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Abstract : An organization with two grades subjected to loss of man-power due to the policy
decisions taken by the organization is considered .Three mathematical models are constructed using
an univariate recruitment policy, based on shock model approach involving optional and mandatory
thresholds for the loss of man-power in each grade. The system performance measures namely mean
and variance of time to recruitment are obtained for all the models when (i) the loss of man-hours
form a sequence of independent and identically distributed exponential random variables (ii)the
inter-decision times form an order statistics according as the optional thresholds follow exponential
or extended exponential and the distribution of mandatory thresholds possess SCBZ property .The
analytical results are numerical illustrated and the influence of nodal parameters on the performance
measures is also reported.
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1. Introduction

Exit of personnel in other words known as wastage is a common phenomenon in any
marketing organization .In the univariate recruitment policy, based on shock model approach,
recruitment is made as and when the cumulative loss of man hours crosses a threshold. In [4],for a
single grade man-power system with a mandatory exponential threshold for the loss of manpower
,the authors have obtained the system performance measures namely mean and variance of the time
to recruitment when the inter-decision times form an order statistics .Since the number of exits in a
policy decision making epoch is unpredictable and the time at which the cumulative loss of man-
hours crossing a single threshold is probabilistic, the organization has left with no choice except
making recruitment immediately upon threshold crossing. In [2] for a single graded system, the
authors have considered a recruitment policy involving two thresholds for the loss of manpower in
the organization in which one is optional and the other is mandatory and obtained the mean time to
recruitment under different conditions on the nature of the thresholds according as the inter-decision
times are independent and identically distributed random variables or the inter-decision times are
exchangeable and constantly correlated exponential random variables . In [9-12], the authors have
studied the problem of recruitment in a two-grade system according as the thresholds are
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exponential random variables or geometric random variables or SCBZ property possessing random
variables or extended exponential random variables. Recently in [5-8], the authors have extended the
results in [4] for a two-grade system involving two thresholds by assuming different distributions for
thresholds. In [13], the performance measures are obtained when the inter —decision times are
exchangeable and constantly correlated exponential random variables and the distributions of the
thresholds have SCBZ property. The objective of the present paper is to obtain system performance
measures when the optional thresholds follow either exponential or extended exponential
distribution and the distribution of mandatory thresholds possess SCBZ property and there by
extending the results in [4] for a two-grade man-power system.

This paper is organized as follows .In sections 2, 3 and 4 models I, Il and 11l are described
respectively and the analytical expressions for mean and variance of the time to recruitment are
derived. In section 5, the influence of nodal parameters on the system performance measures is
studied for all the models and relevant findings and conclusion are reported.

2. Model Description and Analysis of Model —I

Consider an organization with two grades taking decisions at random epoch in (0, ) and at
every decision epoch a random number of persons quit the organization. There is an associated loss
of man-hours if a person quits. It is assumed that the loss of man-hours are linear and cumulative.
Let X; be the loss of man hours due to the i decision epoch , i=1,2,3... forming a sequence of

independent and identically distributed exponential random variables with mean % (c>0), probability

density function g(.).Let U; be a continuous random variable denoting inter-decision time between (i-
1)" and i decision, i=1,2, 3.... with cumulative distribution function F(.), probability density

function f(.) and mean %O\>O) . Let Ugy (Ugq) be the smallest (largest) order statistic with probability

density functionf,,,(.).(f,o(.)). Let Y1 Y2 (Z1, Z) be random variables denoting optional

(mandatory) thresholds for the loss of man-hours in grades 1 and 2, with parameters
8y 68,5, (63,13, L3, G4.Mg, 1) respectively. It is assumed that Y1 < Z; and Y, < Z; Write Y = Max

(Y1, Y) and Z = Max (21, Z) where Y (Z) is the optional (mandatory) threshold for the loss of
man-hours in the organization. The loss of man-hours and the optional and mandatory thresholds are
statistically independent. Let T be the time to recruitment in the organization with cumulative
distribution function L (.), probability density function | (.), mean E (T) and variance V (T). Let F
«() be the k fold convolution of F(.). Let I'(.), f'(.), and g"(.) be the Laplace transform of I(.), f(.), and
g(.) respectively. Let V(t) be the probability that there are exactly k decision epochs in (0, t]. It is
known from Renewal theory [3] that Vi(t) = Fk(t) - Fy+a(t) with Fo(t) = 1. Let p be the probability
that the organization is not going for recruitment whenever the total loss of man-hours crosses
optional threshold Y. The univariate recruitment policy employed in this paper is as follows: If the
total loss of man-hours exceeds the optional threshold Y, the organization may or may not go for
recruitment. But if the total loss of man-hours exceeds the mandatory threshold Z, the recruitment is
necessary.

Main results
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Case (i): If the distribution of optional thresholds follow exponential distribution and the distribution
of mandatory thresholds possess SCBZ property
Using law of total probability it can be shown that
P’[Ef‘:lf"ii = Tf) = [D1]k+ [D:]k_ [Dajk 2
and
P[Ef‘:lxi = E) = P2 (Dejk +4q; (Dm)k + P1(D11)k_13'113': (Dlzjk — P1d: (Dlajk + Q1(D14]k +
—Ps ql[:]:'ls:]k —q;9; (Dlﬁjk
©)
whereDl = g*(el],Dg = g*(eg],ﬂ'g = g*(el + B:], Dy = 38[54 + H‘Jr Dig = 53(714]
Dy, = 38[53 + l"l’g) » Dy = 33[53 +6, tu, + H4}rD13 = g*[ﬁa tnet I"L:a)’Dlél = g"(ny)

