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CFM METODOLOJI

Borsa istanbul Borglanma Araglari Piyasasi’nda (BAP) BISTECH altyapisina gecisin ardindan bu
piyasa icin yirutilecek olan risk ve teminat hizmetleri Takasbank blinyesine alinacaktir. BAP’ta
kullanilmasi 6ngoriilen risk ve teminat hesaplama metodolojisi sabit getirili finansal tirlinler igin
tasarlanmis olan Cash Flow Margining (CFM) modelidir. CFM, sabit getirili menkul kiymetlerin
cesitli yéntemlerle olusturulmus verim egrilerine uygulanacak stres senaryolari tizerinden risk
hesaplanmasina dayanmaktadir. CFM ayrica, farkli verim egrilerine uygulanacak olan stres
senaryolar arasinda korelasyon tanimaya da imkan saglamaktadir.

Diger tim risk modellemelerinde oldugu gibi, CFM’in de amaci sabit getirili menkul kiymetlerin
yarattigi pozisyonlarin teminat gereksinimini hesaplamaktir. CFM yénteminin; islem, pozisyon ve
portféy degerlerinin risk seviyesi ile olan iliskisini g6z 6niinde bulunduran kapsamii bir
teminatlandirma yontemi oldugu degerlendirilmektedir.

Il NAKIT AKIMLARI

isminden de anlagilabilecegi izere CFM ydnteminin éziinde degerlendirmeye konu kiymetin
gelecekteki nakit akiglari yer almaktadir. Teminat gereksinimi hesaplanirken bitiin sabit getirili
menkul kiymetler kendi nakit akimlarinin bir toplami olarak temsil edilirler. Dolayisiyla her bir
uriin igin belirlenen senaryodaki net bugtink( degeri (NBD), bu triintin bitiin nakit akislarinin
bugilinkii degerlerinin bir toplami olarak ifade edilir. CFM’in inceledigi bu nakit akimlari sabit ve
degisken olmak tizere ikiye ayrilmaktadir.

a) Sabit Nakit Akimlar

Onceden bilinen ve degismeyen nakit akimlari sabit nakit akimlari olarak adlandirilirlar. Bunlar;

e Vadesinde ddenen Tahvil/Bono nominal tutari

e Tahvil ya da swap kuponlari

e Repoya konu iki tarafli 6demeler

e Odemeleri sabit hale getirilmis degisken nakit akimlar

Genelde, ilerde gerceklesmesi beklenen sabit nakit akislari bugiinden iskonto edilerek NBD’ler
elde edilir.



b) Degisken Nakit Akimlar

Degeri buglinden bilinemeyen nakit akimlari degisken nakit akimlari olarak tanimlanabilir. Nakit
akimin buyiikligu 6nceden belirlenmis, gelecekteki herhangi bir tarih olarak belirlenebilir.
Degisken nakit akimlarinin NBD’leri 6ncelikle bu akimlarin tahmin edilmesi daha sonra bu
degerlerin iskonto edilmesi seklinde bulunur.

CFM ile ilgili dikkat edilmesi gereken bir husus, nakit akimlarinin ilgili kiymetin verilerinden ve
farkh senaryolarla degerlemeye tabi tutulmasindan elde edilmesidir. Bir kiymetin piyasa
degerinin en dogru sekilde hesaplanabilmesi adina degisken nakit akimlarinin tahmin ve iskonto
edilmesi icin fiyat tasiyicilari niteliginde olan verim egrilerinin 6nemi biyuktir.

I, EGRILER

CFM’in bir diger 6nemli bileseni de “fiyat tasiyicist” gorevini tstlenen egrilerdir. Borglanma
araclari piyasasinda genellikle ayni kredi riskine sahip fakat farkli vadeli enstriimanlar islem
gormektedir. Bu ylizden taraflarin fiyat (ya da faiz) ile vade iliskisini tek bir grafikte gormek
istemeleri dogaldir. Bu egriler borglanma araglarinin degerlemesine imkan taniyan piyasa
bilgilerinin tasiyicisi niteligindedirler. CFM farkh enstriimanlar igin NBD hesaplanmasinda gesitli
egri modelleri kullanmaktadir.

a) Iskonto Orani Egrileri

Bu egriler gelecekteki nakit akimlarinin bugiinkii degerlerini ifade ederler. Daha formal bir
sekilde ifade edilecek olursa, iskonto orani fonksiyonu (f(0,mt)) vadesinde degeri 1 olan
kuponsuz tahvilin bugiinkii degeri seklinde tanimlanir. iskonto orani vadeye kalan siirenin azalan
bir fonksiyonudur ve tanim geregi buglnki degeri 1 olarak baslar ¢linkii bugiin olusan nakit
akimlarin NBD’si kiymetin nominal degerine esittir. (mT= T-bugiin/365)

\?



Discount Factor Curves - 2013-08-01

0.8
0,6

0,4

Discount Factor

0,2

Maturity (yrs)

e SWAP IM STIBOR == SWEDISH TREASURY i

Iskonto orani egrileri teminat gereksinimlerinin hesaplanmasinda kullanilir. Verim egrilerine
uygulanacak stres senaryolar izerinden teminat gereksinimi senaryolari olusturulur. Yani bu
kapsamda kullanildiginda iskonto faktori egrileri verim egrilerine donastaralir.

Verim egrileri, bugiin trade edilen ve vadesinde 6denecek olan kuponsuz kagitlarin yillik bilesik
faiz oranini gésteren spot oran fonksiyonu olarak tanimlanabilir. Asagidaki formiil spot oran
fonksiyonunu iskonto orani fonksiyonu ile iliskilendiren formaldur.

i(0,my) = I.—-—I-——.I""' -1
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BISTECH sistemi biitiin verim egrilerini yillik bilesik faiz ve ACT/365 yéntemiyle hesaplar.

