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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 in this paper As the exit of personal is unpredictable, a new recruitment
policy involving two thresholds for each grade one is optional and the other is mandatory is suggested to
enable the organization to plan its decision on recruitment. Based on shock model approach three mathematical
models are constructed using an appropriate univariate policy of recruitment. Performance measures namely
mean and variance of the time to recruitment is obtained for the models when (i) the loss of man-hours form an
order statistics (ii) the inter-decision time forms a sequence of independent and identically distributed
exponential random variables (iii) the optional and the mandatory thresholds follow different distributions. The
analytical results are substantiated by numerical illustrations and the influence of nodal parameters on the
performance measures is also analyzed.
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I. INTRODUCTION

ANDOM depletion of manpower occurs in any
marketing organization due to the attrition of

personnel when the management takes policy
decisions regarding pay, perquisites and targets. This attrition
will adversely affect the smooth functioning of the
organization in due course of time when the loss of man
power is not compensated by recruitment. Frequent
recruitment is not advisable as it involves more cost. In view
of this situation organization should frame a suitable
recruitment policy to plan for recruitment. In this context, for
a two -graded organization three mathematical models are
constructed in this paper using a univariate recruitment policy
based on shock model approach.

As the loss of man-hours is unpredictable, a suitable
recruitment policy has to be designed to overcome this loss.
Esary et al., (1973) have stated a replacement policy for a
device, which is exposed to shocks. A number of models can
be seen from Grinold & Marshall (1977), Bartholomew &
Forbes (1979). The problem of finding the time to
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recruitment is studied for a single grade and multi grade
system by several authors under different conditions.
Recently Muthaiyan et al., (2009) have obtained system
characteristic for a single grade man-power system when the
inter-decision times form an order statistics.

For a single graded system, Esther Clara (2012), has
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 time are
independent and identically distributed random variables or
the inter-decision time are exchangeable and constantly
correlated exponential random variables. Srinivasan and
Vasudevan (2011A-D) have extended the results of Esther
Clara (2012) for a two-grade system according as the
thresholds are exponential random variables or geometric
random variables or SCBZ property possessing random
variables or extended exponential random variables.

Sridharan et al., (2012A-C & 2013A-D) have extended
the results of Muthaiyan et al., (2009) for a two-grade system
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involving two thresholds by assuming different distributions
for thresholds. In the above cited research works of
Muthaiyan et al., (2009) and Sridharan et al., (2012A-C &
2013A-D) it is assumed that the inter-decision time form an
order statistics and loss of man-hours forms a sequence of
independent and identically distributed exponential random
variables.

The objective of the present paper is to obtain the mean
and variance of the time to recruitment for a two grade
system using a univariate recruitment policy assuming that (i)
the inter—decision time forms an sequence of independent and
identically distributed exponential random variables (ii) the
loss of man-hours form an order statistics and (iii) the
thresholds for the loss of man-hours in each grade follow
different distributions.

II. MODEL DESCRIPTION AND ANALYSIS OF
MODEL-I

Consider an organization 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 Let
X1, X2y, X3y, -» X (i) e the order statistics selected from the

sample Xi,X,, X3, ..., X, with respective density functions
) ) Ge2)( )y oes Griy (). Let the inter-decision times are
independent and identically distributed with cumulative
distribution function F(.), probability density function f(.).
Let Y1, Y, (Z1 Z,) be the random variables denoting optional
(mandatory) thresholds for the loss of man-hours in grades 1
and 2, with cumulative distribution function H(.), probability
density function is h(.). It is assumed that Y;<Z; and Y ,<Z,.
Write Y=Max (Y, Y,) and Z=Max (Z,, Z,) where Y(Z) is the
optional (mandatory) threshold for the loss of man-hours in
the organization. The loss of man-hours, optional and the
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'() and f(.), be the Laplace
transform of I(.) and f(.), respectively. Let V(t) be the
probability that there are exactly k decision epochs in (0, t].
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
We note that

PT >0 = 3 ()P(% Y] s ()P(§ Yj P(% zj @

>t) = t i < +p t P> X i < 1

kKZoVK 3 K kZSoV K S K =R
For r=1, 2, 3.. .k the probability density function of X, is given by
1 K—
Oy(ry® = key GO tgmR-6m1F© ", r=123.k @)

If g(t) = gr1y(O),
In this case it is known that

k-1
0y ® =k g L-60) ®
By hypothesis f(t) = le™ and g(t) = ce™*¢ 4
Therefore from (3) and (4) we get,
" (0) = —= ©
IXD™ ke ro
If g(£) = Gy (0,
In this case it is known that
9y ® = k(EM) o ©)
Therefore from (4) and (6) we get
* klc
- 7
Ix(k) () (0 + c)(O + 2¢)...(0 + kc) @
* 2 *>
E(T) = — @ a8 g vy — e - (B2 (8)
S s=0 ds s=0
2
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Case (i): The distribution of optional and mandatory thresholds follow exponential distribution.
For this case the first two moments of time to recruitment are found to be
)

If g(£) = gx1)(®),
BEM=cii*ciz—ciz* Plcia*cis—Cig—H 1 4 "HILE T HIL6 “HI24  HI25
THI126THI34THI35 HI36
2 2 2 2 2 2 2
15 Cl6 " HIL4A HIL5THIL6  HI24  HI25
, , , . . (10)

2 (2 2 2 (2
EGt)=2ciz*tciz—ciz* Plcia+tc
2 2 2 ))

2
THI26THI34THI35 HI3E
where fora=1, 2...6. b=1, 2, 3 and d=4, 5, 6.
1 1
Cla=—————andHpd=——""""—+ 11
SV 7@~ DI DIa) (1)
DI1= gxq) (1) D12 = gx() (02) D13 = 9y (a1 62) (12)
* * * are given by (5
D14 = gx) (a2 DI5 = gx(1) (@2) D16 = gx(1) (aa * @2 g y )
If g(t) = gury (©),
EM =pk1tpPk2-Pk3+ Plpka+ PK5-PKk6~ QK14 QK157QK16 QK24 QK25 (13)
*Qk2,6"QKk34"QKk35 QK36
2 ( 2 2 2 ( 2 2 2 2 2 2
E(t ) =2pk1*+ P2~ PKk3+ PlPka* PK5~ PK6 QK14 QK15 QK16 QK24 QK25
2 2 2 2 (14)
+QK2,6*QK3,4+QK3,5*QK3,6D
where fora=1, 2...6. b=1, 2, 3 and d=4, 5, 6.
1 1
=————and =
PKa™ 20 oKDY 20~ pyp oK) (19
(16)

*

DK1~ gx(k) (0D DK2 = gx(k) (02) Dk3 = gx(k) o1+ 02)
* y are given by (7)

* *

DK 4 = 9x(k) (o) DK5 = gx(k) (@2) DK6 = gx(k) (™ a2
The variance of time to recruitment can be calculated from (9), (10), (13) and (14)
Case (ii): The distributions of optional and mandatory thresholds follow extended exponential distribution with shape

parameter 2.
If g() = gx1y(©),
E(M) =2cj1+t2ci2+2ci7t2Cci8~Cl9~Cl10~Ci11—4C|3™+ p(2c:|4+2(:|5+20|12+20|13*C|14

—Cl1157 Cl116 ~4CI6 4HI11,4 4HI11,5 4H 1112 4H1113 7 2H 11,147 2HI1115 " 2H 11,16 Y 8H 11,6
TAHI12,474HI125 7 4H1212 7 4H1213T2H121472H1215 T 2H12,16 T 8H12,6 T4HI17,474H17,5
TAH1712 4H1713T2H1714T2H1715T2H1716 T8H17,6 T 4H18,4 4HI185 4H18,12 4H 1813 17)
+2H1814 " 2HI1815 T 2H 18167 8H 18,6 T2H19,4T 2H19,572H1912 7 2H1913 7 H19,14~ H19,15

“HI1916  4H19,6 YV 2H110,47 2H110,5" 2H 110,12 2H 110,13~ H110,14 ~ H110,15 H110,16 ~4H 10,6

+t2HI111,4T 2HI111,5 T 2H 111,12 T 2H 111137 HI111,14  HI11115 HI11116 ~4H111,6 "8H13,478H13,5
+t8HI131278HI1313 7 4H1314 7 4H1315  4H13,16 “16H 13,6
2 |‘2 2 2 2 2 2 2 2 (2 2 2 2 2 2
E(t ) =2]pcj1*t2ciz*t2ci7+v2cis—Clo—Cl1i0~Cl11—4ci3* Plecia*t2cis+2cii2+2Cc113—Cii14
2 2 2 2 2 2 2 2 2 2 2
TCI157Cl116 4CI16 4HI1L,4 7 4HI11,5 4HI11,12 4H11,137 2H 11,14 " 2H11,15 " 2H 11,16 Y 8H 11,6
2 2 2 2 2 2 2 2 2
T4HI12,474H12574H1212 4H1213 T 2H12,1472H1215 T 2H12,16 T 8HI12,6 T 4H17,4 7 4H17,5
2 2 2 2 2 2 2 2 2
TAH1712 4H171372H1714 T 2H1715 Y 2H17,16 T8H17,6 T 4H 18,47 4H185 4H 1812 4H 18,13
2 2 2 2 2 2 2 2 (18)
+t2HI1814 T 2HI1815 T 2HI1816 "8HI186 T 2H19,41" 2H195"2H19,12 1T 2H 19137 H19,147 H19,15
2 2 2 2 2 2 2 2 2 2
“HI1916  4H19,6 " 2H110,4 " 2H110,5 " 2H110,12 " 2H 110,13 H110,14~ H110,15 H110,16 ~ 4H110,6
2 2 2 2 2 2 2 2
+t2HI11,4 T 2H 11,5 2H 11112 Y 2H 111,13 T H 111,14~ H11115 HI111,16 ~ 4H111,6 " 8H13,4 ¥ 8H 13,5
2 2 2 2 2 2 )]
+8H131278H 13137 4H 1314 4H13,15 4H13,16 " 16H13,6
where for a=1, 2, 3...16, b=1, 2, 3,7, 8,9, 10,11 and d=4, 5, 6, 12, 13,14,15,16.
Ciq, Hyp 4 are given by (5) and (11)
* * * *
D17 = 9x(1) (201+02), D18 = 9x (1) (61+202), D19 = gx (1) (261). D110 = 9x (1) (202)
(19)