. . (83 —n3)
Dys = g*(n3 +8; +1,).D3s = 2" (g + 1), py = R
(B4—my)

P::mr%zl_ﬁ 4)
For a=1,2,3,9,10,11,12,13,14,15,16, b=1, 2,3 and d=9,10,11,12,13,14,15,16,write
E,(t)=[1-D,] X, F (0(D )~
and
Epa (t) =[1—DyD4]2E-, FL(t)(D, dek_l (5)
Since I(£) == L(¢), L(£) = 1— P(T > t) and I*(s) = L(1(1))
from (1), (2), (3), (4), and (5) and on simplification we get
I*(s) = e,"(s) + e;,°(5) — e3"(5) + plpaes™(s) + qre45"(5) + pyey"(5) — pypress (5) —
P1G2813" (5) + q1e47(5) — py9,€457°(5) — q1928,." (5) —prey5°(5) — qaeq40°(5) -
P1€y11” (s) + P1P28112 “(s) + P19284,93 “(s) — Q19L14$(5] TP, fi’1‘9L15$(5] +
01928116 (5) —Pre35"(5) — 282107 (5) — pr€3117(5) + Pypres1"(5) +
P192€213 (5) — G185157(5) + 020185157 (5) + 91028547 (5) +pre357(s) +
G28310" (5) + P1€311"(5) — Pip2e3127(5) — P1Gaes51537(5)+q1e3447(s) —
P2d1€315 (5) — 41928346 (Sj) (6)

:'511 =1_I3'1:

where
< o (1—D, )f*(s) (1 —DyDy )f*(s)
e, (5)= ; : (7)
. [1-f*(s)D, ] [1—f*(s)D,Dg4]
Let Uy, Uy Us, . ....... Uy be arranged in an increasing order so that we have sequence U),U@) Ugy,......

U @ Here U ( is the i order statistics, r=1, 2,3.....k .The random variable Ug),U@) Ug)......... U
are not independent. For r=1,2,3.. .k the probability density function of Uy is given by
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fun @ =1() (FO)™ D@ —FE)T (8)
Suppose f(t) =f,;(t) .Then

fu,:ﬂ*(s] = ﬁ (9)
SinceE(T) = 22 (I* () __ and E(T?) = 2 (1'(s))__, (10)

Using (9),(10) in (6) we get
E(T)= Ci+C,— C3+p(p2C5+92C10 +11C11 — 0192012 —P192Ci3 + q1C1s — P291Cez —
419201 =Py Hyg —qHy 19 — P1Hy gy T 0902 Hy 0 TP10Hy 13 —qHy gy +
P2q1Hy 45 + Q1G:Hy 4 — P2Hy 0 — qoHp 40 — P1H3 44 T P12 Hs 40 + P1G2H; 13 —
Q1 Hy48 T 020, Hy 45 T q10,H;5¢ T Hy o + G500 T 01 Hyyy T 010, Hz 00 —
P1G2H343 T q1Hz1s — 02q1Hz 05 — q19:H34¢)
(11)
E(T?) = 2(C,* + €,° — G + p(0265° + a,C10° + 0101y — 2112 C” — 110,C15% +
+01C1s" —1201C1s" —610260" —PoHis® — aaHyge® — piHigy® F i H "
Pﬂ:HLla: - qu:L.l-i: TP, ci’1HL1E.2 + Q1QEH1..162 — P2 Hz,l;: - fIzH:,mz - ’P1Hz,112 +
PlF'sz,u: +P1fI2H2,13: - c1’1H2,1e;2 T P Q1H2,15: + Q'1Q'2H2,162 TP, Ha,az +
7 Ha,mn2 +P1H3,11: — PPy Hy 0 - P1fI:H3,13: + Q1H3,142 — P2 rI1H:|,152 -
41493 Ha,lsz))

(12)
where for a=1,2,39,10,11,12,13,14,15,16. b=1, 2, 3 and d=9, 10,11,12,13,14,15,16.
1

_ _ 1
CE - M1-Dg) and Hth - L1-DyDg) (13)

Since V(T) = E(T?) — [}_E'(if‘])2 . the variance of the time to recruitment can be calculated from (12)
and (13).
Suppose f(t) =, (t) .Then
Kk
fino () = Tieem — e onGTm
From (6), (10), (14) and on simplification it can be shown that
E(T)= P, +P, —P; + p(p,Ps + a3 Pyp + P3Py — P1P:Py; — P10,Pi3 + 1Py — ppaq Py —
qA19:Pe = P2Q15 — 92Qu10 = P1Qua1 T P1P2Q1 12 T P102Q105 —A10Qp 08 T
P291Q115 T 9192Q116 —P2Q25 —92Q210 —P1Q211 T P1P2Q212 + P192Q243 —
41Q214 TP291Q215 T 9192Q216 TP2Q35 T92Q310 TP1Q511 — P1P2Q312 —
P192Q313+91Q314 —P29:1Q315 —9192Q3,16) (15)

(14)
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E(T?) = 2[ Plz + P:E - 1;'512 + P[P:Pl;: + ‘3121—':'1[&2 + 13'11;'112 - Plpzplzz - plqulﬂz + "7111;'142 -
P2q:Pis” — a102Pe” — Psz: - CleLm: - 131"-11,112 + P1P:QL122 + 131"312':31#132 -
‘711QL142 + b, 511QL152 + ‘311‘12QL152 - P:Q:,E:-: - %Q:,mz - PiQ:,nz + 13113:':12,122 +
131‘712(12,132 - "711':12,142 + P:‘hQ:,is: + ‘h‘tha: + P:Qa,az +a; Qa,m: + 131':13,112
P1P2Q312° — P192Qs15°+931Qa0s” — P23 Qa05" — 9293Qa46° )} -

