lag p; the ACF of an MA(q) cuts off after lag q.

Lag operator

Sample autocorrelation

Box-Pierce

Ljung-Box

Model selection

LY, =Y,1 1—aiLisinvertibleif |a1] <1
pr = n/Yo
Qpp = TZ?:]L ﬁzz ~ X%

~9
Pi 2

QLB:T(T+2)E?:1T_Z' ~ Xh

Qpp =~ Qrpinlarge samples

1 . .
O =7 ST & AIC=Tmé*+2k BIC=T6*+knT

Forecasts AR(1): Er[Yrip] = p + <]5h(YT —p) = p
ARMA(1,1),one step: Ep[Yr, 1] = 6 + ¢Yp + Oep
Non-Stationary Time Series 7 formulas

Linear trend

Exponential and log-
linear trend

Seasonal dummies

Random walk

ADF test

Forecasts

Yi =080+ it +e  E[Y;] = 0o + it

Y, = et & Y, =Infy + fit

Yi=04+vlu+ - +vs—1ls—1t + &

t
i=Yo+Y, & VY] =to?
AY: = Y: — Yi—1 removes a unit root

AY; =4Yi1 + (60 + 61t) + MAYi 1+ - + NHAY, + &

statistic: t of 4; Hy : v = 0 (unit root), H; : v < 0 (stationary)

trend: Ex[Yr 4] = 0o + 61(T + h)
seasonal: Er[Yrip| =6+ 7,5 = (T'+ h) mod s



95% forecast interval

Er|Yr.;) £1.960

Measuring Returns, Volatility and Correlation 6 formulas

Simple return

Log return

Jarque-Bera

R, — @ 1+ Ry =[[L,(1 + R)
t—1

r,=InP,—InP,_; rp= Zle r, 1+ R,=¢e"

JB = (T 1) S2+—(R_3)2] 2

6 2a | T X2

5% critical value 5.99

Power law P(X>z)=kzr* < InP(X>z)=Ink—alnz
Spearman rank s 1 6> d?
correlation Ps =1~ n(n? — 1)

d; = Ranky, — Ranky;; distinct ranks
Kendall's s Me—MNg 2 ng

7' f— p— —

nn—1)/2 netng+ne  ne+ngt+mn
Simulation and Bootstrapping 3 formulas
i - 1

Monte Carlo estimate E[g(X)] = - 2?21 9(X;)

Sampling error

Antithetic variables

A 2 o,
V[Blg(x)]) = % standarderror 72

ogvV1+p

standard error =

Vb
smaller when p < 0
Sl Machine-Learning Methods 5 formulas
; o i — s o i
Rescaling standardization #;; = —2—*  normalization #;; = —d——bmin_
g; Limax — Li,min
Distances

K-means inertia

Q-value update, Monte
Carlo

Q-value update,
temporal difference

Euclideandg = /Y | (zio — zip)?
Manhattandy, = > | |z — 2ip|

=" d

J=1"7
Qnew(sa A) = Qold(sa A) +a [R - QOld(S’ A)]

R = total subsequent reward

Qnew(S’ A) = Qold(S’ A) +a [R + V(S/) - Qold(s7 A)]

R =reward to the next decision; V'(S") = highest current Q-value in the next state



Machine Learning and Prediction 8 formulas

Logistic regression _ 1 In P _ a+ Y Biz;
P 1+ exp[—(a+ fiz1 + - - - + Brzr)] 1-p T

Ridge and LASSO ridge:minRSS + AY 87 LASSO:minRSS + A Y |3;]

LASSO can set coefficients to exactly O

Mean squared forecast MSFE —

S (yi — 9i)°

error Tiest
Confusion matrix Formula
Accurac Th+TN
4 TP+ TN + FP+ FN
Precision i
TP+ FP
TP
Recall —_—
eca TP+ FN
Error rate FP+ FN 1
=1- T
TP+TN + FP+ FN I

Decision tree impurity entropy = — Zf‘il p;logy,p; Gini=1— Zf\il p%

BOOK 3 OF 4 30% OF THE EXAM

Financial Markets and Products formulas

Fvp 1 Banks Concepts only

No formulas to memorise. GARP tests this chapter on concepts, so there is nothing from it to learn for this sheet.