D111 = 9x (1) (201 + 202), D112 = 9% (1) (20a+e2), D113 = 9 (1) (2a2+a1), D114 = 9x (1) (202),
D115 = 9%(1) (20.2), D116 = 9 (1) (201+20 )
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If g(t) = gr(iy (0,

E(T) = 2Pk1+ 2PK2 + 2PKk7 + 2Pk — Pko — Pk10 — Pk11— 4PK3+ P(2PKk 4 + 2PKs + 2PK12 + 2PK13 — PK14
—Pki15 —PK16 —4Pk6 —4Qk1,4 —4Qk1,5 —4Qk112 —4Qk113+ 2Qk114 + 2Qk115 + 2Qk116 +8Qk16
—4Qk2,4~4Qk2,5~4Qk212~4QKk213+2QK 214+ 2QK 215+ 2QK 216 +8Qk 2,6 ~4Qk7,4~4Qk7,5
—4Qk712~4Qk713+2Qk714+2Qk715+2QK 716 +8Qk7,6 ~4Qks4~4Qks 5~ 4Qks12 ~4Qks13
+2Qkg14+2Qksg 15+ 2QKs16 +8Qks,6 T 2Qk9,4+2QKg 5+ 2QKkg12 +2QKk913~ Qko14 ~ QK915

—Qko,16 ~4Qko,6 7 2Qk10,4 + 2Qk10,5 + 2Qk10,12 + 2QKk10,13 ~ QKk10,14 ~ Qk10,15 ~ Qk10,16 ~4Qk10,6

(20)

+2Qk11,4+2Qk115+2Qk1112+2QK1113~ QK1114 ~ Qr1115 ~ Qk1116 ~4Qk11,6 +8Qk3,4+8Qk35
+8Qk312 +8Qk313~4Qk314~4Qk315 ~4Qk316— 15QK3,6)
E(T2) = 2[2pR, + 2PR 5 + 2PR7 + 2PRg — PRo— PRao— PRa1— 4PRa+ P(2PR 4+ 2PR s+ 2PR1s + 2PR13— PR1a
—PRi5—Pkie — 4Pke— 4Q2K1,4 —4Qfq 5~ 4Q2K1,12 - 4Q2K1,13 + 2Q2|<1,14 + 2Q2K1,15 + 2Q2K1,16 + 8Q2K1,6
- 4Q2|<2,4 - 4Qsz,s - 4Q2K2,12 - 4Q2K2,13 + 2Q2K2,14 + 2Q2K2,15 + 2Q2K2,16 + 8Q2K2,6 - 4Qz|<7,4 - 4Qr2<7,5
—4Qf71—4Q%k7 13+ 2QFk7 .14+ 2% 7,15+ 2Qf 716 + 8K 7,6 — 4Qfkg 4 — 4Qfkg 5~ 4Q%kg 12~ 4813

21

+2Q%g14+2Q%kg 15+ 2Q%ks 16 +8Q%ks,6 + 2% 0,4 + 2QK 9,5+ 2Q% 9 12 + 20913~ Q9,14 ~ QK915
—Qfko16~ 4Qko,6+ 2Q%10,4 + 2Q%10,5+ 2QK10,12 + 2Q&1013 ~ k10,14 ~ R&10,15 ~ k10,16~ 4QK10,6
+2QF 11 4+2QF 115+ 2Q%1112 + 2Q&k1113~ Q&k11.14 ~ Q&k1115~ Q&1116— 4QK11,6 +8Q%k34 +8Q%3 5
+8Qf 31> +8Qk313~ 4Q%k314 ~ 4Q%k315~4Q%316 _1GQ2K3,6)]
where for a=1, 2, 3...16,b=1,2,3,7,8,9, 10, 11 and d=4, 5, 6, 12, 13,14,15,16.
Pyq, Qgp 4 are given by (7) and (15)
* * * * *
DK7 = 0x(k) (201 +62), DK8 = 9 k) (01+202), DK9 = 9 k) (261), DK10 = 9y (k) (202), DK11 = 9 k) (261 + 202),
* * * * * (22)
DK12 = Ox (k) (201+0:2), DK13 = Ox (k) (202+0t1), DK14 = (k) (201), DK15 = 9 (k) (2012), DK16 = I (k) (2a1+2c1)
The variance of time to recruitment can be calculated from (17),(18), (20) and (21).
Case (iii): The distributions of optional thresholds follow exponential distribution and mandatory thresholds follow
extended exponential distribution with shape parameter 2.
If g(t) = gx1y(®),
E(T) =Ccip+cCl2—Ciz+ p(20I4+2CI5+ 2C112+2C113-Cl14 —Cilis—Cilie —4Cie
—2H11,4 —2HI11,5—2H 11,12 —2H 11,13+ HI1,14 + HI1,15 + HI1,16 T 4H11,6
—2H12,4—2H12,5—2H12,12 —2HI12,13+t HI12,14 + HI2,15 + HI216 + 4HI12,6
+2H13,4 +2H13,5+2H13,12 + 2H 13,13 —HI13,14 —HI13,15 —HI13,16 — 4H I3,6)
E(T2) = 2(C|21+ cfo—cCfa+ p(zc,24 +2Cf5+2CH, +2Cf3— Cha— Cfis — Chis —4Cfs

(23)

—2Hf 4 —2Hf 5~ 2Hf 10 —2HF 13+ HfL1a + HLis + Hlie + 4HT L6 (24)
—2H{ 4~ 2HTa 5~ 2HT2 12~ 2HT2 13+ Hizaa + Hiz a5+ Hiz 16 + 4H 26
+2HP3 4+ 2H3 5+ 2HT3 10+ 2HT3 13— Hf314 —Hfs 15— Hfs16 — 4HI23,6))
where for a=1,2,3,4,5,6,12,13,14,15,16,b=1,2,3 and d=4,5,6,12,13,14,15,16 C,,, Hy;, 4 are given by (5) and (11)
If g(£) = Gy (0,
E(T) =Pki+PKk2—Pk3+ P(2PK4 +2PK5+ 2PK12 + 2PK13—PK14 — PK15 — PK16 — 4PK6
—2QK1,4 —2QK1,5 2QK112 —2QK113+ QK114 + QK115 + QK116 + 4QK1,6 (25)
—2QK2,4—2QK2,52QK2122QK2,13+ QK214 + QK215+ QK216 +4QK2,6
+2QKk34+2QKk3,5+2QKk3,12 +2QK3,13~ QK314 — QK3,15 ~ QK316 — 4Q K3,6)
E(T?) = 2("%1"‘ PRka—Pka+ p(2P2K4 +2PRs+2PR1o + 2PR13— P1a — PRis — PRie — 4PRe
—2Q%q 4~ 2QF% 15— 2QK112 — 2113+ Q&114 + Q&k115+ Q116 + 4RK16
2 2 2 2 2 2 2 2 (26)
—2QKk 2,47 2Qk25"2QKk212 " 2Qk213+ Qk214 T Qk215+ Qk216 T 4Qk2,6
+2Q%3 4+ 2Qk35+2Qk 312+ 2Rk 313~ Q314 — Q&315~ Q316 4Ql2<3,6))
where for a=1,2,3,4,5,6,12,13,14,15,16,b=1,2,3 and d=4,5,6,12,13,14,15,16 Py,, Qx4 are given by (7) and (15)
The variance of time to recruitment can be calculated from (23), (24), (25) and (26).
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Case (iv): The distributions of optional and mandatory thresholds possess SCBZ property.

If g(t) = gy 1)(®),
E(T) =paCi1+0azCi12+Pp1C13— PP Cla— PidpCi5+01CI6 — P2t CI7 — 18, Cig + P(P4CI9 + a4 Cl10 + P3CILL— P3P4 Cl12

—PgU4CI13+03C114~P493CI115 — U3U4 C116 — P2P4H |y g — P2U4 HIL10 — P2PgHIL11+ P2P3P HIL12 + P2 Psdg HILL3
—P203HIL14 + P2P493HILI5 + P2U3d4 HIL16 — 92P4H |5 g — U204 H12,10 —d2P3HI2,11+ 92P3P 4 HI2,12 + A2 P3d HI2,13
—0203H12,14 + d2P493H12,15 + 4283094 H12,16 — P1P4H |3 g = P14 HI3,10 — P1P3HI311+ P1PsP 4 HI3,12 + P1P3l4 HI3 13—
P1a3HI3,14 + P1P4d3HI3,15 + P1d3d4 H13,16 + PaPoP,H 14,9 T P1P294H14,10 + P1P2P3HI4,11— P1P2P3P, HI4,12
—P1P2P3U4HI4,13+ P1P2U3HI414 — P1P2P4d3H14,15 — P1P2U3d4 H14,16 + P1d,P,H 15,9 T P19294H15,10 + P1d2P3HI511 27)
—P192P3P, H1512 = P1a2P304 HI513 + P10203H15,14 — P1A2P4d3H1515 — P1028384 HI5,16 — 91P4H g g — U104 H16,10
—01P3HI6,11+ H1P3P4 HI612 + A1P304HI613— A103HI6,14 + A1 P4d3HI6,15 + A1 9394 H16,16 + 9P2PsH 7 g +a1P204 HI7 10
+01P2P3H17,11— W1PaP3P, HI7,12 = A1P2P3l4 HI7 13+ 1P203H17,14 — 41P2P4U3H17,15 — d1P2d304 H17,16 + A19,p ,H 18,9
+ 020204 H18,10 + A1 92P3HI8, 11— 9192PP  HI8,12 — G102 P304 HI813 + 10203 H18,14 — 4102 P4d3HI8,15 — A1 62 d3d 4 H 18.16)
E(12) = 2(p2C}, + a2y + PLCRy — PaPo CFy — Prp Cfe + 1. — P2ty CFy — 0o CFy + P(PaClo + a2 g + Pachiy
— P3Py CHip —PagClig+a3CH4Pa93CHs — 394 Cfig — P2PaHf o — P2laH 10— P2P3HfI 11
+P2P3Py HE 1o+ P2P3d4HT 13— P293HT 14+ P2Pad3HE 15+ P2U3da HF 16— 92P4 HT g
— 04 HF 10— 92PgHEp 11+ d2PsP 4 HEp 15+ A2P304 HEp 13— 0203 HPp 14+ d2P493HT, 15
+020304 Hfp 16— P1IP4Hf3 g — P14 HT3 10 — PiP3HT3 11+ P1PsP4 HE3 1o + P1P3ds H3 13
—P1a3HT3 14+ P1P4d3H 3 15+ P10sdgHz 16+ P1P2P4 HTg 9 + P1P204 HTg 10+ PLP2P3HTY 11
—P1P2PP, Hiy 19 — PLP2P3A4 Hfy 13+ PLP2A3HTy 14— PLP2P493HTs 15— P1P20sd4 Hia 16 (28)
+ P102P4 Hf5 9 + PLA204 His 10+ P102P3Hf5 11— P192P3P 4 His 12— P1d2Pada HEs 13
+P10203H{5.14 ~ P192P493H5 15~ PLA2 9394 Hi5 16— 9P Hfs 0 — ha Hfs 10 ~ ©aP3HTs 11
+A1P3Py Hig 12+ d1Pad4 Hip 13— 0103 HTp 14 + 91Pad3HTp 15+ 019394 Hip 16+ T1P2P4 H
+a1P29g H7 10+ AP2P3HT7 11— HP2PP 4 H7 15— G1P2Pdg H7 13+ AP2T3H 7 14
—41P2P4A3HT7 15— A1P2d304 HEy 16+ N92P4 Hig o + 910204 Hfg 10 + 0192P3HTg 11

—419,P4P, H,28_12 —0102P30, H,28_l3 +010203 H|28,14 —010d2P493 H|28,15 —01020939 H|28,16))

where for a=1,2....16, b=1,2,3,4,5,6,7,8 and d=9,10,11,12,13,14,15,16.

