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The no arbitrage conditions are derived in the explicit form for the market, where
the zero coupons bonds of various maturities are accessible for the investors to draw up
the portfolios. It is supposed, that the investor at any moment of time has a possibility to
make the self-financed portfolio of given value. It is considered that the processes of the
short interest rate and rates of inflation follow the stochastic differential equations. The
known result for a portfolio with two assets is extended on case of any number of assets
and inflation. The no arbitrage condition for multi-factor models of a term structure of
the interest rates is considered. The condition of existence of a risk free self-financed
portfolio is obtained at first, and then for want of it fulfillment the no arbitrage
condition is derived.
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Introduction

In the financial market the term arbitrage refers to the possibility of
making a trading gain with no chance of loss. The idea expressed by the no
arbitrage condition consists that in the equilibrium market two portfolios of
securities, which ensure identical payments, should have in each instant the
identical price. Intuitively it is clear that such definition of the price
excludes the arbitrage. The arbitrage theory of market asset pricing is
recently popular. It bases on the assumption that the financial market is
arbitrage-free. To check the fulfillment of such assumption it is necessary
to have a no arbitrage conditions. This explains the interest to derive such
conditions.

Under consideration of the continuous time mathematical models of
the price dynamics in the financial market it is usually assumed that the
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processes of the interest rates in the market follow the stochastic
differential equations. It results that the process of the price of market asset
also follows the stochastic differential equation. These random processes
are described by some objective probability measure. The no arbitrage
condition, usually used in such situation, is the assumption about existence
of the equivalent martingale measure (Panjer et al., 1998). This condition is
rather general but difficult checked because at present the problem on
construction equivalent martingale (risk-neutral) measure waits for its
solution. Therefore deriving of the no arbitrage conditions in the explicit
form, without resorting to construction of equivalent martingale measure, is
useful.

The no arbitrage conditions for the continuous time one-factor models
of the term structure of interest rate are most known (see for example,
Black and Scholes, 1973). Usually these conditions are received for a
portfolio with two financial assets in the financial market, in which there is
also a risk free asset. Such condition states that the excess expected asset’s
return over the short rate divided by the asset’s return volatility is
independent of the asset’s maturity. The extension of this no arbitrage
condition to the market with inflation (Richard (1978)) is known also.
There the no arbitrage condition is formulated (without the proof) for a
portfolio with three assets. It states that the excess expected asset’s return
over the nominal short rate should be a linear combination of the asset’s
return volatilites that are appropriate to both a stochastic dynamics of the
real short interest rate and the rate of inflation respectively. The factors of
this linear combination should not depend on the maturity and make sense
of "market prices of risk" because of a stochastic dynamics of the real
interest rate and rate of inflation.

In the present paper the no arbitrage conditions are derived in the
explicit form for the market, where the zero coupons bonds of n various
maturities are accessible for the investors to draw up the portfolios. It is
supposed, that the investor at any moment of time ¢ has a possibility to
make the self-financed portfolio of value S(7), by including in this portfolio

of the bonds with maturities 7}, 1 <j < n, on the sum S;. §(¢) = ijl S;. It

is considered that the processes of the short interest rate and rates of
inflation follow the stochastic differential equations, and the prices of the
bonds are expressed by functions that have the mathematical derivatives of
the necessary orders.

The article is organized as follows. In Section 1 the no arbitrage
condition in an one-factor model is derived. There the known result for a
portfolio from two assets is extended to case of any number of assets. In
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Section 2 adding of inflation complicates the statement of a problem of the
previous section. The no arbitrage condition in the market with inflation is
obtained also for a portfolio with any number of assets. Section 3 is
devoted to the no arbitrage condition in the segmented market (without
inflation), where it is considered, that in the market simultaneously there
are some segments, in which the bonds with hardly distinguishing
maturities enter, and each segment has its own risk free interest rate. It is
considered that in this situation the investor has a possibility to purchase
the bonds of any segment. In Section 4 the no arbitrage condition for multi-
factor models of a term structure of the interest rates is considered. In this
section the vector process is accepted as a basis for the short interest rate
process. A condition of existence of a risk free self-financed portfolio is
obtained at first and then under its fulfillment the no arbitrage condition is
derived. In this model the inflation is equivalent to some additional factor.
In Section 5 some important special cases are discussed.