Insurance Companies and Pension Plans 8 formulas
Survival probability P(survive to N 4+ 1) = P(survive to N) x (1 — gn)

qn = probability of death within the year from age IV, given alive at N

P(survive from birth to Y")
P(survive from birth to X)

Survival from age X to
ageY

P(X +Y)=

Break-even premium PV of expected premiums = PV of expected payouts

each premium weighted by the probability of being alive to pay it; each payout by the
probability of death in that year

Ratio Formula

Loss ratio Payouts / premiums
Expense ratio Expenses / premiums
Combined ratio Loss ratio + expense ratio

Combined ratio after dividends Combined ratio + dividends as % of premiums

Operating ratio Combined ratio after dividends - investment income as % of premiums



Fund Management 2 formulas

Net asset value NAV — Fund assets — Fund liabilities

Shares outstanding

Hedge fund returnafter  jnyestor return = gross — management fee — incentive fee
fees
incentive fee = incentive rate x max(0, return after management fee - hurdle rate),

charged only on value above the high-water mark

ST Introduction to Derivatives 1 formula

Forward payoff long St — K short K — St

option payoffs are in FMP 12

Exchanges and OTC Markets 2 formulas
Futures margin variation margin = AF' x contract size x number of contracts

margin call when the balance falls below the maintenance margin; top up to the initial
margin

Buyingstockonmargin  equity = market value — loan

equity

margin call when < maintenance ratio

market value
1-IM

1 - MM

IM, MM = initial and maintenance margin ratios

trigger price P* = Py

emp 6 Central Clearing Concepts only

No formulas to memorise. GARP tests this chapter on concepts, so there is nothing from it to learn for this sheet.

gmp 7 Futures Markets Concepts only

No formulas to memorise. GARP tests this chapter on concepts, so there is nothing from it to learn for this sheet.

Using Futures for Hedging 6 formulas
Basis b = S; — F,
Hedged price short hedge, price received = Fy, + b, longhedge, price paid = F}, + b,
Minimum variance hedge p* — p 9s hedge effectiveness = p?
ratio OF
Optimal number of . *% - e *Q B *% . E
contracts N*=h 0r tailing the hedge: N* = h Ve h 0, F
Stock index hedge N*=§8 &
Vi

Vr = futures price x multiplier



Vr

N* < 0:short futures to lower beta; N* > 0: long futures to raise it

Changing portfolio beta N* — (ﬂ* _ 5) Va

Foreign Exchange Markets 7 formulas
Real interest rat 1+ R
eal interest rate Ryeal = TR’:’; — 1~ Rpom — Rinnl
Bid-ask spread spread = ask — bid o spread — ask — bid
mid

Covered interest parity Fg 1+ Ryyy T
N 1+ Rxxx
rate quoted XXXYYY (units of YYY per XXX)

Forward premium and F-5 P
points premi —g 7 (Ryyy — Ryxx)T forward points = (F —5) x 10,000

Uncovered interest 1+ Ryyy T
parity B0 =5 (1 s
Purchasing power parity S, B 1+ 7myyy T % changein S ~ Tyyy — Txxx
SO - 1 + TXXX
Appreciation and S1— 8o
e XXXYYY moves from Sy to S1: XXX changes by —————
depreciation So

YYY changes by %
1

EXAM TIP Thetwo percentage changes differ, so work out each currency on its own base.

