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VECTORS AND MATRICES

BASIC INTRO OF NECTORS, MATRICES —> cw\PPED

SYSTEMS OF EQUATIONS AND
QUADRATIC FoRMS
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QUADRATIC FORM

Al s@UARE MATRIX mX A
% wxd VECOR

X’\AX \S CALLED QUADRATIC FoRH
5xy
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VECTOR 0OF PORTFOLIO WEIGHS
Consider lema-omly pofSolio n M ass€Ts wilh 1, relurns

Wi s The weight miesTed. in aseeT |
T: [Wi L Lk)nl PORTFOLIO wE\G\—YB\

for o lemag-only po(\{yo\!o

WL + W ¥ . . wmzi
COVARIANCE MATRIX
Vg = Covl( L )

&\/kq M X A COVARIANCE  MATRIX
(SYMMETRIC)

- V(L) = Cov (3 L)
ecoV( & 1)=Var(i)
PoORTFO LIO AS A QUADRATIC ForM

@m VARIANCE OF THE PoD:‘\:ou(if
BQA“% C f\/ouflcu’\ce I| UL S| QLWO\YS e Pasl‘\"'\e

Lov ANY uuethTS
W VW suadRATIC ForM

SAMPLE STANISTICS AND
POPOLATION PARAMETERS

K = QQL - 7<~\) RAND VAR

SAMPLE. MEQN

o (=4
N N> VARIANCE
& =— 3> (X
Mm-A -4 same unils of
STQI\\DQRD megsoremen! as
S = SD' D\:\I\N_\OI\/ observadiong

—\ WVARIANCE
BETWEEN 7&/\/

- ZQQ ST R%

Sxy_- —j_.




S x>y

(xy = SAMP(E
Sx S CoRRELATION
SORRELATION
- A = (xy _L; ;J\_

EXPECTED VAWE

E/_Xj ASSUMED OR FORECASTED ExX-ANTE
X MEASURED EX-PoSt

VARIANCE AND STD. DEVIATION

S 2~ JARIANCE

'/ x | = \E_Kx - E[ﬂ)j

CONARIAN CE

Cov[x E = [(x - E[XD (- E[Y})j

F Xy INDEPENDENT — (Eo\(x,y): 9 /AN NoT vicEuERs
RULES FOR. STATISTICAL OPERATORS A

T\EBLXJ“ b)’lz QE[X) + bE[Y__) (INEARITY

JE XY )= EEDD + Cov[r]

A Jaxro )= a*V[x)+ 5 V[) + 2ab Cov[x]
- Cov (QX, bY )= ab Cov [%x~]

C@C{ c (aX b73= sigm(a- \o) Cory Lx,\/l

T ok RANDOM VAR

e

K> o€ INDEPENT AND IDENTICACLY DISTRIBUTED f They
here ldenTical cusTriovlion and o wwle pendonT:

S B and V-V
@lelylz Covr [X,YJ =



NORMAL DISTRIBUTION  N(w,d?)

X ( 6L> NORMAL VAR

NH“ [x] o= V][]

500 dererl st

ZN/V(Q ﬂ_) STANDARD NoRMa L VAR

Cb (&)= 2 ®<PQ— 9,5 ZL> %iﬁsé‘rgﬂ CD@) cu HULATNE
A

V DISTRIBUTIO
\7\1 FCNcno;\J
|
" —> T EN
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NORMAL PRIOBARILTIES /gﬂ?:;
Normad olensTy Sunclion 'S BELL- SHAPED 4 /

|
[P<M‘dLXLM+d>= 0,6&?.1 ‘ l'
IP(M'lﬁXLO)*ld);O/%‘B T [uo m wiS

QUANTI(ES oF NoRMAL DisTRIByn oN
ZQQZ) e [e 1) s The olsTribulion funclion for er(@//i )
CP' d(oq 's The ol-quanhile AT

A N
o e (0,4)

G- b
@) = Ax (wedon) ’k

NORMSDIST x) __» Relurng ()
NORMSINY (p)—> Refums 2 € M(0d) soth Thal P« 2)=p




SOM OF NORMAL VARIABLES
XA,N/\/( A,u/o';l) with conrelslion p
SCIVAN
For any a,b
W b5, N/\/(a/qu bU)\/OLZGﬂ?_+ bo; +M

STABLE PROPERTRY

STANDARD NORMAL  TRANSFORMATI ON
K~ N e?)

£ - >_<<TM_ ~ Me,4)

The opposiie siole:

X PSS+~ (M,G)L)
SIMPLE LINEAR REGRESSION
SIMPLE (INEAR MODEL KSL/V\\

B RE GRESS\ON

& ~ lelok(chfL> A CINE

ol: INTERCEPT
. S LOPE

£ ERROR PROCESS

ESTIMATION
In sk analysis we use wsloricak olskon

VT = o+ EDXt +

RESIDVALS e T
n n L SoPLE

Ex=yr=-77=07~ KOC ’FBX)




EST IMATING PARAMETERS N S(M
we nrum‘m_%_ze resioluald sum of Squores

we oleyive The or leasT squases OLS formwlos

AT, P SoWing The oplimuzalion
o =Y - PX o/ provlem we end op wiin Tese Sormulis
% S.= T7- 2 becouuse we loST
2 dof Sor & B
n RSS /
& - I
\ T‘ Z_

noLS B 15 releled To xy, The comelaTiom of X/

2 = S _ (xy SxSy  ([Ao(SY
X QY

B has some sigm. as swnple correda o
R mol imded  beTween -4 4

ANALYSIS OF VARIANCE (ANOVA)