%[N: —M) ((1_1&__'_ 11 )+p(:;9+ 9e , _Ps _ PaPy  Bady 4

1-D, 1-D, i-p,, 1-D,, 1-D,, 1-D,

9; P29y 99z Pz Qs _ Pa PiPa P39z Pl
1-D,, 1-D, - 1-D,. 1-DyDg 1-DyDqp 1-DyDqq 1-DyDys 1-DyDq3 1-DyDyg
Py n 9:9; Pz 4y Py + PaPo + Padz 9, P29
1-DyIysg 1-DyDqg 1-DqDyg 1-DaDqp 1-DaDqq 1-DaDys 1-DqDq3 1-DaDyg 1-DqDyg
dydg + Pg + Qg Py _ _PsPs Pydg d _ P20y

1-DyDy; 1-D3Dg  1-D3Dyp  1-D3Dyy  1-D3Dyn 1-D3Dy3 1-DgDys  1-D3Dyg
‘:J'_‘:.Izj
1-D3Dye

where for a=1, 2,3,9,10,11,12,13,14,15,16, b=1, 2, 3 and d=9,10,11,12,13,14,15,16.

_ N _ N —vk 1 —vk
PEI. _.;';—':l—DB} End Qb_.lﬂ l':l—DhDd:'!N En:ln ElndM Enzl o2 (17)

(16

Since V(T) = E(T?) — [E(Tj)2 , the variance of the time to recruitment can be calculated from (15)
and (16).
Case (ii): If the distribution of optional thresholds follow extended exponential distribution and the
distribution of mandatory thresholds possess SCBZ property.
P(ZL,X; < ¥) = 2(Dy)" + 2(D,)*+ 2(D,)* + 2(D5)* — (De)*~(D;)* — (Dg)* —
4(Dy)x

(18)
where

D, =g"(20, +6,),D; = g*(6, +26,),D, = g"(26,),D, = g"(26,),Dy = g*(26, + 28,)
Using (3) and (18) in (1) and on simplification we get
Suppose f(t) = f, .y (t).Then
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p1p:Cy» — a3pyCy3 + 94644 —p29yCy5 — 929464 —2p,H, 5 —

2q,H,10—2p,Hy gy + 2p2p Hy g0 + 2p1q,Hy 95 — 2q,Hy 44 + 2poq Hyys +
2qy9,Hy 3¢ — 2p;Hy5 —2q,Hy 30—2pHy 4y + 2p,p4Hy g0 + 2p39,H55 — 20, Hy 44 +
2p,q.Hy 45 + 2q,9,H; ¢ + 4p Hy s +4q,H; 4 + 4p,Hy gy —4popiHy o —
4pyq;Hy 45 +4q,Hg 94 — 4p,q4Hy ;. — 4039, Hy 4 — 2p2Hys —2q,Hy 49 —
2pHyyy +2popiHy yp + 2pyq.H, 45 — 2q,H, 3 + 2p,q,Hy 4 + 2q49,H, 5 —
2pyHgg — 2q5Hg 30 —2p3Hs 4y + 2popyHe gy + 2pya5Hg 13 — 293 Hg 54 +2p2q,Hg 55 +
2q49;H5 15 T P2 Hgs T a2Hg 10 + P1Hg 11 — P1P2Heg —

QP He1a+a:He 1o —Poq:He 5 — q0q3He e + P2 Ho 5 + q0H; 49 +p1H7 44 —

P1P;Hy 42 — QpPiHy 33 +a3H; 34— P2q Hy 35 —q393Hy 46 + PoHg s + azHggp +
P1Hgy1 —P1P2Hg 10 — 4P Hep3 +a He s —poa, He g —

QEQ1HB,16) (19)

E(T*) = 2(2¢,® +2C,% —4C;* + 2¢,* + 265 — €7 - C,* — C5°

+ p(p2C92 +05C10% +P:1C13° — P1P2C1n" —85P1C45" +05Cys” —P204Cys”
- qquclaz - Eszm: —2q; HLlDZ_EleLllz + 213:1311'1141:2 + 213'1‘3121'114132
- Et?111'114142 + EPEQ1HL152 + 2‘711‘7121'114152 - EPEHE,E"‘: - EQ:H:,mE_EPlH:,n:
+ 2p,pyHy s, 2+ 2p19;H; 43 ? - 2‘7111'1:,14: +2p, t7111'12,152 + EIC11"3121'12,162
+ 4P:H3,92 + 4‘31.21'13,1[:-2 + 4P1H3,112 - 413':15’11'13,122 - 413151:1'13,132
+ 4‘11H3,142 - 4P:‘11H3,152 - 4':11':121_13,16: - EP:HM: - ECJ.:HMG:
213'11'14,112 + Epzlem:: + Eplquma: - 2‘7111'14,142 + EpquHmE:
+ 2‘311‘7121'14,1&2 - EPZHE,'}: —2q; HE.,m2 _2P1H5,112 + 2P:P1H5,122
+ 2pyq,Hg 3 ? - Et7111'15,142 + 21325111'15,15: + 24,49, HE.,LE.2 + P:Ha,?r:
+ Q:He,mz + 15’11'16,112 — P1PzHe sz ? - qzP1Hg 13 2‘|"3.'.1I'IE.,142_13: Q1H5,152
- Q:%He,m: + P:H?,az T4 H?,m: + 15’11'1?,112 - P1P:H?,122
— 9z Plea: +Q1H?,142_P: 511H?,152 — 94z CJ.1H?,162 + P:Hs,az T q; Hs,m:
+ 13'11'1:3,112 —p1PzHg 4o 7 - q;pP1Hg 13 2+‘11Hs,142_P:‘11H3,15:
— 4z ‘hHs,m:)} (20)

Since V(T) = E(T?) — [}_E'(if‘])2 ,the variance of the time to recruitment can be calculated from (19)

and (20).