Pricing Financial Forwards and Futures 9 formulas
Forward price Annual compounding Continuous
No income So(1+ R)T Soe™T
Known income, PV I (So—I)(1+ R)T (So — Ie™™
T
Known yield Q (index: dividend yield) S, (%) Spelr—aT
Arbitrage actual F}, > theoretical: buy the asset, short the forward

actual Fy < theoretical: short the asset, go long the forward

. K
No income So — AT BT
. K

Known income (So—1I)— m

Known yield So - K
1+@Q)T @@+R)T
Fy —

Any asset short = — long

(1+R)T;



Short sale profit,
dividend-paying stock

So — St — dividends paid while short

plus interest on the proceeds if earned

Commodity Forwards and Futures

Forward with lease rate

Storage cost and
convenience yield

No-arbitrage upper
bounds

Continuous cost of carry

Expected future spot
price

1+ R\" So\V”
Fy =5 <1——|—l> impliedl = <F0) (1 + R) -1
0

1+Y F,

5 formulas

1+ R\* S, + U\ YT
Foz(So+U)(—> impliedY:( 0+ ) (1+R)—1

U = PV of storage costs; convenience yield belongs to consumption commodities

Fy, < Sy(1+R)T withstorage: Fy < (S, +U)(1+ R)T

Fy = Soe(c_y)T

c = interest rate + storage cost rate, y = convenience yield
(1+X)T

(1+R)T

X = expected return on the commodity

E(Sr) = Fy

Options Markets

Position Payoff Profit

Long call max (St — K, 0) max (St — K,0) — ¢
Short call —max (St — K,0) ¢ — max(St — K, 0)
Long put max(K — Sr,0) max(K — Sr,0) — po
Short put —max(K — St,0) po — max(K — Sz,0)

Properties of Options

European call Lower bound Upper
No dividends max(Sy — PV(K),0) So
Dividends max(Sy — PV(D) — PV(K),0) So
Other assets max(PV(F) — PV(K),0) PV(F)
European put Lower bound Upper
No dividends max(PV(K) — Sp,0) PV(K)
Dividends max(PV(D) + PV(K) — Sy, 0) PV(K)
Other assets max(PV(K) — PV(F),0) PV(K)
American call Lower bound Upper
Nodividends  max(Sy — PV(K),0) So
Dividends max(Sy) — K, Sp — PV(D) — PV(K), 0) So

4 formulas

19 formulas



American put Lower bound Upper
Nodividends  max(K — Sp,0) K
Dividends max(K — Sy, PV(D) + PV(K) — S, 0) K

Put-call parity, European  on-dividend ¢ + PV(K) =p+ S
dividendc+ PV (D) +PV(K) =p+ S,
forward formc + PV(K) = p + PV(F)

Put-call relation, non-dividend Sp — K < C — P < Sy — PV(K)
American
dividend Sy — PV(D) - K < C — P < S, — PV(K)

Early exercise of an exercise just before an ex-dividend date can be optimal onlyif D > K —
American call K

never exercise early without dividends

K* = K discounted from the next ex-dividend date (or maturity) back to this one

Increasein Europeancall Europeanput Americancall American put

So + - + -

K - + - +

T ? ? + +

o + + + +

r + - + -

Dividends - + - +
Trading Strategies 10 formulas
Option and stock protective put S + P = C + PV(K)

equivalences

coveredcall S — C =PV(K) — P

Payoff at T’ ST<Ki Ki<St<Ky S8r>K>
Bull: long call K1, short call K, 0 St — K; Ky — Ky
Bear: long put K5, short put K Ky —K; Ks—Sr 0
Box: bull call + bear put Ky - K, K;—-K; Ky, — K;
Strangle: long put Ky, longcall K K; — Sy 0 St — Ko
Box spread value PV(K, — K;)
Butterfly (calls) Obelow K; Sy — K, fromK,;to K, K;— SrfromK,to K,
0 above K3

long call K1, short 2 calls K, long call K3; Ky = (K + K3)/2

Straddle long call + long put, same K: payoff | Sy — K|



Strip and strap strip = 1 call + 2 puts (bearish tilt)  strap = 2 calls + 1 put (bullish tilt)

same strike and maturity

Principal protected note  zero-coupon bond paying L + call option

feasible if L — Le"T > option cost

Exotic Options

Zero-cost call payoff max(Sy — K — A, —A), A=c(1+ R)"

Gap options strike K, trigger K,: call pays S; — K, if Sp > K,
put pays K1 — Srif St < Ky elseO

the payoff can be negative

Payoff Call Put

Average price max(Savg — K, 0) max(K — Sayg, 0)

Average strike max (St — Savg, 0) max(Savg — S7,0)

