AS201- Final Exam (Code 1)

KFUPM, Department of Mathematics

Kroumi Dhaker, Term 221

Exercise 1

The current price of an annual coupon bond is 100. The yield to maturity is an
annual effective rate of 8%. The derivative of the price of the bond with respect to
the yield to the maturity —800.

Using the bond’s yield rate, calculate the Macaulay duration of the bond is
years.

1. 7.49 Lo ° . d? L
2. 7.56 ?2 100 ; 4 =34 I gi = o0

3. 7.69 dP

4. 8.00 De - ['11(.)3_7:__ = 1.0F~ _819_
5. 8.64 P 400



Exercise 2

A common stock pays dividends at the end of each year into perpetuity. Assume
that the dividend increases by 4% each year.

Using an annual effective interest rate of 8%, calculate the Macaulay duration
of the stock in years

1. 25
2. 27
3. 35
4. 44
5. 92

= L\z i L= 8°lo
Lok K e the ivitial payment
—t - *am'hic ?M?J‘“tﬂ

K Ki#+r) «w -




Exercise 3

Joe must pay liabilities of 2,000 due one year from now and another 1,000 due
two years from now. Here exactly matches his liabilities with the following two
investments:

e Mortgage I: A one-year mortgage in which X is lent. It is repaid with a
single payment at time one. The annual effective interest rate is 6%.

e Mortgage II: A two-year mortgage in which Y is lent. It is repaid with two
equal annual payments. The annual effective interest rate is 7%.

Calculate X + Y.

1. 2,600 9
1

2. 2,682
\ \ i

3. 2,751 ! 9 !

4. 2,825 (00 ‘1000

5. 3,000

X —

Y ‘

yAN
1

Y=Ragqo%

K= 4000 —> § K =1000
k+ Xs4-06 =2000 X:_ 9!_\3.1.‘

. Y=Rogjq o3 = 1303 = XaY=R2F51.44%
X = 8434



Exercise 4

A liability of a series of 15 annual payments of 35,000 with the first payment to be
made one year from now.

The assets available to immunize this liability are five-year and ten year zero-
coupon bonds.

The annual effective interest rate used to value the assets and the liability is
6.2%. The liability has the same present value and duration as the asset portfolio.
Calculate the amount invested in the five-year zero-coupon bonds.

1. 127,974 0 4_ 2 41., {5

2. 167,842 k } T } —

3. 208,566 3000 300 25000 35000
4. 247,244

5. 292,361 L= 6, 2/,

Let Xamd Y Le the amounts inveshed in S-yoar amd 40-Year
7200~ Coup bwdb,m;ndivﬁg. We hawve
X Y= 35,000 80062 = 3395303 )

5% 4+10Y = 35 QQORC[Q E10.062

aﬂoo&—*lSrl 062’
0.062-

= 2,312,52% (2)

= 35,000

dos(1) —(2)  SX=4o4%
= X= 2.03;656~2'



Exercise 5

Kylie bought a 7-year, 5,000 par value bond with an annual coupon rate_ if 7.6%
paid semiannually. She bought the bond with no premium or discount. .a__r =R, 8 /

Calculate the Macaulay duration of this bond with respect to the yield rate on
the bond.

1. 5.16
2. 5.35 ’P__: Fr [M-\- m:l:(. .o .\.v'ﬂ -\-Fdﬂlf

3. 5.56 z,
4. 5.77 D Fe [}1“,0_*2#“__‘. -\-4""7‘0')ﬂ -\-'WF

5. 5.99

F({'V-\-‘U‘-\r‘“ L_l]“’Fv
(@) A4 S = A4 A"

\
rom . o' Ao™ 4o

= amr =11.11 (in terma q% Gmonl'lflb)
D=5.56 (in ferm o doars)

4



Exercise 6

Krishna buys an n-year 1,000 bond at par. The Macaulay duration is 7.959 years
using an annual effective interest rate of 7.2%.

Calculate the estimated price of the bond, using the first-order modified ap-
proximation, if the interest rate rises to 8.0%

1. 940.60

2. 942.88 ('-:4.,:1-2 Z P P=1000, D=4 ]53
. 944.56 h._- 8°/. __"{_Q‘/o ) 0,80/0

T PR 2 PCr2%) A haDM]

= PCR2%) A 4%.]