1

Cla and 1 g = (29)

T Al- g Ad-BpBId)
_ (61‘771) . (52‘772) - (53*773) - (54‘774)

P (#1+51‘771) b2 (uz”é‘z‘nz) & (~3+53_773) P4 (u4+54_774)

@ =1 prap=1-pyraz=1-pzas=1-py

where g, ,(.) are given by (5)

B11=09xq) (62 +12), B12 = 9% @) (N2), B13 = 9% (1) (51 + 11), B14 = 9% (1) (81+11+35 + 1),

B15 = gx() (81+ M2+ 12), B16 = 9x(1) (N, BI17 = 9x(1) (N1 + 82+ 12), Big = 9x) (N1 +n2), 30)
BI9 = 0x(1) (54 +14), B110 = 9% (1) (na). B111 = 0% 1) (63 + 13), B112 = 9% (1) (Sat+ha+d4 + 1y),

*x * * *
B113 = 9x () (83+M4 + 13), B114 = 9% (1) (n3): B115 = 9x (1) (N3+3 4 + 114), BI16 = 9x (1) (N3+M4)
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If g(t) = gxy (O,

E(T) =pyPK1+0d2PK2+P1PK3— PPy PK4— POy PK5+0A1PK6E = P2l PK7 — o PK8 + P(P4PK9 + 44 PK10 + P3PK11— P3Py PK12
—P3l4PK13+d3PK14~P403PK15 — U384 PK16 — P2P4Q1 g~ P24 QK110 ~ P2P3 QK111+ P2PsP 4 QK112 + P2P3d4 QK113
—P203QK114 +P2P493QK115 + P20394 QK116 — 92P4Q 2 9~ 9294 QK 2,10 ~ U2P3 QK211+ 92P3P 4 QK 2,12 + 42P394 QK 2,13
—0203QK214 +92P493QK 215+ 429394 QK 2,16 ~ P1P4QKk 3.9 ~ P04 QK310 —P1P3 QK311+ P1P3P4 QK312 + P1Ps94 QK313
—P103QK3,14 T P1P493QK3,15 + P19384 QK316 + PIP2P,Q 4 o +P1P204 QK 4,10 +P1P2P3QK 4,11~ PP2P3P 4 QK412
—P1P2P304QK 4,131 P1P243QK 4,14 ~P1P2P4A3QK 4,15~ P1P2 9304 QK 4,16 + P192P4Q 5 ¢ T+ P19294 QK 5,10 (31)
+P192P3QK 5,11~ P192P4P 4 QK512 = P12P304 QK513+ P1203QK5,14 — P1d2P493QK 515 — P1929394 QK516
~%P,Qxp 9~ %94QK6,10 ~ UP3QK6,11+ NPeP 4 QK612 T 91P394 QK 6,13~ 9193QK6,14 T 91P493QK 6,15
+010394QK6,16 T 9P2P4Q ) 7 o T A1P204 QK 7,10 + A1P2P3QK 7,11~ UP2P5P, QK 7,12~ 41P2P3U4 QK713
+01P203QK7,14 ~d1P2P493QK 7,15~ 91P20394 QK 7,16 + %92P4Q g g + 919284 QK 10 + 91 92P3 QK8 11
—%92PsP, QK812 ~ 192 P394 QK813+ d14203QK8,14 ~d192P493QK8,15 ~ 4142 q3q4QK8,16)

E(12) = 2(poPRq + 2Pk o + PLPRa— PiP2PR4 — Pi02PRs + UPRe — P201PR7 — W92PRg + PPaPRo + AaPR10 + P3PR11 — PPaPR2
—PagPE13+ 93PE14+Pa93PR15 — 9a94PE16 ~ P2P4QR10 ~ P294 Q%110 ~ P2P3Qk111+ P2PaP4 Q112
+P2P304 Qg 13~ P293QR1 14+ P2Pa93Q% 115 + P29394QR116 ~ 92P4 QR 2.0 ~ 9294 Q% 210~ 92P3QK 211
+02P3P,Qf 5 19+ U2P394 QR 2 13~ 9203Q% 214 + 42P493Q% 2 15+ 429394 Q2 16— P1P4 QK 3,9 ~ P194 Q%310
~PP3QE 311+ PPsP, QK310 + P1P394Q% 313~ PL03QE 3 14 + P1P93 Q315+ PL9394 Qfk 316+ P1P2P4 QK 40

2 2 2 2 2 2
+ p1p2q4QK4,10 + p1p2p3QK4’117 P1P2p3p4QK4’12 —P1pP2 p3q4QK4’13 +pP1P2 q3QK4,l4 —P1P2 P4q3QK4’15

(32)
~P1P20394 Q% 416 + PLA2P4 Qs 9 + P19294 Q5 10 + P192PgQK 5,11~ P192PsP, Q510 — P192P394 Q5 13
+P102093Q% 5,14~ P192P4%93QK 515~ 1929394 Q5 16 ~ %P4 Qe ~ 4194 QK610 ~ I1P3QKp 11+ UP3P4 QRp12
+01P34 QR 6,13~ 9193 Q% 6,14 * 91P493 Q% 615 * 919394 Q.16 *+ U1P2P4 Q7,0+ 91P294 QR 720 T 91P2P3QR 711
—WP5P3P 4 QF 712~ 11P2PY4 Qf 713+ A1P293QF 7 14— 11P2PaY3QR 7 15— 11P2394 Qf 7 16 + I192P4 Qg 9
+019204 Qg 10+ 192P3QRg 11~ H92P3P4 Qg 12 ~ H192P394 Qg 13+ 919293Q g .14 ~ 4192P403Q% g 15~ 9192930 Q2K8,16))
where for a=1,2....16, b=1,2,3,4,5,6,7,8 and d=9,10,11,12,13,14,15,16.
1 1
PKa=—"———<andQxpg=—"7—"—""+ 33
A(— Bra) A(L— BKb BKa) (33)
ko x> k. x>
BK1=0Ix(k) (82 +12),BK2 = dx(k) (N2), BK3 = gx (k) (61+ 1), BK4 = gx (k) (1+11+35 + no),
x> * x> - k.
BK5 = Ix(k) (81+ M2+ 12),BK6 = Ix (k) (M), BK7 = 9x (k) (N1 + 82+ 12), BK8 = 9x (k) (N1 +n2), (3

*> *> x> *>
BK9 = 9x(k) (84 +14), BK10 = 9x(k) (N4): BK11 = 9x(k) (63 + 13), BK12 = 9 x (k) (83+H3+3 4 + 14g),

BK13 = 9x(k) (83+N4 + 13), BK14 = 9x (k) (N3), BK15 = 9 (k) (Ma+8 4 + 114), BK16 = 9% (k) (Na+n4)
The variance of time to recruitment can be calculated from (27), (28), (31) and (32).
Case (v): The distributions of optional thresholds follow exponential distribution and the distribution of mandatory
thresholds possess SCBZ property.

If g(t) = g 1)(D),
E(T)=cin+ci2—Ciz+p(paClo+0a4Ci10+P3CI11—P3P4Cl112 —P3d4C113+q3C 114 — P4d3CI15—A4d3C116 —

P4HIL9—dqHIL10 — P3HIL11+ P3P4HI112 + Pl 4 HIL,13 — A3H11,14 + P4d3HI115 + A4 d3H11,16 —

. . . . . . . . (35)
P4H12,9—d4H1210—P3HI211+ P3P H12,12 + P3d4H1213—A3HI2,14 + P4d3HI215+d403H12,16 +
P4HI3.9+04H13.10 + P3H1311— PsP 4 H1312 — P4 H1313+ A3 H1314 — P4a3H 1315 — 44 d3H1316)
E(T?) = 2(C'|21+ C|22 —C'|23+ p(p4Cis? +a4Cio? +p3Cii? —P3P4C|122— P3q4C|132 +03C1142 —P493C1152 —0403Ci62 —
PaHG g~ AaHF 10~ P3H{11+PPaH 12+ P4H 13— A3H G 14+ P4d3HF 15+ 9403H 16— 36
Hg—9aHB 10— P3HB 11+ PP4H B 12+ PaHG 13— A3H B 14+ H% 15+ HG 16+ (39
P4H 9~ 94H 2107 P3H 211 T PaPaH 150 T P34 H 5137 A3H 514 T P4A3H 2151 4493H (%16
PaHB 9+ AaH B 10+ P3H 311~ PP4HB 1o —PeI4H B 13+ A3H 314~ P4d3H 315~ 9493H 3 16
where for b =1, 2,3 and d=9,10,11,12,13,14,15,16.
Ci ! c 1 andw) L (37)
Ib= ,Cid = bd=T—"—————=
Ml-Dib) M1-Bid) A1-DipBId)
6
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If g(t) = gy (©),
E(T) =PK1+PK2—PK3+P(P4PK9 +04PK10+P3PK11— P3P PK12 — P3d4 PK13 + 43PK14 — P443PK15 — 0403PK16 —
P4QK1,9~94QK110 —P3QK111+P3P4 QK112+ P3d4 QK113 —d3QK114 T P493QK115+9443QK116 —

