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Abstract:In this paper, for a marketing organization consisting of multi grades subject to the depletion of manpower(wastages)
due to policy decisions with high or low attrition rate, is considered. An important system characteristic namely the mean time to
recruitment is obtained for a suitable policy of recruitment when (i) wastages are independent and identically distributed
Geometric process and (ii) threshold for each grade has single components with exponential distribution, and (iii) the inter-
policy decisions form an ordinary renewal process or order statistics is considered.
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L. INTRODUCTION

Exits of personal which is in other words known as wastage, is an importantaspects in the study of manpower planning.Many
models have been discussed using different types of wastages and also different types of distribution for the loss of man powers, the
thresholds and inter decision times.Such models are seen in [1] and [2].In [3],[4],[5] and [6] theauthors have obtained the mean
time to recruitment in a two grade manpower system based on order statistics by assuming different distribution for thresholds.in [8]
for a two grade manpower system with two types of decisions when the wastages form a geometric process is obtained.The problem
of time to recruitment is studied by several authors for the organizations consisting of single grade/two grade/ three grades .More
specifically for a two grade system, in all the earlier work , the threshold for the organization is minimum or maximum or sum of
the thresholds for the loss of manpower in each grades, no attempt has been made so far to design a comprehensive recruitment
policy for a system with two or three grades . In [10] a new design for a comprehensive univariate CUM recruitment policy of
manpower system is used with n grades in order to bring results proved independently for maximum, minimum model as a special
case.In all previous work , the problem of time to recruitment is studied an organization consisting of atmost three
grades.In[11],[12] author has worked on this comprehensive univariate policy when wastages form ordinary renewal process and
interdecision time form geometric and order statistics. In this paper an organization with n-grades is considered and the mean time
to recruitment are obtained using an appropriate univariate CUM policy of recruitment (i.e)“The organization survives
iffatleastr, (1 < r < n)out of n-grades survives in the sense that threshold crossing has not take place in these grades” when the
inter decision time form an geometric process.

1. MODEL DESCRIPTION AND ANALYSIS
An organization having two grades in which decisions are taken at random epochs in (0, o) and at every decision making epoch a
random number of persons quit the organization. There is an associated loss of man hours to the organization if a person quits.
It is assumed that the loss of man hours is linear and cumulative.
The loss of manpower at any decision epoch forms a sequence of independent and identically distributed random variables which
form geometric process.
The inter-decision times are independent and identically distributed random variables.
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The loss of manpower process and the process of inter-decision times are statistically independent.

The thresholds for the n-grades are independent and identically distributed exponential random variable.

Univariate CUM policy of recruitment: “The organization survives iffatleastr, (1 < r < n)out of n-grades survives in the sense that
threshold crossing has not take place in these grades”

1. NOTATIONS
X;:the continuous random variable denoting the amount of  depletion caused to the organization due to the exit of persons
corresponding to the j"decision,j=1,2,3... and X;’s form a geometric process.
G (x): distribution function of X; such that G(x) = 1 — ce~“*g(x): probability density function.
G, (.): The distribution function of Y.¥_, X;
9 ()its probability density function.
U;:i = 1,2,3...the inter decision time between (i — 1)t and i**decision.
F()Lf ()]:distribution (density) function.
F. (), fi () : The distribution(density) function of XX, U;. V,.(t) : The probability that there are exactly k decision making epoch
in (O, t].
Y;:The continuous random variable denoting the thresholds for the j"grade.
Y: The continuous random variable denoting the thresholds for the organization.
H(.):the distribution function of Y.
T;: Time taken for threshold crossing in the j** grade,j=1,2,3...n.
T : Time to recruitment of the organization
E(T):mean time to recruitment.

V. MAIN RESULT
The survival function of the time to recruitment is given by

P(T>t)= Z P(Exactly k decision epoch(0, t]land the threshold level Y is not crossed

k=0
by the total loss of manhours in these k decisions in atleast r grades)
oo k
ieP(T>t)= Z Vk(t)P(z X, <) )
k=0 i=1

By the law of total probability

P(i x.<v)=[ P> Z / D % = X1 g, ()dx @

= [ a@n-H@lax

= f gk(x)z nC; [1 — H(x)]'[H(x)]" tdx.

n
= f gk(x)z nC; [e=0%]'[1 — e=0%]" " dx.
0 i=r
n o )
= Z nCl-f gi(x)e™0x [1 — e=6x]" gy
i=r 0