Zero Coupon Rate Curves - 2013-08-01
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Teminat gereksinimi hesaplamalarinda, BISTECH bu tir egrileri yalnizca fiyatlari indirgemek
amaciyla degil, ayni zamanda forward oran fonksiyonunu hesaplamak suretiyle degisken oranlar
tahmin etmek i¢in de kullanir. Forward oran fonksiyonu “settlement date”, t de baslayan, “value
date” T de biten yatirimin yillik bilesik zimni forward orani olarak tanimlanir. Asagidaki verilen
esitlik forward oran fonksiyonunu spot oran fonksiyonuyla iliskilendiren formuldur.

IV.  TEMEL BILESENLER ANALIZi

Eldeki verim egrisi marifetiyle hesaplanan gelecekteki nakit akimlarinin bugiinkii degeri, verim
egrisinin seklinde yasanacak herhangi bir degisiklige bagl olarak degisecektir. Verim egrileri gok
farkli degisikliklere maruz kalabilirler fakat ampirik ¢alismalardan elde edilen sonuglara gére
egrinin 3 temel bileseni, olusabilecek tim degisikliklerin bliylik cogunlugunu agiklayacak
niteliktedir.

Bu bolimde ilk 3 temel bilegen iktisadi bakis agisiyla tanimlanmaya calisilacaktir. Bununla birlikte
CFM’in teminat gereksinimi hesaplamalarinda kullanmak (izere stres senaryosu uygulanmis
verim egrilerini nasil kullandigina iliskin genel bir agiklama yapilacaktir.

Temel Bilesenlerin Tanimi

Temel bilesenler, (Principal Components-PC), verim egrilerindeki bagimsiz (korelasyonsuz)
degisiklikler olarak tanimlanabilir.

PC 1: Paralel Kayma

Verim egrileri igin ilk temel bilesen tim egrinin paralel bir sekilde kaymasidir. Bu bilesen
genellikle verim egrisinin gegmis dalgalanmalarinin %75-%85’ini kapsar. Ayrica degisen
ekonomik faktorlerin faiz piyasasinda bir biitiin olarak artma ya da azalma sonucunu vermesi
anlasilabilir bir durum olarak karsimiza ¢itkmaktadir.

PC 2: Egimin Degismesi

ikinci temel bilesen egrinin egiminin degismesidir. Bu bilesen de genellikle egrinin gegmis
dalgalanmalarinin %10-%15 civarini aglklamaktadlr.\)



PC 3: Egrilik Derecesinin (Curvature) Degismesi

Uglincii bilesen de egrinin egrilik derecesinin degismesidir. Bu son bilesen de genellikle egrinin
gecmis dalgalanmalarinin %3-%5 gibi bir oranini agiklar.
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Egriye Temel Bilesenlerle Sok Uygulanmasi

ilk ic temel bilesen olusabilecek dalgalanmalarin biyiik cogunlugunu agiklamakta, boylece
temel bilesenlerin dogrusal kombinasyonlari egrideki degisiklikleri minimum hatayla simiile
etmede kullanilabilmektedir.

BISTECH sisteminde, aylik periyotlarda degerlendirme yapilip, ihtiyag duyulmasi halinde her bir
verim egrisine uygulanan 3 temel bileseni, temel bilesenlerin hangi oranda kullanilacagini
belirleyecek olan risk parametreleriyle birlikte gﬂncel[enecektir.‘j)
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BISTECH sistemi, her islem giiniinde resmi spot egrisine “bootstrap” yéntemini uygulayarak
verim egrisini uzatir. Bu egriler sok uygulanmis egrilerin sekillendirilmesine baz teskil eden
egrilerdir. Asagida verilen esitlik resmi egriye sok uygulanarak elde edilen egrinin
similasyonunda kullanilmaktadir. Sistem, verim egrilerini ve onun temel bilesenlerini vektérler
olarak tanimlar.

CUrVesiresyed = CUrve; + a-PC1 + b PC2+c-PC3

a, b ve c her bir temel bilesenin risk parametreleri araliginda +/- degerler alabilecektir.

Teminat gereksinimi, en kot piyasa kosullar varsayimina yakinsayan egri senaryosu tizerinden
hesaplanir.

V. MARGIN HESAPLAMASI

CFM metodolojisinin temelinde finansal kiymetlerin nakit akimlar, fiyat tasiyicisi niteligi tasiyan
egriler ve bu egrilerin temel bilesenleri yer almaktadir. Bu kavramlarin margin hesaplamalarinda
ne sekilde kullanilacagi piyasa modeline gore farkliliklar géstermektedir. Bu bolimde farkl
enstriimanlar igin nasil bir margin hesaplamasi yapilacagina dair agiklamalar yer alacaktir.

Butlin enstrimanlar igin ortak olan bir husus, bu drtinlerin baslangi¢ teminatlarinin tek bir
egriyle -"kuponsuz egriyle”- hesaplanmasidir. Farkli piyasa senaryolari olusturulurken
degerlemeye iliskin genel bir metodolojiye sahip olmak, takas kurumuna farkh egriler arasinda
korelasyon tanimlayabilme imkani yaratmaktadir. Finansal enstriimanlar piyasa degerlerinin
(dolayisiyla degisim teminatinin) nasil hesaplandigina gore kendi icinde farklilasmaktadir.

VL. FARKLI VERIM EGRILERI ARASINDAKiI KORELASYON

Ayni para birimine fakat farkl kredi riskine sahip olan verim egrileri birbirleriyle iligki
icerisindedirler. Kamu kagitlarindan olugsan egriler baz egri olarak ele alinabilir ve ayni para
birimine ait diger egriler baz egriye belirli bir kredi marji uygulanarak elde edilebilir. BISTECH
ayni para birimine sahip farkli egrilere aciklama getirmek icin 3D pencere yéntemini
kullanmaktadir.

VIl.  ORNEKLEM UZAYI: STRES KOSULLARI ALTINDAKI EGRILER DIZiSi

BISTECH egrinin ilk G¢ temel bilesenini kullanarak egrideki degisimleri simile eder. Boylece stres
kosullan altindaki egriler 3 boyutlu 6rneklem uzayinda géruntilenebilir. [PC1, PC2, P(:J.



