
INTRODUCTION

The public generally, assume time as very precious and must be managed 
efficiently. They place the value of time on par with various valuable objects and 
one of the globally accepted proverb is 'time is money'. From the financial 
management perspective, this proverb is a phrase that can be measured and 
proven quantitatively by using the financial mathematics. In fact, this 
quantitative prove has developed as one of the basic principles in financial 
decisions making known as the concept for time value of money. 

CChhaapptteerr 33 Time Value 
of Money 

OBJECTIVES
At the end of this chapter, you will be able to: 

1. identify the basic concept for time value of money that is known as the 
concept of compounding to determine the future time value of an 
investment made today; 

2. identify the advance concept for time value of money that is known as 
the concept of discounting to calculate the present value for a sum of
cash that will be accepted in the future; 

3. explain the concept for time value of money for single cash flow and 
series cash flow, annuity, perpetuity and derivation cash flow; and 

4. analyse the concepts of compounding and discounting that occur
frequently, more than once a year and that occur continuously. 
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CONCEPT OF COMPOUNDING AND 
FUTURE VALUE 

Rationally, you will certainly choose the offer at the beginning of the year as the 
value of  money makes this alternative more profitable. The concept of 
compounding is the core in the concept for time value of money. The concept of 
compounding, in brief, explains that RM1 today is more valuable than RM1 in 
the future. This is because RM1 today can be invested to generate interest and 
subsequently multiply to become more than RM1 at the end of the investment 
year.

Among the reasons why the time value of money makes this alternative more 
valuable are: 

In general, individuals are more interested in the present usage than 
postponing the usage to the future. 
During the inflation periods caused by uncontrollable development in the 
economy, the real purchasing power of RM1 now is more that the real 
purchasing power of RM1 in the coming years. 
Capital that is obtained now can be invested productively to generate a 
higher return in the future. 

3.1.1 Time Line 

The drawing of time line in Figure 3.1 can ease the understanding of the concept 
of time value of money especially for complex problems. Time is divided into 
several periods of valuation that is shown along the horizontal line and the 
calculation of the period begins from left to right. Time 0 (t0) refers to the present 
time or the starting of the first period, time 1 (t1) refers to the end of the first 
period or the starting of the second period, time 2 (t2) refers to the end of the 
second period or the starting of the third period and so forth.  

3.1

If you were given two choices either an offer of RM1,000 in the 
beginning of the year or an offer of RM1,000 at the end of the year, 
which offer will you choose? 
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Figure 3.1: Time line 

3.1.2 Compounding Interest 

There are two types of interest that is the simple interest and compounding 
interest. Simple interest is the interest that will be paid or accepted based on the 
principal amount. Compounding interest refers to the interest that will be paid 
not only on the principal amount but also on any interest payable not withdrawn 
throughout its period (accumulated interest). 

In this topic, we will focus our discussion on compounding interest as in the 
calculation for time value of money, only compounding interest is considered. 

Example 3.1 

If you had invested RM100 in the savings account in a bank with the interest 
rates of 10% per year, how much returns will you receive at the end of the first 
year? Roughly, you will obtain RM110. These returns can be calculated as 
follows:

Returns (F) = Total principal (P) + Total interest (i)
= Total principal (P) + [Total principal (P) x Interest (i)]
= RM100 + 10
= RM100 + RM10 (10%)
= RM110

F1 = P + P(i)

= P(1 + i)

If the stated returns are not withdrawn from the savings account, and the bankÊs 
interest rates for the second and third year remained unchanged, how much 
return will you receive at the end of the second and third year? 
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F2 = P (1+i)2
= F1 (1+i)
= RM100 (1 + 0.1)2
= 121

F3 = RM121 + RM12.10
= RM133.10 that is
= F2 +F2 (i)
= F2 (1+i)
= P2 (1+i)2 (1+i)
= P (1+i)3

When the savings period is extended to tn, the total returns that will be obtained 
in the period (n) is: 

nFn = P (1+i) (3.1)

The complete time line for savings of RM100 at interest rate of 10% per year is as 
follows:

1.  Salmah keeps RM100 in the savings account at Affin Bank with 
interest rate of 5% per year for 5 years. How much return will she 
get at the end of the 5 year period? 

2.  Assume that Ah Seng keeps RM5,000 in the savings account at 
Bumiputra Commerce Bank at the interest rate of 10% per year for 
2 years. How much return will Ah Seng receive at the end of the 
second year? 

EXERCISE 3.1

P1 = RM 110 
100 + 100(10%) 

P2 = RM 121 
100 + 100(10%) 

P3 = RM 121 
100 + 100(10%) 
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3.1.3 Calculation of Future Value Using Schedule 

Calculation of future value using the formula of Fn = nP (1+i)  with the value of n 
being more than one sometimes takes a rather long time. Therefore, the usage of 
a financial schedule that is the schedule of Future Value Interest Factor (FVIF i,n) 
helps to save time in calculations. 