Floating lookback S7 — Swmin Smax — ST

Fixed lookback max(Spax — K, 0) max(K — Syin, 0)

Cash-or-nothing QifSr > K QifSr < K

Asset-or-nothing Srif St > K Srif St < K
Barrier parity knock-in 4 knock-out = vanilla option

same barrier, strike and maturity

Exchange option payoff max(Ur — Vr,0)

receive asset U, give up asset V'

Volatility and variance  receive realized: Ly (0 — 0x)  Lya(0? — Vi)
swaps
Vi = 0%; Lyar = Lo/ (20 ); paying realized reverses the signs

Properties of Interest Rates

Compounding FV =PV(1+R/m)" PV =FV(1+R/m)™
continuous: FV = PVefT PV = FVe BT

mi/ma
(1 ; &) 1
my

R.=mln(1+ R,,/m)

Converting rates R,=m (eRC/m — 1)

R2:m2

Bond price from yield C 2T ( y) i ( y) -2
B=-Y)" 1+ 2 +100(1+ =
2 Zz:]_ 2 2

Bond price from spot B = c.e*Riti’ or I S
rates 2.c 2 (1+ R;/m)mt

11 formulas

10 formulas



Par yield (100 — 100 dr) m

c= 1
dr = final discount factor; A = sum of coupon-date discount factors
. PV, ) Dy
Duration Macaulay D = Y t; 5 modified Dynoq = #
dollar Dg = Dyoq B
Convexity C =g PV,
Z 1 B
Price change AB = —-DB Ay + ;CB(Ay)* withdollar duration: AB = —Dg Ay
Forward rates 1+ R2)T2 1/(T2-T1)
discrete F = | ———— 1
| {(1 + Rﬂﬂ]
: ~ RT, - RiTy
continuous F' = T,— T,
R—R L
FRA, pay fixed payoff at the start of the period ﬂ
1+ Rt

value today = (Rp — Ry ) 7L discounted from the period end

receive fixed: signs reversed

Corporate Bonds 2 formulas
Expected lossand return  expected loss rate = PD x (1 — RR)
expected return = r;+ credit spread — expected loss rate

Default rates . defaulted issues
issue default rate =

total issues
par value defaulted

dollar default rate =
total par value

Mortgages and Mortgage-Backed Securities 6 formulas
Monthly mortgage X = A(R/12)
payment ~1—(1+ R/12)- 127

A = amount borrowed

Interest and principal Interest; = Balance;_1 x R/12 Principal, = X — Interest;

Balance; = Balance;_; — Principal,

WAC and WAM WAC = > wie; WAM = > w;L; w; = i

2

oy

P; = remaining principal of mortgage ¢

SMM and CPR prepayment in the month

SMM = beginning balance — scheduled principal

CPR =1 — (1 — SMM)"



Dollar roll value

Refinancing incentive

HAIECE Interest Ra

A-B+C-D

A =saleprice incl. Al; B = repurchase price incl. Al; C = interest on proceeds for the

month; D = coupon and principal given up

I=WAC-R

R = current mortgage rate

te Futures

Market Day count

Treasury bonds (and Al on

futures delivery) Actual/actual

Corporate and municipal bonds 30/360

T-bills and money market

Accrued interest and
dirty price

T-bill

Conversion factor

Delivery

Treasury futures price

Duration-based hedge

DVO01 hedge

Swaps

Comparative advantage

Actual/360

__ days since last coupon

Al =
days in coupon period

360 Qn
= 2-(100-C) C=100—
Q= ) 360

Q@ = quote, C = cash price per 100, n = days to maturity

x coupon dirty =clean+ Al

10 formulas

price per 1 of face of the delivered bond at a 6% yield (semiannual),

maturity rounded down to the nearest 3 months

cash received = settlement price x CF + Al

CTD minimizes quoted price — settlement price x CF

Fy = (Sg — I)(l + R)T,or (So — I)erT

I = PV of coupons during the futures life

N+ BDp
Vr Dp
P, Dp at hedge maturity; Vr = contract price
Er

FE =value gainfora1bpfallinall rates; N > 0long, N < 0short

total gain = |Aﬁxed — Aﬂoating|

Swap position Value

Pay fixed, receive floating Biioat — Biix
Receive fixed, pay floating Biix — Bfioat
Currency: receive domestic (S, = domestic per foreign) Bp — SyBp
Currency: receive foreign SoBr — Bp