) . . . . . . : (38)
P4QK2,9~94QK210—P3QKk211+P3P4 QK212+ P394QK 213~ A3QK 2,14 + P443QK 215+ d4043QK 2,16 +

P4QK3,9+d4QK310+P3QK311~ P3P, QK312 ~ P34 QK313+ 43QK314 ~P493QK315—94043Q K3,16)
E(T?) = Z(P',%ﬁ' PEZ - PE3+ P(P4 PKo’ + aq PK10%+ P3PK112 —P3Py P12 — P3q4PK132 +4a3 PK14? — 134(13F’K152 —d443 PK1s2 —

2 2 2 2 2 2 2 2
P4QK1,9~94QKk110 ~P3QK111 T PeP4 QK112+ Ps94 QK113 7 93QK1,14 T P493 QK115 T 9493k 16 ~
" " " " ' " " " (39)
P4QK29794QK210 7 P3QK211 1 PP4QK2 12+ Pa94QK2 137 93QK 214 T P493QK 215 T 9493QK 216+

P4QR30+ 4404310 P3QR3 11~ PP4QR312 ~Ps94QR3 13+ 93Q%314 ~P493QRa 15~ q4q3QE3,16))
where for b =1, 2,3 and d=9,10,11,12,13,14,15,16
‘ ! = ! and I = ;
(- pg) T 2 gg) Qb - DKb BKd)
The variance of time to recruitment can be calculated from (35), (36), (38), (39).
Case (vi): The distributions of optional thresholds follow extended exponential distribution with shape parameter 2 and the
distribution of mandatory thresholds possess SCBZ property.
If g(t) = gy 1)(D),
E(T) = 2Ci1+2Ci2+2C17 +2CIg— Clg— Cl10— Ci11— 4C13+ P(p4C19 + A4 C110 + P3CI11— P3P 4 C112 — P34 C113

PKb ™ (40)

+03C114—P493C115— 304 CI16 — 2P4H11,9 — 204 H11,10 — 2PgHIL11+ 2PgP 4 HIL12 + 2P38 4 H1113
— 2q3H1114 + 20483 H115 + 2030 H1116 — 204 H12,0 — 204 H12,10 — 2P3H 211+ 2PgP 4 H12.12 + 20304 H1213
—203H]12,14+ 2043 H 12,5+ 20304 H12,16 — 2P4 H17,9 — 204 H17,10 — 2P3H17,11+ 2PgP 4 H17,12 + 2P0 4 H17.13
—203H17,14+ 2P403H 1715+ 20304 H17,16 — 2P4 H18,0 — 204 H 18,10 — 203 H1811+ 2P3P 4 Hig 12 + 2304 H18 13 (41)
—203H]814 + 2P403H18.15+ 2030, H18.16 + P4 H19,9+ A4 H19.10 + P3H19.11— PaP 4 H19,12 — Pgd s H19.13+ A3 H19,14
—Pyd3H19.15— dzd H19.16 + P4 H110,9+ A4 H110,10 + P3HI1011— PaP 4 H110,12 — Pgd s H11013+ 43 H110,14 — P4d3HI1015
— 0304 H110.16 +P4H 111,90 + A4 H11110 + P3HT1111 — PaP 4 H11112 — P34 H11113 + A3H11114 — PadgH 11115 — 930 4 H 11116 +4P4 H113,9
40411310+ 4p3H11311— 4PgP 4 H11312 — 4P 4 H113.13+ 403 H 11314 — 4P43H 11315 — 40504 H113 16)
E(12) = 2(2c'|21+ wch+ac+ach-ch-Cchyp-Cchi—4ach+ P(p4Cio® +d4Ci10 +P3Ci112 — P3P 4 Citz® — P Cits?
+a3014° ~P493C1s” ~ 404 Cus ~204H{ 9~ 204 H 10~ 03H 11+ 2Py H A 19+ 254 HE 13
~203H 14+ 2Pad3H | 5+ 20594 H 16~ 20aH g~ 20aH D 10~ 203H D 11+ PP H D 15+ 2PigHG 1
~203H{ 14+ P3G 5+ 2004 HG 16~ 2PaH G o= 20aH G 19~ 203H G 11 PP H G 15+ 204 HEG 1
—203H{ 14+ 2Pa3H G 15+ 20594 HG 16~ 2PaH B g~ 204H 310~ 203H 11 T PP H B 1o+ P4 H B 1 (42)
~203H 314+ 2P93H 315+ 2004 H B 16T PAH B g T A4 10+ P3H 11~ PPaH B 1o~ PaIsH 513+ I3H g1
—Pdl3H 15~ 94 16+ PaH fo o + 94010+ P3Hfg 11~ PPaH 010~ P4 Ao 13+ 93H 14
~Pdi3H 15~ %4 H o 16 *PaH 1o+ 94H 110+ PaH 11~ PPaH 110~ PlgH 115+ 03H 114
—P3H 115~ 994 H A1 16+4PaH i3 0 + 494 H A3 10+ 4P3H 311~ 4PaP4H A3 1o~ 4PUgH 319+ 403H g1 — 4Pad3H 345~ 40004 H }213,15))

where for b =1,2,3,7,8,9,10,11 and d=9,10,11,12,13,14,15,16.
Clb= ! Cid= 1 andH'Ibd_;
AMl-Di)’ AM1-B1d) " Ml-DbBId)

(43)
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If g(t) = gxy (O,
E(T) = 2PK1+ 2PK2 + 2PK7 + 2PK8 — PK9 — PK10 — PK11~ 4P K3+ P(P4PK9 + a4 PK10+ P3PK1L— P3P 4 PK12 — Pyl4 PK13
+03PK14 — P4d3PK15— U304 PK16 — 2P4 QK19 — 204 QK110 ~ 2P3QK111+ 2P3P4 QK112 + 2304 QK113
—2030QK114 + 2P493QK115 + 20304 QK116 ~ 204 QK2,9 ~ 204 QK210 ~ 2P3QK 211+ 2P3P4 QK212 + 2Pa4 QK 2,13
~203QK 2,14+ 2P493QK 2,15 + 29304 QK 2,16 — 2P4 QK 7,9 — 204 QK710 — 2P3QK 711+ 2P3P 4 QK712 + 2304 QK 713
—203QK7.14+ 2P493QK7.15+ 20304 QK7.16 — 24 QK8,9 — 204 QK810 — 2P3QK8 11+ 2P3P4 QK812 + 2P304 QK13 (44)
—243Qkg,14 + 2493QK815 + 2039, QK816 + P4 QK99+ 44QK910 + P3QK911~ P34 QKg 12~ P4 QK913+ 430K 14
—P493QK9,15 ~ 9394 QK916 + P4 QK10,9 + 4 QK100 + P3QK1011~ P3P 4 QK102 ~ P4 QK103 + 43QK1014 — P4d3QK10,15
- q3q4Qk10,16 +P4Qk11,9 + q4Qk11,10 + P3Qk11,11— P3P4Qk11,12 - Psq4Qk11,13 + q3Qk11,14 - P4q3Qk11,15 - q3q4Qk11,16 +4P4Qk13,9
+ 4q4Qk3,1o +4p3 Qk3,11— 4Pap4Qk3,12 - 4Psq4Qk3,13 + 4q3Qk3,14 - 4P4q3Qk3,15 - 4q3q4Qk3,16)
E(Tz) = 2(2Pl|%1+ ZPEZ + 2PE7 + ZPI}%S - PII%Q - Pll%lo - Pll%ll_ 4PE3+ p(p4 P|<92 + Q4P|<102 +p3 PK112 P3Py PK122 —P3ly PK132
+ 03P~ PilgPras” ~laPras” ~ 204 Q1 9~ 294 Q110 ~ 230111+ 2094 Oy 1o+ 29594 Oy 13
~203Q%114*+ 224830115+ 29394 Q115 ~ 040K p.9 = 29408019~ 2030 911+ P4 QR 015+ P14 QR 1
= 2030914+ 204930915+ 2994 Qe 15~ 24Q 7 9~ 2407 19~ 2030711+ P4 Q7 15+ 407 13
- 20307 14+ 294930715+ 2994 Qg 15 ~ 204 Qg 9~ 204Qg 10~ 203Qg11 294 Q10+ 394 Q15 (45)
~203Q¢g 14+ 249305 15+ 29594 Qg 16+ P4 Q0.9 * 94QRg10 + P3QRg11 P4 Qkg10 ~ P4 QRg 13 93014
~P49302g.15 = %94 Qg 16+ P4QR109 + 141010+ P3QR1011~ PP 4 Q012 P4 Qr013+ 931014
~Pa30%1015 %% Q1016 P4K119+ 9401110+ P3Qk1111~ P4 Q1110 P4 Qs+ 93114
~P4930 1115~ Q1116404 Q130+ 49401310 + 0301311~ P4 1310~ P Q113+ 49301314~ a3 Q1315 40l QE13,16))
where for b =1, 2,3,7,8,9,10,11 and d=9,10,11,12,13,14,15,16.
' 1 1 : 1
e o) | - BKd) Quna A~ pkp By
The variance of time to recruitment can be calculated from (41), (42), (44) and (45).

PKb (46)

III1. MODEL DESCRIPTION AND ANALYSIS OF MODEL-II

For this model, the optional and mandatory thresholds for the loss of man-hours in the organization are taken as Y=min(Yy,
Y,) and Z=min (Z,, Z,). All the other assumptions and notations are as in model-I.

