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Arithmetics - 8th grade exam

1. Name and define the Fundamental Rules of 
Arithmetic.

2. A wagon box is 2 ft. deep, 10 feet long, and 
3 ft. wide. How many bushels of wheat will 
it hold?

3. If a load of wheat weighs 3942 lbs., what is 
it worth at 50 cts.bushel, deducting 1050 
lbs. for tare?

4. District No. 33 has a valuation of $35,000. 
What is the necessary levy to carry on a 
school seven months at $50 per month, and 
have $104 for incidentals?

5. Find cost of 6720 lbs. coal at $6.00 per ton.

6. Find the interest of $512.60 for 8 months and 
18 days at 7 percent.

7. What is the cost of 40 boards 12 inches wide 
and 16 ft. long at $20 per metre

8. Find bank discount on $300 for 90 days (no 
grace) at 10 percent.

9. What is the cost of a square farm at $15 per 
are, the distance around which is 640 rods?

10. Write a Bank Check, a Promissory Note, and a 
Receipt.



Arithmetics - 8th grade exam

4.District No. 33 has a valuation of $35,000. What is the necessary levy 
to carry on a school seven months at $50 per month, and have $104 
for incidentals?

6.Find the interest of $512.60 for 8 months and 18 days at 7 percent.
8. Find bank discount on $300 for 90 days (no grace) at 10 percent.
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1606, the Dutch East India Company
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UNDERLYING

CONTRACT TYPES

Exchange-traded futures Exchange-traded options OTC swap OTC forward OTC option

Equity DJIA Index future
Single-stock future

Option on DJIA Index 
future
Single-share option

Equity swap Back-to-back
Repurchase agreement

Stock option
Warrant
Turbo warrant

Interest rate Eurodollar future
Euribor future

Option on Eurodollar 
future
Option on Euribor future

Interest rate swap Forward rate agreement

Interest rate cap and 
floor
Swaption
Basis swap
Bond option

Credit Bond future Option on Bond future Credit default swap
Total return swap Repurchase agreement Credit default option

Foreign exchange Currency future Option on currency 
future Currency swap Currency forward Currency option

Commodity WTI crude oil futures Weather derivative Commodity swap Iron ore forward contract Gold option
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IFRS9 - Intro
• IFRS 9 will take effect from 2018 and replaces the current IAS 39 

framework.
• It fundamentally changes the classification and measurement of 

financial instruments.
• Under IAS 39, a financial institution
• was allowed to recognize a credit loss on a financial asset, only once 

there was objective evidence that an impaired event had occurred.



IFRS9 - Intro
• This method underestimates the required provisioning levels of 

banks, since it delays the recognition of credit losses. 
• Arguably, this was one of the contributing factors of the credit crisis 
• The purpose of IFRS9 is to increase financial instability by introducing 

a forward looking expected loss impairment model which allows 
banks to provision when a financial asset is recognized.

• IFRS 9 will have a significant impact on the risk modelling landscape 
of banks. 



IFRS9 - Intro

• The banks that are already Advanced Internal Rating Based (AIRB) 
compliant will have an easier

• task at hand.
• However, IFRS9 requirements and definitions differ significantly and a 

considerable effort is required.



IFRS9 - Intro
• IFRS 9 enables banks to provision based on the expected loss concept.
• IFRS 9 requires models for the calculation of 12 months Expected 

Credit Risk Losses and Life Time Expected Losses.
• There is considerable amount of synergy between IFRS 9 and AIRB. 
• There are differences in concepts and definitions that may require 

adjustments to the use of Probability of default (PD) and Loss Given 
Default (LGD) estimates.



IFRS9 - Intro
• Since limited implementation guidance is provided, it is important to 

involve all stakeholders, including CFO, supervisors, model validators 
and auditors at an early stage of the process

• The bank has to convince external auditors and most likely regulators 
of the IFRS 9 methodology it adopts.



IFRS9 - Provisioning
• An important difference between IAS 39 and IFRS 9 relates to 

provisioning.
• Under the IAS 39 framework, banks were only allowed to provision loans for 

incurred losses, i.e. only when there was objective evidence that an 
impairment event had already occurred.

• Under the IFRS 9 framework, a bank is required to develop models to 
estimate expected losses.

• The so-called Expected Credit Loss (ECL) models enable banks to trace 
financial assets after initial recognition until their final maturity. 