The equation 3.2 shows that the future value (FVn) is equivalent to the principal 
at the point of time equal to 0 or the original principal amount (PV0) multiply 
with the future value factor stated in the schedule of Future Value Interest Factor 
(FVIF i,n). This schedule is enclosed in Attachment A. 

FVn=PV0 (FVIF i,n) (3.2)

As a basic guide on the usage of the financial schedule, please refer to the extract 
on the schedule of Future Value Interest Factor (FVIFi,n) in Table 3.1 to solve 
examples 3.2 and 3.3. 

Example 3.2  

You deposited RM2,000 in the savings account in a bank at a yearly interest rate 
of 5% for the period of one year. Upon the completion of one year, how much 
return will you receive? 

FVn = PV0 (FVIF i,n)
= RM2,000 (FVIF 5%, 1)
= RM2,000 (1.0500)
= RM2,100

Example 3.3 

Assume you deposited RM2,000 in the savings account in your bank at a yearly 
interest rate of 5% for the period of four years. Upon the completion of four 
years, how much return will you receive? 

FVn = PV0 (FVIF i,n)
= RM2,000 (FVIF 5%, 4)
= RM2,000 (1.216)
= RM2,432
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Table 3.1: Extract from the Future Value Interest Factor (FVIF i, n) Schedule 

It must be remembered that sometimes different answer might exist by using 
manual calculation compared to the calculations using the schedule. This is due 
to the usage of different numbers of decimal points. However, the difference is 
not obvious and both answers are acceptable. 

3.1.4 Graphical Illustration of Future Value  

There are three basic elements which will influenced the future value, these are: 

(a) principal (amount that was borrowed or invested); 

(b) time period (the number of periods or frequency of interest payments); and 

(c) interest rate payable (if the money was borrowed) or interest receivable (if 
the money was invested). 

Use the schedule of Future Value Interest Factor (FVIFi,n) in Attachment 
A to calculate the answers for the questions below. 

1. Assume that you keep RM5,555 in the savings account at Affin 
Bank with an interest rate of 15% per year for 5 years. How much 
potential return will you obtain at the end of the 5 year period?  

2. If you keep RM4,321 in the savings account at Maybank with an 
interest rate of 7% per year for 2 years, how much potential return 
will you obtain at the end of the 2 years period?

EXERCISE 3.2 
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To show how the interest rate influences the future value of an investment, we 
must assume that the principal and the time period are constant. Therefore, any 
changes to the future value are caused only by the interest rates. For example, 
you intend to deposit RM100 at Bank A, B and C that offer different 
compounding interest rates of 8%, 10% and 12%. How much will the future value 
of your deposit be in 3 years from now? 

Based on the formula 

FVn=PV0 (FVIFi, n)

The future value for Bank A that offers an interest rate of 8% is: 

FV0.08’3 = RM100 (FVIF8%,3)
= RM100 (1.26)
= RM126.00

The future value for Bank B that offers an interest rate of 10% is: 

FV0.1’3 = RM100 (FVIF10%,3)
= RM100 (1.331)
= RM133.10

The future value for Bank C that offers an interest rate of 12% is: 

FV0.12’3 = RM100 (FVIF12%,3)
= RM100 (1.405)
= RM140.50

The examples above can also be applied on either the principal value or the time 
period by assuming that the other variables are constant. You will discover that 
the future value has a positive correlation with the time period (n) and the 
interest rate (i) as shown in Figure 3.2. 
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Figure 3.2: Correlation between interest rate, time period and future value for RM100. 

CONCEPT OF DISCOUNTING AND PRESENT 
VALUE

The second concept that is related with the time value of money is the concept of 
cash flow discounting. This concept is used to ascertain the present value (PV0)
or principal value for a sum of money in the future (FV0) that is discounted at an 
interest rate known as rate of return (i) for the valuation period (t). 

3.2

As a bank manager, what are your strategies in attracting more people 
to deposit and invest in your bank? 

In your opinion, how is the concept of discounting and present value 
different from compounding and future value? 
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The process to determine the present value is the reverse process of determining 
the future value. The relationship between these two processes is illustrated in 
the time line in Figure 3.3. 

Figure 3.3: Comparison between future value and present value  

3.2.1 Calculation of Present Value 

The process of discounting is the reverse process of compounding. The present 
value (principal) can be found with a small variation to the basic formula of 
calculating the future value (formula 3.1). 