Suppose f(t) = £, (t) .Then
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E(T)= 2P, + 2P, — 4P, + 2P, + 2P, — P, — P, —PF; + p(p,P; + q;Pyp + p1Pyy — 1Py Pyp —
qzP1 P13 + 93Py —P291Pis — 9291P1s —2P2Q45 — 202Q41072P1 Q111 +
2p,pQy12 +2P182Q413 —201Q4,14 + 2P,01Q4 45 + 29,195Q4,16 — 2P2Q55 —

2q3Q31072P1Qz,01 T 2P2P1 Q232 T 2P192Q243 — 203Q244 +2P2q3Qz45 +
20,95Q3,1¢ T4P2Q35 T49:Q310 T 4P1Q3,11 — 4P2P1Q312 — 4P19,Q545 T
405 Q3,44 — 40291 Q345 — 49192 Q31 — 2P2Qs5 — 292Q400 —204Quyy +
2p;p1Q412 T 2P102Q413 — 203 Qu s + 20291 Qs 45 + 20:95Q446 — 2P2Q55 —
29,Q51072P1Q511 T 2P2P1Q5 12 T2P19:Q513 —201Q505 T 2P20,Q5 45 T
2919;Q5,16 T P2Qs5 T 92Q610 T P1Qs11 — P1P2Qs12 —
Q2P1 Q6137216147 P2q1 Q6,15 —9291Q616 T P2Q75 T 32Q7,10 TP1Q741 —
P1P2Q712 —42P1Q713 781 Q7147 P291Q715 — 4291Q7.16 T P2Qss T 92Qz40 T
P1Qs11 —P1P2Qs12 — A2P1Q:13T81Q514— P21 Q15 — a2 qlqs,m) (21)
E(T?*)=2(2P,* + 2P,> — 4P, + 2P, + 2P.2 — B2 — P,2 — B;?
+ p[pzpa-: + CJ.:Pm: + I::'1p'112 —pib;P 22 - '131.21::'11::'152 + '131.11::'142 _pqupmz
— 4,9:P”* — 2p, Q:L.Ei'z —2q; Qj,,ml2_2131':314112 +2p;P;1 Q12 * + 2p,q, Qi3 :
- 2'1711':114142 + 213?'2':711QL15.2 + 2‘11‘12QL152 - ZPEQE,E“-: - 2‘12‘12,1[&2_2131':12,112
+ 2pyp1 Qa0 2+ 2p10:Q; .13 P - 2‘11Q2,14: + 2p, q1Q2,152 + 2‘11‘12(12,152
T 4p, Qa,az + 4q, Qa,m: + 4131':151,112 - 413‘2131':13,122 — 4p419,Q343 :
+ 4‘711':151,142 - 413:'511':13,152 —40q,q; Qa,isz - 2P2Q4,92 - 2‘1:Q4,1u2
- 2131Q4,11: + 2132131Q=1,122 + 2131'512':14,132 - 2‘311(14,142 + 213'2‘11(14;52
+ 29,9, Q4,162 — 2p; QE.,'}: - 2‘1:‘15,1&2
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_2131':15,112 + 2p, plqs,uz T 2p;19,Q5.13 7 - ZC11QE.,142 + 2132‘311(15,152 + 2q,4q, QE.,lE.2
T P, QG,'}: + qzqs,m: + plqs,nz — P1P2Qc12 ?
— plqs,u: +q1Q5,142_p2 ‘311QE.,152 —4q; qlqs,m: + P:Q?,az taq; Qmuz
+ plq?,llz - Plpzq?,lzz — QzP1Q7,13 2‘|"711Q?,142_132‘711(1?,15: e b qlq?,lﬁ-:
+p; QB,'}: + qus,mz + plqs,n: — P1P2Qz12 :
— plqs,u: +q1Qs,142_p2 ‘311Qa3,152 — 4z qlqs,m:j)

1{[1\12 I'v'I) ( 2 N 2 4 N 2 N 2 1

1 1 )}

P 7 P2 Q- p P1iP2 q.p q
B —,,{(N‘ M) ( n 1 Paby 1y 1
P9y 9@y 2pp  2q; 2py 4 2P2Py
1—D15 1_D15 1 —DID._,, 1 —Dle 1-— Dan 1 —Dlltll12
+ 2q;p, . 2q, + 2p,q, 2q,q; . 2p, . 2q,
1—[]'1]]'13 1— 12111[]'1‘1 1 —D1D15 1— D1D16 1 —DZD.} 1_D:Dm
2p 2p,p 2q,p 2q 2p,q
. 1 + 1 + i 1 + 1
1-D;Dyy 1-DyDy; 1-DyDy3 1-DyDyy 1-D3Dyg
2q,q, 4p, 4q, 4p 4p,p 4q,p
+—2 4 + + L L — :
1-D,D,, 1-D;D, 1-DyDy;; 1-D;Dy; 1-—-D3Dy, 1—D3Dy,
+ 4q, _ 4p,q, _ 4q,4q; _ 2p, _ 2q, _ 2py
1— D3D14 1— D3D15 1 — D3D15 1— D4D9 1— D4D1u 1— D4D11
+ 2p.py 2q;p, _ 2q, + 2p,q, 2q,9;
1- D4D12 1- D4D13 1- D4D14 1- D4D15 1- D14D15
_ 2p, _ 2q, _ 2py n 2p,b4 2p,q; _ 2q,
2p,q 2q,q; P; a; p p2p
+ Ly —=Z 4 + +— =
i-p.Dy 1-D)Dy 1-D)D, 1-DDy, 1-D.Dy; 1-—-D.Dy,
P1da q P-q q:9; Pa Qs
. 1 + 1 . 1 . 1 + +
n P4 _PaPy 43Py n a1 _ Pafy
1- D?Dn 1- D?Dlz 1- D?Dla 1- D?D14 1- D?D15
q192 P2 a2 P PapP P19z
_ 1 + + + 1 _ 1 _ 1
1— D?Dm 1— DBD._,, 1— DBDm 1 — D'BD'11 1 — DsD'l: 1— []'BD'1E|
q P29 q19z
+ L = ) } (22)
1_D3D14 1 _D3D15 1 _DBDlE-

