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ABSTRACT

In this paper, a two-grade organization subjected to random exit of personal due to policy decisions taken by the
organization is considered. There is an associated loss of manpower if a person quits. As the exit of personnel is
unpredictable, a new recruitment policy involving two thresholds for each grade-one is optional and the other
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 are obtained for all the models
when (i) the loss of man-hours and the inter decision time forms an order statistics (ii) the optional and
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.
Keywords-Manpower planning, Shock models, Univariate recruitment policy, Mean and variance of the time to
recruitment.

I. INTRODUCTION

Consider an organization having two grades in which depletion of manpower occurs at every decision
epoch. In the univariate policy of recruitment based on shock model approach, recruitment is made as and when
the cumulative loss of manpower crosses a threshold. Employing this recruitment policy, expected time to
recruitment is obtained under different conditions for several models in [1], [2] and [3].Recently 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 .In [2] , for a single grade manpower system ,the author has
considered a new recruitment policy involving two thresholds for the loss of man-power 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 thresholds. In [5-8] the authors have extended the results in [2] 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. In [9-17], the authors have
extended the results in [4] for a two-grade system involving two thresholds by assuming different distributions
for thresholds under different condition of inter-decision time and wastage. The objective of the present paper is
to obtain the performance measures when (i) the loss of man-hours and the inter decision time forms an order
statistics (ii) the optional and mandatory thresholds follow different distributions.

1. 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 it

decision epoch , i=1,23..n  Let X(1),X(2),X(3),--X(n) be the order statistics selected from the sample
X1,X2--Xn with respective density functions gy (), 9x(2) () 9x(n)(-) - Let Ui be a continuous random
variable denoting inter-decision time between (i-1)™ and i" decision, i=1,2, 3....k with cumulative distribution

function F(.), probability density function f(.) and mean % (2>0). Let Uy (Ugo) be the smallest (largest) order
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statistic with probability density function. fu(l)(')’(fu(k)('))'l_et Y1 Y, (24, Z,) denotes the optional (mandatory)

thresholds for the loss of man-hours in grades 1 and 2, with parameters 01,02,01,a2 respectively, where
61,0,, a1, a, are positive. It is assumed that Y; < Z; and Y, <Z,. Write Y=Max (Y Y3) 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 mandatory thresholds are assumed as statistically independent. Let T be the time to
recruitment in the organization with cumulative distribution function L (.), probability density function 1 (.),
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 | () and f (.), respectively. Let V ,(t) be the probability that there are exactly k decision epochs in
(0, t]. It is known from Renewal theory [18] that V(t) = F(t) - Fi.1(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

=) k o0 k k
P(T>t) = ka(t)P(z X; < Y] +p> Vk(t)P[Z ;> ij P[z X, < zj M)
k=0 i=1 k=0 i=1 i=1
For n=1, 2, 3.. .k the probability density function of X, is given by
Ix(n) (0 =nke, [GO]" M gMR-GMI " n=123.k @

It g(t) =gyt
In this case it is known that

9y (® =kg®@-G(®)* @)
By hypothesis g(t) = ce 4)
Therefore from (3) and (4) we get,

* ke 5
gx(l)(e)iijLe ( )

It g(t) =gy (1)

In this case it is known that

Ixao (O = k(G ta(t) ©)
Therefore from (4) and (6) we get

- _ kick !
Ox(k)(0) = (0+c)(0+2c)...(0 + ko) .

For r=1, 2, 3.. .k the probability density function of Uy is given by
fugry (D) = rke, [FOT HFOR-FOT ", r=123.k

®)
If f((t) = f u@) ®
In this case it is known that
fugy () =kFO0-FO) )
Therefore from (8) and (9) we get,
fuw® = % (10)
It £(t) =fuao (D
In this case it is known that
fugio () = K(F@O) (1) (11)

- 1k

futo® =506 +k'2kx)...(s Y 12
It is known that
E(T) = CIEO)) (13)

e = LGN g v = BT - EM)?

s=0 s=0
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
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Ifgct) = [ NORIOES PN Q)