Example 3.4 

Assume you expect to receive returns of RM2,500 a year from now. How much is 
the present value for RM2,500 if the discount rate or rate of return is 8% per year? 

nFV =
0

nPV (1+ i)

RM2, 500  = 
0

1PV (1+ 0.08)

0PV  = 
1.08

RM2, 500

 = RM2, 314.81
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What is the present value that you must invest if you expect a return of RM2,500 
in the period (a) 2 years and (b) 3 years at a discount rate of 8% per year? 

   

   

   
   
   
   
   
   

The present value of RM2,500 at a rate of 8% in period 1,2 and 3 years are as 
follows:

If the discounting period is extended to tn, the principal amount that must be 
invested is 

n
0 n

FV
PV  = 

(1+i)
 (3.3) 

Or
PV 0 = FVn [1/(1+i)n]

RM2,314.81 RM2,500 

FV2 = PV0 (1+i)2

RM2,500 = PV0 (1+0.08)2

PV0 =

RM2,500
(1+1.08) 3

RM2,143.35

FV3 = PV0 (1+i)3

RM2,500 = PV0 (1+0.08)3

PV0 =

PV0 =

RM2,500
(1+1.08)2

= RM1,984.58
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3.2.2 Calculation of Present Value (Principal) Using 
Schedule

Similar to the future value factor, the present value factor can also be obtained by 
using a schedule that is the Present Value Interest Factor (PVIFi,n) as attached in 
Attachment B. The usage of this schedule helps to simplify the calculation of 
present value especially in complex problems. The equation 3.4 shows the 
present value (PV0) is equal to the future value amount (FVn) multiply with the 
present value interest factor (PVIFi,n).

PV0 = FVn (PVIF i,n)  (3.4) 

As a basic guide on the usage of the financial schedule, please refer to the extract 
on the schedule of Present Value Interest Factor (PVIFi,n) in Table 3.2 to solve 
examples 3.5 and 3.6. 

Example 3.5 

Assume you expect to receive RM3,999 in 3 years time from now. How much is 
the present value for RM3,999 if the discount rate or rate of return is 9% per year? 

PV 0 = FV (PVIF i,n)
= RM3,999 (PVIF 9%,3)
= RM3,999 (0.772)
= RM3,087.23

Example 3.6 

You intend to accumulate savings money at the bank for RM5,713 in the period 
of 4 years from now. How much savings you must make now if the interest rate 
offered by the bank is 10 percent per year? 

1. You want RM1,100 in your account a year from now. How 
much investment must you make now if the interest rate 
offered by the bank is 10%? 

2. Seri Sdn. Bhd. offers a low risk security that promises a 
payment of RM3,000 at the end of 2 years period with an offer 
of 15% interest rate per year. What is the present value for 
RM3,000?

EXERCISE 3.3 
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PV 0 = FV (PVIF i,n)
= RM5,713 (PVIF 10%,4)
= RM5,713 (0.683)
= RM3,901.98

Table 3.2: Extract of Present Value Interest Factor Schedule (PVIF i, n) 

It must be remembered that sometimes different answer might exist by using 
manual calculation compared to the calculations using the schedule. This is due 
to the usage of different numbers of decimal points. However, the difference is 
not obvious and both answers are acceptable. 

Use the schedule of present value interest factor to help you solve the 
questions below: 

1. Assume that you are given the opportunity to purchase a low 
risk security that promised a payment of RM127.63 at the end of 
the period of 5 years with an interest rate offer of 5% per year. 
How much is the present value for RM127.63? 

2. You plan to accumulate savings money in the bank for RM6,213 
in a period of 5 years from now. How much savings must you 
make now if the interest rate offered by the bank is 12% per year? 

EXERCISE 3.4
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3.2.3 Graphical Illustration of Present Value 

To show how the interest rate influences the present value (principal) of an 
investment, we must assume that the future value (returns) and the time period 
are constant. Therefore, any changes to the present value are caused only by the 
interest rates.

Example 3.7 

You intend to obtain returns of RM1,000 in a period of 3 years in Bank A, B and C 
that offer different compounding interest rates of 8%, 10% and 12%. What is the 
principal value that you should make? 

The principal value for Bank A that offers an interest rate of 8% is:

PV 8%,3 = RM1,000 (PVIF 8%,3)
= RM1,000 (0.7938)
= RM793.80

The principal value for Bank B that offers an interest rate of 10% is:

PV 10%,3 = RM1,000 (PVIF 10%,3)
= RM1,000 (0.7513)
= RM751.30

The principal value for Bank C that offers an interest rate of 12% is:

PV 12%,3 = RM1,000 (PVIF 12%,3)
= RM1,000 (0.7118)
= RM711.80

The examples above can also be applied either in the future value or time period 
by assuming that the other variables are constant. You will find that the future 
value has a negative relation with the time period (n) and interest rates (i) as 
shown in Figure 3.4. This graph explains that the principal value of RM1,000 that 
will be received in the future will decrease when the acceptance period is 
extended. The rate of decrease for present value is higher with the increase in 
discount rates or interest rates. 
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Figure 3.4: Correlation between interest rate, time period and future value for RM100 

SINGLE CASH FLOW MONEY VALUE

Single cash flow is a cash flow that only occurs once throughout the period of 
valuation. Both the concepts of compounding and discounting that were 
explained earlier have used the examples of single cash flow.