Since V(T) = E(T?) — [E’(T])2 , the variance of the time to recruitment can be calculated from (21)
and (22).
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3. Model description and Analysis of Model-I1

For this model, the optional and mandatory thresholds for the loss of man-hours in the
organization are taken as Y=min (Y1, Y,) and Z=min (Z;, Z;). All the other assumptions and
notations are as in model-I.
Proceeding as in model-1, it can be shown for the present model that

I"(s) = e3"(s) + p (pyp2842"(5) + Py 28457 (5) + Paqee4s™(5) + q1q084.7(5) — P1P283,12 *(s)
— P192%3,13 *(s) — s Q18315 (s)— Q'1CJ.:EE|,1E.$(5)) (23)

Case (i): If the distribution of optional thresholds follow exponential distribution and the distribution
of mandatory thresholds possess SCBZ property
Suppose f(t) = f, 4 (t) .Then
E(T)= C3 +p (p19,Cs7 + 119,013 + 129:Cy5 + 419:C4 —pP1P;Hz 10 — Py1a92Hz 43 —

P291Hs 45 — 919,H34¢)
(24)
E(sz = 2[(]32 + P[Pipz Cizz ‘|'F‘1fi’:c1s|2 + P fhcis.2 + fhfhciez _piszE,ﬂz -

P19:H3 15" — P2QiHy 1% — %%Ha,m:)) (25)

whereC,, H;, ; are given by equation (13) for a=3,12,13,15,16 ,b=3 and d=12,13,15,16.
Since V(T) = E(T?) — [H(T])2 ,the variance of the time to recruitment can be calculated from
(24) and (25).
Suppose  f(t} = £, (t) .Then
E(T)= Py +p (p1p2Pys + 1192P13 + P291Pys +4192P1s — P1P2Q312 — P19:Q313 —

P291Q315 — 9192Q3.1¢)
(26)
E(T:] = E(Paz + 13[15’115’:1:'122 + 15’1‘71:1:'132 + P:%Pls.: + %‘hplez - PlP:QE,uz -

P1a;Q313" — P203Q315”° — qlqEQE,lEr:)) _%(Nz _M) [(1_;35) TP {%‘F

P.d Pz d.4d P.P P.4d P d.4d
_z_|_ z__|__z_ 1Pz 19z z29: _z)] (2?)
1-Dyg 1-Dy. 1-D,, 1-D:D 1-D:D.; 1-D:Dy 1-D: D,

where F_, @, ; are given by equation (17) for a=3,12,13,15,16 ,b=3 and d=12,13,15,16.
Since V(T) = E(T?) — [}_E'(if‘])2 . the variance of the time to recruitment can be calculated from (26)
and (27).
Case (ii): If the distribution of optional thresholds follow extended exponential distribution and the
distribution of mandatory thresholds possess SCBZ property .
Assume f(t) = f,q,(t) .Then
E(T) = 4C3 — 2C, —2C; + Cg + p(p1p2Cyn — 4ppaHy 90 + 2pypoHy s +2p3poHs g —
pip,Hg 1 +a,0,Cy5 —4qyp,H; 30 + 2q4p,Hy 45 + 2q,p,Hg 1o —qyp;Hg i +
q2p01Cy3 — 4q:p1Hz 13 + 2950 Hy 13 + 29504 He 13 —43p1Hg 13 919,64 —
4q,9,H3 46 + 29,9, Hy 4¢ + 2q,9,Hg 4 — '511'51:1'13,16) (28)
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E(T?) = 2(4'532 - ch}: - EEE.2 + ':32 + P[Pipzcizz - 41311321'151,122 + 2P1P:H4,122 +
Eplszs,u: - PlszB,u: +a;0,Cy5° — 45111321'13,152 + 2q1p2H4,152 +
quszs,mz —q1P; Hs,ls.2 + a,p,Cy3” — 44, P1H343 ? +2q, P1Ha13 2+
qules,u: — 4 F‘le,la2 +0;0,C46" — 4‘311‘3121'13,162 + 2q1q2H4,162 +
T ‘311‘7121'13,162)) (29)

Since V(T) = E(T?) — [}_E'(if‘])2 ,the variance of the time to recruitment can be calculated from (28)

and (29).