S?OJLQY RIS bkeler Sor The. Avooled bl how s“rna,u(7
Tius depends on TSS /
TOTAL SUM

T . 2
\TS%Z ;K\/T "\/> OF SAQUARED

[—\55 =<§' ~ ¢>\\/<y >l (!T meesures variadion i YY)

RSs: RESWDOAL
Es%= 9SS + R&%\/ SuM OF SROARES

FesS QExplaJm&i Sum of SquouE’S) (s The amoun] of vas(alion
w Y explaungd by The  repression

Ezz E;SS \
1SS

2 B
R meesures The GOODNEIS oF FIT of The muooll




MoLTieLte LINEAR REGRESSION
GENERAL CINEAR HDDEL(\G LM\ S

V= E>¢+ Bzth+ ED;X;JC +o BKXUL + &t

Ce~ Lol <@)6)7’>

T-4..T

Ra.. P e The seNSITNITIES tovelurng of outierenl
vk Sadors

MATRIX FORM

Ko+ A

7‘=><B-\-E —_— . —

A Kaa o KL

7/=<7.d—5 ><= 4 Koz ... ez \y! 7 ixLX\(>

A K2z, - K
7™ A
R4 A, KT . - R
ﬁz

Pt a(>
Be :,

FITED MobEL N MATRIX FormM
we use olslee on Y and. X To eglimale paroms
7 - X

oS 1C|TSTY)8 repression m'mrm%m:u? RSS
RESI\DULAL o
(EK/%%= ETE/J SUM OF o URBES

& (<) (XY)




RISK DECOMPOSTON WN THE SINGLE INDEX MODEL
V= o+ @X’r + &1

V)= BV )+ o

2 oHPONENTS OF RISk “

® PORTFOLIO SENSITNITY (RJSK rﬁmuve TOTV)Q) ﬁ
oS KeT

e SYSTEMATIC RISk (ronolivers, &uable \/(Xt)
e PORTFOLIO'S SPECIFIC R|5K<.ouos>,nchrai c

RISK. DEcoMPosmor\\ WITH MOTPLE FACTORS

7/><8

@\ B \/g CFQCL))QF/\RHT'O

EXPONENTIALS AND LOGARHYTMS

X

C In(x) INVERSE
NCT10
exp (X) loge () FC'?XP(X) ¢

e =27422 . EUER'SNOMBER

n(e”)=x A exp(inx)=-x

L

Y / SymmeTrfc
/ ]n(xw TOYAX
/ { ETA\/LOR
@ )
ROLES FOR IN(x) EXPANSION n &iux)
Y\(x"“\) N (X) it -iLXLj; S
- NG} -+ ) R
W (Z-)=In(x) - In () T X—> 0




AETORNS AND VOLATILITY

i ~vale of The porTSolio ax Time t

h-oley PROFITRLOsS al Time - Pe - Pt—h
aeTuns omly make sense ({ Pe> ~

h-oey refum ol Time T 5 |
t‘-
whem h —b @ ue may use LOG-RETURN To approximale Rhy

uS! -h
Pt'h ngg EXPOJISJWE -
SRUARE ROOT-oF-TIME ROLE

I The reTons of an assel ae L. L.d ond ndegpendant Them
Their <sTandaret olevialion scalfs wilh squave roo/‘C of
The hololing period

Ch= Gs s Gaz O
SN

> = holoung periosk

\JOLATILITY

\olali Ty s e annualized. STandard oleviadion of h- perioc!
e lurnS:

ANNUACIZED

T\/OLA'HL\TY = dm=\| oo QJ,\,L STD BPEV <25@ DD)
where m. 13 The mumber of h-deys and assum,iwj) 25@0(/7@“




TAYLOR EXPANS\ON

INTOITION FOR FIRST- ORDER TArLOR EXPANSION

£ x)= &(me}-f{x}
e

o) E= §oere)- $&)

{or soe maighbourhoool of Xo ST E=%X-%o
S(x)&' &CXO) + (R=%o) fs\ (Xo)

TAYLOR EXPANSION

whdd happens when PAL s mo! a lineou §unc’ﬁw\?

Tog/lor provides a way To approx. The cheng@ i plice gvem
<omME c,hanges N eadn risk go.cLor using o low -or gler

polyfvwm,«m
ITis o locol appfoklmaﬁm of a. NON ~UNEAR. Lunciion
S‘(xﬁ" “)by o polynomuod 1h X anol /.

HIGHER ORDER  TAYLOR EXPANSIONS ofF (¥

The M order Toylor Expansion Jor oo m Times comlirwous )y
ufferdiliable £(x) s

fag) - §00% E509+ E-§60+ ,_g ) ,_g )
for example The qdadf(ﬂrc approXnmaTcm 15!
SR S0+ (x5 o) + B2l Sy

TAYLOR. EXPANSION oF FoMcT\opr N SEVERAL VARS

%QH Tx 7/+£7> S_(X/Y) EX&&W) EX §xe)< )“‘ Eyg\/(xz)’)
Towylor €xpangion of second order Co )g st To

( gx pafTai olervalive of H(xy) withvespecl To X )
Sx’( secomel pw’ral olerivalive fCX,y) with respec] To X




CLASSI\FICATION OF TINANCIAL
\NSTRUMENTS

A EINANCIAL ASSET 5 a claum om a veal asseT
(cash/ comnmo ollTIes. . )

Exomples of financal assels are SECORITIES

Two main Type of SECORITIES

e PonDps  (wmpanty, governmerils, asseT-backed seaxilies. .. )
e COOMY (shaes, ETF..)