1. The no arbitrage condition in an one-factor model

In this section we shall consider the trade the default-free discount
bonds with various dates of maturity in the market, which is described by
an one-factor model. To exclude the arbitrage possibilities the portfolio,
consisting of any combination of the bonds, in each instant should earn the
same income, as risk-free asset of the same value. In this case for any
number (greater two) bonds, sold in the market, the general no arbitrage
condition at the determination of the bond prices it is possible to obtain. It
states that the excess of expected bond’s return over the short interest rate
divided by the bond’s return volatility is independent of the bond’s
maturity.

To demonstrate it mathematically for each 7'> 0 we shall assume, that
the process of the price {P (¢, T), t < T} of the default-free discount bonds
maturing at time 7, is It6 process (Bjork, 1996)

dP(t,T) = 1" (P(t,T), 1) dt + o' (P(t,T), t) dW(¢).

The superscript 7 emphasizes the dependence of a drift and volatility on the
bond maturity date 7. Dividing this equation by the bond price P (z, T), we
have

P(¢,T) P(¢,T) ai+ P(¢,T)

dP(t,T) B IuT(P(l‘,T),l‘) O'T(P t’T)’t)dW(t),
t



The left-hand side is equal to the instantaneous yield interest rate of the
bond. For a simplicity we use the symbols x (¢) and o '(¢f) to denote

W (PT)) o (PT))
P(¢,T) P(,T)

respectively and obtain

' (t)dt + o™ (¢)dw(t). (1)

That is x () and o '(f) are respectively drift and volatility of the
instantaneous yield interest rate of the bond.

Now we shall consider case, when in the market one trades securities
with n maturity dates 7}, j = 1, ..., n. Let investor has some money sum S(¢),
which can be spent for purchasing of securities in this market, and spends
the sum S; = N, P(¢,T;) for purchasing N; of securities with maturity date 73,
so that

S(r) = Sj:fNjP(t,Tj)

Jj=1

The increment of this portfolio value for an infinitesimal time interval is
determined by equality

ds@t) = Y.N,dP(.T,)=3.S, aP(e7;)
A J 7 = ]Wa

that with regard for equation (1) results in a relation

as(t = 38, (u (e + U )aw (1)) -

where 1 (f) and o”(¢) are a drift and a volatility of yield of with maturity
dates 7;, j = 1, ... , n. To obtain a risk-free return it is necessary, that the



sum 1in brackets in a stochastic term was equal to zero. That is for getting
the risk-free profits it need to distribute the available sum S(¢) so that to

fulfill the equality Y5 ,o)(r)=0.
j=1
Without loss of generality, suppose that o"(f) # 0, so that

Such choice §, ensures for a time interval (¢, 1+ dt) the risk-free deriving of
the profits that is equal to

n— . (n) n— .
ds(t) = Z‘jsjlu(f)(t)dt _ /U( )(f) Z:lSjO'(J)(t)dt:
j=1 a"(t) =
n—1 (n)
_ (- 270 ()
_LISJ. [y I(t) 0(")(1‘)0 J (I)Hdt.

Under no arbitrage the risk-free portfolio should earn interests according to
the short rate » = r(¢). It means, that in the market the no arbitrage
conditions will be held if only for any distribution of the investor’s money
{S;} on types of securities for deriving of the risk-free profit the increment
of the sum S(¢) will be exactly equal to an increment of risk-free asset of
the same value. In other words it should be fulfilled the equality

ds(t) = () 1(t) dt =

= iS r(e)dt =nZ_:1Sjr(t)dt __r) nZ_:IS oD (e =

=i i c"e)ia
- rzl S (r(t) _ ) o) (t)ﬂdt : 2)
/ o ()

Equating the obtained formulae for an risk-free increment of cost S(¢), we
come to equality



Hence

As this equality should be fulfilled for any distribution {S;, 1 <;j < n} of the
available sum S(7) on types of securities, each term of this sum should be
equal to zero. From here we come to the following condition of the no
arbitrage condition

u(j)(t)—r(f) ﬂ(")(f)—”(’), 1<j<n—1. 3)

Thus, the ratio of excess expected bond’s return u ¥(7)) of the securities
with maturity dates 7; over the short interest rate »(¢) to the volatility o)
of process of yield interest rate of this securities under no arbitrage
condition should not depend on maturity date and should be identical for all
maturity dates. We shall designate this function through A(r, ¢), and we
shall obtain for any 7" > ¢ the known equality

%‘T((;)—(—t)r(f) = Ar(e),1),

which is considered as definition of function A(r, ¢) called a market price of
risk or market risk premium. It means, that it is true a following

Proposition 1. In case of no arbitrage possibilities, there is a function
A(r, t) such, that it is valid the equality

(0 =)+ Ar(0), 1) o (1) 4

for any maturity dates 7.