~ 4000« [4- 0.008 A 1"35__;\3
A.of2

~ 940.60

. 948.47



Exercise 7

You are given the following information about an investment account

Date Account K before activity Deposit Withdrawal
January 1, 1999 100
July 1, 1999 125 X
October 1, 1999 110 2X
December 31, 1999 125
Date Account L before activity Deposit Withdrawal
January 1, 1999 100
July 1, 1999 125 X
December 31, 1999 105.8

During 1999, the dollar weighted return for investment account K equals the

time weighted return for investment account L, which equals 1.

425 [0 +2x-X]

Calculate ¢

1. 10.0% . B 25_X
2. 11.4% A =
3. 12.9% K 400 -—X,‘ = & 2)(; __ 400
4. 13.7%
5. 15.0% s 195 ] 405.8 A 43225
400 435-X 42 500 100X

43225
42 1200-400X

15-X _ -4

4100

=5 (125_)() (A%,500 ~400X) = 400213225

=2 400 x*_ 15, 000X+ 240,000
= X=A0
= B2 — 0/
= i= B2 =0, 5

=0

-1



Exercise 8

The table below defines available zero-coupon bonds and their prices

Years to Maturity ggﬂg) Price (Per ?ierélgrtliio)n Value
1 961.54 1,000
2 966.14 1,000
3 878.41 1,000

A company chooses to purchase 15 one-year zero-coupon bonds, 20 two-year zero
coupon bonds and 30 three-year zero-coupon bonds. Calculate the Macaulay du-
ration of this portfolio.

1. 1.97
2. 211 1-)4:'13 Dg:%} ’D3=3

3. 2.20

" X= 15, 861.5Y + 0. 366.4 + 30, 37391
5. 251 —=60,083.2

D= Z.'D;z}(-(‘-.-
A

44
1,15 96154 , 9, x366.19 3, 30. 818
T 60,083.2 60,083.2 60,083.2

=2.20



Exercise 9

Fund X accumulates at a force of interest of §; =

2
142t

, where t is measured in

years, for 0 < ¢ < 20. Fund Y accumulates at an annual effective interest rate of
i. An amount of 1 is invested in each fund at time ¢t = 0. After 20 years, Fund X
has the same value as Fund Y.

Calculate the value of Fund Y after five years.

1.
2.

oo W

2.46
2.53
2.60
2.67
2.74

20
2_dr

A+

X&O 3\/90 ﬂ(4+£\20 ="M = 4"’!..:'2044-

‘—"7\15 = Q—l-i)ez W{T) s-: 2.53

e

$=20
In(1+20) |30



Exercise 10

A company takes out of a loan of 15,000,000 at an annual effective discount rate
of 5.5%. You are given

e The loan is to be repaid with n annual payments of 1,200,000 plus a drop
payment one year after the n-th payment.

e The first payment is due three years after the loan is taken out.
Calculate the amount of the drop payment.

1. 79,100

2. 176,000

3. 321,300

4. 959, 500

5. 1,180,300

- y — .= _i__..4.=5.827o
d=5654 = 4 v

‘ X 3 . o o m-‘a— ‘n!+3
r .‘ "K-'-"’,’#-:”WW K= 4,200;000 X
Vv
P= 45,000,000
n . '
2 FA= n 1P " iP
PO Kag;v = Kv > = - <T<$f:v>4"@
= o> (- i%») — ng MU-FR]_ 5433
-

Zh=2
2

i _3
?: /1,200,000:: 0@0&5&2" 4.058‘2 i—\- XAOSB%

-
P_ 4,200,000« O 00589”10532

1.058%" 3%
= 859445 y

= X=




Exercise 11

Sam buys an eight-year, 5,000 par bond with an annual coupon rate of 5%, paid
annually. The bond sells for 5,000. Let D; be the Macaulay duration just be-
fore the first coupon is paid. Let D be the Macaulay duration just after the first
coupon is paid.

D
Calculate D—;

1. 0.91
2. 0.93 'Begdll the vt (oupon aul

3. 0.95 8 P

4. 0.97 0 1 . 6‘ K

5. 1.00 2‘;:0 2'60 25'0 5350

This clear thot 4=r.
1

'D/\—_-. 250 G:u)ﬂr"'?’v;swo =5.0t
B0 Oz + 000V

Affet fhe Biret (oupon i paid

o 4 6 Ex
T 950 %50 5235p

This clear thot 4=r.
,D ‘250 ﬁu)ilr_p 1:'0‘ RSOOD - 632
B0 0z, + So00 vt

ﬁ ?i - 0.%5
Va,

11



Exercise 12

You are given the following information about two 10-year bonds. Both bonds
have face amount 100 and coupons payable semi-annually, with next coupon due
in 1/2-year.

e Bond 1: Coupon rate 4% per year, price 85.12.
e Bond 2: Coupon rate 10% per year, price 133.34.