FINANCIAL \NSTRUMENT

Any comivacl Thod gives vise To a flhandai assel of one
enTTy ond a §inanaak liabiliTy of anchér erTry

DERNATNVES

e FUTURES AND FORWARDS
) OPT(ON5
e SWAPS

Their MarkeTl CapiTaltzalion 1S Z:EP\O

= TF: Exchange —Traded Funds

ETN - Exchange - Traned. Noles |
OIKE ETF bdl wilh maIurWy/ sob=ecl To creduT (15\4\

ETN 0o Mol ourellly oum The underlying asseT
They are a debl oblgalion of The jssver



WHAT S FINANOAL RISk
MANAGEMENT

RIS = ONCERTAINITY

Risk 1S The uncerTaini®y nThe value of a Stochasiic
porocess al come Time in The Solore

RIS HORIZON

The oy db which The sk is Soveces]

Typicad risk norizon = 4 or = 4@ ey

5 MAN TYPES w FINANCIAL RISKS

o MARKET RISK (chonqes n IR or asseT prices)

e CREDIT RISK (olefaullT on a obligdlion or change i faling)
e OPERATIONAL RIsSK (assoudded wiTh NON-fmancal mleers)
o LIQUIDITY RISK. (aTrcmsac,Tfm cennol be made)

¢ BASIS RIS (imperfect hedgmsg)

ENTITES N FINANCIAL MARKETS

¢ INVESTMENT RANK
e COMMERCIAL BANK
e CORPORATE TREASVRY

e \NSTITUTIONAL INVESTOR
e EDGE. FOND

DNISION  oF RISK~-MANAGEMENT ROLES
e FRONT OFFICE (Troners, Mas keT MaKers)

e Meosures andl comlfolls The (isks
MIDDLE OFFICE (n'mmhq Traming acTNiy
« BPAacCK. OFFICE (Pmcesses Trauss To comply laws ahnd

regoladions)




ONVERNIEW OF MARKET
RISKS
sMARKET RI18K

LNCERTAWNTY IN THE FUTURE OF AN INVESTMENT ARISING FROM IR
OoA. THE PRLCE OF FINANCIAL MARIET.

MR MEASURED USING THE DISTRIBUTION OF PRL

SOMETIMES wE Assume ThwX PRAL ~ /(9,64
eEQOIMY RISY @ s

Ecuo) ™y RISKS 'S THE UNCERTAINTY DUE TO CHANGES M
= uITY RISk FACTORS

e CORRENCY Risk
ONCERTAINTY DUE TO FLWCTVATIONS IN EXCHANGE RATE S

o WTEREST RATE Risk

UNCE RTAINTY  BUE TO CHANGES IN IR B
FIXED AND FLOATING INCOME PorTFouio (LASH Flow PORTFO LIg)
CAN HRVE (ARGE R RISK

o MARKET RI1SK FACTOR
A BROAD, MARIKET-WIDE JWDEX THAT CAPTUREES THE OVERACL
MARKET RIS

Riak FACTOR MAPPING

ANY RISK FRCTOR SENSITNITY MEASUAE yNiT OF CHQMCE N
HE PORTFOCIO FOR EVERY ymiT OF CHANGE v THE RF,

(INEAR  REGRE SSIoN ——D SENSITIVITY (5)

RIS FACTORS for. A DOMESTIC BoND P

Suppos€ a pofi§olio of UK BemdS wiTh Vaurtous coupcm/
medonTes over 4@ yrs.

Each bomol (s a series of CF

The risk facdocS awe oo TERM STRUCTURE oF IR

The <ensiviles ore colleol PRESENT VALUE oF A BASIS
POINT (P\/ O‘L) , P\/BP(c)\mce in bomol price fov ewvery 6.0l o:}lg)



INTRODUCTION TO CREDIT
AISK.  AND INTEREST RATE SWAP

INTEREST RATE SWAPS (IRS) BANIC
COMPANY R% ’—Emves flxed. R/o/
\A payS frxed rale R°/o | )

q
A recene {locding B pays floaTing A

— H°/o

\Qlo/o fixed vade |
1% floddng rafe, usuakly finKed To  LIBOR T spread

INTEREST RATE SWAPS

Two counterpauTies (Typically bank anol mpw;} ind. IRS
swoap fred paymenls R for floating paymenTs ry %
on a wnolienal amou! uvp To a cerTfoun maduTy wih
paymenTs gt t- 4,2 .--N

(L% wusvaly hnKed To LIBOR 4+ Spreoot
Swap Rode R% 1s fixed_so NPV of cash Hows is 2ero

Fixed rade vesh flows are Known——> NOT RISk
Floading rade wash flowsS ——> UNCERTAINTY

MARTET —TO- MARWKET ACCOUNTIN G

AsseT/ Liab, ar®  accourileo
PanKs mse M-T-M accoun] iNg | “mly ooy al v KeT
prlce

Fulure cash {lows are adiscounieol al o rade Inkeol To
LBOR (umsually CIBOR + SPREAD)

So The omly risk fado( is The awmounl InKed To spreads.