8 formulas



Bond valuesinside a Bsix = Y c exp(—riti) + Lexp(—rptn)  Bioat = (L + k*) exp(—r*t*)
swap
Bhoat = L immediately after areset

Swap value from FRAs pay fixed: V = Y PV [(RF’L — Rg) TL}

Rp; = forward rate for period i

Currency swap from receive foreign: V = Y PV(FCF; x F; — DCF;)
forwards
FCF, DCF = foreign and domestic cash flows; F; = forward rate (domestic per foreign);

receive domestic: sign reversed

BOOK 4 OF 4 30% OF THE EXAM
Valuation and Risk Models formulas

VW Measures of Financial Risk 3 formulas

Two-asset portfolio pp = wips + wopy op = \/w%a% + wio? + 2pwiweo1 02

Normal distribution of VaR at confidence X ES at confidence X
6—22/2
(1-X)V2r

6722/2

Pa-x)pvam

Losses (ur,01) wr +opz ur + o

Returns (up,op) opz — up

EXAM TIP VaRfrom alossdistribution adds the mean; from a return distribution it subtracts the mean.

Calculating and Applying VaR 6 formulas
Linear portfolio AP =Y ¢ Ar;

¢; = n;S; (amount invested), Ar; = AS;/S;
Risk factor sensitivities linear AP =6, AS; delta-gamma AP =>4, AS; + % D ’)’i(ASi)2
Zero-mean VaR and ES VaR = opz e 7 /2

ES =op

Square-root-of-time rule VaR(T, X) = \/TVaR(l,X) ES(T, X) = \/TES(l,X)

needs iid returns and a zero mean

Delta-normal VaRofan  yaR — 6] x S x o x z
option

Historical simulation VaR = the n(1 — X)-th worst of the n scenario losses

ES = average of the n(1 — X') worst losses



Measuring and Monitoring Volatility 6 formulas
Variance from daily 9 1 m 9
gl = — ) . us_.
returns " om Z"Zl n-t
u; = (S; — S;_1)/S;_1; mean return taken as O
EWMA 02 = Ao+ (1-Nud,
RiskMetrics A = 0.94
GARCHI(1,1) o2 =w+aud_, + o,
w:’yVL?'Y:l_a_ﬂ
Long-run variance Vi w
S B
GARCH variance E[U%H] =V + (a + ﬁ)t(a,% _ VL)
forecast
EWMA covariance and — _ _Covn
cov, = /\COanl + (1 - )‘) Ln-1Yn-1 Pn = —
correlation OznOyn
z,y=returnsondayn — 1
External and Internal Credit Ratings 6 formulas
Hazard rate PD(0,t) =1—e ™ survival S(t) = e ™
Average hazard rate from B In S(t)
survival o t
Default between ¢; and ¢, eXp(—l_llt1) _ eXp(—’_lztz)
hs = average hazard rate to ¢,
Conditional PD . . St—1)—S(¢
onditiona P(default in year t | survived tot — 1) = ( S’(t) 0 (*)

Expected loss

EL = PD x LGD x EAD

LGD =1 —-RR;in%terms EL = PD x LGD

Rating transition matrix n-year matrix = M"

assumes independence across years; cumulative PD is the default column

Country Risk: Determinants, Measures and Implications Concepts only

VRM 5

No formulas to memorise. GARP tests this chapter on concepts, so there is nothing from it to learn for this sheet.