Find the yield rate for a 10-year zero coupon bond.

1. 6.06% F=-' 400 ; n=20
2. 6.26% N
3. 6.46% %) BﬂL‘d—" Y =24
4. 6.66% -
5. 6.86% T—_—_ _E‘:L_ 4 =+ Fﬂ 79 + -‘:—H—_a"ﬁ)'
Y (eattg)®?  Uesoleo))
LB 4 A1

24 Aanoli))* N (A+bpl20l)™®

*\M ° raz 5 7.

Fa Fra F+Fry
’1"“’59(’) (-m,us)ﬁ farglea))”

, 105
=3 Z-(rf-wn( ;)) @+A,(2o\)

_ S«x 402} —2::'105
— 272 = - Qﬂ")o(zo‘)lo

2=

=2 453.9=_=""_ .
(4-1:&.,(?0\)’

5 hy®) = Y[ 20 —1 =3.23% pu 6 monkhy
As nomimo rokc, o wyuw.\ml’ to 6.46%

12



Exercise 13

David can receive one of the following two payment streams:
e 100 at time 0, 200 at time n years, and 300 at time 2n years.
e 600 at time 10 years.

At an annual effective interest rate of 4, the present values of the two streams are
equal. Given v™ = 0.76, calculate 7.

1. 3.5%

) 2
2. 4.0% 'ﬁ: ,400+9.oo«o”+3001> ".-—. 400 + 200 0.36 +300x0.76
3. 4.5% __.LliS.za

4. 5.0%
5. 5.5%
?2 = GOO ‘0‘40
s - 19/ 600 _ -4
= 4= \‘ 395.28

=0.035

13



Exercise 14

e Project A requires an investment of 4,000 today. The investment pays 2,000
one year from today and 4,000 two years from today.

e Project B requires an investment of X two years from today. The investment
pays 2,000 today and 4,000 one year from today.

The net present values of the two projects are equal at an annual effective interest
rate of 10%. Calculate X.

1. 5,400

2. 5,420 NPV = -U000 2000V + QOOO'D?'
3. 5,440 - '“2"'

4. 5,460

9
5. 5,480 NPYB = 2000 440007 — Xv

2 Yooov-—112Y
NPY, = NPV =5 X = 2220

=S4¢6o

14



Exercise 15

A perpetuity-immediate pays X per year. Brian receives the first n payments,
Colleen receives the next m payments, and a charity receives the remaining pay-
ments. Brian’s share of the present value of the original perpetuity is 40%, and the
charity’s share is K. Calculate K.

1. 24%
2. 28% ?-—"- —jS' ‘ ?B/;

32% =0.

_ Xaq: =04 P
e qX

36%

40% -——9 X _/L}ET;O'"( j_'i(. = (\7":0.6

AR

Qum—

?c"mlutj = X‘\T = XxOG-—O?:GE

15



Exercise 16

An n-year bond with annual coupons has the following characteristics:
e The redemption value at maturity is 1890.
e The annual effective yield rate is 6%.
e The book value immediately after the third coupon is 1254.87.
e The book value immediately after the fourth coupon is 1277.38.

Calculate n.

L C = 1390; J:e;},,

2. 17
3. 18
4. 19
5. 20
- 2 n-3 n-3
U BV, = 4254.8% =Fr agmp j + Co™EFe [avfe 0™ (40
n-4 +C'\rn-q

@ BV, = 1271.38 =Fra A G Fr [ 4
() —v=(2) = 4a.$4 =Fea =7 Fr=591%
Reuwse 4 4954.8% = Fr' 4 +C n-3
-3
= 4 n (C Fr)

<
= "= T _ 0.3H365

, In[o3#4365) _
In (v

- n=3

16



Exercise 17

You are given the following information with respect to a bond:
e par value: 1000
e term to maturity: 3 years
e annual coupon rate: 6% payable annually

You are also given that the one, two, and three year annual spot interest rates
are 7%, 8%, and 9% respectively. Calculate the value of the bond.

