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Abstract

In a call centre, one of the problems is to set the agents for the varying arrival rates.
Call blending can give a solution in this case. An agent working on inbound calls and
outbound calls seems more effective than an agent handling only inbound calls. The advantage
is that it makes the scheduling of the agents easier; it is possible to use the same number of
agents the whole day while the average productivity of the agents is increased. Call blending
can be used to decrease the waiting time. Thus call blending offers a way to increase resource
utilization in a call centre. The main objective in call blending is to maximize the productivity,
and meet demands. In this paper we assume certain policy to be optimal for call blending.

1. Introduction

This paper describes a certain aspect
of a call centre called call blending. There
are two kinds of calls in a call centre. The
first type of calls is phone calls at the call
centre, referred to as inbound calls. The call
centre itself also contacts other people by e-
mail, faxes, and phone calls. These calls are
referred to as outbound calls. In most call
centres, agents, the employees who make
inbound and outbound calls in call centres,
exclusively handle either inbound or
outbound calls. In this system, it could be
the case that agents working on inbound
calls have no work to do because no phone
calls arrive. This approach seems quite
expensive because unnecessary agents are
appointed, hence, cost is more. The problem
with the inbound calls is the fact that arrivals
per unit time fluctuate over a day. A simple
solution to both problems is to mix the
inbound and outbound calls. This is what
call blending is about. Only one agent can
work on both inbound and outbound calls.
The advantage is that it makes the setting of
the agents easier; it is possible to use the
same amount of agents the whole day while
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increases the average productivity of the
agents. Thus call blending offers a way to
increase resource utilization in a call centre.

2. Model Description

The exact model formulation is as
follows. There are two types of calls,
inbound calls and outbound calls. The
service time of these calls are independently
exponentially distributed.

Notation

A = number of arrivals per time unit

M; = inverse of the mean service time
for inbound calls

M, = inverse of the mean service time
for outbound calls

s = number of available agents

= number of inbound calls in the

system

y = number of outbound calls in the
system

¢ = threshold, i.e., x+y > ¢ should be
satisfied

& = probability to do nothing when

finished serving a job at level x +y
=c+1



The call centre is assumed to have an
infinite number of phone lines available for
inbound calls that cannot be served yet. We
also assume that there are an infinite number
of outbound calls available. The number of
agents available is represented by s. The
long term average waiting time of inbound
calls should be below a constant a. Waiting
excludes the service time. The objective for
the outbound calls is to serve as many jobs
as possible, while the time constraint for the
inbound calls is still met.

The following control actions are
possible. The moment an agent finishes
service, or, more generally at any moment
that an agent is available, he can take one of
the following three actions:

e Start serving an inbound call, if one
or more phone calls are waiting;
e Start serving an outbound call;
¢ Remainidle.
Model assumptions summarized

(i) Inbound calls arrive according to a
Poisson process with parameter A; (ii) The
duration of inbound calls is exponentially
distributed with parameter p,. (iii) The
duration of inbound calls is exponentially
distributed  with  parameter . (iv)
Customers do not abandon; (v) An infinite
number of outbound calls is present; (vi) An
infinite number of phone lines is available.

3. Solution for the model
Stationary Probabilities for 6 = 7 and c=s

3.1 Case (i)

Consider y=c=s and x+y >s.

Note that there are no inbound calls in
service at this level (x =0).

The following equilibrium equation holds:

(Z' + 51”2 ) qx,s = ﬁ'qx—l,s o (l)
The solution for this level is:
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Ocs = A X g
s A+su, oS
Forx = sy, y=s --(2)
. A
We define y, ::( j and
A+su,
Bso=dos - (3)
~ The solution becomes
qx,s = BS,O (7/5) —_— (4)

3.2  Case (ii)
Now considery=s—1,andx+y = s

The equilibrium equation is as follows:
(ﬂ“ TH +(S _1) :u2)qx,s—l =

- (5)
ﬂ'qx—l,s—l + luqu+1,s—1 + s/uqu,s
Solve the homogeneous equation with
respect to level s-1
Suppose that:
x-1
qx,s—l = (75—1) ql,s—l - (6)

With y_ , to be determined.
Then (4) becomes:

(A4 +(5-D ) (i) s =
A (75—1 )Xiz Oisa 44 (75_1 )X 051
~
X—2
(7’571) Oisa
A+ (ra) -

(2+m+(5=2) 1, ) (7:1)
Since y,, >0

=0

w(res) -
(A+m+(5-1) 1) (7o) +A=0



— (8)
Due to the fact that the states we investigate
with the previous equation can and will be
reached in finite time, one of the solutions of

V<, Qreater than 1 is not useful:
7/5—1 =
(/1+,ul +(s—1),u2)—

\/(/1 (51 ) — 4l
--(9
2 9)
Now we have the homogeneous solution:
x-1
qx,s—l = (75—1) ql,s—l
Forx = 1,y=s-1

For a general solution we need a particular
solution to the inhomogeneous equation.
A particular solution is:

qx,y = Bl,s—l(ys )X

- (10)

With
levely=s-1
(By .y Is the first constant for this level used

in the general solution for the homogeneous
part).