This equality is named the (local) no arbitrage condition.
2. The no arbitrage condition in the market with inflation

If an inflation occurs in the market then a nominal interest rate R(z),
used for determination of the discount price of the bond, is determined not
only actual short interest rate () but also rate of inflation i(¢), which
reflects a relative changes in the consumer price index of consumer goods
and services. Usually connection between these rates is described by the
so-called Fisher equation (Fabozzi, 1995)

1+R(H)=0+r@) A +i()). (5)

We take that the process of the actual interest rate »(¢) follows the
stochastic differential equation

dr(t) = p(r(), t) dt + o (r(1), 1) dW.(2). (6)

Similarly, we suppose that the process of the rate of inflation i (¢) follows
the following stochastic differential equation

di(t) = ui(i(2), 1) dt + o (i(1), 1) dW(2). (7)

The subscripts in these equations show what process is characterized by the
appropriate functions of drift and volatility, and also the Wiener processes.
As the mechanisms underlying a stochastic change of the processes r ()
and i (¢) are generally various and in the certain degree are independent, the
processes W,.(t) and W(t) are various also and can be dependent only
somewhat. Therefore in the general case the Wiener processes W,(f) and
W) can be presented as

WAt) = p Wo(t) + 1= p* Wi(t), Wit)=p Wo(t) + 1-p* W),

where W(t), Wi(t), and Wy(¢) are independent standard Wiener processes,
and p represents a coefficient of correlation between processes W,(¢) and
W(?). In this section for a simplicity will be assumed that p = 0. The result
in more general case, when p # 0, can be obtained as a special case from
results of the Section 4.

As in considered case the price of the discount bond is determined by
the nominal interest rate, for maturity date 7 it is described by function
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P(r, i, t, T). If we assume that function P(r, i, ¢, T) is differentiable on ¢ and
twice differentiable on r and i then the equation (1) by application of the It6
derivation formula is transformed to a form

! e+, (0)dm, (1) + o ()W (1), (8)

where the arguments r and i at functions i and o are omitted for brevity.
These functions are determined by the formulae

1 OP
T(1)= ) ——————, 9
o) (t)=0,(r )P(F’i’t,T)ar 9)

1 oP
"H=0c.(i,t)——————, 10
ol (t)=0,(i )P(r,i,t,T) = (10)

OP OP OP 1 ,0°P 1 ,d°P
2 AR
r

T 1 2
HN=—|—+u,—+uy—+—-o0, —+—-0 . 11
H () PL& Hr oy TH G 50 o3 50 aﬁ} (11)

The actual price of the bond B(r, i, ¢, T) can be determined by division
of a nominal price P (7, i, ¢, T) on a level of consumer prices C(¢), which
grows according to the rate of inflation i (¢) (Richard, 1978). This growth is
determined by the equation

dC(f) = () C(t)dt.
Thus, B(r, i, t, T) = P (r, i, t, T)/C(¢). Applying again formula It6, we shall

obtain the equation for process of the actual price of the bond with maturity
date T as

C;B((;:;;) - (IUT(t)_ i(t))df + GrT (t)dWr (t)+ GI.T (t)dI/Vl. (t) (12)

Now again, as well as in preceding section, we shall consider case,
when in the market one trades the bonds with » maturity dates 7;, j =1, ...,
n, n > 2. Let investor spends for purchasing of bonds the sum S(7),
purchasing N; of bonds with maturity dates 7}, so that S; = N; P(¢,7)), i.e.



S(t)= iSj = iNjP(t,Tj).

Jj=1

The increment of portfolio value of these bonds for an infinitesimal
time interval is determined as well as above by equality

dso) = SN dP(.T; )= fs.ﬁdp(t’Tf).
o J > o J Pt,TJ

Let's assume now, that the processes of the bond prices with any
maturity term are generated by the same short interest rate that follows
process (6). Then with regard for equation (8) it is possible to derive the
relation

as() =38, (0 (0t + o0 0w, (1) + ) (1) =
i (13)
- S5 ob 5,00 o, 0+ £, a0,

J=1

where 1 V(7) and o"(¢) are a drift and a volatility of yield of the bonds with
maturity date 7;, j =1, ..., n. To obtain the risk-free return it is necessary,
that the sum into brackets in stochastic terms was equal to zero. It means
that for deriving the risk-free profits it is necessary to distribute the
available sum S(7) so that to fulfill the equality

$5,000=0,  ¥5,60()=0. (14)
j=1 j=1

The equalities (14) are the existence condition of risk-free self-financed
portfolio. In order to obtain the no arbitrage condition it is necessary to add
a demand that the self-financed portfolio has to earn at the risk-free
nominal interest rate R(7), 1.e.