LIBOR + Spread rode 4 r——p> Délermunes cash low
LIBOR ¥ Spreon vole A+——7b pefermines oliscoun! radlQ

RIS FACTOR : oufference  bQTweem spread rade 4 anol 2.
Under MTM) LLSUCLMV &nxepl CF are more ffsléy.



oA banK prefers To give {locing rade loons To com pani€s
(perceveol as less risky)
) CompanléS MSINg cash acoouﬂTfY\g) prefer j—;xed,’ra’j;é loanS.

EXAMPL=
A componly g€ls  &-¥ loan for %jo’_fm from BanK@anwmdl
T pay3 (BoR + 49,

The wmpany enfers o &-Y RS wiTh Bank (B) wilh nélional
4£4m To receve LIBOR anol pay a fixed swap rode of 74

L1BoR A 470 A .
L(,O MPANY D@ By maTothjD The. o cion §
anol The noTiomal )

;7 L1BOR. The company 1S JUST payng
’ a 2% FIXED RATE LOAN

No CIROR
EXPOSURE

TVPES of CRED'T RAISKS

ONCERTAINTY ARISING FROM A CREDIT EVENT

e SPREAD RISK: change wn creodT raling —> change m credil sreol
(adso Known as nugralien (sk)

e DEFAVCT RISIKC

CreadT spreadd 15 The exTia premiwm required by The movKel
for TakKing credi] exposv®.

credt] olefaulT ocours when o wuriler pasTy oloes nol meeT
The obligadions

lssver 1isk - The rssver defaulls on The prmapak/mieresT
fo The uredddor (obligee)

RECOVERY RATE: Jo of ouTsTanong paymenTs recovered
Seyuof Ty sTrodwe. To dglermung oufferent vecov®ry ales.



CREDT RKRATINGS

RATING AGENCIES o RATE /GRADE represenling  possibililes
(Moody's, s2P FITCH) To oAgfautIT (ARR, AR A BBB 88 B,
cec, ce, ¢
AAB BesT

Adling apenates use tusloricad ooIo To aneklyse wredd
uprodion ancl TransTien ( dounges i (dlirgs olurmyg CLPQI!od)

credd! g ralioyl s TransiTion 5 CREDIT
— DD .
Teansition frepenues probodbr 1M eS TRANS ITION
ATRIX

EXAMPLE of A-Year TRANGITION MATRIX M

original \ probability of migrating to rating by year end (%)

rating | AAA AA A BBB BB B CCC Default

AAA 93.66 5.83 0.40 0.08 0.03 0.00 0.00 0.00

AA 066 91.72 6.94 0.49 0.06 0.09 0.02 0.01

A 0.07 225 91.76 5.19 0.49 0.20 0.01 0.04

8BB 0.03 0.25 483 89.26 444 0.81 0.16 0.22

BB 0.03 0.07 0.44 6.67 83.31 7.47 1.05 0.98

B 0.00 0.10 0.33 0.46 577 8419 3.87 5.30

CCC 0.16 0.00 0.31 0.93 200 1074 6396 2194

Default 0.00 0.00 0.00 0.00 0.00 0.00 0.00 100.00

CRAEDT DERIVATNVES

CREDIT DERWATNE |
nsTvurrrerT / Tedhnique olesigned To sepasade The oreddT fiskof
a wmpany ond Transfer T To anoTher enTy.

oA {unded credll olarvali® [ backed by some ass@ls
JABS (asseT-bacKked sewLiTI es)
o CDO (waﬂgjzw olebl obbllgaﬂm@

o An unfunoedt vredd olerivalive is sold wiThoul profecion
¢ CDS CCY‘QDUJ o'tefa,wu Suqus)
ASSET - BACKED -SECORNTY
0 Pa\/m:zn’fg of ‘The serTy com Lrom o poo Oj undQllytrug QsseTs
(omall and illiqu\& asngSI ofTen nol sod inoliviowalky)
-Pol/inq asseTs wlo $inenceld (nsiromnls —> SE COR\ZATIGN)



COUATERALRED DEBT OBUGATION (CPo)

e A CDO I8 SIUCTued ARS which PLYS nveSTorS 1N O~
prescriora sequenee  based. onThe ¢k The OO olledTs

A DO allows inesTors ToTake oyt creul 19K accorolug
To Tneir oppelite —p DIFFERENT TRANCHES

ASETS
: AAA  safesl Tranches B
CASH SENIOR They ou'efJo;d $1cST Srom The CF prionly 1N case
£ Low of olefau [T
MEZZANNE
(SkiesT  absorlbineg (o (€ Junoles iy asseT:
| EQON | fgil g 108863 1§ lnolartying assCls

D fferenT invesTors  buy olifferen] Tranches
Collateralized Debt Obligation (CDO)

) —

‘g‘ WallStreetMojo

CREDIT DEFAOLT SWAP

The buser of The ¢DS mokKes aseres of paymwenls To The <elley
based on The DS preod n exchenge he recRIVveS a pqy—oﬁ
Srom The seller i§ The credm olefaldls (sell@r % cregT, Two oltgTineT
pouTl\QS> |