Assume f(t) = f,q(t) .Then

E(T) = 4P, — 2P, — 2P; + P, + p(p,p,Py; — 4p1P2Q312 T 2P1P2Qu 10 T 2P1P2Q5 40 —

P1P:Qs12 T q1P2 P —4q1p2Q34: +299p5Q4 45 291050515 — 9192 Q545 T
q2P1 P13 —49,01Q313 T 2092P1Q443 T 292P1Q513 — 42010513 T 9192P1s —
4919,Q316 72919, Qs 16 T 20:95Q54¢ —

'511'51:Qs,16) (30)

E(T?) = 2(4P32 —2P% 2P  + P74 P[F‘lpzp 2f = 4P1P2Q3,122 + 2P1P:Q4,122

+ 213'113'2"-15,122 - I-'?'1I-'?':Q=3,122 + '51113'2P15: - ‘1"51113'2"-:23,152 + 2'511132"-:24,152
+ 2q,p; I‘-15,152 - I51113'2"-:23,152 + '51213'11:”132 —4q;P1Q313 2+ 29;p1Q413 :
+ 2'51213'1"-15,132 — 4z 13'1"-:23,1:12 + Q.1Q.2P162 - 4':11‘312"-13,15: + 2‘11Q2Q4,152

+ 2q44q, QE,lE.: - Q1q2QB,162))

—i,,[NZ—M:]( 4 _ 2 _ 2 n 1 -I-p[ PPz 4p,p;
As 1-D, 1—-D, 1—-D. 1-D, 1-Dy, 1—D,D,,
+ 2p4P; 2piP2  PaPz QiP;  4a;p; 2q;p;
1-DyDy; 1-D5Dyy 1—-Dghy; 1—-Dy5 1—-D3Dy; 1—-DyDyg
+ 2q4p, R 9:P1 4q,p4 2q,p, 2q,p,
1-D:Dyy; 1—-DgDy; 1-—Dyy 1—D3Dy5 1—D,Dy; 1—D:Dy,
I 3 Q192 4q,4; 2q,4; 2q4q,
1-DgDys 1—-Dy 1—D3Dy, 1—DyDy, 1—D:Dy,
9402 i|) (31)
1—DgDy,

4. Model description And Analysis of Model-111

For this model, the optional and mandatory thresholds for the loss of man-hours in the
organization are taken as Y=Y+Y, and Z=Z;+ Z, .All the other assumptions and notations are as in
model-1.

Proceeding as in model-1, it can be shown for the present model that
Case (i): If the distribution of optional thresholds follow exponential distribution and the distribution
of mandatory thresholds possess SCBZ property
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Suppose  f(t) = f, 4 (t) .Then
E(T) = A,C; — A,Cy + p[(A; + A)Cs + (As + A)Cyp — (A7 + Ap)Cyy — (Ag +A4,)Cy,

— A, (Aa + An;jH:,a — Az (AE + Aesz,m T A, (A? + Astz,n

+A,(A; + Aijz,m +A,(A; + Atle:L.'} +A,(A; + ﬁstLm

- Al(ﬁ? + ABJH:L.ll - "'."1[:1"19 + AleHLP}] (32}
E(T?) = 2(A,C,% — A,C,?

+ P[(Aa + A4]C92 + (As + Aejcmz - (A? + Asjcn: - (ﬂa + All}:]c142

— A, (Aa + A4JH2,92 — A, [:AE + ﬁesz,mz + Az (A? + Astz,nz

+A,(A; + 310]1'1:,14: +A,(A; + A4JHL92 +4,(A; + AajHLmz

- Al(ﬁ? + ABJHLllz - Al(AE + AijLm:]) [33]
Since V(T) = E(T*?) — [f.'(if‘j)2 , the variance of the time to recruitment can be calculated from (32)

and (33).
Assume f(t) = f,q, (t) . Then

E(T) = 2[A;P, — APy + p(A; + AP + (Ag + A )Pyg — (A; + Ag)Pyy — (A5 + A4 )Py,

— A [Aa + A%JQE,'} — Ay (As + AejQz,m T A; [A? + AS]QE,ll

+A,(As+ A)Qa0s + A (A; +A,)Q, 5+ A (A +A.)Qy 40

- Al(ﬁ? + AB]QLll - Al (A'} + All}jQ:L,ln}]] (34:]
E(T?) = 2[A,P,% —A,P;?

+ P[(Aa + A:}jps-: + (As + AE_ij: - (A? + Asj Pnz - (J"ia + "’"1[:-)1;14:

— A [Aa + ﬂ‘;]Qng: — Ay [As + AEJQZJI}: + Ay [A? + AB]QE,llz

+Ay(Ag + A10)Qu1a” + Ar(As +A,)Qus" + Ar(Ag +A¢)Qp0°

- Al(ﬁ? + AB)QLllz - 31(1‘19 + AlD:]Q:L.ld.f:]]

1 A, A,
- — N —M ( = —

((Aa +4) (A +A) (A, +A) (A +Ayp) A(A;+A)
+p + - - -

1—Dg 1—Dy, 1—Dy; 1—Dy, 1—D,D,
_ A: [AE + AE] AE [A? + AB] AE [A'} + Jq:l.l]l:] + Al [AH + A-i:] + Al [AE + Jel6-:]
1—D,Dy, 1—-D,Dy, 1—D,D,, 1—-D,D, 1—DyDy,
_ Al (A? + AB) _ Al [A'} + All}j [:35)
1—-DyDyy 1—-D,Dy,
(8 +u; Ip,p NP, (B +udp, g Nz
A:" 5-5_5-"4 :" 512_ ﬂ:""ﬁ 5_5’ :"E‘_Z
3 (G5+us—8y—py) * (ng—84—ny) s (Bgtpg—my) & (ns—ng)
— (Batpydpipg — _ MaPady — (Etuglamy — Ma9s9z
T (Bgtug—bamw) % (Bgtug—mg)' T (mg—8i—wg) "0 (mg-my)
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Since V(T) = E(T?) — [f.'(if‘j)2 , the variance of the time to recruitment can be calculated from (34)

and (35).