Biitlin temel bilesenlere pozitif ve negatif yonde o temel bilesenin risk parametresi nisbetinde
sok uygulanir. Bunun sonucunda biitiin olasi egri degisimleri bir dikdértgenler prizmasi Gzerinde
gosterilebilir. Bu dikdortgenler prizmasi vektor kiipi olarak adlandirilir.

BISTECH “tarama riski araligim” [-PCi . PCi’nin risk parametresi, PCi . PCi'nin risk parametresi] ¢ok
sayidaki “node” lara boéler ve egriye uygulanan PCi’nin miktari bu node lar arasinda esit olarak
dagitilir. Ornegin, iic temel bilesenin tarama riski aralig1 31, 5 ve 3 olmak {izere node lara
bélinsiin. Bu durum 31.3.5=465 adet node’un vector kiipiinde yer alacagini géstermektedir ve
bu her bir node stres uygulanmis spot egriyi temsil eder.
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VIIl.  TEMEL BILESENLER ICIN HESAPLANAN KORELASYON

Birbirleriyle %100 korele haldeki iki verim egrisi birbirinden sapma gosteremezler. Yani bunlarin
stres kosullarinin ayni node tizerinden ele alinmasi gerekir.
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Bunun yani sira, birbirleriyle %100 korele halde olmayan egriler birbirlerinden sapma gosterirler.
ilk egriye belli bir node da stres uygulandiginda diger egri diger bir komsu node da yer alabilir.
Hacim, iki egrinin birbirinden ne kadar sapma gosterecegini nokta sayilari ile belirler, ve bu
hacmin blyukltgi iki egrinin korelasyonu ile belirlenir. BISTECH, her bir ana bilesendeki verim
egrisi tarihsel korelasyonunu arastirarak bu biykligi belirleyecektir.
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PC1

ilk temel bilesen tiim egrinin paralel kaymasidir. Ornegin ayni para birimine ait fakat farkl kredi
degerliligine sahip olan iki egri, diyelim ki hazine ve mortgage’lardan olusturulan egriler ele alinacak
olsun. Bu egrilerden DIBS egrisi icin PC1 risk parametresi 30 baz puan, mortgage icin ise 33 baz puan
olsun. Bu érnekte, DIBS egrisinin 30 baz puan yukar dogru paralel kayarken ayni anda mortgage egrisinin
33 baz puan asagi dogru paralel kaymasi imkasiza yakin bir durumdu?

a2



BISTECH PC1 i¢in pencere buyiiklGgl tanimlar. Pencere biiyiiklGgl ayni pencere igerisinde yer alan iki
egrinin PC1 soklarindan sapma durumlarina gore olusan node miktarina bagh olarak belirlenir. Ornegin,
yukarida bahsedilen hazine ve mortgage egrilerinin ayni pencere sinifinda oldugunu ve PC1 pencere
biiylUklugiintin 3 olarak belirlendigini diistinelim. Bu durum PC1 stresi altinda egrilerin en fazla 3 node
birbirlerinden sapma gosterecekleri anlamina gelmektedir. Eger hazine egrisi 30 baz puan paralel olarak
yukari kayma gosterirse (risk parametresinin %100 (1) mortgage egrisi minimum 29 baz puan yukar dogru
paralel kayma gosterir. (tarama riski araliginin en biyiigiinden 3 node uzaklikta veya risk parametresinin
%87si.)

Figure: A window size of 3 nodes applied at different nodes

Treasury Mortgage Combined
Node Change Node Change Node Allowpd Allowed
changes changes
(Treasury} (Mortgage)
1 30 1 33 1 28, 30 31, 33
4 28 2 31 & 26, 28, 30 29,31, 33
3 26 3 29 3 24,26, 28 26,29, 31
4 24 4 26 4 22,24, 26 24, 26, 29
5 22 5 24 ] 20, 22, 24 22
€ 20 b 22 ] 20, 22, 24
18 20 18, 20, 22
8 16 -] 18 8 15, 18, 20
9 14 q 15 9 13, 15, 18
10 12 10 13 10 11,13, 15
11 10 11 11 11 9,11,13
12 8 12 9 12 7,9, 11
13 b 13 7 13 4,7,9
14 4 14 4 14 2,4,7
. 2 15 | 1 024
1 U 16 o 16 <, 0 2
1 -2 17 =2 17 -4 -2.0
18 -4 18 -4 18 -2
19 b 19 19 9,-7,-4
20 - 20 9 20
21 10 F 4 -11 21
22 12 22 -13 22
23 -14 23 -15 23
24 16 24 -18 24 -18, -16, -14
5 -18 25 20 25 20, -18, -16
26 20 26 -22 26 -22,-20,-18
27 22 27 -24 27 -24,-22, -20
28 24 28 26 28 -26 -2-1: w22
29 -26 29 29 29 -28, -26, -24
30 -28 30 -31 30 -30, -28, -26
31 -30 31 -33 31 -30, -28

e Node 1 e uygulanan 3 node penceresi, eger hazine egrisi 28 ya da 30 baz puan yukari
kayma yasarsa mortgage egrisinin yukari dogru 31 ya da 33 baz puan kayma yasayacagi
manasina gelmektedir.

e Node 10 a uygulanan 3 node penceresi, eger hazine egrisi 10,12 ya da 14 baz puan yukari
kayma yasarsa mortgage egrisinin yukari dogru 12, 14 ya da 16 baz puan kayma
yasayacagl manasina gelmektedir.



e Node 23 e uygulanan 3 node penceresi, eger hazine egrisi 12,14 ya da 16 baz puan asagi
kayma yasarsa mortgage egrisinin asagi dogru 12, 14 ya da 16 baz puan dogru kayma
yasayacagl manasina gelmektedir.

PC2

ikinci temel bilesen egrinin egiminin degismesidir. BISTECH bu temel bilesen i¢in de pencere
buyukligt tanimlamaktadir. Bu pencere biyikliigl, ayni pencere sinifinda yer alan iki egrinin
PC2 stresi altinda birbirlerinden ne kadar sapma gdésterecegini gosteren maximum node sayisini
belirler.