14
EM=Cy+Ci,—Ci3+pP(Cs+ Cls_Cle_HuA’ HistHie~Hiza = Hizs ™ Hize t Hisa t Higs~ HIS,G) ( )
(T - ACh iy~ i PG, Ch - Chs - Hia i * Hie~ Hsa Hs Hs M Hba~ His) (15)
where fora=1, 2...6. b=1, 2, 3 and d=4, 5, 6.
1 - 1 (16)
Ci= k- Dy andH,, 4 = KA(- Dy D)
DI1: gx(l) (61)’ DIZ = gx(l) (62)' DI3 = gx(l) (61+62)' DI4 = gx(l) (al)' DIS = gx(l) (0«2)’ DIG = gx(l) (a1+a2)
are given by (5) a7
If - _
90 =g, 4, O.FO =F 0y ®
18
EM=Lya* Liz~Lis*tP(List LKs_LKB_MKM ~Muas* Mias = Miza ™ Mizs * Mkze * Msat Mias™ MKS‘G) (18)
ET) :2(L2K1+ Lr2<2‘ L2|<3+p(L2|<4+ L2K5‘ LZKG_ MZKJ,4‘ MZKL5+ MZKLG_ M2K2,4_ Miz,fr M2K2,6+ MZKs,A+ Mia,s‘ Mia,a)) (19)
where fora=1, 2...6.b=1, 2, 3 and d=4, 5, 6.
1 1 (20)
=— = and -+
La ™00 Dy " Mroe " l0a Dy, D
D1 =0, 0 D2 =94 02 Dica =G ) (01 02) Dica = Gy sy 0w Dics = G (012) Dics = Gy (01t 012)
are given by (7) (21)
T 90=g, ., ©.FO=F 4 ®
E(M =Pu1* Pka~Pka*P(Pia+ PKS_F’KG_QKszQ|<1,5Jr QK1,67QK2,47QK2,5+QK2,6+QK3,4+QK3‘57QK3,6) (22)
23
E(TZ):Z(szl*PZKZ’P2K3*P(PZ<A+szs’Pis’qu‘[Qf(Ls*Qf@s’Qsz{Qiz,fo(z,e+szs‘ﬁQia‘s’Qiz‘e)j’%(Nz’M{lfE)m*l,é)m’LBKJ ( )
-i(Nz-M{ 11 1 1 11 1 I N 1
2 1-Dxs 1-Dxs 1-Dxs -DxiDks 1-DiiDys 1-DraDys 1-Dk2Dys 1-Dk2Dys -DkaDys 1-DkaDy, -DkaDys 1-DkaDys
where fora=1, 2...6.b=1, 2, 3 and d=4, 5, 6.
B N B N w2 X (24)
Pka= ra— Do 'QKb'd T DL DD DDy’ N = HZ:l; and M = ré?
If _ _
9 =g, ) O FO =F 40
25
EM=Ru*+*Ri2-Ri+P(R+*Ris—R |6_S|L4’S|L5+S|J,6’S|2,4’S|z,5+S|z,s+S|3,4+S|3,5’S|3,6) ( )
26
E(Tz):Z(RlzﬁRlzz’R|23+p(RlzﬂRlzs’Rlzs’slzLA’Slst*SlzLe’S|22‘4S|22,5+S|22‘s+5|23‘4*Sfa‘s’sfa‘s))fé{Nz7M{1_|13u+1—1D|271—1DIJ ( )
*l(NZ*M{ 1 1 1 1 1 1 1 11 1 1 1
2\ 1-Dyy -Dis -Ds -DuDw 1-pyD, 1-DyD, 1-DiD,, 1-Di2Dys 1-Di2Dyy 1-Di3D,, 1-DisDs 1-DizDyg
where fora=1,2...6, b=1, 2,3 and d=4, 5
RN g N S$ligmo>- L
la" a@— D) bd " a@— DD n=n n:1n2 (27)