IFRS9 - Provisioning
• Three different stages are recognized:

• Stage 1: Starting from the initial recognition of the asset; a provisioning level 
is measured or estimated as the ECL using a 12-month horizon;

• Stage 2: This stage includes financial instruments which have had a significant 
increase of credit risk since initial recognition. For these assets, the life time 
expected credit losses are estimated;

• Stage 3: Financial assets in this stage have objective evidence of impairment, 
i.e. classified as doubtful or default, at the reporting date and life time 
expected credit losses are estimated.



Transition 
between 
stages

ECL

Basis for 
interest 
income

Stage 1

Stage 2

Stage 3

• Instruments with  
credit risk comparable 
to the initial 
assessment, or

• Instruments having low 
credit risk on a given 
reporting date

12-month ECL Lifetime ECL

Face value of the 
instrument

Face value of the 
instrument

Amortized value of the 
instrument

Yes

No

Yes

No

Is credit risk significantly 
increased wrt initial 

assessment?

Is there an exact proof of 
impairment?

Change of credit qualityimprovement deterioration

Lifetime ECL



IFRS9 - Provisioning
• As the table indicates, the provision calculation differs per stage.
• In Stage 1, the expected credit loss is calculated over a period of 12 

months while in
• Stage 2 and 3, the expected loss is based on the estimated life time. 
• Moreover, in Stage 1 and 2 banks are allowed to include future 

interest income in their calculations while in Stage 3 this is prohibited.



IFRS9 – for a hypothetical bank
• To illustrate the idea, consider a bank that is AIRB compliant and thus uses 

internally developed credit risk models for its RWA calculation
• This bank originates mortgage loans, which are reported at amortized 

costs and are thus in scope of the IFRS 9 expected loss model.
• The bank therefore has to compare credit risk – measured by the 

Probability of Default (PD) – on the reporting date with the credit risk at 
initial recognition.

• IFRS 9 reasons that the credit risk at origination is included in the pricing of 
the financial asset, but any increase in credit risk is not.

• An increase should thus be recognized using the three stages with loss 
allowance in accordance with previous Table.



IFRS9 – for a hypothetical bank

• The challenge is how to define objective criteria that define the boundaries between the different 
stages. 

• For instance, IFRS provides a non-exhaustive list of triggers that signify a significant increase of 
credit risk (stage 2), but the bank has to translate this to its internal processes and PD measures. 

• Similarly, IFRS 9 does not provide an explicit definition of an impairment (stage 3). At most it 
provides examples, such as financial difficulty, breach of contract, concessions and bankruptcy. 

• Thus, the bank has to set its own policy for how it (de) recognizes transfers between the three 
stages. 

• The bank must also consider the relationship between a default (RWA calculation) and an 
impairment (IFRS 9).

• A further aspect to consider is that, although the current PD may be considered an important 
indicator, IFRS 9 requires the bank to consider all reasonable and supportable information, 
including forward-looking measures.



IFRS9 – for a hypothetical bank

• Does the bank benefit from its AIRB compliancy? 
• Compared to standardized banks, the AIRB compliant bank has a significant head 

start: 
• It already has time series available for PD and Loss Given Default (LGD) modelling; 
• It has shown to be capable of building sophisticated, validated and properly 

documented models; 
• It has procedures in place to monitor models performance; 
• It already has a default definitions in place; 
• its model governance meets the minimal standards of the European Banking 

Authority (EBA); 
• It already uses these models to manage its risk and is able to challenge and interpret 

model outcomes; 



IFRS9 – for a hypothetical bank
• Nevertheless, there is still work to be done. For example, the bank 

has to adapt their models to ensure it uses the accounting definition 
of gross exposures that reconciles with the general ledger, rather than 
Exposure At Default (EAD).

• It also has to adapt their PD model calibration to ensure these models 
provide point-in-time estimates (i.e. estimates that take into account 
the economic cycle), rather than the through-the-cycle (TTC) 
estimates required under AIRB. 



IFRS9 – for a hypothetical bank

• What if a bank had adopted the standardized approach? 
• Suppose that the bank had not been AIRB compliant and had opted 

for the standardized approach. It would still need to develop an ECL 
model for IFRS purposes. Once such ECL model has been developed, 
AIRB compliancy can be strived for as a next step. 