>8,4(0)= SOR()= 35,R(). (15)



Thus the no arbitrage condition is held if for any set {S;} the following
equalities are simultaneously fulfilled

SV(0)-RE) S, =0, XoV0) 5,20, So)0) s, =0. (16)
. 2

The equalities (16) can be written in the matrix form

WO-R0) 1O0-RE) . wO-RO) ] [
651)(1‘) 052)(t) , ng)(t) 2=
B 1 T I

This can be considered as a system of equations with respect to {S;}. In
order that this system would have nontrivial solution it is necessary that a
matrix rank would be less than n, n > 2, i.e. we obtain the equivalent
condition

#0-R6) 4P O-RE) . 1) R()
det 0'51)(t) GSZ)(I) O',,n)(t) =0. (17)
O'l-(l) (¢) Gl-(z) (¢) 0'1.(") (¢)

From this it follows that the rows of matrix are linear dependent (Horn and
Johnson, 1986). Hence we have for each component of the rows of matrix
the relations

16 = R(t) = At 1, 1) a9 () + A, r, o (e), 1<j<n (18)

The factors A.(t, r, i) and A(¢, r, i) are independent on maturity date and
make sense of market prices of risk in connection with a stochastic changes
interest rates and inflation respectively. Note that for case n = 3 this result
is contained in Richard (1978).
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3. The no arbitrage condition in the segmented market

The arguments of the previous sections is agreed with the theory of
the term structure of the interest rates based on a so-called expectations
hypothesis. According to this theory the forward interest rates are
considered as unbiased estimates of expected future short interest rates.
Therefore is natural the supposition that it is possible in the equations for
processes of the bond prices with any maturity to use the same equation of
process of the short interest rate. However not always the results of this
theory will be agreed with market realities. In this connection there are also
other theories of term structure (Hull, 1993). According to the theory of
market segmentation there are simultaneously some independent processes
of the short interest rates appropriate to various maturity terms and
controlled by the supply and demand for assets with these terms. More
often assets, which are traded in the market, are divided into three
segments: short-term, intermediate term and long-term assets. Because of
independence of mechanisms of installation of the prices on assets into
each from segments, it is possible to assume that the independent Wiener
processes generate the equilibrium processes of the short-term interest rates
inside of various segments. Consider no arbitrage conditions in this case.

Still we shall assume, that in the financial market there is traded the
zero coupon bonds with maturity dates that form a set {7}, 1 <j < n}. Let's
assume also, that this maturity set is divided on m of nonintersecting
segments Ty, 1 < k < m, m < n. Inside k-th of segment the actual short
interest rate 7(¢) follows the stochastic differential equation

dri) = o (r(6), ) dt + o (D), £) dWid), 1< k<m. (19)

According to this the yield of the bond with maturity date 7; € Ty is
determined by the stochastic differential equation

dP(t,T;)

W = ,u(j)(rk ,4)dt + O'(j)(rk AW (¢). (20)

Under the inflation instead of the actual interest rate 74(¢) in the equation
(20) it is necessary to use the nominal interest rate R, (t) = (1 + ry(?))(1 +
i(¥)) — 1, where the rate of inflation varies according to process (7). In this
case equation (20) should be modified to a form (8) - (11), taking into
account a stochastic behavior of the rate of inflation. As the purpose of the
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present section is to find a no arbitrage for the segmented market, we shall
not take into account inflation.

As well as until now we assume, that the investor makes a portfolio of
the bonds of value S(#) purchasing N; bonds with maturity term 7; on the
price P(t,T)) so that S; = N, P(t,T)),

Using method, which was used in the previous sections, it is possible to
obtain an increment of this portfolio value of the bonds for an infinitesimal
time interval as

as(t) = 3 1y 1D t)S e+ 3 3 1oV (08,0, (1), (21)

j=lk=1 k=1j=1

where [j; is the indicator

It 1, lf‘ TjETk,
Yl if T eT,.

Again for deriving of the risk-free profit it is necessary, that {S;} were
selected so that the stochastic terms in (21) were equal to zero. Therefore
we have m conditions of risk-free deriving of interests

i(lkj (rk,))gj:O, 1<k<m. (22)
j=1

The equalities (22) are the existence conditions of risk-free self-
financed portfolio. As well as in the previous section in order to obtain the
no arbitrage condition, it is necessary to add a demand that the self-
financed portfolio can earn inside each of m market segments only at the
risk-free interest rate ri(¢), | <k <m, i.e.