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

If 9t = Oy O TO=F ;1) (O

E(M=2C;1+2C,+2C7+2Ci1s~Cig~Ci1o0~ Cii1—4C3+ p(2C|4+ 2C15+2C12+2C13~Ciia—Crs—Cis~4Cis~4H1na—4Hus—4H - 4H s (28)
+2Hu1a* 2Hnas 2Hia6 " 8His = 4Hi24 = 4Hi25- 4Hi200- 4H 12057 2H 1204 2H 12057 2H 1216 8H 126~ 4H 170 - 4Hi7 5 4Hi712- 4H 713
+2Hi71472Hi7157 2Hi716*8Hi76 = 4H 154~ 4H 155 - 4H 1812~ 4His13+ 2H 18147 2H 1815t 2H 1516 7 8Hig6 + 2H 104+ 2H 195+ 2H 1912+ 2H 1913
“Hio1a=Hiszs~Hioae=4H 106+ 2H o4+ 2H 1105+ 2H 11012+ 2H 013~ Huoaa= Hitois~ Hioze = 4H 106+ 2Hiu1a+ 2Hiu1s* 2Hu112* 2H s
“Huia~Hias~Hune~4Hn1s*8His4+8Hi3s+8H 1312+ 8His1s- 4Hi314- 4Hi315- 4Hi316-16H I3,6)

E(TA=22C%+2Ck +2C, +2C% - Chy-Cho Chr-4CH+P2CE + 2C%+ 2Ch,+ 2C35 s Cas Cao 4Ch- AH s~ 4HAs 4H2 (29)
~AH 15t 2Hia* 2His* 2His* 8Hi s~ 4H 4~ AH D s~ 4H b0 Hia 2Hi 10t 2Hias* 2H 06+ 8H 26~ 4H i~ 4H T s
~AH77 22 4Hi s+ 2Hi7 10 2H 15+ 2Hi706* 8Hi7 6~ AHig.~ 4Hiss~ 4H i1~ 4Hieas* 2H 14+ 2Hiess+ 2Hieas8Higs* 2H o
* 2H|29,5+ 2H|29,12Jr 2H|29,13’ lee‘u’ H|29,15’ H|29,1e’4H|29‘6Jr 2H|210,4+ 2H|21o,5Jr 2H|Z1o.1z* 2H|210,13’ H|210,14’ H|210‘15’ H|210,1e’4H|21o,ffr 2H|2114
+ 2H|2115+ Zlemz+ 2H|21L13’ anmf lems’ lems’4H|21Le+8H|23‘4+8H|23,5*8H|23,12+8H|23‘13’4H|23.14’4H|23,15’4H|23,15’16H|23‘5)
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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.
Cla,Hlb,d are given by (16)

Dir=0,) 261+ 0,): Dig = Uy ©1+20,): Do = Uy (26 Duso =Gy ) (20 Diss= Uy (261 26,). (30)
D> =0, (2011+0L,) Dius= G, ) 2012+ 0L): Dina =G,y 20 Duss = ) 20t2) Diss = Uy (0ta+201,)

If 9(t) = gx(k) (0. F(t) = fu (1)

(M =211+ 2Lko* 2Lkr+ 2Lk~ Liw~ Lo~ Lit=4Lks+ p(ZLK4+ 2L ks* 2Lkart 2Lk~ Lia—Las~ Lxas~4Lis = 4Mira=AMics - AMicwio= 4Miass