The examples stated clearly shows that the future value of an amount of single 
cash flow invested presently will increase from time to time with the existence of 
specific interest rates. In reverse, a sum value of single cash flow that has been 
determined in the future will decrease when time approaches zero. 

Future value (compounding process) 

Figure 3.5: Single Cash Flow: Future value and present value 

3.3
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SERIES CASH FLOW MONEY VALUE 

The concept of future value and present value is not limited to the process of 
compounding and discounting single cash flow only. These concepts can be 
applied to a series of cash flow. 

A series cash flow means that there are a series of receiving or payments of cash 
that occur throughout the valuation period. There are several categories of series 
cash flow which are annuity, derivation cash flow and perpetuity. 

3.4.1 Annuity 

Annuity is a series of payment or receiving of the same amount at the same 
intervals  throughout the period of valuation. Therefore, a cash flow of RM5 each 
month for one year is an annuity. While a cash flow of RM5 that is swap 
alternately with a cash flow of RM10  each month for a year is not an annuity. 

Annuity has a clearly stated starting point and an ending, in other words, 
annuity cash flow would not be indefinite. Normally, annuity occurs at the end 
of each period and this annuity is known as ordinary annuity. However, in some 
cases, annuity occurs at the beginning of the period and this type of annuity is 
known as annuity due. 

(a) FFuture Value of Ordinary Annuity 
 Ordinary annuity is annuity that occurs at the end of each period as shown 

in Figure 3.6. 

Figure 3.6: Time line of ordinary annuity 

The finance manager often makes future planning for the company but they 
usually do not know how much investment or savings that must be saved 
continuously to accumulate the sum of money required in the future. The future 
value of annuity is the number of annuity payments at a specific amount (n) that 
will increase at a specific period based on a specific interest rate (i). 

3.4
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Example 3.8 

You had deposited RM100 at the end of each year for 3 years continuously in the 
account that pays a yearly interest of 10%. How much is the future value of that 
said annuity? 

The solution can be illustrated by the time line below: 

First step  :  Calculate the future value for t1, t2 and t3. 
Second step : Total the three future values to get the future value annuity 

 (FVA). 

First step:

F1 = RM100(1+0.1) 1

= RM100 (1.1)
= RM110

F2 = RM100(1+0.1) 2

= RM100 (1.21)
= RM121

F3 = RM100 (no increase in the future value as the deposit was made at
the end of the third year).

Second step:

FVA3 = F1 + F2 + F3

= RM110 + RM121 + RM100
= RM331
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The steps shown in the example above takes time even though it is a simple 
example. In cases where the calculation for future value of annuities are for a 
period of 20 or 30 years, it will be slow with complicated calculations. Therefore, 
we can simplify the calculations by using the formula below: 

nA[ (1+ i) – 1]
FVA =n i

(3.5)

FVAn = A(FVIFAi,n )  (3.6) 

Equation 3.5 used to solve the future value problems that involve the ordinary 
annuity is by manual calculation. While equation 3.6 is the solution formula for 
ordinary annuity using schedule. Annuity future value schedule can be obtained 
in Attachment C. 

Example 3.9 

Danon Company deposited RM5,000 at the end of each year for a period of 3 
years consecutively in an account that pays a yearly interest of 10 percent. What 
is the future value of that annuity? 

(i) Manual solution 

n

n

A [ (1 + i)  - 1]
FVA = 

i
3RM5, 000 [(1 + 0.10)   1]

=
0.10

= RM16, 550

(ii) Solution using schedule 

i, nFVA  = A (FVIFA )n
= RM5, 000

= RM5, 000 (3.310)

= RM16, 550
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The time line for future value of ordinary annuity of RM5,000 for 3 years at a rate 
of 10% per year is as below: 

   
 (b) FFuture Value of Annuity Due 

Sometimes we face a situation where the payment of annuity is at the 
beginning of a period, for example, the beginning of each month or year. 
This type of annuity is known as annuity due where it is different from 
ordinary annuity as ordinary annuity is paid at the end of a period. 
Annuity due occurs more frequently in future value annuity problems than 
present value annuity (PVA). Figure 3.7 shows the timeline for annuity due. 

Figure 3.7: Time line for annuity in advance. 

The equation of annuity due can be formulated with a little alteration to the 
ordinary annuity equation that is by multiplying the equation of ordinary 
annuity with (1 + i). This alteration is made because the cash flow for annuity 
due  occurs at the beginning of a period. 