Case (ii): If the distribution of optional thresholds follow extended exponential distribution and the
distribution of mandatory thresholds possess SCBZ property

Assume f(t) = f 4, (t) .Then

E(T) = 8,C; +85C; — S,C; —S,C; + p[(A; + A,)Cs +(A; +A,)Cyp — (A, + AZ)Cy, —
(ﬂa + Alujcln} - S1(""‘3 + A‘}]HL.} - S1(1':5l5 +A6]HL1I} + 51(3? + AB:]HLll +
51(39 + All}:]Hl,ln} — 53 (Aa + An}:]HZ,'} — 53 (35 + ﬁesz,m + 53 (ﬂ? + ﬂstz,n +
Sa (Aa +AiujH:,14 + 54(1"13 + 34]H?,9 + 54(35 +As]H?,1n - 54(3? + ﬂs]H?,n -
S.(Ag + ﬂij?,n +8,(A; + 34:31‘15}9 + 5, (A + AajHa,m —5,(A; + Asjﬁa,n B
S3(As + Agg)He 1] (36)
E(T?) = 2[S,C,% +85C,2 — 8,C,% —S,C.2 + p[(A; + A,)C2 +(A; + A,)Cy, 2
- (A? + -":’Laa:]cn2 - (Aa + Aiujcuz - S1(":!"3 +A4JHL92 - S1(""‘5 + AGJHLll}z
+ S,(A; + ‘L."B:]H:L.llz +5,(4, + ﬁijLu:
— 33 [Aa + A4jH2,92 — 83 (As + Astz,m: t 33 (A? + Astz,nz
4+ 8;(Ag + A H, 1T+ 8,(A; HADH, 48, (A + ADH, )’
- 54(3? + As]Hml: - 54(39 +AleH?,14 ?
+8,(A; + ﬂqua,az +5,(A; + ﬂejHa,mz —8,(A, + ﬁste,n:
— 5,(Aq + Alusz,H:]] (37)

g2

28" "
(8,-8,008,-28,)

Suppose f(t) = £, (t) .Then
E(T) = 8;P, +83P, — S,P, —S,P, + p[(A; + A )P +(A; + A )P — (A, + APy, —
(ﬂa + All}j Py — S1(":5ls| + An})Q:L.E"- - S1(":5l5 + As)QmD + 51(3? + ABJQLll +
S1(1':’"3- + Am:]QLm — 33 (A:a + A:}:]Qz,l;- — 33 (As + EG)QZJI} + 355 (A? + ﬂs)Q:,n +
S3 (ﬁa + Aiu]Q:,m +35; (ﬂa + 34](1?,9 + 54(35 + As]QmD - 54(3? + AB]Q?,ii -
54(39 + ﬂij?,m + 5; (ﬂa + 34:]':15,9 + 55 (Fis + AE.:]QEJD — 53 (Fi? + ASJQE,ii -
S (A5 + Ay5) Qg 1] (39)

26,2
51_ =

T (8,—8,)(28,—-8,) and S, =

where 5, =
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E(T?) = 2[S,P,2 + S;P,2 — S,P,2 —S,P, 2 + p[(A; + AP 2 +(A; + AP,,°
- (ﬁ? + ﬁsjpnz - [:A.; +A1I}:]P142 - S1(1':’~s| +A4)QL92 - S1(1':’@. +AE~)QL1I}2
+8,(A, + AB:]Q:L.llz + 5,(As + ﬁijLu:
— 33 [Aa + AJQ:,EE — 83 (As + Asjqz,m: * 385 (A? + ":’laan:,n2
+ SE (A'} + ‘L.!‘l[!l:]QZ,.ld-2 + 54[;"3 + "q‘d-:]Q?_.'}: + 54 (AE + AE.:]Q?_.lﬁz
- 54(3? + ":’ls:]Q?,n2 - 54(39 +A1I}:]Q?,14 ?
+8,(A; + quqe,az +5,(A; + Asjqe,m: —5;(A + Asze,n:
— 5, (39 + AlD:]QE.,lr;:]]

1 ,, 5 5 5 5,
— S (N2=M) (( 1, %38 S+ %2 )
22 1-D, 1-D, 1-D, 1-D,

((AH +A4j T (AE + AEJ _ (A? + AB) _ (A'} +A1I}j _ Sl[:‘q‘ﬂ +A4j

1— D, 1-D,, 1—Dy 1-D,, 1 —D,D,
_ Si(As +A;)  S,(A;+ A5) Si(A;+Ay,) _ 53 (A; +Ay) _ S3(As +A.)
1-D,D,, 1-D,D,; = 1-D,D, 1—D,D, 1-D,Dy
SE (A? + ASj SE (A'} + Jlrl1I:!l] 54(33 + ﬁd-j 54(A5 + AGJ 54(3? + AB)
1-D,D,, = 1-D,D,, 1-D,D, 1-D,D,, 1—D,D,
S.(A, +A)  S.(A; +4,) S,(A; +A,)
~ 1-D,D,, 1-D,.D;, = 1-D.D,,

(40)

_S(Ar 4+ Ag) Sy(As + Ay)
1-—- D6D11 1-—- D6D14

Since V(T) = E(T?) — [E(Tj)z, the variance of the time to recruitment can be calculated from (39)
and (40).

5. Numerical Illustrations

The mean and variance of the time to recruitment for the above models are given in the
following tables for the cases (i),(ii) respectively by keeping p fixed and varying c, k, and A one at a
time and the results are tabulated below.