PC3

Ugtincii temel bilesen ise egrinin egrilik derecesinin degismesidir. BISTECH bu temel bilesen igin
de pencere buylkligi tanimlamaktadir. Bu pencere biyukliga, ayni pencere sinifinda yer alan
iki egrinin PC3 stresi altinda birbirlerinden ne kadar sapma gosterecegini gosteren maximum
node sayisini belirler.

IX. PENCERE KUPLERI

Her bir temel bilesen icin pencere buydklikleri [PC1, PC2,PC3] uzayinda bir kiip olusturur
(pencere kiip). Bu prizma ayni pencere sinifinda yer alan iki egrinin PC2 stresi altinda
birbirlerinden ne kadar sapma gésterecegini gbsteren maximum node sayisini belirler.

3D PENCERE YONTEMI

3D pencere yontemi ayni pencere sinifindaki tim vektor kiplerini sirasiyla listeler.

e Sonug vektor kiipli olusturulur ve komsu vektor kiiplerin yerine yerlestirilir.
e Pencere kiipu, her bir vektor kiipiiniin en blylk node unun yerine yerlestirilir.
o Node i’deki sonug vektériiniin degeri her bir vektoér kiipinde node i’de bulunan
pencere kiipunun igine yerlestirilmis nodelarin en disiik net bugiinkii deger
toplamidir.



e Pencere kiipli vektor kiipindeki bitiin node larin agagisina kayar ve sonug vektor
kiipiindeki deger her zaman pencere kiipliniin icine yerlestirilmis nodelarin en dusiik net
buglinkl deger toplamidir.
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PENCERE AGACLARI

Pencere agaci birgok pencere sinifi katmanlarindan olusturulur ve en yakin korelasyona sahip
egriler agacin en altindaki ayni pencere sinifina yerlestirilir.

Pencere yontemi siirekli tekrara dayanan bir yontemdir ve ilk olarak pencere agacinin en
altindaki pencere sinifina uygulanir. Ayni pencere sinifindaki nakit akim tablosunun vektér
kiipline uygulama 6rnegi agagida gosterilmistir. Bu stireg iginde yeni vektor kiipli, sonug vektor
kipl, yukarida anlatilan prosediire gore olusturulur. Boylece sonug vektor kiipt agactaki diger
pencere siniflarindaki sonug vektor kiplerinin bir kombinasyonu olmus olur ve sonug olarak yeni
sonug vektor kiipl olusturulur. Bu siire¢c pencere agacinin en tepesine ulasilana kadar tekrar
ettirilir.
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DOCUMENT INFORMATION

GENERAL READING GUIDELINES

This document provides an outline for using the risk cubes provided through the
Clearinghouse’s API for reproducing margin requirements.

The descriptions are on a general level, focusing on concepts that have to be
understood in order to efficiently use the extract files.
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A GUIDE TO MARGIN REPLICATION USING INTERFACE FILES
Through the API, NOMX offers access to risk cubes which can be used to replicate
the margin calculation exactly. These risk cubes are also available as interface files.
In this appendix we will focus on information from queries EQ10, 1Q16, JQ40 and
JQ41. With the use of this information together with information on trade level
which the replicating party needs to manage on its own side CFM margin
requirements can be fully replicated.

the CFM calculation. When replicating margins we are foremost interested in the
information it holds about which curves are correlated. The curve identification
cades are found in the first column, and the corresponding curve correlation
window group (if any) can be found in the second column.

JQ16 (INTERFACE FILE *.CCT)

This query answer/interface file describes the different curve correlation window
groups. Most importantly, in the third, fourth and fifth column the window size in
each principal component dimension is found. In the second column, the upper
curve correlation window group (if any) can be found.

If there is an upper window group for a specific window group, this means that
correlation occurs in a correlation tree, and calculations have to be performed for
each step through that tree.

Below, please see a schematic picture of the correlation tree in place 2013-09-13.
Note that the exact structure of the correlation tree is subject to change. Curves can
be removed or added to the correlation tree at different levels, and the number of
levels in the tree might change. It is therefore recommended that replicating parties
implement a dynamic approach to automatic replication of margin requirements.

Figure: Correlation structure for SEK fixed income contracts 2013-09-13.
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JQ40 (INTERFACE FILE *.RCT)

This query answer/interface file contains instrument series specific information
used in the margin calculation. The file is only available for instruments with
standardized series. For OTC-style contracts, see JQ41 below.

The first row contains metadata. Please study the example below, for the
instrument series FRAO12.

Number of decimals in

Exchange Market Instr Group Modifier Commodity iargin Nufue

3| 18(‘@ 11891 | |

Expiration Date  Strike Price

Primary Curve Secondary Curve
Correlation Cube Id Correlation Cube Id Closing Date
% 5 \a
“ | SWAP_SEK | X [ SWAP_SEK | X 7 | | TSN |
A - LYy 4
Primary Curve Id Secondary Curve Number of decimals Margin
in Discount Factor Class

The following data rows each represent one of the curve scenarios. If, for example,
the scanning range is 5 in each principal component dimension, there will be 5*5*5
=125 rows.

These data rows can be divided into three parts;

e The first three columns described the stress applied to the yield curve,
Where 0 indicates that the PC was stressed to its minimum level. If the
resolution is 5 in each PC, 4 indicates that the PC was stressed to its
maximum leve, and 2 indicates no stress in the PC.

Stress in each principal component - PC1 PC2 PC3

/‘,/ .r/
0
/

Scenarios ~_—¥

~

c|lo|lo|o|o|o|lo|lo|o
RirRrrrolololo
pBlwiNnR|lo|prlw N Rlo
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Scenarios

Volatility:

Position;

/'

i,

—

The next six columns describe the NPV for the “unknown” part of the
Instrument in each scenario. The “unknown” part means the floating cash
flow of a FRA, and the bond cash flows of a bond forward. NB, this is a NPV
and does not need to be discounted further. The six columns represent the
six combinations of whether the position is long or short, and of whether
the calculations are made under a low, mid or high volatility stress. Note
that for all instruments except options, it suffices to use the first two of
these six columns. When interpreting the figures, the field Number of
Decimals in Margin Value from the meta data row has to be used. In this
example it is 2, meaning that the NPV of the floating cash flow in one (1)
long position in the FRAO12 in scenario number 1 is 6569,33 SEK.