T allows To Transfer The defoullT creddT (1K o The
boyerTo e seller (R’INSURANCE)

Left: The buyer purchases a CDS at time {,
and makes regular premium payments at times

t1.12, 14, ... and so on until the end of the DEFAUCT
contract unless the associated instrument g e I i
suffers a credit default TTTTT T T=1 TTTT®

Right: If the underlying instrument suffers a
credit default at i5, then the seller compensates
the buyer for that loss, and the buyer ceases
paying premiums to the seller

& [ .
Protection seller Protection seller



NAKED CDS

A DS where The buwyer oLoesn\T ownThe asseT el The cbs
s refernony —p  The buyer (s spewlcﬂ'm,ép on The
wreddTwolTungss of The assel  wiThouT VL&\HVL@'W

R buyng aninsurance on o wovse you osomT hewe hoping Thel
will bum olown To veceive The payey.

INTRODUCTION TO VOLAT|LIV

VOLATILITY \
Two Types of volaTil1 7%

e IMPLIED VOLATICLITY « imphcd nThe price of avarullo
opliom. [T'S oleriven. fromThe

mmarKel price of Tne oplion  usirug
The Black Sholes Sormula,
Y‘QTUYQS
HisTotica) ~voladiliTy is a sfadisesd ~voladilify calculoded
Lrom The sTanolerol oleyiaaion. of M MSTovicak rdlumns
anol The  annuodized .
HISTORICAL VOLATILITY FROM A ROLLING WINDOW
Tep-by - glep  procedwre -

e FIX window s2zem
o Take N> m sample NS

¢ Calwlade w~olaliliTy of [4,m] relums

e Shi{T by one

o Cal uulcde voldTiliTy of BA i' m-+ ﬂrQTovn_g
o Repead unlil you ool [N-n N2

NVOLATILITY OF PRL  vs VOLAT\LITY OF

RETORNS
InsTeon. of Using r€lums  ofThen P3L volodiliTy 1S used To

MRSUIE  (ISK_

PRL VoL = relums voladiNTy X wmedl pofolio «/@




EXPONENTIACLY \NE\GHTEJ) MOVING AVERAGE ( EwMA)

(J_L >\3 2 >\ ( A exporenTial olecay/

oI vade y

PSSt

&= (4-») (eon + N dw recrsive formwle.

Higher A gives a smoother volatility estimate

60%

55% 1 —— SP500 Vohrihry: EWMA (0.98)

SUU:-" i i > e . P
| — SP500 Vohrthey: EWMA (0.90)

45% -

40%

35

30

25

20¢

ls.h

10°

;(n'u..

‘_'0'3 ¥ v L] L) . T LJ r L) L) L L} T ¥ L] L]
T =S R B S N 2 S B2 . S s o T <2
T TN e U W Th e et e
B O 8 R B & BB s B 8 oA B = LB
= u s =2 7] s = o 2 =2 U s 2 o = =2 o =2
-~ /i = e v = o i FE N S i =x 7] = = i == |

RiskMetrics Data
0% —[)uil)‘ FEWMA Ve i!:ltilit}’ >\ — ®/34

— Monghly EWMA Valatility| "= @ @
— Reputlatory Volatlin /

el EQUALLY  WEIGHTED

Jan-96  Jan-97 Jan-98 Jan-99  Jan-00 Jan-01 Jan-02 Jan-03  Jan-04  Jan-05  Jan-O6




EOUMA  esTimele is afoveces] Jor AL hotiZzons .
EUWMA'S assumpTion 1s <Till Ths,  relumns o { j.d.

EWMA cen be exlenden To ncluole ™e  4ASsyMetric
VOLATILITY RESPoNSE

= N)(fea— V)™ Xy

V. ADDITIONAL PARAMETER.

LINEAR PORTFOLIOS AND THE\R
VOLATILITY

PAL 15 a \new {funa (em of The vesulTs of Their assels .

(p~\N(—ZU\)Y1 w

CovY = Vou (X) Vou (¥)
on
[E[Ip N lE[f Zu\)‘ E[f] PQ: Ci03
df}: P*S GL 63
Zwldl . LZZW“*’“M 0/

\*\X)A

L
= 2(_1)\ 6\ + L;%w\wﬁpksdkél

COVAR\ANOE MATR X

\/ 614 dlll NP d‘% coVodI I an €
)_4 .l maI“‘A Of
6 g n assels
n4 . - -+-0nn
L q
Gp < W Vi

PofTSOlo VO]M”’”’(W\&CJ}M <Tol . OLQA/) can be calauTeo. n 2

o MNg dp TVV\/ anol w\mwﬂi‘wy Gase = \'n Gm
o comsTwelinol  Fp= W'r and Than MRS 1Up
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DEFINITION OF PARAMS
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H\sTORNIcaL VAR

Two ways for caeﬁ(ng m<lorical oodo -

e NO REBALANCING msheres in each assel o cosCan/
W,j)hT_S c)m&n%e over Timg.