(ﬂ“ + H + (S _1)/u2 )(7/5 )X Bl,s—l
ﬂ'Bl,s—l (75 )X71 + /ulBl,s—l (7/5 )X+1 +

B,,.. the second constant for this

S, Bo,s (75 )X
1 (At x
A Vs - Vs
By ( ) ((S_l)'uz]( ) +
+ll11(7/s)x+l

S:UZ BO,S (7/5 )X = 0
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A+M+]
X— A- (75 ) +
Bl,s—l(}/s) ' ((S—l),uz
w(r,)
Sﬂz BO,s (7/5 )X = 0
---(11)

From (1):

/’i’qx—l,s _(2’ + sluZ)qx,s =0

J“Bl,s—l (75 )X_l -

(ﬂ’ +SH, ) By (75 )X =0
Boa (1) [A=(2+31)(r,)]=0

—(12)
Now (10) - (11):
x| ~( =) () +
81,5-1(75) [ 2 2 +
4 (75)
S:UZ BO,S (7/5 )X = 0
[a e,
(73) H (7s) =0
Sﬂz BO,s
B = _SﬂzBo,s
(= )+ ()
— S:UZ BO
(k=)= (7:) " (13

For the general solution we have to multiply
the homogeneous solution with a constant C.
We define:

Boss= qu,s—l --- (14)

The general solution for level y=s-1is
now as follows:

Oes1 = Bosaa (75—1)X_1 +Bo (7 )X - (15)

+



3.3 Case (iii)
Now consider O<y<sand x+y =
s The equilibrium equation is as follows:

((S_ y):ui +A+ y:uz)qx,y =
ﬂ“qx—l,y + (S - y):u“_LqXJrl,y +

( y + 1) luqu,y+1

Solve the homogeneous equation with
respect to level y

Suppose that:

x~(s-y)
Oy = (yy) Os-y,y
With y, to be determined. Then:

((s—=y)m+A+yu,)

(7v )X_(S_y) Qs-y.y

=20, (r,)

—-- (16)

—-(17)

—+

Os-y,y (S - y),u1 (yy )X+1—(5—Y)

2 (yy )x—l—(s—y)

(s=Y)m
qs—y,y -t (yy
A+yu,

)X—(S—Y)

_(S B y)‘u,l (}/y )x+l—(s—y)

qyy’ y (yy )x—l—(s—y)

z_[(s‘y)*ﬂ(np

A+yu, =0

(s=v)a(r,)
--- (18)
Since (yy) >0
(S—y),ul(}/y)z o

((s=y)w+2A+ym)(7,)+2=0
- (19)
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Due to the fact that the each state we
investigate in the previous equation can and
will be reached in finite time, one of the
solutions is greater than 1 and is therefore,
not useful.

The solution for y, is:

(s=¥)um ) ((S—y)ﬂl +]2 B

+ A+ Y,

A+Yu, 4(s—y)mA
v

’ 2(s—y)m
--- (20)
Now we have the homogeneous solution:
B x=(s-y)
qx,y _(7y) s—y,y

Forx>s—y,0<y<s

For the general solution we need a particular
solution to the inhomogeneous equation.

As a particular solution:

S .

X—=(s—1

Oy = z Byiy (7i) .
i=y+1 e (21)
After substitution of this particular solution
we see that we get a combination of linear

equations in (;) which can be solved

separately.
We solve for i = y+1, s separately.
So we solve s —y equations.

Let usassume j=i-y.