Case (i): The distribution of optional and mandatory thresholds follow exponential distribution

For this case the first two moments of time to recruitment are found to be

Proceeding as in model-1, it can be shown for the present model that

EM =ci3*Plcie~ HI36 (“7)

ET®) - 2(C|23+ p(CI26_ HI23,6\) (48)
Where Cy,, Hyj, 4 are given by equation(5), (11)and (12) for a=3,6, b=3and d=6.
If g(t) = griy (O,

E(M =pk3+ PPk6~Qk3e (49)

E(T2)=2(P2K3+ p(Psz—Qis,e\J (50)
where Py, Qg 4 are given by (7), (15) and (16) for a=3,6, b=3 and d=6.
The variance of time to recruitment can be calculated from (47), (48), (49), (50).
Case (ii): The distribution of optional and mandatory thresholds follow extended exponential distribution
For this case the first two moments of time to recruitment are found to be
If g(£) = gx1)(®),
E(T) = 4c13—2C17 — 2C1g+ C111+ P(4C16 — 2C112 — 2C 113+ C116 —16H 13,6 + 8H 312
+8H1313—4H1316 +8H17,6 —4H 17,12 —4H17,13+ 2H17,6 +8HI18,6 — 4HI18,12 — 4H813 (51)
+2H18,16 —4HI11,6 —2H1112 + 2H 11113 —H |11,16)
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E(12) = 2(4chy —2¢fy — 2cfy + cfiy + Placts — 2cf1, —2cfig + g —16HPa 6 + 81 P31,
2 2 2 2 2 2 2 2
+8H{313~4H{316 T 8H{7 6 —4H{712 ~4H{713+ 2H{7 16 7 8Hig 6 —4H{g 12 (52)

—4H{g 3+ 2H{g16 ~4Hfi16 ~ 2HA112 + 2HF113~ Hi116
where Cy,, Hy, 4 are given by equation (5), (11), (12) and (19) for =3, 6,7,8,11,12, 13,16, b=3,7,8,11, and d=6,12,13,16
If g(t) = gy (O,
E(T) = 4PKk3— 2PK7 — 2PK8 + PK11+ P(4PK6 — 2PK12 — 2PK13 + PK16 — 16QK3,6 + 8QK3.12
+8QK3,13~4QK3,16 + 8QK7,6 —4QK7,12 —4QK7,13 + 2QK7,6 + 8QKsg,6 — 4QKsg12 — 4QK8,13 (53)
+2Qkg,16 — 4QK11,6 — 2QK11,12 + 2QK11,13 — QK11,16)
E(T) = 2(4Pr2<3 —2P&7 — 2PRg+ PRyt * p(4PP2(6 —2P&1p — 2Pz + PRis ~16Q% 36 + 8Qka12
+80% 313~ 4Qk316 + 89Kk 7,64Qk712 ~ 4k 713+ 29716 + 8Q%ks.6 ~ *Kks12 (54)

~4Qfg 13+ 2Qfg16 ~ 4Qk116 ~ 2Rk1112 + 21113~ Q2K11,16))
where Py,, Qp 4 are given by (7), (15), (16) and (22) for a=3, 6,7,8,11,12, 13,16, b=3,7,8,11, and d=6,12,13,16.
The variance of time to recruitment can be calculated from (51), (52), (53),(54).
Case (iii): The distributions of optional thresholds follow exponential distribution and mandatory thresholds follow
extended exponential distribution with shape parameter 2.
For this case the first two moments of time to recruitment are found to be
If g(£) = gx1)(©),
E(T) =ci3+p(4cis—2C12 — 2C13+ Cl16 — 4H13,6 + 2HI312 + 2H1313— HI3,6) (55)
E(2) = 2(c% + placE; — 2, — 2ch5+ g — 4Hfg g+ 2HP3 10 + 2HTg 13— HI23,16)) (56)
where Cy,, Hyp, 4 are given by (5), (11), (12) and (19) for a=3, 6,12, 13,16, b=3 and d=6,12,13,16.
If g(6) = guqiy (O,
E(T) = Pka+p(4PK6 — 2QK12 — 2QKk13+ QK16 — 4QK3,6 + 2QK312 + 2QK313— QK3,6) (57)
E(r2) =2(p k3t p(4P2K6 —2P%12—2P&13+ PRi6— 4Qka 6+ 29ka12 + 2Qk313~ Q2K3,16» (58)
where Py, Qgp 4 are given by (7), (15), (16) and (22) for a=3, 6,12, 13,16, b=3 and d=6,12,13,16.
The variance of time to recruitment can be calculated from (55), (56), (57), (58).
Case (iv): The distributions of optional and mandatory thresholds possess SCBZ property.
If g(t) = g 1)(0),
E(T) = papy C14+ Py Ci5+ Pady C17 + 018, Cig + P(P3P4 Cl12 + P34 Cl13 +P403 Cl15 + d3d4 Cl16
—P1PoP3P, Hi14,12 = P1 P2 P34 H14,13 = P1P2 A3P4 H14,15 — P1P2 A58 H14,16 — P192P3P, HI512

— P12 P3lg H1513 — P1 92 P43 HI515— P1d2 d394 HI5,16 — 91P2P3P 4 HI7,12 —d1 P2 P34 HI7,13 =9
—01P2 P43 H17,15— 01 P2 A58 HI7,16 — %192P3P, H18,12 —d1 02 P304 H18,13 — G192 P403 HI8,15 —d1 A2 d3lg H |8,16)
E(12) = 2(p1p, CFy + P1tip Cfs + P2ty CFy + tydly Cg + P(PsPy CR o + Patly CRy5 +Padlz s + Gads Chg
—P1PaP3P, HEg 15— P1P2 Padg Hig 13— PLP2 Pad3 Hiy 15— PLP2 9304 Hig 16— P192PaP, Hi5 1 — P1a2 P3dg His 13
—PLA2Patg H5 15— P12 Aa0s Hig 16— N1PaPgP, HEy 15— 1 P2 P3dg HEy 13— G1P2 Padg HEy 15— 01P2 9394 HEy 16 (60)

—9oPgP, HEg 1o — G102 P3dg Hig 13+ d102 A3 Hig 14— A1 02 Padg Hg 15— A102 A3y H|28’16))

where Cy,, Hyp, 4 are given by (5), (29) and (30) for a=4,5,7,8, 12, 13,15,16, b=4,5,7,8 and d=12, 13,15,16.
If g(t) = griy (O,
E(T) = pipg PK4+ P18y PK5 + Potly PK7 + Uy PKS + P(P3P4 PK12 + P34 PK13 +P483 PK15 + Ul PK16
—P1P2P3P, QK 4,12~ P1P2 P3d4 QK 4,13~ P1P2 d3P4 QK 4,15~ P1P2 U304 QK 4,16 — P192P4P, QK512

—P192 P34 QK513 — P12 P43 QK515 — P1 02 4384 QK516 — 91P2PgP 4 QK 7,12 — 91 P2 Pel4 QK 7,13 (61)
—01P2P493QK7,15~d1P2 4394 QK 7,16 — %2P3P 4 QK8 12— 9192 P3l4 QK8 13~ 4102 P493 QK 8,15~ 4192 daly QK8,16)
E(12) = 2{pi0PRa + Pi9PRs + P201PR7 + 1doPRg + PPsPaPR1p + PsdsPRrg Pad3PR15 + 9P
~PIPaPP, Qf 412 ~ P1P2P34Qf 413~ PLP2Pa%3 QR 4 15~ PLP2%394 QR 16~ PI92P5P4 Qs 12 ~ P192P3%4 Qs 13 ©2)

2 2 2 2 2 2
—P1d2 p4Q3QK5’15 - plQ2q3q4QK5‘16 - q1p2p394QK7112 —a1p2 p3q4QK7113 —0q1p2 p4q3QK7115 - Q1P2Q3q4QK7'16

—%95P3P, Qg 1o ~ H92P34 Qg 13+ 192030k g 14 ~ 9102 p4q3Q$<8,15_q1q2q3q4Q2K8,16))
where Py, Qg 4 are given by (7), (33) and (34) for a=4,5,7,8, 12, 13,15,16, b=4,5,7,8 and d=12, 13,15,16.
The variance of time to recruitment can be calculated from (59), (60), (61), (62).
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Case (v): If the distributions of optional thresholds follow exponential distribution and the distribution of mandatory
thresholds possess SCBZ property

If g(t) = g.1)(®),
E(T) =ciz3+p(p3paCii2 +P3d4Ci13+P4d3Clis

+0304C116 —P3P4HI312 —P3d4H1313— P4d3H 315 — 394 H1316) %3
E(Tz) = Z(C'|23Jr p(Pg P4C|122 + P3Q4C|132 + P4Q3C|152 + Q3Q4C|162 —P3P4 H'|23'12 - P3Q4H'|23V13

*p4q3H‘|23,15*q3q4H'|23,16)) 9

Where Cy4, Cy,, Hy,, 4 are given by equation (5), (11), (12), (29) and (37), b=3 and d=12,13,15,16.

If g(t) = gry (©),
E(T) =pPk3+p(p3p4PK12+P3a4PK13+ P4A3PK15 )
+0d3d4PK16 — P3 P4Q'K3,12 - P3q4Qk3,13 - P4q3Qk3,15 - q3q4Q'K3,16)

E(T2) = 2("}%3 +p(pP3p4aPri2? +P3a4Qria® +P4a3Quis> +d30d4 Qe — P3P4 QII%3,12 - 93Q4QE3’13 (66)

_’34‘13‘?'}%3,15_‘13‘14‘9'}%3,16))
Where Py, Py, Qx4 are given by (7),(15),(16),(33), (34) and (40) for b=3 and d=12,13,15,16.
The variance of time to recruitment can be calculated from (63), (64), (65), and (66).
Case (vi): If the distributions of optional thresholds follow extended exponential distribution and the distribution of
mandatory thresholds possess SCBZ property.

If 9(6) = g (1) (®),
E(T) = aci3-2Ci7-2Cig+Cinr+p(P3PaC 112 — 4P3P44H1312+ 2P3PaH17,12 + 2P3P4 HI812 — P3P4HI1112
UsP4CI1L5— 43P 4 H1315+ 203P 4H17,15+ 203P 4 H18,15 — 3P4 H111,15 + U4P3C 113 — 4d4P3 HI313 + 204P3H (7,13 (67)
+204P3H18,13— 4P H11113+ U304 C116 — 40304 H13,16 + 20304 H|7,16 + 2030 4 H18.16 — Ugl4 H'|11,16I)
E(r?) = 2(4C'|23—2C'|27‘20}%+C'ﬁﬁp(P3 P4Cu2” ~4P3PadHfhp+203PaH 1o+ 2P3P4H 1o~ P3P4H 11,
03P 4 Ciis? — 403P g H 3 15+ 2054 H 15+ 2004 H{E 15— UaP 4 H 1 15+ 0aP3Cins® — 4UuPgH B 13+ 20403 HE 15 (68)
+204P3H {13~ 9aP3H 115+ 0304 Cis” — 40304 Hi 16+ 20894 H 716+ 29594 Higg 16~ %4 H‘|211,16))
where Cyq, Cpy, Hy, 4 are given by equation (5),(11),(12),(19),(29) and (30), for b=3,7,8,11 and d=12,13,15,16.
If g(£) = Gy (0,
E(T) = 4pics-2Pi7-2Pke+PiceaP(P3P4P K12~ 4P3P44QK3 12 + 2P3P4 QK712 + 2P3P4 QK812 ~ P3P4QK1L12
03P 4 PK15 — 4059 4 Q3,15+ 2030 4 QK715 + 293P 4 QK8 15— P4 QK115 + UaP3PK13 —~ 404P3QK313 + 204P30K7,13 (69)
+ 2q4p3Q'K8,13 - q4p3Q'|<11,13 + 0304 PK16— 4qaq4Qk3,1e + 2qaq4Qk7,1e + 2q3q4Qk8,16 99 Qka6 j
E(12) = 24p?-2627-2625+PR1r+Plp3P4 K122 ~ P3P 4Q2315+2p3P4Q%7 15+ 2P3P4Q%510~P3P4Q 11 1)
03P Pas? — 40P Q25 15+ 20504 Q27 15+ 2004 Q 2 15— P4 Q211 15+ UaP3Pras® —40uP3Q 2515+ 2040302 15 (70)
+ 20,0305 13~ UP3QZ1 1 13+ U4 Pras” 40940516+ 2994 Q%7 16+ 20694 Qg 16 q3q4QII%11,16))

where Py, Py, Qg q @re given by (7),(15),(16),(22),(34) and(40) for b=3,7,8,11 d=12,13,15,16
The variance of time to recruitment can be calculated from (67), (68), (69), (70).