(i) Manual equation 

n

n

A [ (1 + i)   1] (1 + i)
FVA =  

i
(3.7)

(ii)  Equation using schedule 
FVA n = A (FVIFA i,n) (1 + i) (3.8)
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Example 3.10 helps you to differentiate between ordinary annuity and annuity 
due.

Example 3.10 

Danon Company deposited RM5,000 at the beginning of each period for 3 years 
consecutively in the account that pays yearly interest of 10 percent. How much is 
the future value for that annuity? 

(i) Solving manually 

n  (1 + i)  1nA  = A  (1 + i)            
i

3[1 + 0.10) 1]  (1 + 0.10)
= RM5, 000        

0.10

= RM18, 205

(ii) Solving using schedule 

FVA  = A (FVIFA ) (1 + i)n  i, n
= RM5,000 (3.310) (1.10)

= RM18,205

The time line for future value annuity due of RM5,000 for 3 years at an interest 
rate of 10% per year is as follows: 

t0 t1 t2             t3
        
        

RM5,000 RM5,000 RM5,000  

    

    

    

From the solution above, we found that the future value for annuity due 
(RM18,205 in example 5.10) is higher compared to the future value for ordinary 

RM18,205
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annuity (RM16,550 in example 5.9). This is because for annuity due, the deposit is 
deposited in the beginning of the period and therefore generates interest longer 
compared to the ordinary annuity where the deposit is deposited at the end of 
the period. 

(c) PPresent Value of Ordinary Annuity
 Payment of annuity promises a return rate (investment in bonds) and cash 

flow (cash flow resulting from investment in equipment and plant). 
Therefore, it is important for a finance manager to know the value of the 
investment at the present time. 

 As an example, a finance manager finds that an annuity that promises four 
yearly payments of RM500 starting from the current year. How much must 
be paid by the finance manager to obtain that annuity? The principal 
amount that must be paid by the finance manager is the present value of 
ordinary annuity. 

 The present value of ordinary annuity (PVAn) can be obtained by using the 
manual equation (equation 3.9) or by using the financial schedule in 
Attachment D (equation 3.10). Both the equations below refer to the present 
value annuity (PVA n) equivalent to the annuity cash flow multiply by the 
present value annuity factor. 

(i)  Manual equation 
n

n
[ 1 –[1/(1 + i) ]PVA = A   

i
 (3.9) 

Solve the questions below by using the manual formula or schedule 
(FVIFA i,n).

1. Assume you had deposited RM100 into the bank at the beginning 
of the year for 3 years in the savings account that gives 5% interest 
rate. How much can be obtained at the end of the third year? 

2. Mr. Yeoh deposited RM10,000 into the bank on 31st December each 
year for 5 years at an interest rate of 10%. How much can he obtain 
at the end of the fifth year?

EXERCISE 3.5 
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(ii)  Equation using schedule  

 PVAn = A (PVIFAi,n) (3.10) 

Example 3.11 

Taming Company expects to receive RM3,000 at the end of each year for 3 
consecutive years. How much is the present value for that annuity if it is 
discounted at the rate of 6% per year? 

(i)  Solution via manual equation: 
n

n

3

[ 1 – [1/(1+ i) ]
PVA = A

i

[ 1 – [1/(1 + i) ]
= RM3,000

0.06

= RM8,019.04

(ii)  Solution via equation using schedule  

PVAn = A (PVIFAi, n)
   = RM3,000 (PVIFA6%,3)
   = RM3,000 (2.673) 
   = RM8,019 

The time line for present value ordinary annuity of RM3,000 for 3 years at a 
discounted rate of 6% per year is as below: 

t0 i = 6% t1 t2          t3
        
        

RM3,000 RM3,000 RM3,000  

    

    

    

(d) PPresent Value of Annuity Due
 The concept of forming equation for present value of annuity due is as per 

the future value of annuity due where it is based on a small alteration to the 
ordinary annuity equation that is by multiplying equation 3.9 and 3.10 with 
(1 + i). 

RM8,019.04
@

RM8,019.00
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n

n
[ 1 – [1/(1 + i) ]PVA  = A  (1 + i)

i
 (3.11) 

Example 3.12 can help you to differentiate between the ordinary annuity with the 
annuity due  for present value. 

Example 3.12 

Taming Company expects to receive RM3,000 at the beginning of each year for 
consecutive 3 years. How much is the present value of that annuity if it is 
discounted at the rate of 6% per year? 