+2Mia1a* 2Miasst 2Miazs BMies~4Miz.a~4Mizs = 4Mizrz~ 4Micaast 2Miasat 2Miaist 2Miaist8Mizs~4Mkr 4~ 4Mirs = 4Mir2- 4Micrs
+2Miz14* 2Mi715+ 2Mir 167 8Miz 6~ 4Mis 4~ AMis s =AMk 10~ M5 2Mig1a 2Mig1s ™ 2Mig16T8Mis gt 2Mis s 2Mkas* 2Mia1o+ 2Mico13
- MKQJA’ MK9‘157 MK9,1674MK9,6+ 2MK10‘4+ 2MK10,5+ 2MK10,12+ 2MK10‘137 MK|0,14’ M|1o,15’ MK10,1674MK10‘6+§MK114+ 2MK115+2MK1112+2MK1113
- MKmA’ Mkms’ MK111674MK116+8MK3‘4+8MK3,5+8MK3,12+8MK3,1374MK3‘1474MK3,1574MK3,16716M K36
(31)
BT =215+ 2Lk * 2Lk 2L~ Lo~ Liao Liar 4Ls *PRLEs+ 2L ke * 2L Ea* 2LEas~ Liaa Lias~ Lias 4Lk
- 4M2KL4 - 4MiL5 - 4M2K1,12’ 4Mf<1‘13+ 2M$<1,14 + 2'\/'&1454r 2Mf<1,15 + 8Mf<1,5 - 4Mf<2,4 - 4Mf<2,5 - 4Mf<2,12 - 4M2K2,13 + 2Mf<2,14
+ 2'\/|2p<2,1sJr 2M2K2,16 + 8M2K2,6 - 4M2|<7,4 -4M 2K7,5 - 4|V|2|<7‘12 - 4|\/|2|<7‘13Jr 2'\/|2|<7,144r 2'\/|2|<7,154r 2M2K7,16+ 8M2|<7‘5 - 4M2|<a‘4 -4M 2K8,5
- 4Mf<s,12 -4M 2K8‘13+ 2Mf<8,14 + 2Mf<8,15 + 2Mf<8,16 + 8M}2<B,6 + 2Mf<9‘4 + 2Mf<9,s + 2M$<9,12 + 2Mf<9‘13_ Mig,m - Mf(9,15 - Mf«.us
- 4M2K9,6 + 2M2K10,4 + 2M2K10,5 + 2M|2<10,12 + 2M2K10,13’ M2K10‘14 - M2K10‘157 M2K10.16 - 4M2K10,6 +2M 2K11,4 + 2M2K115 + 2M2K1112 + 2M2K1113
- Mfm,u - M2K1L15 - Man,le - 4Miue + 8M2K3,4 + 8M2K3,5 + 8M2K3,12 +8M 2K3‘137 aM 2K3‘1A - 4Mf<3‘15’ aM iS,lG ’16M2K3.5) (32)

where for a=1,2,3,4,5,....16,b=1,2,...8 and d=9,10.....16. Lka,MKp 4 are given by (20) .
T 90 =0,y O FO=F ) ©®

E(M) = 2Pk1* 2Pk + 2Pk7+ 2Pks = Pro~Prio~ P11~ 4Pks+ p(2PK4 +2Pks+ 2Pki2* 2Pk1s~ Pria—Puis~ Pris~ 4Prs ~4Qys4~4Qu1s~4Qx112
“4Qu115" 2Qu114 2Quu15* 2Qu1168Qus Q024 4Qu05 ~4Qu210- 4 Q15+ 2Qu014 2Quz15* 2Qur6 7 8Qu06~4Qu7.4~4Qucr 5
“4Qu71- Q715" 2Qu714* 2Qu715* 2Qu 716" 8Qu76~ 4Qu5.4~ 4Qu55 - 4Qu512 4515 2Quana 2Qucsns * 2Qusrs*8Quss * 2Qus
+2Qu05*2Qu015* 2Qu15~ Quors™ Quors™ Quors~ Qo 2Quros* 2Quro5 ™ 2Qui012* 2Quons™ Qurons™ Quaons Qucaons 4Quros* 2Qrna
+ 2QK115 * 2QK1],12+ 2QK1].137 Qkulf QK11,157 QKlLlG - 4QK116 +8QK3,4 + 8QK3‘5 + 8QK3‘12+8QK3,137 4QK3,147 4QK3‘157 4QK3,16716QK3‘GJ (33)
BT =2DP, + 2%, 2P%, +2Phe Pl Plao Phas APEs 22+ 2Phs 2Phus 2PRy Plas Phas s APhe-4QL - 4Qhu s 4Qhus, 4Q%1,
+2Qu110* 2Qkuss* 2Qhuse *8Qkes~4Qu4~4Qu05~4Qur10- 4 Q15" 2Qrns* 2Qurns 2Qu16 8 Qs AQr .~ 4Qkr5 - 4Qkr1- 45
+2Qk7 1+ 2Qhr 15 2Qi718Qkr 6~ 4Qks = 4Qkss~ 4510~ 4Qu515* 2Q14 2Quas* 2Q16 8 Q5+ 2Qk 4+ 2Qks s+ 2Qks0* 2Qfss
~Qron~ Quss~ Qhors~4Qkss* 2Q04 2Qs0s 2Qus0n 2Qaoss~ Qusons Qaons~ Qraoss~4Qaos *2Qane *2Qans *2Qr* 2Qurnss