Zzllg (rk’ 1)S —Zzlkﬂ”k()
J=1k=1 j=lk=1

hence
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ZZIkJ( (’”k») rk(t))gjzo' (23)

j=lk=1

Thus the no arbitrage condition is held if for any set {S;} the equalities (22)
and (23) are simultaneously fulfilled. In vector-matrix notation this means

zlkl( (’”k») ”k(f)) ilkn( (”ka) rk(f)) S
T o) 21 o,
T JpOT S

Because this equality must be fulfilled for any {S;} therefore determinant of
matrix must be equal to zero. Then the rows of matrix are linear dependent,
1.e.

S (D0 0= Oy = A4 oo D)y 1<j<n (4
k=1

k=1

As the bond with some specific maturity date 7; can belong only to one
segment, the sums in equality (24) contain only a single nonzero term for
this maturity. Let us determine a set J of pairs (j, k) for witch 7; =1, 1.e.
(J, k) e Jif a security with maturity date 7; is traded at the k-th segment of
financial market. Then we can formulate the no arbitrage condition in the
form

Proposition 2. The no arbitrage conditions are held in the segmented
market if for each (j, k) € J the equality is fulfilled

1) -

. =A ,t).
0/)(rk,t) k(”k )

It means, that for each segment of the financial market there is a
market price of risk, identical for the bonds of all maturity dates of this
segment, but in general various for various segments.
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4. The no arbitrage condition for multi-factor models

In multi-factor models of a term structure of the interest rates it is
supposed that the price P is some function of several state variables of
interest rate (two factor model see Moreno (1996) or Richard (1978),
general case see Duffie and Kan (1992)). Process of the short interest rate
is determined as a vector stochastic process that is determined by a system
of the stochastic differential equations concerning a m-vector 7(¢) with

components 7(¢), 1 <k <m,
dr(t) = u(7,t)dt + &(r,t)dW(t), (25)

where E(F,t) is a m-vector of a drift with components z4(ry, 1), 5(17, t) is
(mxq)-matrix of volatilities with components o (7, £), | <k<m,1<[<gq,
W(t) — g-dimensional stochastic process with components that are scalar
independent standard Wiener processes W(¢). It should be noted that one of
component of vector 7 could be the rate of inflation. In these conditions the
stochastic differential equation for the price P(7, ¢, T;) of the zero coupon
bond with maturity term 7; has a form

dP: . ,
P—J = 1 ()dt + D )aw (¢), (26)
j

where the simplified designations P, = P( 7, t, T;) are used, and

. OP, OP; 1 0% P.
D)= Ty DT G+ Lol T 506 (o 27
W)= | G S g 6| @
. OP;
V(1) =L T 5(71). (28)
Pj or
P.
It should be noted for clearness that here a—j 1s the row vector with
r

P 'P,
components ——, 1 <k <n, and
Ty or

is the (nxn)-matrix with elements
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J

Oor;0r;,

Again we assume, that the bonds of n various maturities 7}, 1 <j < n,

are accessible for the investor to draw up a self-financing portfolio of value

S(?). In each instant he uses the sum S; to purchase the bonds with maturity

term 7; on the price P;. The increment of value of such portfolio of the
bonds for an infinitesimal time interval is determined by equation

, 1< i,k <n;tr(A)designs a trace of matrix A.

a5t = 3255 = 3 (D (0t + 7D (o), =
=Ry pu

:(iy(f)(t)SdeH(ia(j)(t)SdeW(f)- (29)

J=1

For deriving of the risk-free profit it is necessary that it is fulfilled the
equalities
ZJ(j)(t)Sj 0. (30)

J=1

The no arbitrage condition implies the addition to (30) the demand
that the self-financed portfolio earns with the risk free nominal interest rate
R(?), 1.e.

> u(0)s; = ROS()= X RS, (1)

J=1 Jj=1

Combining the equations (30) and (31) gives the systems

O RE) 1DO-RE) . 10RO,
o) o) o0 15| o
L) ) s,

This system must be satisfied for any admissible {S;} therefore
determinant of matrix must be equal to zero. It means that the rows of
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matrix are linear dependent. This allows formulating the no arbitrage
condition as

Proposition 3. In order to the no arbitrage conditions are held in the
financial market that is described by multi-factor model (25) — (26) it is
necessary that the following equalities be fulfilled

dO-RO= YoV OL0F). 1<jsn ()

The variables A(t, 7), 1 <[ < g, in expression (33) make sense of the
market prices of risk because of a stochastic behavior /-th component of
stochastic term of factor increment in the equation (25).