Low Low Mid Mid High High

Long Short Long Short Long Short
656933 -656933 656933 -656933 656933 -656933
648636 -648636 648636 -648636 648636 -648636
640375 -640375 640375 -640375 640375 -640375
632120 -632120 632120 -632120 632120 -632120
623876 -623876 623876 -623876 623876 -623876
670887 -670887 670887 -670887 670887 -670887
662619 -662619 662619 -662619 662619 -662619
654348 -654348 654348 -654348 654348 -654348

The last two columns contain the discount factors used to calculate the
NPV of the contracted cash flow for long and short positions respectively.
Since the contracted rate depends on when the contract was entered, it is
left to the replicating agent to determine the undiscounted contracted cash
flow. When interpreting these figures, remember to use the field Number
of Decimals in Discount Function in the first meta data row. In this example
the number of decimals in the discount function is 7, so the discount
function for a long position in scenario 1 would be 0,9747635.

JQA40 is clearing house specific. Different members will get the same response from

JQ40, since it covers the margin calculations of standardized contracts. When it

comes to cleared OTC derivatives, whose contract details vary greatly between

different trades, member specific risk cubes / interface files are needed. This need is
covered by JQ41.

JQ41 (INTERFACE FILE *.CRV)

This query answer/interface file contains margin calculation information for cleared

OTC-trades, such as repos and swaps. The answer/file has one meta data row per

curve, one per trade, and thereafter one row for each scenario (which currently
makes 2 + 125 = 127 rows), multiplied by the number of cleared OTC-trades.
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B

NASDAQ OMX




CFM Replication 2013

The metadata rows contain the information needed to identify the trade and to
interpret the scenario margin figures. The first of these rows is similar in design to
the metadata row in JQ40. The second metadata row contains the clearing account
code and the trade number.

The following data rows each represent aone of the curve scenarios. If, for example,
the scanning range is 5 in each principal component dimension, there will be 5*5*5
=125 rows per trade. There are six columns in each row, the first three describing
the combination of principal component stress in that specific scenario. The three
rightmost columns represent the NPV for the trade under three volatility regimes.
Notice that if the cleared trade is not an option, the NPV will be the same for all
three of the rightmost columns.

As noted the long-short perspective is not reflected in these kinds of interface files.
This is because the files are member specific and reflect the member’s position only.

REPLICATING NAKED MARGIN

Naked margin in CFM means the margin that is the result of one position or trade
being stressed in isolation. To replicate the naked margin follow these steps:

e  For positions in standardized contracts, first calculate the contracted cash
flow using contract specific information held by the replicating party. Then
use the appropriate discount factor depending on if dealing with a long or
short position in JQ40 to calculate the NPV of the contracted cash flow in
each curve scenario.

e  For positions in standardized contracts, then calculate the “unknown” part
of the instrument. For FRAs this means the floating cash flow, for bond
forwards this means the NPV of the bond cash flows. This is done through
multiplying the value in the corresponding column ( long or short) with the
number of contracts in the net position, after dividing it with 10*(Number
of decimals in Margin Value).

e For positions in standardized contracts, then calculate the total NPV for
each scenario by adding the two values above. The vector that is the result
we shall hereafter refer to as the positional level stressed NPV vector.

e For OTC-trades, all the information needed to create the trade level
stressed NPV vector can be found in the Margin Value columns in JQ 41,
after dividing them with 10*(Number of decimals in Margin Value).

e Finally, we can now find the naked margin per position/trade by choosing
the lowest value from the stressed NPV vector.

e NB, for derivatives where both the primary and secondary curves are used
for discounting, (e.g. repos and bond forwards) and where these curves are
different, one needs to take the worst of all NPVs of the contracted rate
and the worst of all NPVs of the bond cash flows, and add these together to
get the naked margin.

REPLICATING MARGIN

& I NASDAQ OMX
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The required margin for a specific portfolio takes into account the correlation
benefits in CFM which can be said to occur on two levels.

On a curve level there is a strong built-in correlation which applies to all positions
and trades priced against the same curve.

On an inter curve level, there is the possibility of configuring a correlation in terms
of putting a limit on how much the applied stress can vary for curves within the
same window group. The theoretical workings are described in greater detail in the
CFM Margin Guide; here we will focus on how to achieve this effect with the help of
the interface files.

The first step in replicating the margin is to aggregate all trades and positions that
are priced against the same curve. This is done by creating one stressed NPV vector
per curve, by adding together all of the stressed NPV vectors for the client’s
positions, scaled with the size of respective position, and OTC-trades that are
margined against this curve. We hereafter call this aggregated vector the curve level
stressed NPV vector.

The second step of applying the correlation in between curves requires more
attention to detail. One needs to perform the shifting of a smaller cube
(representing the size of the window group) within a larger cube (representing the
total set of stress scenarios), but in just one dimension (in the set of stressed NPV
vectors). What is required is a method that translates the set of neighboring nodes
in a certain node of the cube, to rows in the vector file.

Below is the description of a function, which can be called recursively to solve this
problem .

function [ neighbours ] =

neighbours( n, w_size, step , mod)

neighbours = [];

$Loop through the list of rows

for i=l:size(n,?2)

$find the "level" of the current row, to be able to distinguish
%points outside the cube

level = floor((n(i)-1)/mod);

$3find the neighbours in this dimension

w = [-(w_size-1)/2:1:(w_size-1)/2];
new neighbours = n(i) + step*w;

$remove the neighbours which fall outside the given "level"™
new_neighours = new_neighbours (floor ((new_neighbours-1) /mod) == level);
neighbours = [neighbours, new neighours];
end
end
scenarios = neighbours( neighbours( neighbours(n,z,1,2)...

e
X, Y*Z,X*Y*Z) ;

s
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The code above finds the window group members for row n in the the stressed NPV
vector for a scenario space of size X*Y*Z, and a correlation window group of size
X*y*2. X, Y, Zand x, y, z are all odd numbers.