(VaR 15 oltteredT To scole ol #
Yisk hoYizensg

JREBALANCING weighls e costenT
VAR FROM HISTORICAL DATA

T's common touse 4-day hcloricad VaR and
scode Mg “squase ool of Time

MONTECARLO VAR |
(Yo h-oley \/qR(expvessed as % ofThe curvenl PoTfolio
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COMPARISON oF VAR MoDELS

o\/AP\. Nases with C,o’Y\JCJO/(Q/’YlCG, level (i—o&) cuno.
(1o hotizov

e 1% 4@-ol VaR of SBPS0O s ~4QD %

o Usua/U/X 1% ol VaR > 5% hdboran Var.
due To excess Kuflosis

£y KURJOSIS > 3
NorRHAL DISTR
Kurtosis =7
D
Advantages and Limitations of Different VaR Models
Normal VaR

» Advantage: VaR may be calculated using an easy formula

» Limitation: Only applies to portfolios that are a linear
function of normally distributed risk factors

Historical VaR

» Advantage: No parametric assumption about returns
distribution, applies to any portfolio

> Limitation: Sample size needs to be large for accuracy in tails

Monte Carlo VaR
> Advantage: Applies to any portfolio

» Limitation: Large number (e.g. 10") simulations = time
consuming



SCAUNG VAR
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(INEAR EQOTY PoRTFoOLIOS
AND THEWRL MARKET-RISK FACTORS
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CQUYVTY VAR
SPECIFIC /IDIOSYNCRATIC. VAR
Comsider o ineer porTfolio

Y= + E)Xt + G+ \/‘

et allows (o C{UOL/)TJJ[Y Tlne SPQCLJ(/C/{WSY“UUI/C (15K
uswup Vasiance of vesioluals (s‘ vasianee of €+)

[SPedf‘C Vaft o = @mj

(o.ssvmwg Xt normolly dLéT(lbUT&j)
EQUITY / SYSTEMATIC. VAR

Equily V&th,oL=jé)( MarkeT VR h o -
1

=P (B () )
where n= M and” g - g
DECOMPOSITION  ofF Va R

The wle for a vasiance sum <assurmn3> ZERO coVaNanC@)
implies:

EQUITY VAR ~+ SPECIFIC VAR. = 1OTAL VAR
gven by EWCUQX) glvem Dy oj?—of e
Hence , nThe NORMAL VAR MODEL

((SPEC)F\C, VAR) ™+ (Equry VAR) "= ToTAL VAR N
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EQUITY VAR WITH MUCT\P(E
RISk FACTORS

Suppose There ove M ou#erenf sk fadlor

Y—l—,‘; /% ><t 25 XU
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oololy reuns  h-oby (ov-MadiiX = h\/
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CASH-FLow PORTFOLIOS AND
THE\P\ Riskk FACTORS

Finanaok inglTrumenTs  represedled. by cesh {lows:
loans | IR swaps  OTC oupre@medls, bowmds . ..

Fulwe ~Nodue of CF olependS on The DISCOUNT RATE.
(Sot some cashflows —IRS av locms) The fulwe value
oupe,no{s on Tve  IRiinThe Wr@f’waT

The YIE(D WRVES are The vise {;acTo(S,},/‘/

Yield curve

1% — inverted
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MAPPNG CASH FLOWS
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Given o yiedldl wive  we TaKe o subsel of rades al
somMe J(MQDL vesTices

EXAMPLE: PoRTFOLIO of BonDS wiTh mudurTies up To 25 veous

&\TijTo_-.TLs al iijzw . lS}yeafs
N TS wse, we There fore odomsle  INTEREST RATES  as

(Ra e 2)




RASIS POINTS

T |
Ay =(ARs, AR ARm) Tpeally massres oluly,
weeldly, monM/\/

ZN\Y s messured In BASIS POINTS (mw,to(w{)o nus STO(M
THE CASH FLOW MAPPING PROR(EM
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PRESENT VAWE (P\/} OF A ¢V
The PV Xi of . CF Ci o modurTy 4 wiTh R Ru 1§
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VAR MODELS FOR CcASH
FLOWS PORFOLO
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VAR FoR CASHFLoWS

WAR“L:@@“)MBK (m@”)

For any frequency of The duda, Vou cem be scoded agimap
The <quoue -rool -of Time wle as usvol

B AsiC OPTION THEORY

Calls and puls we bels o sTochwaslic  under! ying

(T]/\e unoler fying S an\/TW meesyyable — sTock priee
exdns e rode, o Temperadure ecc ecc)

N

sCALL" PughT To buy The unoles |y
e PUT : Auphl To sell The Jun oo [y vy

They DO NOT howe To be exerdses.
VANILLA  OPTIONS

A slanderd European coll or pul

o KX sTriKe price

e

e ﬂ rw\oJuﬂR/
K 1 The price you pay (f you exerase The oplien ol Time |

CALL PAY OFF = avwoX %ST' < @}

)(m Lonq
POT PAY OFF = ~molX %KAS‘F @} posiTrom
/
Long Call
Y B ‘ Long Put
Payoff = 1\70) ! Payoff = Max(X - S, 0)
0 X > S 0 \x > S
- X S
o \ - / X h
Short Call Short Put

Payoff = Min(X-5.,0) Payoff = Min(S;- X,0)