(i)  Manual solution: 
n

n

3

[ 1  [1/(1 + i) ]
PVA  = A  (1 + i)      

i
[ 1 - [1/(1 + 0.063) ]

= RM3,000  (1 + 0.06)
0.06

= RM8,500.18

(ii)  Solution using schedule:  

n i,n

6%,3

PVA = A (PVIFA ) (1 + i)

= A (PVIFA ) (1 + 0.06)

= RM3,000 (2.673) (1.06)

= RM8,500.14

The time line for present value annuity due of RM3,000 for 3 years at a 
discounted rate of 6% per year is as below: 

t0 i = 6% t1 t2          t3
        
        

RM3,000 RM3,000 RM3,000  

    

    

    

RM8,500.18
@

RM8,500.14
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As per the difference between ordinary annuity and annuity due for future 
value, the solution for present value of annuity due (RM8,500 in example 3.12) is 
also higher compared to the present value of ordinary annuity (RM8,019.00 in 
example 3.11). This is because in annuity due, the deposit is deposited in the 
beginning of the period and therefore generates interest longer compared to the 
ordinary annuity.  

3.4.2 Derivation Cash Flow 

Lots of decision in the financial field, for example the capital budgeting and 
dividend payments that involves a mixture of cash flow or cash flow that is 
irregular. The calculation of future value and present value of an irregular cash 
flow is a combination concept of determining money value for single cash flow 
and also annuity. 

(a) FFuture Value of Derivation Cash Flow
 The calculation for future value of derivation cash flow involves the 

determination of future value for each of the cash flows and subsequently 
totalling all that future values. Formula in equation 3.12 shows the future 
value (FVn) is obtained by adding each of the cash flow (Pt) that is adjusted 
with the exponent (n  t) that is the number of periods in which the interest 
is obtained. 

Exponent is used in this formula because the last cash flow happens at the 
end of the last period. Therefore, interest is not obtained for it. The sigma 
symbol ( ) is the mathematical symbol for a total of a series of value. 

(i)  Manual equation 

n 1
tnFV = P (1 + i)  

       t = 10

n

 (3.12) 

        

1.   You are offered an annuity payment of RM100 at the end of each year for 
3 years and is deposited into the bank. The interest rate offered is 5% per 
year. How much is the present value of that annuity payment? 

Exercise 3.6 
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If solution by using the schedule is chosen, you can use the formula in 3.2, 
3.6 or 3.8 according to the suitability of the cash flow. This is because the 
calculation of future value of irregular cash flow is a combination concept 
of determining the value of money for single cash flow and also annuity. 

Example 3.13 

Bikin Fulus Company made a decision to deposit RM2,000 at the end of the first 
and second year, withdrawing RM3,000 at the end of the third year and 
depositing RM4,000 again at the end of the fourth year. How much is this future 
value cash flow at the end of the fourth year if the annual interest rate is 10% per 
year?

(i) Solution via manual formula 
n n-1

tn
t=4

4-1 4-2 4-3

4-4

FV = P (1 + i)  

     = (RM2,000)(1.10) + (RM2,000)(1.10) + (-RM3,000)(1.10)

+ (RM4,000)(1.10)

= RM5,782

Example 3.13 can be illustrated by using the time line as shown below: 
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(ii)  Solution by using schedule 

Step 1: 
Find the future value of annuity for RM2,000 for 2 years (end of second 
year).

RM2,000 (FVIFA 10%, 2) = RM2,000 (2.10) 

 =  RM4,200 

Step 2: 
Find the future value of RM4,2000 at the end of fourth year. 

RM4,200 (FVIFA 10%, 2)  = RM4,200 (1.21) 

 = RM5,082 

Step 3: 
Find the future value at the end of fourth year for the withdrawal of 
RM3,000 that occurred at the end of third year. 

–RM3,000 (FVIFA 10%, 1) =  –RM3,000 (1.10) 

 =  – RM3,300 

Step 4: 
The present value cash flow is obtained by adding the result of step 2-3 
with the final cash flow of RM4,000. As RM4,000 occurs that the last period, 
there is no interest earnings from it.  

FV4 =  RM5,082 + (-RM3,300) + RM4,000 

 = RM5,782 

(b)   Present Value of Derivation Cash Flow 
 Similar to the concept in determining the future value of derivation cash 

flow, the present value of derivation cash flow is also a combination 
concept of present value of single cash flow and annuity. 

Manual equation: 
n n

0 t
t=10

PV  = P  [1/(1 + i) ]  (3.13) 

If solution by using the schedule is chosen, you can use the formula in present 
value of single cash flow, present value of ordinary annuity or present value of 
annuity in advance according to the suitability of the type of cash flow stated in 
the problem. 
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Example 3.14 

Buat Pitih Company expects to receive RM1,000 at the end of the first and second 
year, RM2,000 at the end of the third year and RM4,000 at the end of the fourth 
year. How much is the present value cash flow if the yearly interest rate is 10% 
per year? 