IV. MODEL DESCRIPTION AND ANALYSIS OF MODEL-III

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=7,+ 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

Case (i): The distributions of optional and mandatory thresholds follow exponential distribution.

If g(t) = gx1)(©),

E(M)= aoci2— Aa1Cci1t p(A5<:|5*A4C|4*A1A4H 11,4

(71)
T A2A4HI1,4T ALASHI1,5 A2A5H 12,5
E(T?) =2(A2 C|22 - A1CI12 + p(AS C|25 - A4C|42 —A1A4H |1,42 72)
+A2A4H |1,42 +A1AsH |1,52 —A2AsH |2,52))
Where Cy,, Hyp, 4 are given by equation (5), (11) and (12) for a=1, 2, 4, 5, b=1,2 and d=4, 5
10
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92 01 a2 al
A= A2 = A4 A5 = (73)
91~ 92 01~ 02 al” a2 al™ a2

If g(t) = gx(iy (0,

E(T) =A2Pk2—A1PK1+ P(ABPK5E— A4PK4— A1A4AQKI 4
+A2A4QK1L 4+ ALASQKLE — A2 A5QK2,5)

2

(74)

2
E(T2) = 2(A2 Pr22 — A1PK1Z + p(A5P2K5—A4 Pka<— A1A4Qk14

2 2 2 (75)
+A2A4QKk1,4°+A1A5QK1 5" — A2A5QK2 5 ))

where Py,, Qp 4 are given by (7), (15) and (16) for a=1,2,4,5, b=1,2 and d=4,5

The variance of time to recruitment can be calculated from (71), (72), (74), (75).

Case (ii): If the distributions of optional and mandatory thresholds follow extended exponential distribution with shape
parameter 2.

If g(t) = g n(®),

E(T) =s1Cil1—S2Cl9+S3C12 —S4C110 + P(S5C14 —S6C114 +S7CI5 —S8CI5
—S1S5H11,4 +S1SeH 1,14 —S1S7H 1,5 + S1S8H 11,15
+S2S5H19,4 —S2SeH 914 +S2S7H |95 —S2S8H 19,15 (76)
—S3S5H12,4+S3SeH 214 —S3S7H 2,5 +S3S8H 1215
+S4S5H110,4 —S4SeH 110,14 +S4S7H 10,5 —S4S8H |10,15)

E(T2) = 2(s1cn?® —s2Ci9? +53C122 —S4Cno? + p(550|42 —S6Cin4a? +5S7Ci52 —SgCis?
—s1S5HIL42 + 5156"'|1,142 — 3137"'|1,52 + 8158"'|1,152
+8285H|9,4278256H|9,142+8257H|9,52*8258H|9,152 (77)
—5355H12,42 +53SeH 2147 — 5357H 2,52 + 53S8H 12,152
+S4SsH|10.42—S4SeH|1o,142+S4S7Huo,52—S4SSH|10,152))

where Cy,, Hyp 4 are given by equation (5), (11), (12) and (19) for a=1, 2,4,5, 9,10,14,15 b=1,2,9,10 and d=4,5,14,15

403 03 402
s1= 2 ,S2 = = ,83= 1
(e1—o02)01—202) (e1—02)(201—02) (61— 62)(201—02)
2 2 2
0 4
S4 = 1 ,S5 = =2 ,S6 = 22 (78)
(61— 02) (01— 202) (01— a2 )o1—2a2) (01— 02)201—a2)
s7= 4of ,S8 = of
((x]_—(xz)(Zocl—ocz) (ocl—ocZXoc]_—Z(xz)
If g(t) = oy (©),
E(T) =s1PK1—S2PK9+S3PK2 —S4PK10 + P(S5PK4 — S6PK14 + S7PK5 — S8PK5
—S1S5QK1,4 +S1S6Q K1,14 —S1S7QK1,5 + S1S8QK1,15 + S2S5QK 9,4 —S2S6Q K 9,14
(79)
+5257QK9,5 —S258QK9,15 —S3S5QK 2,4 +S3S6QK 2,14 —S3S7QK 2,5 + S3S8QK 2,15
+5455QK10,4 —S4S6QK10,14 +S457QK10,5 —54S8Q K10,15)
E(12) = 2(s1Pr1® —S2Pko? +S3PKk2% —S4PK102 + D(SS Pka? —S6PK14% +S7PKs2 — SgPK152
2 2 2 2 2 2
—5155Qk1,4” +5156QK114 " — S157Q1,5” + 5158k 1,15 +5255QK9,4” — 52560k 9,14 (@0)

2 2 2 2 2 2
+5257Qk9,5” —5258Qk 9,15 — 5355 QK 2,4~ +5356QK 214~ — 5357k 2,5 +5358Qk 2,15

+5455QK10,42 —5456Qk1014> + 5457QK10,5° — 54S8QK10,152))
where Py, Qg 4 are given by (7), (15) and (16) for a=1, 2,4,5, 9,10,14,15 b=1,2,9,10 and d=4,5,14,15.
The variance of time to recruitment can be calculated from (76), (77), (79),(80).
Case (iii): If the distributions of optional thresholds follow exponential distribution and mandatory thresholds follow
extended exponential distribution.
If g(t) = gx1)(©),
E(T) = A2C12— A1C11+P(S5C14—S6Ci14+S7Ci15—SgCiis — A2SsHi2,4a
+A2SgHI214— A2S7HI2,5+ A2SgHI215+ A1SsH 11,4 — A1SgHi1,14 (81)
+A1S7HI1,5— A1SgH |1,15)
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2
E(T?) = Z(Az Ci2%2 — A1C12 + P(S5C142 — S6 Ci1a” + S7Cis> — SgCins” — A2SsHi2,4
+ A2Sg H|2,142 —A2S;H |2,52 + A2Sg H|2,152 + A1Sg H |1,42 — A1Sg H|1,142 (82)
+A1S7 Hius® — A1Sg H|1,152))
where Cy,, Hyp, 4 are given by equation (5),(11), (12) and (19) for a=1, 2,4,14,15,5, b=1,2 and d=4,5,14,15
If g(t) = Griy (O,
E(T) = A2Pk2— A1PK1+ P(S5PKk4—S6PK14+S7PKs—SgP K15~ A2S5Qk 2.4
+A2S6QK 214~ A2S7QK25+ A2SgQk2,15 + A1S5Qk1,4 — A1SeQ k1,14 (83)
+A1S7 QK15 A1SgQ Kl,lS)
2y _ 2 2 2 2 2 2 2
E(T9) = 2(A2 Pk2” — A1Pk1” + P(Ss Pra” — Se Pki14” + S7Pks” — SgPki1s” — A2S5 Qx4
2 2 2 2 2
+ A2Sg QK214 — A2S7Qk25 + A2SgQk215 + A1S5Qk1,4” — A1Sg QK114 (84)
2 2
+A1S7 Qk1s” — A1SgQkiis ))

where Py, Qp 4 are given by (7),(15), (16) and (22) for a=1,2,4,5, b=1,2and d=4,5

The variance of time to recruitment can be calculated from (81), (82), (83),(84).

Case (iv): The distributions of optional and the mandatory thresholds possess SCBZ property.
If g(t) = gx1)(O),

E(T) = (r1+R2)cin—(R3+R4)ci3—(Rs+Re)cis + (R7+Rg)ci2+ P((Ro + R10)C19 + (R13+ R14)C 10
R11+R12)ci1—(R15+R16)ci14 — (R1+R2)(R9+ R10)H119 + (R13+ R14)HIL10
R11+R12)H1111— (R15+ R16)H1114) — (R7 + Re)(Ro + R10)H12,0 + (R13+ R14)H12.10
R11+R12)H1211— (R15+ R16)H1224)+ (R3+ Ra)(Ro + R10)H 13,9 + (R13+ R14)H13.10
R11+R12)H1311— (R15+R16)H1314)+ (R5 + R6)(R9 + R10)H16,9 + (R13+ R14)H 1610
—(R11+R12)H1611— (R15+ R16)H16,14))

E(12) = 2((R1+R2)cn® — (R3+R4)ciz? — (R5+Re6)Ci6? + (R7 + Rg)Ci22 + p((R9 + R10)Cie? + (R13 + R14)Ci10°

(
:E (85)
—(

—(r11+R12)cm2— (R15+ R16)Cia? — (R1+ R2)(Ro + R10)Hi192 + (R13+ R14)Hi1102
—(R11+R12)HIL11? — (R15+ Rle)H|1,142)f (R7+R8)N(Ro+R10)HI2s? + (R13+ R14)HI210°

(86)
—(R11+R12)HI21% ~ (R15+ R16)HI2,142)+ (R3+Ra)(Ro+R10)Hiz9° +(R13+ R14)H1310°
+

—(R11+ R12)H1311% — (R15 + R16)H13.242 )+ (R5+ R6)(R9 + R10)Hie.0% + (R13 + R14)His 102
—(R11+R12)HI611% — (R15+ R16)H|e,142))
where Cy,, Hyp, 4 are given by equation (5), (11), (29) and (30) for a=1,3,6,9,10,11,12,14, b=1,2,3,6 and d=9,10,11,14
Ry = (61+1)p1py Ry=—dP2 oo (82+1p)P1Py Ry=M2Pl2 o (82+”2)q1p2‘
(g —82-12)