MONEYNEZSS  0OF OPTIONS

Mos(. T(W{SDS :S:OCALS e ATM <C1,Tfﬂf\€4 Wﬂ orwL. miollerm

OTM (0T~ of ~The - musmasy) 9 HoveYNES;
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RISK. NEUTRAL VALUATION RNV
ASSUMPTIONS

e L0g relurns are 4. 1ol wiTh NORMAL bISTRIBUTION
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THE BLACK-SCHOES MODEL
G MB /\SSUmp“mn%
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quvenlually, we woblol use M =1n (M{)

2 LACK - SCHOLES FORMOLA
CALL OFT WON

-y (T-¢)
\C;—t ;T\ 8‘\\ gt @&o&i{) K @det)
Ul O O

e = - ew\/U_QSt C\ZDQ‘ dlae)+ € rgﬁﬂ\&é&» ol fc>

— f T*t)




NTERPRETATION OF BLACK- SCHO (ES
elling =Yy =0

Ct:g‘t @@MQ‘ K@@m)

Pt: K @ Cdzt) — St é&dm:)

e \TM CAL, OTM PUT

@Qout) %35{0(&) DA (G —>Se-K
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THE GREEKS

Paﬂ!d}t olesveives of o model ofTiom pyice vegpecl To Ts
(15K Saclors

Greek Symbol Measures Definition
av
Delta A= % Equity Exposure |Change in option price due to spot
a*v : :
Gamma| ' = a_z. Payout Convexity Change in delta due to spot
S
v i optionpr -
Theta =% Time Decay Change in option price due to time
it passing
Vega V= a_V Volatility Exposure| ~Change in option price due to V
5 do volatility
av Interest Rate Change in option price due to
Rho p - — 2 5 )
or Exposure interest rates
a*v ; -
Volga F Vol of Vol Exposure| Change in yvega due to volatility
a
ka4 Change in yega due to
Vanna Skew spot OR change in delta due to
dSdo volatility
Charm a%v Change in delta due to time
asat passing




DECA = §V/§S

Call gamma vs. delta GAMMA - V(s

025 = | strike price = $25 =12
© 0.2 — =1
= Q
- — 0.8 =
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£ 0.1 — :g
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0 — — 0
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stock price
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N 7 W\Q)
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A
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POSITION GREEK S
A posiTion  greek 15 olefinesl as

T N sTonorok G @GKI
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Ovee ]



HEDGING OPTIONS

OpTIW s Kel  melkerS poalemnce Therr book o Thel The
el poslion  Oveels cuwe all close To z7ero
___p The book 15 DE(TA - GAMMA - VEGA maeuTrod
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C s nThe wnaer vine.
— ANPE oF DECA Hepane S g
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s approx imedion wovlids ured for snmuwdd  chueruge S in
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we TabAe ooy dnanges of St arwl G, Souwe ceneompule
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MINIMUM CAPITAL REQUIREMENTS
Aequiverent  gum To veolwee The rsK of nsolvency by Keeping
REGULRTORY CAPTAL Thot con'T be locked nTo (Hi'qujd asseTs
ML musl be reserveg To cover HHRKET/ CREDIT ool OPERATIONAL
()%KJ each VWU/WT s ool edeol gepcua/TQLy by
Trawng desK anok Then w)ﬂ/Of@ga/T@O\\

CALCOLATING THE MCR

InTrosuced by BASEL T sTonleroe n 1936

MCR« = max y Ma \/OLK&/ \/OLRJ:Q}T;\H

\/CLP\'t o The 4%, 40-osy Vo R om oley T
o Vo', 1o The average 4% 40 -dwy voR over lasl 60 oliysS

0 St s N ADd-ON for speafic (s {acto(s
s 5 <ma<d o g pwiTipl er dglermuned by backl€sTs

Howenesr n 2046 with Pasel [ Tthe MCR hbecwume.

MCR%? W\A&X%mi\/&Rtj ml\/ap\:}+ S+

o N4> A
let my & 2 boT oleTelmuned by o supervisov

THE  FONDAMENTAL  REVIEW OF THE TRADING
BOOK (FRTR) 2046

The FundamanTef Review of The chwlm‘ﬁo BoolK M/WQS Qﬁaa,m
The MCR
s N i< ol JE\xQoL onyrmwre To ﬁ@/ L Com n Ceese N case Qjﬁ

mpoufmenl  of [1quIcUl)
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EXPECTED SHORTFAL (ES)
ES e The expedien Aoss, givem Thal The loss exceeds Var
(VaR dwesn' T Tell anyTrunp abodl The loss 1§ The VaR exce@ds)

@jj\g_ [Xh \ Xn < ~VaRy GLl <§ﬁf§%€>ﬁooo>

whnert. Xh AN 7%6 oUS L/oUY\TQ,QL h~cv(,&\/ eTOY N

Cevwadly ES 15 founodl bquKl@ The avercupe of The
loeses Thod exceed Va R Qusm,go weloncol ooled ov
Hm/JQCCMrO>

EXPECTED SHORTFALL W THE NORMAL VAR MODE(

&E%ho& oo 70 <§‘€~od>6h - /waj

where }D is The. sTanolarol mofmoald oevsSiTy {unclion  cuwdle
B The olsTbuliem foncliom.