(i)  Solution via manual formula 

n n-t
0 t

t=10

1 2 3

4

 PV = P (1 + i)  

     = [RM1,000][1/(1.10) ] + [RM1,000][1/(1.10) ] + [RM2,000][1/(1.10) ] 

    + [RM4,000][1/(1.10) ]

= RM5,970.22

The time line for example 3.14; present value for derivation cash flow is as below: 

t0  t1 t2 t3 t4
          
          

 RM1,000 RM1,000 RM2,000 RM4,000 

    

    

    

    

(ii)  Solution via schedule 

Step 1: 

Find the present value for annuity of RM1,000 for 2 years. 

RM1,000 (PVIFA 10%, 2)  = RM1,000 (1.736) 

    = RRM1,736

Step 2: 

Find the present value for RM2,000 that occurs at the end of third year. 

RM2,000 (PVIF 10%, 3) = RM2,000 (0.751) 

    = RRM1,502

RM909.99
RM826.45

RM1,502.632 
RM2,732.05

RM5,970.22

i = 10%



 CHAPTER 3    TIME VALUE OF MONEY 128

Step 3: 

Find the present value for RM4,000 that occurs at the end of forth year. 

RM4,000 (PVIF 10%, 4) = RM4,000 (0.683) 

    = RRM2,732

Step 4: 

The present value cash flow is obtained by adding all the previous results 

earlier (figure bolded).  

PV 0  = RM1,736 + RM1,502 + RM2,732 

  = RRM5,970 

3.4.3 Perpetuity 

Perpetuity is a type of series cash flow that involves the same amount for each 
period continuously. In other words, perpetuity is an annuity that has an infinity 
period. An example of perpetuity is the payment of dividends for preference 
shares. 

The concept for future value of perpetuity is illogical and cannot be used in 
making financial decisions as the concept do not predict the period ending point 
while future value is something that can be expected. Instead, the concept for 
present value of perpetuity can be applied in making financial decisions. For 
example, the usage of this concept to determine the present value for preference 
shares and present value for pensions. 

From the formula of present value of annuity, we know that: 

n

n
[ 1  [1/(1 + i) ]

PVA  = A 
i

 (3.14) 
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Try to imagine what will happen if the value of n increases. The value of (1 + i)n 
will also increase. This will caused 1/(1 + i)n to become smaller. When (n) 
approaches infinity, the value of (1 + i)n will become extremely big while the 
value of 1/(1 + i)n will approach zero. 

The situation above can be summarised as follows: 

PV p = P / i (3.15) 

Based on this equation, the present value of perpetuity is equivalent to the 
payment of annuity amount (P) divided by the interest rate (i). Solution by 
schedule and scientific calculator cannot resolve the present value of perpetuity. 
This is because schedule PVIFA does not contain the value for infinity and the 
same with scientific calculators that do not have an infinity button. It must be 
calculated manually by calculation in stages. 

Figure 3.19 shows the position of variables in equation 3.15. 

t0 i% t1 t2 t60 t=
          
          

PVp P P P  

    

    

    

    

Figure 3.19: Present value of perpetuity 

Example 3.15 

Sukehati Company issued securities that promised a payment of RM100 per year 
at the yearly interest rate of 8% to the holders of that security. How much is the 
present value for that cash flow? 

PVp  = P / i 
  = RM100 / 0.08 
  = RM1,250 

The financial schedule does not provide the factor for present value of perpetuity 
because perpetuity involves an infinity period. Therefore, the solution for 
perpetuity cases can only depend on manual calculations. 
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COMPOUNDING AND DISCOUNTING 
MORE THAN ONCE A YEAR

The practice of compounding or discounting interest more than once a year is 
also known as intrayear compounding or discounting. For example, 
compounding or discounting twice a year, three times a year, four times a year or 
each month. The frequency of compounding or discounting several times in a 
year is a normal practice in making financial decisions. 

When the frequency of compounding or discounting for future value or present 
value is more than once a year (n x m), the interest rate must also be divided with 
the said frequency (i / m). The purpose is to adjust the changes in the period and 
interest rate to enable both the variables to change consistently. Therefore, a little 
alteration must be made to the formulas that had been learned previously. 

The formula for manual solution is: 

FV = PV  (1 + i/m)nm  (3.16) 

FV = Future value 
PV = Present value 
i = Interest rate 
m = Frequency of compounding or discounting in a year 
n = Number of years 

While the solution by schedule is as follow: 

FV = PV x (FVIF i/m,nm)  (3.17) 

3.5

1. Consider the perpetuity that pays RM100 per year, with an interest 
rate of 10%. How much is the present value of this perpetuity?

Exercise 3.7
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Example 3.16 

The future value of RM1 now after 6 years, using the interest rate of 10% per year 
with different compounding frequencies. 