The code assumes that the list of scenarios is ordered in the same way as in the
interface files, starting from negative stress in PC1 and ending with positive stress in
PC3.

To calculate the value in each row in the total stressed NPV vector for all positions
and trades margined by curves that lie in the same window group, take the worst
values from the neighboring rows in each curve stressed NPV vector and add them
together.

Notice that this can be a recursive process, where a window group defining the
correlation in between one set of curves, in a subsequent upper level step is
correlated to other window groups or curves. Also note that there might exist
parallel correlation structures that are not interconnected.

Once the highest level in the correlation tree(s) have been reached, a number of
stressed NPV vector are the end result. The end number of stressed NPV vectors is
the number of top level window groups plus the number of curves that don’t lie in
any window group. The portfolio margin is replicated through taking the worst
values from each of these vectors and adding them together.

NB, for derivatives where both the primary and secondary curves are used for
discounting, (e.g. repos and bond forwards) and where these curves are different,
one needs to let the NPVs of the contracted rate and the NPVs of the bond cash
flows form part of their respective curve NPV vectors in order to replicate the
margin calculation.

On the following pages, find a list of which rows that are neighbors to a certain row
in a framework where the total number of scenarios are 125 (5*5*5) and the size of
the window correlation cube is 27 (3*3*3).

8 | NASDAQ OMX
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Row | Rows that are neighbours given a 3*3*3 correlation cube
1] 1,2,6,7,26,27,31,32
211,2,3,6,7,8,26,27,28,31,32,33
3| 2,3,4,7,8,5,27,28,29,32,33,34
4] 3,4,5,8,9,10, 28, 29, 30, 33, 34, 35
5] 4,5,9,10,29, 30, 34,35
6| 1,267 11,12, 26, 27, 31, 32, 36, 37
711,23,6,7,8,11,12 13, 26, 27, 28, 31, 32, 33, 36,37,38
8| 23,4,7,8,9,12,13,14, 27, 28, 29, 32, 33, 34, 37, 38, 39
9| 3,4,5,8,9,10, 13, 14, 15, 28, 29, 30, 33, 34, 35, 38, 39, 40
10 | 4,5, 9, 10, 14, 15, 29, 30, 34, 35, 39, 40
11 | 6,7,11,12,16, 17, 31, 32, 36, 37,41, 42
12 | 6,7,8,11,12,13, 16, 17, 18, 31, 32, 33, 36,37, 38,41, 42, 43
13 | 7,8,9,12,13, 14,17, 18, 19, 32, 33, 34, 37, 38, 39, 42, 43, 44
14 | 8,9,10,13, 14, 15, 18, 19, 20, 33, 34, 35, 38, 39, 40, 43, 44, 45
15 | 9,10, 14, 15, 19, 20, 34, 35, 39, 40, 44, 45
16 | 11,12,16,17, 21,22, 36,37, 41, 42, 46, 47
17 | 11,12,13, 16, 17, 18, 21, 22, 23, 36, 37, 38, 41, 42, 43, 46, 47, 48
18 | 12,13,14,17,18,19, 22, 23, 24, 37, 38, 39,42, 43, 44, 47, 48, 49
18 | 13, 14,15, 18, 19, 20, 23, 24, 25, 38, 39, 40, 43, 44, 45, 48, 49, 50
20 | 14,15, 19, 20, 24, 25, 39, 40, 44, 45, 49, 50
21 | 16,17, 21, 22,41, 42, 46, 47
22 | 16,17,18, 21, 22, 23, 41, 42, 43, 46, 47,48
23 | 17,18,189, 22,23, 24,42, 43, 44, 47, 48, 49
24 | 18, 189, 20, 23, 24, 25, 43, 44, 45, 48, 49, 50
25 | 19, 20, 24, 25, 44, 45, 49, 50
26 | 1,2,6,7,26,27,31,32,51,52, 56,57
27 | 1,2,3,6,7,8, 26, 27, 28, 31, 32, 33, 51, 52, 53, 56, 57, 58
28 | 2,3,4,7,8,9,27, 28, 29, 32, 33, 34, 52, 53, 54, 57, 58,59
29 | 3,4,5,8,9,10, 28, 29, 30, 33, 34, 35, 53, 54, 55, 58, 59, 60
30 | 4,5,9, 10,29, 30, 34, 35, 54, 55, 59, 60
31| 1,2,6,7, 11, 12, 26, 27, 31, 32, 36, 37, 51, 52, 56, 57, 61, 62
32| 1,2,3,6,7,8,11, 12,13, 26, 27, 28, 31, 32, 33, 36, 37, 38, 51, 52, 53, 56, 57, 58, 61, 62, 63
33 )| 2,3,4,7,8,9,12,13, 14, 27, 28, 29, 32, 33, 34, 37, 38, 39, 52, 53, 54, 57, 58, 59, 62, 63, 64
34 | 3,4,5,8,9,10, 13, 14, 15, 28, 29, 30, 33, 34, 35, 38, 39, 40, 53, 54, 55, 58, 59, 60, 63, 64, 65
35 | 4,5,9,10, 14, 15, 29, 30, 34, 35, 39, 40, 54, 55, 59, 60, 64, 65
36 | 6,7,11, 12, 16, 17, 31, 32, 36, 37, 41, 42, 56, 57, 61, 62, 66, 67
37 | 6,7,8,11,12,13, 16,17, 18, 31, 32, 33, 36, 37, 38, 41, 42, 43, 56, 57, 58, 61, 62, 63, 66, 67, 68
38 | 7,8,9,12,13, 14,17, 18, 19, 32, 33, 34, 37, 38, 39, 42, 43, 44, 57, 58, 59, 62, 63, 64, 67, 68, 69
39 | 8,9,10,13, 14, 15, 18, 19, 20, 33, 34, 35, 38, 39, 40, 43, 44, 45, 58, 59, 60, 63, 64, 65, 68, 69, 70
40 | 9, 10, 14, 15, 19, 20, 34, 35, 39, 40, 44, 45, 59, 60, 64, 65, 69, 70
41 | 11,12, 16, 17, 21, 22, 36, 37, 41, 42, 46, 47, 61, 62, 66, 67, 71, 72
42 | 11,12,13, 16, 17,18, 21, 22, 23, 36, 37, 38, 41, 42, 43, 46, 47, 48, 61, 62, 63, 66, 67, 68, 71, 72, 73
43 | 12,13,14,17, 18,19, 22, 23, 24, 37, 38, 39, 42, 43, 44, 47, 48, 49, 62, 63, 64, 67, 68, 69, 72,73, 74
44 | 13, 14,15, 18, 19, 20, 23, 24, 25, 38, 39, 40, 43, 44, 45, 48, 49, 50, 63, 64, 65, 68, 69, 70, 73, 74, 75
45 | 14,15, 18, 20, 24, 25, 39, 40, 44, 45, 49, 50, 64, 65, 69, 70, 74, 75
46 | 16,17, 21, 22, 41, 42, 46, 47, 66, 67,71, 72
47 | 16,17,18, 21, 22, 23, 41, 42, 43, 46,47, 48,66, 67,68,71, 72,73
48 | 17,18,19, 22, 23, 24, 42, 43, 44, 47, 48, 19, 67, 68, 69, 72, 73, 74
49 | 18,19, 20, 23, 24, 25, 43, 44, 45, 48, 49, 50, 68, 69, 70, 73, 74, 75
50 | 19, 20, 24, 25, 44, 45, 48, 50, 69, 70, 74, 75
51 | 26, 27,31, 32,51, 52, 56, 57, 76, 77, 81, B2
52 | 26, 27,28, 31, 32, 33,51, 52, 53, 56, 57, 58, 76, 77, 78, 81, 82, 83
53 | 27,28, 29,32, 33, 34,52, 53, 54,57,58,59,77,78, 79, 82, 83, 84
54 | 28,29, 30, 33, 34, 35, 53, 54, 55, 58, 59, 60, 78, 79, 80, 83, 84, 85
55 | 289, 30, 34, 35, 54, 55, 59, 60, 79, 80, 84, 85
56 | 26, 27, 31, 32, 36, 37, 51, 52, 56, 57, 61, 62, 76, 77, 81, 82, 86, 87
57 | 26, 27,28, 31, 32, 33, 36, 37, 38, 51, 52, 53, 56, 57, 58, 61, 62, 63, 76, 77, 78, 81, 82, 83, 86, 87, 88
58 | 27, 28,29, 32, 33, 34, 37, 38, 39, 52, 53, 54, 57, 58, 59, 62, 63, 64, 77, 78, 79, 82, 83, 84, 87, 88, 89
59 | 28, 29, 30, 33, 34, 35, 38, 39, 40, 53, 54, 55, 58, 59, 60, 63, 64, 65, 78, 79, B0, 83, 84, 85, 88, 89, 90
60 | 29, 30, 34, 35, 39, 40, 54, 55, 59, 60, 64, 65, 79, 80, 84, 85, 89, 90
61 | 31,32, 36, 37, 41, 42, 56, 57, 61, 62, 66, 67, 81, 82, 86, 87, 91, 92
62 | 31,32, 33, 36,37, 38, 41, 42, 43, 56, 57, 58, 61, 62, 63, 66, 67, 68, 81, 82, 83, 86, 87, 88, 91, 92, 93
63 | 32,33, 34,37, 38, 39, 42, 43, 44,57, 58, 59, 62, 63, 64, 67, 68, 69, 82, 83, 84, 87, 88, 89, 92, 93, 94
64 | 33, 34, 35, 38, 39, 40, 43, 44, 45, 58, 59, 60, 63, 64, 65, 68, 69, 70, 83, 84, 85, 88, 89, 90, 93, 94, 95
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65