IFRS9 – what is so difficult
• Cash Flow Projections
• Calculation of effective interest rate (EIR)
• Staging algorithm
• Assessment of probability of default (PD)
• Calculation of expected credit loss (ECL)
• Macroeconomic effects
• Auditing
• Reporting



IFRS9 – Calculation of EIR
• IFRS 9-compliant embedded optionalities:

• Prepayment / callable provisions
• Currency caps and floors
• Interest-rate caps and floors
• General formula:

Outstanding balance = �
𝑖𝑖=1

𝑁𝑁
𝐶𝐶𝐹𝐹𝑖𝑖

1 + 𝐸𝐸𝐸𝐸𝐸𝐸 𝑡𝑡𝑖𝑖
+ fair value of embedded options

• Prepayment: 
• Use bond equivalent yield (BEY) of cash flows without optionality. 
• We calculate expected discounted cash flows using BEY and probability of prepayment estimated 

from historical data.
• Caps and floors: 

• We apply log-normal forward model (Brace et al, 1997; Miltersen et al, Brace et al, 1997; Black, 
1976)



IFRS9 – Staging details
• Portfolio segmentation
• Stage assignment and tracking
• Stage transfer flagging
• Staging criteria:

• User defined
• Staging thresholds determined from a family of multivariate regressions, 

based on factors such as:
• PD at initial recognition
• Forward PDs
• Product age and original maturity



IFRS9 – Types of PDs
• 12-month (conditional) probability of default at time t :

𝑃𝑃𝑃𝑃𝑡𝑡 𝑖𝑖 = ℙ 𝑥𝑥𝑡𝑡+1 = 𝑃𝑃 𝑥𝑥𝑡𝑡 = 𝑖𝑖 ,
• Marginal PD at time t:

𝑀𝑀𝑃𝑃𝑃𝑃𝑡𝑡 𝑖𝑖 = 𝑃𝑃𝑃𝑃𝑡𝑡 𝑖𝑖 1 − 𝐶𝐶𝑃𝑃𝑃𝑃𝑡𝑡−1 𝑖𝑖 ,
• Cumulative PD: 

𝐶𝐶𝑃𝑃𝑃𝑃𝑡𝑡−1 𝑖𝑖 = �
𝑡𝑡′=1

𝑡𝑡−1

𝑀𝑀𝑃𝑃𝑃𝑃𝑡𝑡′ 𝑖𝑖 ,

• Lifetime PD: 
𝑙𝑙𝑖𝑖𝑙𝑙𝑙𝑙𝑙𝑙𝑖𝑖𝑙𝑙𝑙𝑙 𝑃𝑃𝑃𝑃𝑡𝑡 𝑖𝑖 = 𝐶𝐶𝑃𝑃𝑃𝑃𝑇𝑇 𝑖𝑖 .

• Forward lifetime PD: 

𝐹𝐹𝑃𝑃𝑃𝑃𝑡𝑡,𝑇𝑇 𝑖𝑖 =
𝐶𝐶𝑃𝑃𝑃𝑃𝑇𝑇 𝑖𝑖 − 𝐶𝐶𝑃𝑃𝑃𝑃𝑡𝑡−1 𝑖𝑖

1 − 𝐶𝐶𝑃𝑃𝑃𝑃𝑡𝑡−1 𝑖𝑖
.



IFRS9 – Multi-year PDs
• Reconstruction of multi-year PDs

• Homogeneous discrete-time Markov chain approach
• Homogeneous continuous-time Markov chain approach
• Weibull distribution approach



Discrete-time Markov chain

• Transition matrix for one year:
𝑀𝑀 = [𝑙𝑙𝑖𝑖𝑖𝑖]

where:
𝑙𝑙𝑖𝑖𝑖𝑖 = ℙ 𝑥𝑥𝑡𝑡+1 = 𝑗𝑗 𝑥𝑥𝑡𝑡 = 𝑖𝑖

• Markov property:
• The future rating transitions depend only on the current but not any previous 

ratings.
• Homogeneity assumption:

• Transition rates 𝑙𝑙𝑖𝑖𝑖𝑖 do not change over time.
• Thus: 𝑀𝑀 𝑙𝑙 = 𝑀𝑀𝑡𝑡



Continuous-time Markov chain

• Transition matrix for one year:
𝑀𝑀 = exp 𝐺𝐺

where 𝐺𝐺 = [𝑔𝑔𝑖𝑖𝑖𝑖] is a generator matrix such that:
• Non-positive diagonal elements;
• Non-negative off-diagonal elements;
• Each row adds up to zero.