Presumed Compounding nm i / m FV nm

Once a year 

Twice a year 

Four times a year 

Every month 

6 x 1 = 6 

6 x 2 = 12 

6 x 4 = 24 

6 x 12 = 72 

0.1/1=0.01 

0.1/2=0.05 

0.1/4=0.025 

0.1/12=0.0083 

RM1.772 

RM1.796 

RM1.809 

RM1.817 

Example 3.17 

The present value of RM1 received in 6 years from now, discounted at the 
interest rate of 10% per year with different discounting frequencies. 

Presumed Discounting nm i / m PV 0

Once a year 

Twice a year 

Four times a year 

Every month 

6 x 1 = 6 

6 x 2 = 12 

6 x 4 = 24 

6 x 12 = 72 

0.1/1=0.01 

0.1/2=0.05 

0.1/4=0.025 

0.1/12=0.0083 

RM0.564 

RM0.557 

RM0.553 

RM0.550 

The conclusion that can be made based on examples 3.16 and 3.17 is: the higher 
the frequency of compounding, the higher the future value of cash flow; and 
higher the frequency of discounting, the lower the present value of cash flow. 

CONTINUOUS COMPOUNDING AND 
DISCOUNTING 

Before this, you were only exposed to situations where the interest is 
compounded or discounted at specific discrete intervals whether yearly or twice 
a year, monthly and so forth. However, in some cases of time value of money, 
interest must be compounded or discounted continuously or at each micro-
second.

Referring to formula 3.16, FV = PV x (1 + i/m) nm, we cannot divide the value (i) 
with infinity and multiply (n) with infinity. Instead, we use the term (e) that is e 
~ 2.71828. The value e is an antilog to 1 and same as pi ( ) with value of 3.142, 
which cannot be represented by one exact value but only as an estimated value. 

3.6
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The new formula for future value and present value that is compounded and 
discounted continuously is as follows. 

Future value: FVn = PV0 (e in)      (3.18) 

Present value: PV0 = FVn (e in)      (3.19) 

The estimate number for the symbol e in equation 3.18 and 3.19 is 2.72 (or more 
accurately, 2.71828183). 

Example 3.18 

What is the future value for RM100 that is invested now for 6 years with an 
interest rate of 8 percent per year and compounded continuously?  

Manual solution: 

 FVn  = PV 0 (e in)
  = RM100 (2.72 (0.08)(6))
  = RM161.61 

Example 3.19 

What is the present value of RM161.61 that will be received in 6 years from now 
that is discounted continuously at an interest rate of 8 percent per year? 

PVn = FVn (e in)

 = 161.61 (2.72 (0.08)(6) 
 =  RM100 
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1. What is the future value for RM260 that is invested now for 3 

years at the interest rate of 10 percent per year and compounded 
continuously? 

2. What is the present value for RM200 that will be received 5 years 
from now and discounted continuously at the interest rate of 6 
percent per year? 

3. Mr. Sarbat plans to invest RM3,000 a year in the Pension 
Investment Scheme for a period of 15 years. Mr. Sarbat wants to 
know the result of the RM3,000 investment at the beginning of 
each year compared with the end of each year. Calculate the value 
differences between the two types of cash flow if the interest rate 
is 8 percent per year. 

4. Mas Joko Company is considering an investment on a new 
machine that involves a total purchase and assembly cost of 
RM30,000. The usage of this new machine is expected to generate a 
yearly cash flow for 5 consecutive years: end of first year RM4,000, 
end of second and third year RM5,000, end of fourth year RM6,000 
and end of fifth year RM8,000. If the company requires a yearly 
18% rate of return on its investment, is it reasonable for the 
company to continue with its investment? 

5. Complete the present value for a series of indefinite yearly 
payments of RM180, assuming that the interest rate is 

(a) 5 percent 

(b) 10 percent 

6.  You have just won a puzzle contest where you were offered two 
choice of prizes that  is whether to accept RM60,000 today or 
RM12,000 at the end of each year for 5 consecutive years. If the 
cash flow is discounted at a yearly rate of 12 percent and 
compounded twice a year, which choice would you choose? 

7.  Mrs. Aimi plans to get a loan for a total of RM6,000 at the interest 
rate of 10% from a kind-hearted money lender. The money lender 
agrees to receive a sum of payment for the same amount at the end 
of each year for 4 years. What is the size of payment that Mrs. 
Aimi must give to the money lender each year? 

8.  What is the present value for RM400 that will be received in 7 
years from now and discounted continuously at the interest rate of 
10 percent per year? 

   EXERCISE 3.8 
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What you have learnt in this chapter will increase your understanding in 
analysing long-term financial decision making. The long-term financial decision 
making referred to is the valuation of bonds and shares as well as the preparing a 
capital budget.  