The substitution in equality (33) the expressions for 1(f) and o ¥(7)
in the forms (27) and (28) gives after appropriate rearrangement the partial
differential equation with respect to price P(7, ¢, T)).

5. Some important special cases

It should be noted that in literature the special cases are often occurred
where the bond prices depend on some factors only through the single
variable. This variable is usually the nominal interest rate. Above in
Section 2 such example was presented. The other examples are described in
Langetieg (1980), Cox, Ingerssol, and Ross (1985), Chaplin (1987),
Longstaff and Schwartz (1992), Chaplin and Sharp (1993) (see also Duffie
and Kan (1992) and Vetzal (1994)). For these cases it is possible to assume
that the nominal interest rate R(¢) is determined by factors ri(¢), 1 < k < m,

as the weighted sum R(f) = a7(t) = DAty (t). Then the price of the

discount bond is determined for maturity date 7 is described by function
P(R, t, T). At the same time the case considered is a special case of the
multi-factor model and the results of previous section are valid here too.
Therefore the equation (26) is right here also but designations (27) and (28)
can be made more specified.

| oP, P, o° P,
ﬂm(t):PLj 8_;+a_éag(f,f)+% o wa(.aa @ 0) ]|, o)
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Wy L
oV'N\t)=——aol\r,t), 35
)= G @00 (35)
where a = (a; a» ... a,) 1s a row vector, P, = P(R, ¢, T;), and the
, .. oP, o*P .
(mathematical) derivatives —— and 8—2 are scalars. Then the expression
R
(33) can be written in a form
#(0)- R()
=ac(r,t)A(r,t), 1<j<n (36)
1 0P,
P; OR

Here A(7,t)= (4(7.t) A4 (7.t) ... A, (7,¢))" is a column vector of the

market prices of risk because of a stochastic behavior components of
stochastic term & (7,¢)dW(t) of factor increment in the equation (25). Note

1 0P; OlnP; _ o .

that — = . Thus we derive the following interpretation of the
P; OR OR

relation (33).

Proposition 4. The no arbitrage condition for bond pricing states that
the excess of expected bond’s return ’(f) over the nominal interest rate
R(?) divided by the (mathematical) derivative of logarithm of bond’s price
P; with respect to the nominal interest rate R = R(¢) is independent of the
bond’s maturity 7.

The relation (36) is the base to formulate the partial differential
equation for the bond price P(R, ¢, T}). For this it is sufficient to substitute
the explicit form z(f) from (34) and to rearrange the terms of obtained
expression. However it should be noted that the bond price will have the
form P(R, ¢, T) if only expressions [aﬁ(?, t)], [aE(F, t)(aE(F,t))T], and
[aE(F, t) /I(F,t)] are the functions of R(¢) = aF(t). This 1s possible for
example if a, 1(7,t),5(7,t), A(7,t) are determined in the following way

a — a row vector with components a; =1, 1 <k <m;

,17(17, t) — a vector with components (o r(t) + f), 1 <k <m;

& (7,t) —a diagonal matrix with elements o\/r, (t)+ 6, ,1 <k<m=g;
A(7,t) —a vector with components A./r, (t)+ 5, , 1 <k<g=m.
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At these functions the solution P(R, ¢, T) of the bond price equation
belongs to the affine class. As illustration of this version we shall note that
it is usual in the markets of stable economy the values of the short interest
rate 7(¢) and the rate of inflation i(¢) are rather small, and it is possible to
use linear approximation of formula (5) (Bodie et al., 1996)

R(?) = r(f) + i(?). (37)

In this case m =2, ri(t) = r(¥), r(t) =i(2).

The question, whether there are other possible ways of determination
of these functions to ensure the solution of the bond price equation in the
form P(R, t, T;), remains open.

Conclusions

It is known that in financial market there is no arbitrage if and only if
there exists an equivalent martingale probability measure (Duffie, 1992).
This condition is rather general but difficult checked because at present the
problem of construction of equivalent martingale (risk-neutral) measure is
waiting for its solution. Therefore deriving of the no arbitrage conditions in
the explicit form, without resorting to construction of equivalent martingale
measure, is useful. This paper has presented some cases when this manages
to be made in financial market where the discount bonds with some
arbitrary number of maturities are traded.
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