- , , ‘R4 -
(61— 82+ — 1) (y-82-1p)" ~ (61-82+1my—1y) (Br-mp+ 1)
% (e o m@ay o (B3+ng)pap, 3Py
= yR7 = yRg = Rog = yR10 = ,
L~ M2 (51"'“1_712) m="N2 (53‘84‘*’”3‘“4) 113—84—H4)
B (54+u4)I03I04 _ MyP30y _ (53+ Hs)Q4P3 _ M30394 _ (64+u4)p4q3 _ M49304
R11= 'R12= Riz= 'R14 = 'R15 = 'R16 =
(65— 54 +13-114) (ba—mg+mg) (53—ma+na) (n3—n4) (n3—84—14) N3—1y)
If g(t) = griy (O,
E(T) =(R1+R2)Pk1—(R3+R4)Pk3—(R5+R6)PKeE +(R7+R8)PK2+ P((Ro+ R10)PKo + (R13+ R14)PK10
- (R11+ R12)P K11— (R15 + R16)PK14 - (R1+ R2)((R9 + R10)Q|<1,9 + (R13+ R14)QK1,10
—(R11+R12)Q K111~ (r15+ R16)Q K1,14)_ (rR7+RrR8)(Ro+R10)Q K29+ (R13+R14)Q K2,10
—(R11+R12)QK 211 — (R15+ R16)QKk2.14)+ (R3+ Ra)(R9 + R10)QK 3,0 + (R13+ R14)QK310
—(R11+R12)QK311~ (R15+ R16)QK3.14)+ (R5+ R6X(Ro+ R10)QKe,9 + (R13+ R14)QK6 10
—(R11+R12)QKe611— (R15+ R16)QK6.14))
E(12) = 2((R1+R2)Pri® — (R3+R4)Pks® — (R5+ R6)Pre? + (R7 + R8)Pk2? + P((R9 + R10)Pe? + (R13 + R14)PK10?
2

Re6 (87)

(88)

—(R1+R2)(R9 +R10)QK19? + (R13+ R14)Qk1102

— (R11+ R12)QK1,112 - (R15 + RlG)QKl,Mz)_ (R7 + RB)((RQ + RlO)QK2.92 + (Fil3ﬁL R14)QK2,102

—(R11+ R12)Pk11 — (R15+ R16)Pk14
2 2 2 2 (89)
—(R11+ R12)Qk211° — (R15+ R16)QKk2.14 )+ (rR3+R4)(R9+R10)Qk3,9° + (R13+ R14) QK310
—(rR11+ Rlz)QK3,112 —(rR15+ RlG)QK3,142)+ (Rs+RrRe)(Ro+ RlO)QK6,92 +(R13+ R14)QK6,102
~(R11+ R12)Qk611° — (R15+ R16)QK 6147
where Py, Qg 4 are given by (7), (15), (33)and (34) for a=1,3,6,9,10,11,12,14, b=1,2,3,6 and d=9,10,11,14
The variance of time to recruitment can be calculated from (85), (86), (88), (89).
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Case (v): The distributions of optional thresholds follow exponential distribution and the distribution of mandatory
thresholds possess SCBZ property.

If g(t) = gr1y(O),
E(T) = A2¢i2— A1cin+P[(Rg+ R10)Ci9+ (R13+ R14)ci0— (R11+ R12)cin1— (R15+ R16)Ci14— A2 (R9 + R10)H12,9 -
A2(R13+R14)H1210 + A2(R11+ R12)H12,11+ A2(R15+ R16)Hi2,14 + AL(R9 + R10)H119 + (90)
A1(R13+R14)H1110 — A1(R11+ R12)H 1111 — A1(R15+ R16)H'|1,14]

E(12) = 2(a2c% — A1cd + Pl(Re + R10)cis? + (R13 + R1a)cio? — (Rt + R12)cns? — (R1s + R16)Cie?

-A2(Ro+R10)Hp g
—A2(R13+R1a)HG 0+ A2(R11+R12)HD 11 + A2(R15+ R16)H B 14+ AL(R9 + R10)HF o + (91)
A1(R13+R14)HF 10~ AL(R11+R12)H{ 15 - A1(R15+ Rle)Hﬁ’MD
where C,4, C;, Hy, 4 are given by equation (5), (11), (12), (29) and (30), for b=1,2 and d=9,10,11,14.
If g(t) = gury (©),
E(T) = A2Pk2 - A1PK1+ P[(R9 +R10)PK9 + (R13+ R14)PK10 — (R11+ R12)PK11— (R15 + R16)PK14 — A2(R9 + R10)QK 2,9 —
A2(R13+R14)QK 210+ A2(R11+ R12)Qk 211+ A2(R15+ R16)QKk 214 + A1(R9+ R10)QK19 + (92)
A1(R13+ R14)Qk1,10 - A1(Ra1+ R12)Qk1,11— A1(R15+ Rle)Qk1,14]

2 2 2

E(T?) =2(A2PE2—A1PE1+ pl(Ro+R10)Pke? + (R13+ R14)Pk10® — (R11+ R12)Pk11? — (R15 + R16)PK14?

-A2(Ro+ RlO)QEzyg -A2(R13+ R14)Q',%2'10 +A2(R11+ R12)QE2,11+ A2(R15+ R16)Q£2’14+ A1(Ro+ RlO)QI}%]_’g + (92)

A1(R13+ R14)Q',%1'10 - A1(R11+ R12)Q}2<1,11— A1(R15+ Rle)Q',%lM])

where Py, Py, Qyp 4 are given by (7), (15), (16), (33) and (34) for b=1,2, a=9,10,11,14 and d=12,13,15,16.

The variance of time to recruitment can be calculated from (90), (91), (92) and (93).

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

If g(t) = gr1y(O),
E(T) =sici1+s3Ci2-saCiro—S2Cl9+P((Ro+R10)Cio + (R13+ R1a)cino — (R +Riz)c i~ (Ris+ Ris)ciua
—s1(Rg+R10)H1L9— S1(R13+ R14)H1110 + S1(R11+ R12)HiL11+ S1(R15 + R16)HiL14— S3(R9 + R10)Hi2,9
—33(R13+ R14)H1210 + 3(R11+ R12)H1211+ S3(R15+ R16)H12.14 + S4(R9+ R10)H110,9 + S4(R13+ R14)H 120,10
~s4(R11+ R12)Hit011-54(R15 + R16)H11014+ 52 (R9 + R10)Hig 9 + 52 (R13-+ R14)Hig 10~ S2(R11+ Ri2)Hig 11— 52(R15 + R16)Hig14)
E(1) = 2(s1c3 + 53¢} - 54y - 52 + Pl(Re + R10)chy + (R13 + Ra)chg ~ (Rat+ R12)c?; ~ (Ris + R16)chy

—s1(Rg+R10)H g~ S1(R13+R14)HF 1+ 51(R11+ R12)HE 11+ s1(R15+ R16)HF 14~ S3(Re +R10)H{

(94)

. . . , , (95)
—S3(R13+R14)H|22110+83(R11+ R12)H|22‘11+S3(R15+ R]_e)H|22114+S4(R9+R10)H|21019+S4(R13+ R14)H|210’10
—s4(R11+R12)H g 11 -S4 (R15+ R16)H g 14+ 52 (Re + R10)H [ o +S2(R13+ R1a)H 10— S2(R11 + R12)H'|29111—82(R15+Rle)HFgM))
where
403 03 407 of
S1= ' S1= Sz = ,andgy=—+~—— (96)
N (o-02)e—202) T (0-02)20-02) 0 (e1-02M201—02)  (0—62)e1—202)
where Cyy4, Cyy, Hyp, 4 are given by equation (5), (11), (12), (19), (29) and (30), for b=1,2,9,10, d=9,10,11,14
If g(t) = grqioy (O,
E(T) =s1Pk1+S3Pk2—S4Pk10—S2Pko+P((Ro+ R10)PKe + (R13+ R14)Pki10 - (R11+R12)Pk11 ~ (R15 +R16)PK14

-s1(Ro+ R10)Qk1,9 -s1(R13+ R14)Qk1,10 +s1(R11+ R12)Qk1,11+ s1(R1s+ R16)Qk1,14 -s3(Rg+ Rlo)ka,g

. . . . . 97)
-33(R13+R14)Qk 210 + S3(R11+ R12) QK211+ $3(R15 + R16) QK214 + S4(R9 + R10)Qk10,9 + S4(R13+ R14)QK10 10

—sa(R11+ R12)Qk1011 - 54(R15 + R16)Qk1014 + 52 (Re-+ R10) ko0 + S2(R13+ R14)Qke 10 — S2(R11+ R12)Qkg 11 - 2 (R1s + 1)k 14)
E(T) = 2(51P'|%1+ $3P2,—S4P210—S2PRg+ P(Ro+R10)P g+ (R13+ R14)P %1 — (R11+ R12)P R, — (R15+ R16)P 214

—s1(R9+R10)Q; g~ 51(R13+R14)QZ 10+ 51(R11+ R12)QZ1 11+ S1(R15+ R16)Q 21 14~ S3(R9 + R10)Q 2,
) v 2 v) v (98)
-s3(R13+R14)Q K210t s3(R11+R12)Q K211t s3(R15+R16)Q K214t s4(Ro+R10)Q K109t s4(R13+R14)Q K10,10

-s4(Ri1+ RlZ)QE10’11—54(R15+ R16)QI|%10’14 +s2(Ro+ RlO)QEgyg +s2(R13+ R14)QE9,10—82(R11+ R12)Q'|%9,11—52(R15+ R16)QI|%9'14))
where PKd,P,'(b, Qp 4 are given by (7), (15), (16), (22), (34), (40) for b=1,2,9,10, d=9,10,11,14.
The variance of time to recruitment can be calculated from (94), (95), (97), (98).
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V.