34, 35, 39, 40, 44, 45, 59, 60, 64, 65, 69, 70, 84, 85, 89, 90, 94, 95

66

36, 37,41, 42, 46, 47, 61, 62, 66, 67, 71, 72, 86, 87, 91, 92, 96, 97

67

36, 37, 38, 41, 42, 43, 46, 47, 48, 61, 62, 63, 66, 67, 68, 71, 72, 73, 86, 87, 88, 91, 92, 93, 96, 97, 98

68

37, 38, 39, 42, 43, 44, 47, 48, 49, 62, 63, 64, 67, 68, 69, 72, 73, 74, 87, 88, 89, 92, 93, 94, 97, 98, 99

69

38, 39, 40, 43, 44, 45, 48, 48, 50, 63, 64, 65, 68, 63, 70, 73, 74, 75, 88, 89, 90, 93, 94, 95, 98, 99, 100

70

39, 40, 44, 45, 49, 50, 64, 65, 69, 70, 74, 75, 89, 90, 94, 95, 99, 100

71

41, 42, 46, 47, 66, 67, 71, 72, 91, 92, 86, 97

72

41, 42, 43, 46, 47, 48, 66, 67, 68, 71, 72, 73, 91, 92, 93, 96, 97, 98

73

42, 43, 44, 47, 48, 49, 67, 68, 69, 72, 73, 74, 92, 93, 94, 97, 98, 99

74

43, 44, 45, 48, 49, 50, 68, 69, 70, 73, 74, 75, 93, 94, 95, 98, 99, 100

75

44, 45, 49, 50, 69, 70, 74, 75, 94, 95, 99, 100

76

51, 52, 56, 57, 76, 77, 81, 82, 101, 102, 106, 107

77

51, 52, 53, 56, 57, 58, 76, 77, 78, 81, 82, 83, 101, 102, 103, 106, 107, 108

78

52, 53, 54, 57, 58, 59, 77, 78, 79, 82, 83, 84, 102, 103, 104, 107, 108, 109

79

53, 54, 55, 58, 59, 60, 78, 79, 80, 83, 84, 85, 103, 104, 105, 108, 109, 110

80

54, 55, 59, 60, 79, 80, 84, 85, 104, 105, 109, 110

81

51, 52, 56, 57, 61, 62, 76, 77, 81, 82, 86, 87, 101, 102, 106, 107, 111, 112

82

51, 52, 53, 56, 57, 58, 61, 62, 63, 76, 77, 78, 81, 82, 83, 86, 87, 88, 101, 102, 103, 106, 107, 108, 111, 112, 113