Using binomial expansion
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n
= Z nCl-f 9x()e ¥ [1— (n—i)Cie™ % + (n —i)Ce™20% + . (=1)"le~(=D0x]qy
i=r 0
n (o]
— Z nsz gk(x) [e—iex _ (n _ L-)Cle—(i+1)9x + (n _ L-)Cze—(i+2)9x + L+ (—1)n_i€_n9x]dx.
e 0

= Z nCi[ge(i6) — (n — DC1ge((i + 1)8) + (n — D C,Gie((i +2)8) + .. (=1)" "Gy (nb)] ©)
From renewal thelo_rg/Vk (t) = F, (t) — Fp  (®)withF (t) = 1 4)
Substituting (3) and (4) in (1) we get,

P(T>1) —Z[Fk(t) Fm(t)]znc [G:(i6) — (n = DC.Fe((G +1)6) + (0 = DCG(( +2)0) + . (D" 'Ge(mO)]  (5)
k=0 =
Now , we evaluate g (i9).

AsX;, i = 1,23 ... form a geometric process with rate ‘a’,

7ii0) = f[g(a‘;i) ®)

j=1

Since g(x) =ce™*

gk(Lg) — | |f al 1 —cxdx
k
i6 j-1
_ C+ﬁ _ ca .
= | |f ce | |[ a] T+ 9] V(LG,k)

j=1
where V(if, k) —1_[[ ca”! ] ©)

al~1+i6

P(T>1t) = Z[Fk(t) Fk+1(t)]an [V(i6, k) — (n = DC,V((i + 1), k) + (n — DCV((i +2)6, k)

(=D ‘V(nH,k)] (3
L(it)=1-P(T > t)

Z[Fk(t) Fk+1(t)]z nG[V@io, k) — (n = DCV((i + 1)6,k) + (n — )GV ([ +2)6, k)

G L ‘V(n@, k)] €©))
Diff. with to respect to t

1) = = D Tl® = fira @1 ) nCIV(B, K) = (1 = DCV (G +1)8,K) + (1 = DC,V (i +2)6, )
k=0 i=r

+ .. ()™ (N8, k)] (10)
Taking Laplace Transform on both sides

() == 3 [us) ~ fear O] Y nCIV (0, ) — (n = DC V(G +D)6.K) + (n — DCV (G +2)6,k)
k=0 i=r

+ .. (D)"Y (N8, k)] (11)
A. Case(i)
{U;}2,form an geometric process
Assume that the inter decision times U;,i = 1,2,3... form a geometric process with rate b ,(b>0).1t is assumed that the probability
density function ofU, is hyper exponential density function
ft) =pien+qleM,p+q=1
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= J(ds(f(s))) ]

k k
- Z bil—1 x (% (7 (5)))520 = (M}:{fl")z bil—l

Consider - -
S [, -] ] - Y-y -k

_ (PA +qAy
h ( An Ay )Z bk (12)

e =-[Lan] ==Y [LE0)]_ -[L(Eae)] |
= k=0 s=0 s=0

Z nC;[V(i6,k) — (n — )C,V((i +1)8,k) + (n —)C,V((i +2)0,k) + ...(-1)"'V(nb, k)]
Substituting (12) in_the above equation
pA +qAy

E(D) = ( P

)Z %Z nC[V(i6, k) — (n = ),V ((i + 18, k) + (n — ),V ((i +2)8, k)
k=0 i=r

+ (=)o, k)] (13)
B. Case(ii)
When U;s are correlated.
The inter decision times are assumed to be exchangeable and constantly correlated exponential random variables with mean
i(,u > 0).Let R be the constant correlation between U; and Uy, i # J.

By taking Laplace Stieljes transform both side
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1) = = D [Fs) = Fi ()] %
k=1

Z nC,IV(@i0, k) — (n — ) C,V((i + 1)8, k) + (n = )C,V((i +2)8, k) + ... (~1)""V(n8, k)]

i=r

d -
B =~ [ a6)]
o d _ B n
= > L [F) = Py lamo ) nGIVG8,1) = (1= DEV((E +1)8,8) + (= DE,V(G +2)6,K)
k=0 i=r
+ (D)"Y (n8, k)] 14
The cumulative distribution function of the partial sum U; + U, + ---+ U, is given by Gurland(1955) as

Fk(t)=( _1—R )i( kR ok +j,o)