Table I: (Effect of ¢, k, A on the performance measures E (T) and V (T))
(6,=03 ,n;,=04,5,=057n,=06,6, =01,6, =02,u, =09,u, = 1and p =0.2)

MODEL-I

Case - Case I

f(t) = £ (B) f(0) = fa0 (D) f(t) = £ (B) f(t) = fuqe (D)
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k| c E(T) V(T) E(T) V(T) E(T) V(T) E(T) V(T)
1/05 6.9061 | 35.0660 | 6.9061 | 35.0660 |9.2829 |45.1911 | 9.2829 | 45.1911
2105 3.4531 | 8.7665 | 10.3592 | 71.9924 | 4.6414 | 11.2978 | 13.9243 | 92.3971
3105 2.3020 | 3.8962 | 12.6610 | 104.0442 | 3.0943 |5.0212 | 17.0183 | 133.3211
2105 3.4531 | 8.7665 | 10.3592 | 71.9924 | 4.6414 | 11.2978 | 13.9243 | 92.3971
211 6.3890 | 28.6330 | 19.1670 | 244.9191 | 8.7710 | 36.2740 | 26.3129 | 308.924
2115 9.3244 | 59.8402 | 27.9732 | 519.9133 | 12.9008 | 75.1827 | 38.7024 | 650.8427
2105 3.4531 | 8.7665 | 10.3592 | 71.9924 | 4.6414 | 11.2978 | 13.9243 | 92.3971
2105 1.7265 | 2.1916 |5.1796 |17.9981 |2.3207 |2.8244 |6.9622 | 23.0993
2105 1.1510 | 0.9741 | 3.4531 | 7.9992 15471 | 1.2553 |4.6414 | 10.2663

Table I1I: (Effect of ¢, k, A on the performance measures E (T) and V (T))

(6;3=03 ny;=04,;,=05n,=06,6,=01,6,=02,u;,=09,p,=1andp =0.2)

MODEL-II

Case —I

Case -l

f(t) = £,y (1) f(t) = £, 0 () f(t) = £,y (1) f(t) = £ ()
k| C |A| E() V(T) E(T) V(T) E(T) V(T) E(T) V(T)
1105127199 |8.2841 | 2.7199 | 8.2841 4.0280 11.3073 4.0280 11.3073
210511136 2.0710 | 4.0799 | 16.2882 | 2.0140 2.8268 6.0420 21.4135

B
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310.5|1]0.9066 | 0.9205 | 4.9864 | 23.1407 | 1.3427 1.2564 7.3845 | 29.9479
2105|1]136 2.071 |4.0799 | 16.2882 | 2.0140 | 2.8268 6.0420 | 21.4135
2|1 |1]22092|5.2838 |6.6275 | 43.6284 | 3.5180 | 7.5622 10.5541 | 61.0240
2|15|1]3.0570|9.9531 |9.1709 | 84.0813 | 5.0216 14.4464 | 15.0649 | 120.1542
2105]1]13600|2071 |4.0799 |16.2882 |2.0140 | 2.8268 6.0420 | 21.4135
2|105|2|0.6800|0.5178 | 2.0399 |4.0721 |1.007 0.7067 3.0210 |5.3534
2|105|3|0.4533|0.2301 | 1.36 1.8098 |0.6713 | 0.3141 2.0140 | 2.3793

Table I11: (Effect of ¢, k, A on the performance measures E (T) and V (T))

Case (i) (63=03 ,5; =04,5;,=057n,=0.6,6, =01,6,=02,u;,=09%pu,=landp=
0.2)Case(ii):
(6,=0.3 ,7,=04,6,=05n,=06, 8, = 06,0, = 04,4, =09,u, =1 and p = 0.2)

MODEL-III
Case —I Case -l
f(t) = f,e1y (1) f(t) = f 0 () f(t) = f 1) () f(t) = f 0 (D)
ki A |C| E® V(T) E(T) V(T) E(T) V(T) E(T) V(T)
1/05|1 85803 |46.7284 | 8.5803 | 46.7284 | 4.2902 | 10.1460 | 4.2902 | 10.1460
21051 (42902 |11.6821 |12.8705 | 96.5595 | 2.1451 | 2.5365 6.4353 | 18.5383
31051 (28601 |5.1920 |15.7303 | 139.8948 | 1.4301 | 1.1273 7.8652 | 25.5202
21051 (42902 |11.6821 |12.8705 | 96.5595 | 2.1451 | 2.5365 6.4353 | 18.5383

e |
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2|1 8.0623 | 38.5433 | 24.1870 | 330.7669 | 3.7607 | 6.2420 11.2821 | 48.6562

2|15 11.8341 | 80.8518 | 35.5024 | 704.0014 | 5.3742 | 11.3673 | 16.1226 | 91.5574

2105 42902 |11.6821 | 12.8705 | 96.5595 | 2.1451 | 2.5365 6.4353 | 18.5383

2105 2.1451 | 2.9205 |6.4353 |24.1399 | 1.0726 | 0.6341 3.2177 | 4.6346

2105|3]14301 |1.2980 |4.2902 |10.7288 |0.7150 | 0.2818 2.1451 | 2.0598
FINDINGS

The influence of nodal parameters on the performance measures namely mean and variance
of the time to recruitment for all the models are reported below.

i. It is observed that if k, the number of decision epochs in (0, t] increases, the mean and
variance of the time to recruitment of all these models decreases ,when the probability
density function of inter-decision times follows probability density function of first order
statistics and increases when it follows probability density function of k-th order statistics .

ii.  If c increases, the average number of exits increases, which, in turn, implies that mean and
variance of the time to recruitment increase for both the models.

lii.  As A increases, the average inter-decision time decreases, which, in turn, shows that frequent
decisions are made on average and hence mean and variance of the time to recruitment
decrease for both the models.
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