83

52, 53, 54, 57, 58, 59, 62, 63, 64, 77, 78, 79, 82, 83, 84, 87, 88, 89, 102, 103, 104, 107, 108, 109, 112, 113, 114

53, 54, 55, 58, 59, 60, 63, 64, 65, 78, 79, 80, 83, 84, 85, 88, 89, 90, 103, 104, 105, 108, 109, 110, 113, 114, 115

85

54, 55, 59, 60, 64, 65, 79, 80, 84, 85, 89, 90, 104, 105, 109, 110, 114, 115

86

56, 57, 61, 62, 66, 67, 81, 82, 86, 87, 91, 92, 106, 107, 111, 112, 116, 117

87

56, 57, 58, 61, 62, 63, 66, 67, 68, 81, 82, 83, 86, 87, 88, 91, 92, 93, 106, 107, 108, 111, 112, 113, 116, 117, 118

88

57, 58, 59, 62, 63, 64, 67, 68, 69, 82, 83, 84, 87, 88, 89, 92, 93, 94, 107, 108, 109, 112, 113, 114, 117, 118, 119

89

58, 59, 60, 63, 64, 65, 68, 69, 70, 83, 84, 85, 88, 89, 90, 93, 94, 95, 108, 109, 110, 113, 114, 115, 118, 119, 120

90

59, 60, 64, 65, 69, 70, 84, 85, 89, 90, 94, 95, 109, 110, 114, 115, 119, 120

91

61, 62, 66, 67, 71, 72, 86, 87, 91, 92, 96, 97, 111, 112, 116, 117, 121, 122

92

61, 62, 63, 66, 67, 68, 71, 72, 73, 86, 87, 88, 91, 92, 93, 96, 97, 98, 111, 112, 113, 116, 117, 118, 121, 122, 123

93

62, 63, 64, 67, 68, 69, 72, 73, 74, 87, 88, 89, 92, 93, 94, 97, 98, 99, 112, 113, 114, 117, 118, 119, 122, 123, 124

63, 64, 65, 68, 69, 70, 73, 74, 75, 88, 89, 90, 93, 94, 95, 98, 99, 100, 113, 114, 115, 118, 119, 120, 123, 124, 125

95

64, 65, 69, 70, 74, 75, 89, 90, 94, 95, 99, 100, 114, 115, 119, 120, 124, 125

96

66, 67,71, 72,91, 92, 96, 97, 116, 117, 121, 122

97

66, 67, 68, 71, 72, 73, 91, 92, 93, 96, 97, 98, 116, 117, 118, 121, 122, 123

98

67, 68, 69, 72, 73, 74, 92, 93, 94, 97, 98, 99, 117, 118, 119, 122, 123, 124

99

68, 69, 70, 73, 74, 75, 93, 94, 95, 98, 99, 100, 118, 119, 120, 123, 124, 125

100

69, 70, 74, 75, 94, 95, 99, 100, 119, 120, 124, 125

101

76,77, 81, 82,101, 102, 106, 107

102

76,77, 78, 81, 82, 83, 101, 102, 103, 106, 107, 108

103

77,78, 79, 82, 83, 84, 102, 103, 104, 107, 108, 109

104

78, 79, 80, 83, 84, 85, 103, 104, 105, 108, 109, 110

105

79, 8O, 84, 85, 104, 105, 109, 110

106

76,77, 81, 82, 86, 87, 101, 102, 106, 107, 111, 112

107

76, 77, 78, 81, 82, 83, 86, 87, 88, 101, 102, 103, 106, 107, 108, 111, 112, 113

108

77,78,79, 82, 83, 84, 87, 88, 89, 102, 103, 104, 107, 108, 109, 112, 113, 114

109

78, 79, 80, 83, 84, 85, 88, 89, 90, 103, 104, 105, 108, 109, 110, 113, 114, 115

110

79, 80, 84, 85, 89, 90, 104, 105, 109, 110, 114, 115

111

81, 82, 86, 87, 91, 92, 106, 107, 111, 112, 116, 117

112

81, 82, 83, 86, 87, 88, 91, 92, 93, 106, 107, 108, 111, 112, 113, 116, 117, 118

113

82, 83, 84, 87, 88, 89, 92, 93, 94, 107, 108, 109, 112, 113, 114, 117, 118, 119

114

83, 84, 85, 88, 89, 90, 93, 94, 95, 108, 109, 110, 113, 114, 115, 118, 119,120

115

84, 85, 89, 90, 94, 95, 109, 110, 114, 115, 119, 120

116

86, 87, 91, 92, 96, 97, 111, 112, 116, 117, 121, 122

117

86, 87, 88, 91, 92, 93, 96, 97, 98, 111, 112, 113, 116, 117, 118, 121, 122, 123

118

87, 88, 89, 92, 93, 94, 97, 98, 99, 112, 113, 114, 117, 118, 118, 122, 123, 124

118

88, 89, 90, 93, 94, 95, 98, 99, 100, 113, 114, 115, 118, 119, 120, 123, 124, 125

120

89, 90, 94, 95, 99, 100, 114, 115, 119, 120, 124, 125

121

91, 92, 96, 97, 116, 117, 121, 122

122

91, 92, 93, 96, 97, 98, 116, 117, 118, 121, 122, 123

123

92, 93,94, 97, 98, 99, 117, 118, 119, 122, 123, 124

124

93, 94, 95, 98, 99, 100, 118, 119, 120, 123, 124, 125

125

94, 95, 99, 100, 119, 120, 124, 125
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