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),(iii),(iv),(v),(vi)
respectively by keeping 6, =0.4,6, =0.6,a; = 0.5,a, =08,P=08. §; =0.6,n, =03,41 =0.7,8, =04,n, =0.7,4, = 04,53 =

0.5,m3 = 0.2,u3 = 0.5,8, = 0.8,n, = 0.4, 44 = 0.2 fixed and varying c, k, A one at a time and the results are tabulated below.
Table 1: Effect of ¢, k, A on Performance Measures

MODEL-I
K 1 2 3 2 2 2 2 2 2
C 15 15 15 0.5 1 15 15 15 15
A 1 1 1 1 1 1 0.6 0.7 0.8
E(T) (n=1) 6.9679 12,7114 18.4451 5.0451 8.8847 12.7114 24.2139 20.1059 17.0248
V(T) (n=1) 25.6665 77.4020 156.5814 14.5131 39.8637 77.4020 153.1010 127.7187 107.4767
E(T) (n=k) | 6.9679 | 4.730 3.9241 2.1596 3.4497 473 9.1033 75414 6.37
V(T) (n=k) 25.6665 12.6869 9.1335 3.5011 7.4237 12.6869 27.8966 22.5103 18.4372
E(T) (n=1) 7.7324 14.1669 20.6183 5.5940 9.8742 14.1669 29.7872 24.2085 20.0245
V(T) (n=1) 43.6104 | 144.2556 302.2485 22.9082 70.7631 144.2556 257.3404 227.0730 196.9932
E(T) (n=k) 7.7324 5.3442 4,4931 2.4912 3.9306 5.3442 11.0848 9.0346 7.4970
V(T) (n=k) 43.6104 19.7909 13.4981 4.3699 10.5594 19.7909 40.9110 34.3086 28.6710
E(T) (n=1) 7.6598 14.0574 20.4440 5.5180 9.7949 14.0574 27.1538 22.4765 18.9686
V(T) (n=1) 27.3582 81.5901 164.0955 15.5572 42.2954 81.5901 144.2872 126.6968 110.0029
E(T) (n=k) 7.6598 5.1876 4.297 2.3247 3.7619 5.1876 10.0894 8.3388 7.0258
V(T) (n=k) 27.3582 13.5404 9.7527 3.7578 7.9558 13.5404 28.1981 23.3401 19.4218
E(T) (n=1) 6.7761 12.3669 17.9494 4.9055 8.6416 12.3669 23.0643 19.2438 16.3784
V(T) (n=1) 29.2323 92.6577 191.6421 15.9851 46.4246 92.6577 200.5393 160.3362 131.4045
E(T) (n=Kk) 6.7761 3.9552 3.1877 1.8868 2.9243 3.9552 7.5765 6.2832 5.3132
V(T) (n=k) 29.2323 9.8094 6.5992 2.8943 5.8699 9.8094 22.3054 17.7392 14.3899
E(T) (n=1) 6.3514 11.5099 16.6596 4.6242 8.0730 11.5099 21.6086 18.0019 15.2969
V(T) (n=1) 23.1721 69.8898 141.5116 13.1266 35.9789 69.8898 144.1815 117.6021 97.7016
E(T) (n=k) 6.3514 4.3220 3.6021 2.013 3.1717 4.3220 8.2299 6.8342 5.7874
V(T) (n=k) 23.1721 11.4928 8.2743 3.2180 6.7497 11.4928 25.7557 20.5339 16.7108
E(T) (n=1) 7.9834 14.7965 21.6066 5.7088 10.2552 14.7965 27.4189 22.9109 19.5299
V(T) (n=1) 28.7849 86.5084 174.4565 16.2611 44.6674 86.5084 159.6305 135.3133 115.7645
E(T) (n=k) 7.9834 7.8489 4.4903 4.4390 4.4913 45322 5.8079 5.3523 5.0106
V(T) (n=k) 28.7849 28.7427 10.2917 10.1313 10.1873 10.4479 11.9987 10.9724 10.5471
Table 2: Effect of ¢, k, A on Performance Measures
MODEL-II
K 1 2 3 2 2 2 2 2 2
C 15 15 i85 0.5 1 15 15 15 15
A 1 1 1 1 1 1 0.6 0.7 0.8
E(T) (n=1) 3.0441 49681 6.8787 2.3932 3.6884 4.9681 9.3989 7.8165 6.6296
V(T) (n=1) 7.1810 | 17.7836 | 33.0360 4.6687 10.2009 17.7836 42.1363 32.8947 26.3603
E(T) (n=k) 3.0441 2.1339 1.8138 1.1612 1.4750 1.8138 3.6202 2.9750 2.4912
V(T) (n=k) 7.1810 3.8254 2.8885 1.3288 2.0241 2.8885 7.6222 5.8456 45759
E(T) (n=1) 4.4497 7.6880 10.9106 3.3580 5.56327 7.6880 14.7677 12.2392 10.3429
V(T) (n=1) 10.6673 | 26.6871 49.4034 6.8065 15.2649 26.6871 52.1370 43.9696 37.1718
E(T) (n=Kk) 4.4497 | 3.0517 | 25507 1.5918 2.3263 3.0517 5.9568 49193 41411
V(T) (n=K) 10.6673 | 56193 | 4.2102 2.1447 3.7298 56193 13.0870 10.4268 8.4267
E(T) (n=1) 3.5702 5.9807 8.3777 2.7560 4.3768 5.9807 11.4176 9.4759 8.0196
V(T) (n=1) 8.4758 21.0017 38.8392 5.4729 12.0623 21.0017 46.9688 37.5616 30.6033
E(T) (n=k) 3.5702 24771 2.0880 1.4025 1.9395 24771 4.8561 4.0065 3.3692
V(T) (n=k) 8.4758 4.486 3.3744 1.8087 3.0247 4.486 11.1229 8.6697 6.8903
E(T) (n=1) 2.9380 47725 6.5941 2.3177 3.5523 4.7725 8.9574 7.4628 6.3498
V(T) (n=1) 71321 | 18.0254 | 33.8971 45951 10.2126 18.0254 431655 33.4669 26.7180
E(T) (n=k) 2.9380 2.0662 1.7357 1.2719 1.6632 2.0662 4.0552 3.3449 2.8121
V(T) (n=k) 7.1321 3.7882 2.8182 1.5791 2.5610 3.7882 9.6770 7.4454 5.8653
E(T) (n=1) 2.8512 45971 6.3298 2.2599 3.4360 45971 8.6575 7.2073 6.1198
V(T) (n=1) 6.5790 16.1355 29.8839 4.3129 9.3013 16.1355 38.4553 29.8989 23.9082
E(T) (n=Kk) 2.8512 2.0081 1.6877 1.2535 1.6248 2.0081 3.9560 3.2603 2.7386
V(T) (n=k) 6.5790 3.5292 2.6356 1.5321 2.4273 3.5292 9.0636 6.9736 5.4889
E(T) (n=1) 3.9369 6.7623 9.5806 2.9886 4.8804 6.7623 12.4654 10.4286 8.9009
V(T) (n=1) 9.8711 25.3047 41.959 6.2277 14.2632 25.3047 55.6542 44.2466 36.1055
E(T) (n=k) 3.9369 2.7209 2.2689 1.4672 2.0916 2.7209 5.1947 4.3112 3.6485
V(T) (n=k) 9.8711 5.1899 3.8730 1.9539 3.4137 5.1899 12.3144 9.6421 7.7311

ISSN:2347-6087

© 2013 | Published by The Standard International Journals (The SIJ)

14




The SIJ Transactions on Advances in Space Research & Earth Exploration (ASREE), Vol. 1, No. 3, August 2013

Table 3: Effect of ¢, k, A on Performance Measures

MODEL-III
K 1 2 3 2 2 2 2 2 2
C 1.5 1.5 1.5 0.5 1 15 15 15 15
A 1 1 1 1 1 1 0.6 0.7 0.8
E(T) (n=1) 8.7025 16.1601 23.6093 6.2092 11.1903 16.1601 30.8934 25.6315 21.6851
V(T) (n=1) | 34.8211 | 107.5901 219.6924 19.3 54.7082 107.5901 193.7135 168.0582 145.0958
E(T) (n=k) 8.7025 5.8844 4.8678 2.5533 4.2237 5.8844 11.3321 9.3865 7.9273
V(T) (n=k) | 34.8211 | 17.0293 12.1710 4.3730 9.7346 17.0293 35.0322 28.9995 24.1856
E(T) (n=1) | 11.9437 | 22.5534 33.1521 8.3979 15.4828 22.5534 44.0534 36.3748 30.6159
V(T) (n=1) | 44.2200 | 133.7518 270.1036 24,7717 68.8635 133.7518 123.3951 151.6207 154.9058
E(T) (n=k) | 11.9437 | 8.0357 6.6236 3.3 5.6738 8.0357 15.7359 12.9858 10.9233
V(T) (n=k) | 44.2200 | 21.7335 15.5694 5.6084 12.5201 21.7335 32.5263 31.1588 28.3197
E(T) (n=1) 9.8360 18.3833 26.9212 6.9787 12.6873 18.3833 35.7166 29.5262 24.8833
V(T) (n=1) | 37.8434 | 115.3035 233.7771 21.1329 59.1073 115.3035 171.4821 163.3494 148.5502
E(T) (n=k) 9.836 6.6357 5.4806 2.8196 47327 6.6357 12.9483 10.6938 9.0029
V(T) (n=k) | 37.8434 | 18.5379 13.2601 4.8008 10.66 18.5379 34.6404 30.0184 25.7287
E(T) (n=1) 8.4755 15.7514 23.0206 6.0443 10.9024 15.7514 29.4338 24,5472 20.8823
V(T) (n=1) 40.082 | 129.9102 270.8655 21.4945 64.3452 129.9102 264.8733 216.4212 180.2652
E(T) (n=k) | 8.4755 4.3769 3.3948 2.0278 3.2051 4.3769 8.4063 6.9672 5.8879
V(T) (n=k) | 40.0820 | 11.6592 7.4287 3.2325 6.8214 11.6592 26.2674 20.9829 17.0686
E(T) (n=1) 7.9598 14.7112 21.4554 5.7029 10.2120 14,7112 27.6702 23.0420 19.5708
V(T) (n=1) | 32.0076 | 99.3772 203.4804 17.7082 50.3838 99.3772 190.9037 159.9947 135.5157
E(T) (n=k) 7.9598 5.3930 4.4673 2.3770 3.8894 5.3930 10.2507 8.5158 7.2146
V(T) (n=k) | 32.0076 | 15.6775 11.2170 4.0428 8.9588 15.6775 33.2772 27.0374 22.3241
E(T) (n=1) | 10.6990 | 20.2346 29.7701 7.5192 13.8777 20.2346 37.3603 31.2440 26.6568
V(T) (n=1) | 43.2219 | 133.8285 273.0144 23.8208 68.0251 133.8285 216.0017 192.6595 170.7740
E(T) (n=k) | 10.6990 7.2243 5.9683 2.9798 5.1042 7.2243 13.4696 11.2391 9.5663
V(T) (n=k) | 43.2219 | 21.0947 15.0517 5.2428 11.9675 21.0947 39.5573 33.4406 28.5052
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