1. 906
2. 926 ?__: 60 60 4060

<4 _
3. 930 4-+A,(4) N @ +A,(2-))" (44-/59 (2)) *

. 950

5. 1000 = 9

17



Exercise 18
At an annual effective interest rate of 10.9%, each of the following are equal to X

e The accumulated value at the end of n years of an n-years annuity-immediate
paying 21.80 per year.

e The present value of a perpetuity-immediate paying 19, 208 at the end of each
n-year period.

Calculate X.
1. 1555
1750
1960
2174

cvo BN

There is not enough information given to calculate X

Po) A A n-4 ?

41—

ny A8 U3 A8

_ 1408" A
o = 91.3 — 3 (1)

T ; i
13,208 1328

X = 44,208 3)
Q408" -1

X= 348 A

08" _4 _ 13,28
649 f403"4

= (1.403"-4)°= 2604 = 4.409"4=\[2601

Q) = = 19208 — 41960
} 7 X \|36.0‘l

=) = ys'!

18



Exercise 19

An investor decides to purchase a five-year annuity with an annual nominal interest
rate of 12% convertible monthly for a price of X.

Under the terms of the annuity, the investor is to receive 2 at the end of the
first month. The payments increase by 2 each month thereafter.

Calculate X.
1. 2015

220 i= 4% n= 5.42=6D; K=

2475

e

2500

5. 2524 X:*z CLQ)EG‘O.Oi
-60

=% Aggle0t — 80 401
- 0.04.

=2H15.524

19



Exercise 20

At an annual effective interest rate of 6%, the present value of a perpetuity immedi-

ate with successive annual payments of 6, 8,10,12,14, ..., is equal to X. Calculate
X. . °
1. 100 L=6/
2. 656
—t——t—
3. 695 p o
6 8 40 12 ---
4. 1767
n
5. 1793
[ — ] ' o o
| ] M s U
a4 6 g --
-‘-
l 3 }
| L]

- | A
=R == :’l*O.QQ

20



Exercise 21

A railroad company is required to pay 79,860, which is due three years from now.
The company invests 15,000 in a bond with modified duration 1.80, and 45,000
in a bond with modified duration X, to Redington immunize its position against
small changes in the yield rate.

The annual effective yield rate for each of the bonds is 10%. Calculate X.

1. 2.73 i=A ol

2. 3.04

3. 3.34 L =19 '860 = ?\/L.:-_ L3'03= 60,000
4. 3.40

5. 3.65 A?VL- ]_3 3 th

- JL . 3T 3w
™| = N P

DM, = 45000 4.8, 12,000, X
60,000 60,000

mNL"—’-bMA_‘% %X: 3‘0‘ -2—'»’-8

L A3
= X=Hv- 2

_ -4 A3
=L 44" =
=3.036
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Exercise 22

A company must pay liabilities of 1,000 at the end of year 1 and X at the end of
year 2. The only investments available are:

e One-year zero-coupon bonds with an annual effective yield of 5%.

e Two-year bonds with a par value of 1,000 and 10% annual coupons, with an
annual effective yield of 6%.

The company constructed a portfolio that creates an exact cash flow matching
strategy for these liabilities. The total purchase price of this portfolio is 1783.76.
Calculate the amount invested in the one-year zero-coupon bonds.

(9] 2 0-L
1. 784 ‘ ’,l; ‘ lialeLh‘v

2. 831 %) ) J A
3. 871 o 't?OO X
gy
' A
) . 1 49_:0 OC

Let A be the redcm Yon valus e% Yhe o - ~ grof 50 ~
Coupon bord amd 'B’oe e numbe, aB fwo—year binds

400 , MoO
We have 4%83316= 4+005 + B 106 ™ 4,05;'

= 0.352U4A + [0333351B=4$33.36 ()
A\so, we ‘/mue. 100B + A=4000 (2)

() x 40%3.335% — 400.(4)
= 333.035t A= 8N 353%

= A= 315 = The amount inveoled in o ~year

A _gy3
tgmwafmwm_8 3
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Exercise 23

A bond has a modified duration of 8 and a price of 112,955 calculated using an
annual effective interest rate of 6.4%.

E)rac is the estimated price of this bond at an interest rate of 7.0% using the
first-order Macaulay approximation.

Eop is the estimated price of this bond at an interest rate of 7.0% using the
first-order modified approximation.

Calculate Epyrac — Eyop-

1.
2.