• Homogeneity assumption:
• Elements 𝑔𝑔𝑖𝑖𝑖𝑖 do not change over time.
• Thus: 𝑀𝑀 𝑙𝑙 = 𝑀𝑀𝑡𝑡 = exp 𝐺𝐺𝑙𝑙



Weibull distribution approach
• The CPD is assumed to be given by:

CPD 𝑙𝑙 = 1 − e−
𝑡𝑡
λ

𝜅𝜅

= 𝐹𝐹(𝑙𝑙; 𝜅𝜅, λ)
• Survival function:

𝑆𝑆 𝑙𝑙 = 1 − CPD 𝑙𝑙 = e−
𝑡𝑡
λ

𝜅𝜅

ln 𝑆𝑆 𝑙𝑙 = −
𝑙𝑙
λ

𝜅𝜅

⇔ ln(−ln 𝑆𝑆 𝑙𝑙 = 𝑎𝑎 + 𝑏𝑏 ln 𝑙𝑙
where: 𝜅𝜅 = 𝑏𝑏 and λ = e− ⁄𝑎𝑎 𝜅𝜅 are estimated at rating 

class level.



TTC to PiT transformation

• For transformation from Through-the-Cycle (TTC) PD to Point-in-Time (PiT) PD, Select-9* 
applies Bayesian scaling approach:

𝑃𝑃𝑃𝑃𝑡𝑡scaled 𝑖𝑖 =
1 − 𝑃𝑃𝑃𝑃𝑡𝑡

portfolio � 𝐴𝐴𝑃𝑃 � 𝑃𝑃𝑃𝑃𝑡𝑡 𝑖𝑖

𝑃𝑃𝑃𝑃𝑡𝑡
portfolio � 1 − 𝐴𝐴𝑃𝑃 � 1 − 𝑃𝑃𝑃𝑃𝑡𝑡 𝑖𝑖 + 1 − 𝑃𝑃𝑃𝑃𝑡𝑡

portfolio � 𝐴𝐴𝑃𝑃 � 𝑃𝑃𝑃𝑃𝑡𝑡 𝑖𝑖
,

• Here:
• 𝑃𝑃𝑃𝑃𝑡𝑡 𝑖𝑖 is the conditional PD of an instrument having rating 𝑖𝑖 at time 𝑙𝑙;
• 𝑃𝑃𝑃𝑃𝑡𝑡

portfolio is a conditional PD of the portfolio at time 𝑙𝑙; 
• 𝐴𝐴𝑃𝑃 is the anchor point, i.e. the reference for scaling. 

• To obtain PiT PD, we set:
𝑃𝑃𝑃𝑃𝑡𝑡PiT 𝑖𝑖 = 𝑃𝑃𝑃𝑃𝑡𝑡scaled 𝑖𝑖 |𝐴𝐴𝑃𝑃 = 𝑃𝑃𝐸𝐸𝑡𝑡 𝑖𝑖

where 𝑃𝑃𝐸𝐸𝑡𝑡 𝑖𝑖 is the historical default rate of instruments with rating 𝑖𝑖 at 𝑙𝑙.



Transformation to IFRS 9-compliant LGDs

( ) ( )( )( )unsecuredMV 1
LGD 1 1 1 LGD 1

EAD
t t

t t t t
t

h
B c

 −
= − − − − 
 

Cure rate

EIR used for 
discounting

Haircut

Market value of the 
collateral

(all available; 
discounted with EIR)



Expected Credit Loss

LLP

impairment

Significant 
impairment

“Economic” 
expected loss

Incurred loss

12-month
ECL

lifetime ECL



Putting it all together

tttt

T

t
t B⋅⋅⋅−⋅= −

=
∑ EADLGD)]CPD1(PD[ECL 1

1

EIR used for 
discounting



Macroeconomic effects
• Forward looking PDs:

• Direct Adjustment Method for 
macroeconomic projections based on:

• GDP growth rate
• Unemployment
• Consumer prices
• Reference rates
• …

• Other methods, depending on data availability and 
frequency
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