6 formulas

Measuring Credit Risk

Loss on one loan

Portfolio of identical
loans

One-factor Gaussian
copula

meanp;L;(1 — R;)

SDo; = /p; — P} Li(1 - R;)
_oy/1+(n—1)p

2

op =no’ +n(n—1)po” P _
nL Lyn
U, =aF + \/1—7‘%24 p(U;, Uj) = a;a;



Vasicek WCDR, 99.9%

WCDR — N<N_1(PD) - ﬁN—1(0.001)>

Vi—p

Credit risk capital worst-case loss = WCDR x LGD x EAD
capital = UL = (WCDR — PD) x LGD x EAD
loan by loan: > (WCDR, — PD,) LGD, EAD,

—_— OF o
Euler contribution Contribution; = x’a_ ZZ Contribution; = F
ZT;

F =risk measure, z; = size of loan i

Operational Risk 6 formulas

Basic indicator approach  capjtal = 15%x average annual gross income over 3 years

gross income = interest earned - interest paid + non-interest income

Standardized approach  capital = 3-year average of Y 8 GI,

B = 12% retail banking, asset management, retail brokerage; 15% commercial banking,

agency services; 18% corporate finance, trading and sales, payment and settlement

SMA loss component "X +T7Y +57

X =average annual op loss; Y = from losses above €10m; Z = from losses above €100m
(last 10 years)

Loss frequency (Poisson) e A\

P(n) =

n!

Scaling external loss data

Revenuey ) g

Loss4 = Lossp
Revenuep

B = scaling exponent estimated from data

Power law P('u > w) — K@

VRM 8 Stress Testing Concepts only

No formulas to memorise. GARP tests this chapter on concepts, so there is nothing from it to learn for this sheet.

Pricing Conventions, Discounting and Arbitrage 3 formulas
Present value PV =3 CF,d;
di = discount factor for time ¢
Money-market yield Qn/360
from a discount quote 100 — Qn/360
360 to 365 day basis o — Pacn X ﬁ
365 360 X 3505
LUECE Interest Rates 4 formulas

Discount factors semiannual d; = (1 + zt/2)72t continuous d, = e~*?



Bond value V: gAT+1OOdT V:100+ c;pAT
A7 =sum of discount factors; p = par rate

Six-month forward rate 14 [ (14 zrp05/2)%H!
2 (1+2r/2)T

Spot rate from forwards (1+2,/2)" = (1 + f1/2) (1 + f2/2) - (1 + £/2)

n = number of half-years

't Bond Yields and Return Calculations 4 formulas

. . c c
Annuity and perpetuity annuity ; [1 _ (1 + y/2)72T] perpetuity 5
¢ = annual coupon, paid semiannually

Realized return Penq + coupons — Phegin financing cost

net=R —
IJbegin Pbegin

several periods: (1 4+ R1)---(1+ R,) — 1

gross R =

CF;

Spread
P = ,
2 [1+ (2t +s)/2]%

solve for s

P&L decomposition P&L = carry roll-down + rate changes + spread changes

carry roll-down = price change from passing time plus coupon, on the assumed curve

(forwards realized, or curve unchanged)

Applying Duration, Convexity and DVO1 8 formulas
pvot pvor= 2P
10,000 x Ar
Ar indecimal
Effective duration D= P_— P, one-sided: D — _lA_P
2P Ar ' P Ar
Effective convexity C— P . +P —-2P
P (Ar)?
Price change AP — —DPAr—i—%CP (Ar)2
Portfolio measures DVO0lp =Y. DVO0l; p, — ) ED- Cp=% EC-
P % i P % i
Hedge face amount DV01p
Fg = —F
a P Dvoiy,
DVO1s per 100 face

Duration and convexity one bond: Py = — VDy two bonds: P,D; + P,Dy = —V Dy
hedge Dy

PCi + PCy=—-VCy

Barbell matchingabullet - v 4V} =V}, and Vs D + VL. D1, = Vitiet Dutiet

the barbell has higher convexity



Non-Parallel Term Structure Shifts and Hedging 4 formulas

KeyrateandbucketOls  Dy(1 =} KR01; alsoDVO01 = )" forward bucket O1s

Portfolio SD from key op = \/ZZ Zj pi;j0;0; KRO1; KRO1,
rates

o; = SD of daily change in key rate i (bp); p;; = correlation of those changes

i _ 2 £2 2 £2 2 £2
Po.rtf?llo SD from op = \/01 f1 + 03 f2 + 02 f3
principal components