RANKING REGODLATIONS: R ASEL T

VIDEO  EXPLANATION ofF THE @ASELE
REGUAMENTATION CAN BE FOUND

https://youtu.be/KpWBf3s4Npl?si=PweysFys7VdcS32h
GOALS

e Malke banks sTrevwper {or §uluve 3(1WCM>J shoclks wilhouT
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BACKTESTING VAR MODELS

BackTesl oue based on VaR exceedqmcees:
SIMPLIFIED STEP-BY-STER PROCEDUQE

e Compule Vo al ooy T Them vecorok
A i€ The PRL exceeds VaR+t
Q gThe(wy se

e Repead cner miof(w olodc
RACKIESTING METHODOLOGY <6ENERAL APPROACH)
- Finct a cemoll olode poﬂfyohb
o Fix  eSTimalion peiool To esTimode VaR (ol least 250 old)

o Ue (olhm&)— winslow dpproach To W@PQCAI&JU\/ JCC/VGCQ&—C
Vo ans LMo T wilh reslused lons.

1-day Forward PEL ——Normal VaR (1yr) ——EWMA Normal VaR

— Historical VaR {8 yrs) ——Normal VaR (4 yrs)

Figure: IBEX 35 1% 1-day VaR & Forward Daily P&L



Idt: LA _\/Q({h/“zt 'hDiLC,aToY>
( @ olherw $e <:§U‘(\Jfo‘/\

£ The mwoolel cepTures (1S accowadely
T~ Bernoul| <0(>\

So we com olefine

Smoa= 2 Tat ~ BinoNAL DisTRIBUTION

Mnoler Thus  assumplion.

ELomal-ma V/[Sna]-mat(1-q)

Anc. a 2-sideol A5, mleval fevel {or Sm o forn large.

Lm&~¢%@\]mo¢(¢ 0() mo + 2% %5\1%0{ )>
f we dendle  o=p so VELSM o J=mp, \/CMLSY] P] np(1-p)
we vem gemeraize The above fnTerval forowl/od as:

@ Z%\/W\p{\» fnp+ 2 e \J”PR Pil

E(Sn,p) V(Snp)  1H(Sp) V(Snp)
COVERAGE TESTS

Kuprec cuid ChursToffersen wealed TesT wheTer The | ol
Poyvrwoulll  Process huas  woslan] success probaby| Ty o

N4, M,
LQ\ML: Texp < 4 - X&p\ test

<TaTISUC
ﬂobs ( 1 - 7EObS\

Jlexp: expecen p\/opo(’ff(w\ Oj exceed.ances
JNobs:  obsegol proporlion of exceeolo mces
Mo . mumber of exceeslances

Moo= MN- ML  whee M s The Sample size




T\GG aSymPTOTfé oUSTﬂbqucm ojc —Z{h<LRuc> TS
CHI-SQUARED wiTh 4 olof
So, praclicsd sleps oau
° Cof\mpU’TGZ \/O\K/ baclTesT anal J(JWCL ﬁoeg/‘)ﬁixp/ Yo M4,
o Calalale LRuyc and Then - 2n (LRMC}
o Fraol closes X7 valuwe 1o 'Q_‘VWKLRLLCJ

NULL AYPOTESIS = " The VaR model 's geourad@”

BexecT The VoR musdled s acawade ol X% wndiolonce (€

2
-~ 20n (LQMLQ> > \z\}\/
—_ 7

sTadi<Tic Tesr Vale of  chi- Squered.
AUSTrpUTion  wiTh X% dig wWrcence leved

Don' T rexect the VaR mwolel s accuscle ok Y% (j(
- l\ﬂ(Lp\MQ < ><y
NDEPENDENCE CONERAGCE TEST
ChnrisToffersen proposed. o TeSC fov mae pemolonce of The exceedances

—

A Mo
LQH\\D . TOBS (4— o XoBS)
m ot Moo mAA Mo
Jloa <’i’7loi> s (JL“TLM>
Yoa
Tot = ma) o= TE M s The mumner of
- <m\o+%¢¢) noiesdovs | dollowey, by
oL wilor N
A4 A4 0
ST
"\fllo:?)

The OLSymPTOT‘C oUsTribuTion C)ﬂ' ‘Zlﬂ (LR!ND> S CHI- SQUARED

with 4 oo,
CONDITIONAL COVERAGE TEST

M4

Tlexp (A ~ Texp) °
Mo Mmoo nA44
Tt (A= Tot) ™ T (3~ T

LR =




The asymproTic ousTriblion of = 2n ((Re) 15 CHI-SQUARED 2 dof

The wrollievial wverape €T evalvodes  wheler o presidive

/

mooled 1S WELC- CALIBRATEDKMSIMIW coralionuyy nfo
(vssrel CASY\/ODLT/\Q/\/\S/ volaliliTy assel Types ecc GCC)

— [f The Tegy DCQ/{/LS/ The VaR PVEZOL{CT/UV\ ol musy meed
CA/OLSUSTVY\QI)T (1ﬂwaOf&ﬂV\j? volodl| Ty C/(MSTQ/HW QXC&J’Y)pfe)

STRESS TESTING AND SCENARIO
ANALYSIS

Examples of Hypothetical Scenarios
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Parallel shift in a yield curve of 100 basis points
Linear tilt in a yield curve of +25 basis points
Parallel change in credit spreads of +20 basis points
Stock index return of +10%

Return of +-6% on a major currency pair, or of +20% for a
minor currency against another currency

Relative change in volatility of +20%
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