3
4.
)

. 453 E =P‘ 4__L£_°~>D

102 ﬁ=443|355 i j,°= 6.U% J DM=2%

127 = D= (4-|-£J) DM

Hac ’ 1+ '106"':8

- 4.064

=449, 55 (.___4'04
By =T[4 -0t

= 143,455~ ['1_. (o.o'-'f_o.oG‘-l)aSJ

= '{01',533.46

=5 By ~ By = 142584
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Exercise 24

An investor deposits 100 into a bank account at time 0. The bank credits interest at
an annual nominal interest rate of i, compounded semi-annually. The total amount
of interest credited in the twelfth year is twice the amount of interest credited in
the fifth year. Calculate i.

RS Ld-% be H\e inhw:" POD Gmon“ts. Tllﬂm. 4:—%

. 10.24%

o The vt cueditid w dhe §efth goar &
- 1048% oo [(4*5)40_ e ﬂa] — 100 fl+ 1.]3[(4 4 4):._ 4;}
The baest cueditid n the fuetffh gear <o
260 [(4»4)"' _(Mﬂ =400 fl+4)" K4+4)f:1]

oo () [ed) 4] = 2 o0 +3)" [U+i)=1]
= ¢+)" =2 > §="{T1
— i=2f=2[T A]=040ls

2
3. 10.32%
4
)

24



Exercise 25

A two-year loan of 100 is repaid with a payment of X at the end of the first year
and 2X at the end of the second year. The annual effective interest rate charged
by the lender is 8% in the first year and 7 in the second year. The annual effective
yield rate for the lender is 10%. Calculate 3.

1. 12.8% 4 2

2. 12.9% . ; —
—

3. 13.0% X 9X

4. 13.1%

5

B pon= Xed 08y IXe. 08" -:—— (1)
{ 400 = X A4 4 24477 (2)
X

[
A
o
o
1
W
Lo
o
W

25



Exercise 26

A mortgage for 125,000 has level payments at the end of each month and an annual
nominal interest rate compounded monthly. The balances owed immediately after
the first and second payments were 124, 750 and 124, 498, respectively.

Calculate the number of payments needed to pay off the mortgage.

PR, = Ko" = 250 1)
?Ra-_-_ K'\T‘—l=-z,52 (2]

1.
2.

1

198
199
200
201
202

U=} = o

A

450 = 2852 _4
"3z
— K 14—"-" - K- K'\T“

y; L

K-250 _, K- .i.125,000+4250

= 4250

Rewsing (4] = o"= 250

=7Y'l=

26
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\"(3'5\29'\ _ \m(ﬁcl

41250
nv In ( 450
259
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Exercise 27

A five-year loan has an annual nominal interest rate of 30% convertible monthly.
The loan is scheduled to be repaid with level monthly payments of 500, beginning
one month after the date of the loan.

The borrower misses the thirteenth through the eighteenth payments, but in-
creases the next six payments to X so that the final 36 payments of 500 will repay

the loan.
Calculate X. . ® o ‘
1. 1065 A= 7%’/3 =25/. j K:,soo ] n= Sx 42:60
2. 1070 A 2 12 ‘3 48 49 z.’ ZS ) 60
3. 1075 i* |‘ t 4 : — ! .‘-.-i .‘.. ‘:
4. 1080 Spo 500 """ Spp $OD fo0 G0 M oo (o0
5. 1085

4 Lo 8 43 B, 6o

500 % 0 0 X X 500 SoD

12 &
S0 Ozg5005% Y = XOgy a5V

= X = 590 %moots _ 4oy9 gy

A%710.025*

27



Exercise 28

On January 1, 2005, an investment account is worth 100,000. On April 1, 2005,
the value has increased to 103,000 and 8,000 is withdrawn. On January 1, 2007,
the account is worth 102,992. Assuming a dollar-weighted method for 2005 and a
time-weighted method for 2006, the effective annual interest rate was equal to x
for both 2005 and 2006. Calculate x.

1. 5.74%
2. 5.96%
3. 6.14%
4. 6.38%
5. 6.55%
'400|000 -8000 B 1031 499
4171105 4|'-'||05 411|106 Al4]o%
2005. ~= B — 00,000-80001 _ ‘B_ 33)000
400,000 — 3000 -3- 4,000
9000: x= 102932 4 _ 402,933 B

B B

B_ 42000 _ 403332-B
81,000 B
= B 42,000B = 102,332 x3Y4,000 _Qy,0008

= B=9132333.H

S

28



Exercise 29

Jerry will make deposits of 450 at the end of each quarter for 10 years. At the end
of 15 years, Jerry will use the fund to make annual payments of Y at the beginning
of each year for 4 years, after which the fund is exhausted. The annual effective
rate of interest is 7%.