fi = value change per unit of factor i

Duration from a 01 10,000 x 01 measure

Duration = -
portfolio value
VY Binomial Trees 8 formulas
T
Onestep f=epfut A=pfd & —4 u=ed=1/u
u—d
S, = Sou, Sg = Sod
Several steps f=e A pfu+ (1 —p)fy] u= ea\/ﬂ, d=1/u
Americanoptionnode  f — max (exercise value,e " [pf, + (1 — p) f4))
Delta A — fu— fa
So'u — Sod
Underlying
Non-dividend stock erAt
Dividend yield g or index elr-oAt
Currency elr—rs)At
Futures 1
UKER The Black-Scholes-Merton Model 11 formulas

Lognormal stock price % - N(uAt, 02At) E(ST) _ Soe”T

Distribution of In Sy E(lnSr) =InSo+ (u — ¢*/2)T SD=ov/T

. 2 2
Realized return R l In & ~N(p- 0'_, o’

T So 2T
. . - . S
Historical volatility u; = ln(Si/Sifl) & = %
s =sample SD of u;; T = interval length in years

BSM, no dividends c=SN(d) - Ke ™' N(d2) p=Ke "N(-dp)— SoN(—di)
d: and d: dlz ln(SO/K)+(T+0'2/2)T d2:d1_0-\/T

oVT



Dividend yield q c = SOequN(dl) _ KefrTN(dz)
p = KC_TTN(—dQ) — Soe_qTN(—dl)
In(Sy/K) + (r —q+02/2)T
oVT

same for a stock index

dy =

Currency options g=rspc= Soe—rfTN(dl) _ Ke*’“TN(d2)
p=Ke "TN(—ds) — Soe "I N(—d;)
Futures options (Black) ¢ — ¢ T[FN(dy) — KN(dy)] p = e T[KN(~dy) ~ FyN(~dy)

_ In(Fy/K) +0?T/2
= T

Discrete dividends c= [So _ PV(D)]N(dl) _ Ke*’"TN(d2)

di

replace So by So — PV(D) in every no-dividend formula, including d1

Warrants value per warrant = X c
N+ M
dilution cost to existing shareholders = M x value per warrant
¢ =BSM call on the stock; N = shares outstanding; M = warrants issued
'S The Greeks 23 formulas
Greek, no income Call Put
Delta N(dl) N(dl) -1
N'(dy)
Gamma same as call
Soo'\/T
Vega SoV'T N'(dy) same as call
Rho KTe*rTN(dg) —KTe*rTN(—dQ)
o !
Theta, noincome call — SoN (dl)U . TKe—T'TN(d2)
24/T
SoN'(dy)o
put _ SN (di)o +rKe " N(—d,)
24/T
Standard normal density N’(a:) _ 1 6_7”2/2
\ 2T
Greek, yield ¢ Call Put
Delta e " N(d;) e T[N(d;) — 1]
N’ —qT
Gamma & same as call
S()O'\/T
Vega SoVT N'(dy) e ¥ same as call
Rho KTe ™' N(dy) —KTe "IN (—ds)
Theta, yield g, call SoN'(dy)oe T

+ qSoN(dy)e T —rKe "™ N(d)

2T



Theta, yield g, put SoN'(dy)oe 1T
2T

dyusesr — q,asin VRM 15

—qSyN(—dy)e " + rKe "' N(—d,)

Currency and futures use g = ry for currencies g = r for futures
options

Long position Delta Gamma Vega

Call + + +

Put = + +

Stock 1 0 0

Forward, non-dividend stock 1 0 0

Futures, non-dividend stock e’ 0 0

Forward, yield q e T 0 0

Futures, yield ¢ elr-aT 0 0

EXAM TIP Short positions reverse every signin the table above.

Portfolio Greeks Ap =Y wA; Tp=Ywl; vp=> wy

w; = number of options of type ¢

- . T
Gamma-neutral, then options totraden = — =~  thenshares = —(Ap +nAr)
delta-neutral Tr

Theta,deltaandgamma @ 4 rSA + 162S°T = rII  delta-neutral: © + $?S°T = rII
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