1—-R+kR — 1-R+kR/) (k+j—1)!
]:
t
1-R t o .
where u = and(p(k+j,a)=f e € eti-l d e,
0
= () 2 () we o, v
KS)Z\T "R+ kR LA\T=R+KR) (k+j-DlJ, ok +j))e
]:
oo . t
_ 1-R kR V1 © g fru .
— —st ___ —€ ck+j-1
Fie(s) (1—R+kR)ZO(1—R+kR) (k+j—1)!foe dt(J;e € d’e')
]:
_ 1-R \v kR 1 °° e kb j—1
— —st Ju(t J t
Fie(s) (1—R+kR)Z(1—R+kR) (k+j—1)!foe e u(Ch) ().
j=0
_ 1-R \v kR \/ 1 o Lt
= —t(s+1/) t
Fie(s) (1—R+kR)ZO(1—R+kR) (k+j—1)!f0 ¢ W e d()
]:
F()—( 1-R )i( kR )j 1 Dy j
=\ T-R+kR) L\T-R+KR (k+j—1)!uk+f(ﬂ)k+f
]=0 us
F()—( 1-R )i( kR )j 1 (k+j—1)
S =\T R+ kR LAT=R+KR) (k+j— DI (T +us)
]:
0= e () (=) o
)= v us)* \T—R + kR L\T=R+KR) (@ +us)
]:
_ 1 1-R \[ kR -1
Fk(5)= ( )1_ ]
(L+us)*\1—R+kR/I” (@A —R+kR)(1+us)
F(s) = 1 (1—R )'(1—R+kR)(1+us)—kR_1
)T L us)  \1—R+kR)|” (L= R+ kR)(L + us)
F(s) = 1 (1—R )'(1—R)(1+us)+kRus_1
)T @+ us)  \T—R+kR/| (@ — R+ kR)(1 + us)
F.(s) = 1 ( 1-R )(1—R+kR)(1+us)
(S " (L +us)*\1—R+kR/(1—R)(Q + us) + kRus
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1 @-RA+us)

Fi(s) = (1 + us)* (1 — R)(1 + us) + kRus

_ 1 1

Fi(s) = (1 +us)kq 4 _KkRus
(1-R)(1+us)

o 1 L kRus -

Fe(s) = (1 + us)k [ * (1 -R)(A +us)

Fu(s) = [(1 + us)k [1

F(s) = (1-R)mk B
KS) =T R+ kR —kRm " mm_1+us

kRus
1-R)(+ us)]

d 91 — R + kR — kRm)km*~* + m¥kR| d
IR = - R)[

(1—R + kR — kRm)? s ™

L (m)=- Tt d(di (m))s=0 = —uand (m);— =1

d _ _ (1 —R)(—ku) — kRu| _ —ku
IR ()] :o_(l_R)[ o ]—(1_R)
d _ d _ _ —ku (k+1u
HlAO| - %[Fku(s)]l Tt aw
u
“1-B (15

Substituting (15) in (14) ,the mean time to recruitment is

E(T) = Z Z nC [V (i0,k) — (n — )CV((i + 1)8,k) + (n — )C,V((i +2)6, k)

=0 i=r

(1) (8, k)] (16)

Q- R)

V. NUMERICAL ILLUSTRATION
The behavior of the performance measure due to the change in parameter is analyzed numerically for different values of nand r.

A. Case(i) n=3,r=1
From equation (13) the mean time for recruitment is given by

pA + qAy

E(D) = ( T,

)Z ${3V(9, k) + 9V (26, k) + 7V (36, k)}
k=0

B. Case(ii) n=3,r=2
From equation (13) the mean time for recruitment is given by
pA + ‘Mh)

1
™ e {3V(26,k) — 2v(36, k)}

E(T) = (

C. Case(iii) n=3,r=3
From equation (13) the mean time for recruitment is given by
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D. Case(iv) n=3,r=1
From equation (16) the mean time for recruitment is given by

E(T) = ﬁZBV(a, k) + 9V (20, k) + 7V(36, k)}
k=0

E. Case(v) n=3,r=2
From equation (16) the mean time for recruitment is given by

E(T) = ﬁZ{av@a, k) — 2V(36, k}
k=0

F. Case(vi) n=3,r=3
From equation (16) the mean time for recruitment is given by

E(T) = ﬁZ{V(%, K}
k=0

VI. CONCLUSION
From the present work we can study about two grade and three grade manpower system. This work also can be extended in two
sources of depletion. The influence of the hypothetical parameter on the performance measure can be studied numerically with the
help of MATLAB.
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