Determine Y.

o Q=450 n=AOx4=HD ; j="1oF-L =0.0H08
. 9573

. 9673 ¢ ? ,.‘. to 3? '-]!0
. 9773 4go US0 Yso ysp
. 9873 4

S =150455, =255M.

Aller onother S Yomrs ) Hhe :?umd becomes
SxH-+00¥) = 35790534
Tr‘io I Khe presemt aralus a{ﬂw fo’lowfng o.nnuﬂg
4 3| Y

2
i

Tt = W NN

¢ 1
) ] |

Yy Y 7
35)180.53 3\/ 61“0.0:[_

<L

= Y-357032 _ 9313354
4] 0.0
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Exercise 30

Mary purchased a 10-year par value bond with an annual nominal coupon rate of
4% payable semiannually at a price of 1021.50. The bond can be called at 100 over
the par value of 1100 on any coupon date starting at the end of year 5 and ending
six months prior to maturity.

Calculate the minimum yield that Mary could receive, expressed as an annual
nominal rate of interest convertible semiannually.

; i;: C= 27, i20 M‘“‘Mb& ’ 'P____, 40315
o F=#00 =~ Fr=22
5. 5.5%

FOf ne %40'4’“...,43} :7 C=4200
Givem thak PLC, Hon B minimum \dielc\ wle i caladaled

bosed 0 @ ol af Yhe lent ‘)oS\:IUI. dale
= ]=28583% — (SHIE%)

For n=2 =y (=Mo0

P= #M220% 4200y, = § =245934
(H4.91137%)
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. With force of interest d;:
Alts) = A(tl)efttf Ssds

. Annuity immediate

1—(1+4)™™ 1+m -1
amizii ; Smizii
. Annuity due
. 1—o™ 1+0" -1 i
mi=—g— 3 dmi= i d=17

. Geometric annuity immediate

lrn
Pvzl(ﬁi) ey QD =
1—T T—7T

. Increasing arithmetic annuity immediate

_dm g —no" Smi—n

5 (13)m i =

(Ia)m ( i i

. Decreasing arithmetic annuity immediate

n— am ; n(l+2)" — sm
(Da)miziimz ; (Ds)mi:—( )Z. e

. Present value of perpetuity immediate
1
Qa ;= —
x| 2 7/
. Present value of perpetuity due

.. 141
a@i:

i
. Present value of geometric perpetuity immediate (if r < )

1

=

PV =

. Present value of increasing arithmetic perpetuity immediate

1 1

1 i — )
(a’)j ’L+’L2

. Loan amortization

OBt:OBt_l(].*I*Z.)*Kt ; It:OBt_l X 1 ; PRt:Kt*It.

. Retrospective form

OB; = OBo(1+i)' = K1 (1 +)" ' — Ky(1 +d)"2 — - — K; (1 +1i) — K;

. Prospective form

OBtZKH_lX1}+Kt+2XU2+"'+KnX’Un7t
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14.

15.

16.

17.

18.

19.

20.

21.

Amortization with n level payment of amount K each

OBt:Kami ; It:K(l_,Un—H-l) : PRt:KUn—t+1

Bond price
P=C+ (Fr—Cjan ;

Book value

B‘/t_;,_l:BWX(l—F])—FT, It—‘,-l:B‘/tx,j N PRt+1:FT—It+1

Internal Rate of Return ¢ is the solution of the equation
Z Ckvtk =0
k

Dollar weighted return for a one-year period is

B — [A + 22:1 Ck]
A+ Ce(l — )

Time-weighted return for a one-year period

b X _ B X o X Fr X B _ 1
A F1+Cl Fn71+Cn71 Fn+Cn
DM — o tCt D— > tCwt coo > tt+1)Ctt? DY t2Cpot
Zt Ctvt ) Zt Cﬂ)t ) mo Zt Cﬂ}t 3 mac Zt C{Ut
. D
. . . . 1471
P(i) ~ P(io)(1 — h x DM) ; P(i) ~ P(io) ( T f)
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