So, values forjarej=1,2... s-y.
B, (}/M )X*(S*yfi)fl i
e
+By, (1) (5 y)
(Y +1) 4By i1 (7 )X_(S_y_j) =0



x—(s—y-j)-1

By,j(7y+j)
(s—y)m+

& _[m yi, J(yy” )

(5_ Y)M(Vyﬂ' )2

+(y+1)/uZBy+1,j—l(7y+j)

x—(s—-y-1j) .
@

x—(s-y-j)-L
7y+1

B, ;
S_ _J),ul
{ A+(y+ i) j(yy”)+ -0
2
S—y _J 7y+j)

-~ (23)

~(s-y-i)-1

By (7y+1)

[ i (4~ 1, 7y+,-)+jul(7y+,-)1+
(

y+ ),Uz y41,j-1 (7y+1) e =0

—i( = p)

+

J:u1 (j/y+j)
+(y +1)/u2 By+1,j—1

(7y+j )X—(S—Y—J)

_(y+1)ﬂ2 By+1,j—1
—i(m =)+ i (7,0;)

(Y+1)m
(=)= i (7y.;)

B

v

- (24)

B

y+1, j-1

If we add the solutions of the linear
equations for each y; we get a particular

solution. For the general solution we need to
add the homogeneous solution multiplied
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with a constant C, and the particular
solution. We define B ,=Cq, ,, (25)

The general solution for level 0 < y <s is
now as follows:

S

Usy = Z Byiy (% )Xﬁ

i=y

(1)
- (26)

3.4 Case (iv)
Now consider y=0and x +y =s.

We consider the equations that hold for 0 <
y<sandx+y =s.

We notice that the solution also holds for y
= 0. Until now we have only s + 1 unknown
constants, which can be solved with the
remaining equations for x +y =s.

3.5 Case (v)

Now consider y=sand x+y =s.
The equilibrium equation for this case is as
follows:

Alos = 14054
Al ¢
So ql,s—l =
H — (27)
3.6  Case (vi)

Now consider:
O<y<sandx+y=s
The equilibrium equations are as follows

(A+(s-y)m)a, =
( )/Lﬁqs—yﬂy +

(S y+1)/’11qs y+ly1+
(

y +1)luzqs y,y+1
So

(ﬂL +(S - y)'ul)qsfy,y N

(S_ y)/ulqs—y+1y -

(y+1)luzqs y,y+1
(s—y+1)

Q- y+Ly —

- (28)



Now it is possible for each stationary
probability to be expressed in terms of one
constant.

0 S
We also know that: > > 'q,, =1
x=0 y=0 —_— (29)
This determines the last constant. Now all

d,,,are determined for the particular case
thatc=sand 5 = 1.

4. Numerical examples

Assume that we have the following
parameters:

A=05,1=04,1,=025=5

Note that the service time for the
outbound calls is twice as large as the
service time for the inbound calls.

Assume that we do not apply call
blending. In that case we have 6
probabilities to divide the group. We can use
the Erlang delay formula to calculate the
expected waiting time in each of these cases.
The throughput can be determined by
multiplying the number of agents for service

outbound calls with z,. Then, for each of

the cases, the following results hold.

Now assume that we do not apply call
blending for this case. The productivity for
the inbound calls equals the productivity
minus the throughput for the outbound calls.
Now note that the productivity remains the
same, regardless of the policy. This was to
be expected because the inbound calls that
arrive have to be done in each case.

We can start comparing the case with
no call blending and with call blending.
Assume that we did the calculation taking
minutes as units. If we do not apply call
blending and assign only zero or one agent
to the inbound calls, then the waiting time
becomes very large (infinite). If we assign
two agents to the inbound calls, we still have
to wait more than 1 minute and 30 seconds.

52

Thammasat Int. J. Sc. Tech., Vol. 16, No. 2, April-June 2011

Table 1 Expected Waiting time,
Productivity, and Throughput
[<5) +—
2y | En | BS £ g
3% | 86§ 32 S 2
2® | 3%® | = | 3 =
0 5 INF 1 1
1 4 INF 1 0.8
2 3 1.602 | 0.85 0.6
3 2 0.222 | 0.65 0.4
4 1 0.038 | 0.45 0.2
5 0 0.006 | 0.25 0

If we assign three agents to the
inbound calls we get an acceptable waiting
time of about 13 seconds. In this case the
throughput equals 0.4. Now we consider the
call blending case. If we use the threshold of
3, we get an average waiting time of 7
seconds and the throughput of 0.45. So in
the call blending case, the waiting time is
smaller and the throughput is bigger. By
applying the randomization technique, the
throughput can be set to 0.40 as in the case
of no call blending, but with lower waiting
times. It is also possible to maximize the
throughput while the expected waiting time
equals the waiting time in the case with no
call blending. This will result in a higher
throughput.

Future Extension : foro=1,c<s
, 0 <1, and find the throughput, expected
waiting time, and productivity

5. Conclusion

We showed only one case in our
paper. The result holds in many more cases.
Only if the outbound calls last much longer,
there is an advantage in waiting time or
throughput, but not in both of them. Note
however, that the outbound calls in this case
last twice as long as the inbound calls. This
research gives better results for cost savings.
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