1 2 2 2
- Qf<11.147Q2K11157Q2K1].1674Q2K116+8Qf<3,4+8Qf<3,5 +8Qf<3,12+8Q2K3‘1374Q2K3,1474Q2K3,1574Qf<3‘16716Q2K3‘6ﬂ ’F (N*- M)[

+ +
1-Dixi -Dk; 1-Dk7

2 1 1 1 4 J*i(NZ*M{ 2 2 2 2 1 1 1 4 4
1-Dks 1-Dke 1-Dkio 1-Dkar 1-Ds }\,2 1-Dxe 1"Dks "Dwiz 1"Diis 1"Diis 1-Diss 1-Diis 1-Dks 1~DiaDka
- 4 - 4 - 4 2 . 2 2 . 8 - 4 - 4 - 4 - 4
1-DkiDks 1-DwiDkiz 1-DiiDiis 1-DriDris 1-DiiDias 1-DiiDkis 1-DkiDks 1-Dk2Dks 1-Dk2Dks 1-Dk2Dkiz 1Dk Dras
N 2 2 2 8 4 4 4 4 2 2 2
1-Dk2Dkis 1-Dk2Dkis 1-Dk2Dkis 1-Dk2Dks 1-Dk7Dka 1-Dk7Dks 1-Dk7Dkiz 1-Dk7Dkis 1-Dk7Dkis 1-Dk7Diis 1-Dk7Dkis
8 4 4 4 4 2 2 2 8 2 2
1-Dk7Dks 1-DksDke 1-DksDks 1-DksDkiz 1-DksDiis 1-DksDkie 1-DksDris 1-DisDris 1-DksDks 1~DkoDka 1~DioDks
N 2 2 1 1 1 4 2 2 2 2 1
1-DkoDkiz 1~DkoDiis 1-DkeDkis 1-DkoDris 1-DkoDris 1~DkgDks 1~DkioDks 1~DkioDks 1-DiioDkiz 1~DikioDiis 1~ DkioDraa
1 1 4 N 2 2 N 2 2 1 1 _ 1 4
1-Dx1oDkis 1~ DkaoDiis 2~DkioDks 1-DraiDka 1-DiuiDks 1~DiuiDriz 1~ DkaiDias 1~ DraiDras 1-DraiDias 1-DraiDias 2~ DiaiDre
L8 8 8 8 4 4 4 16 }
1- DKSDKA 1- DK3 DKS 1- DKs Driz 1- DKS DK13 1- DK3 Drs 1~ DK3 DK15 1- DKB DK16 1- DKSDKG (34)

where for a=1,2,3.,4,5,....16,b=1,2,...8 and d=9,10.....16. PKa,QKp,d are given by (24) .
ORI INCR GRS SN0

EM=2Ru1*2R1;*2R7+2Ris5"Ris"Riuo-Ru1=4R i3+ p(2R 14t 2R 157 2R 112" 2R3~ Riua—Rus~Rus 4R 16~ 4S1,4 = 4Si 5~ 4Su12 (35)
=4S)113 2S114+ 2Sn15+ 281167 8S16 = 4S12,4 = 4S125~4S1212-4S1213* 2S1214 2S1215+ 2S1216+ 8S126 = 4S17.4~4S175-4S1712
=4S)713% 251714+ 2Si715+ 2517167 8S17,6 = 4S18.4 = 4Si85~ 4S1812 - 4Sis13+ 2Sis14+ 2Si815+ 2Si816* 8Sis6+ 2S19,4* 2S10,5 2Si012
+2S1913~S1914~S1915~S1916 = 4S19,6 + 2S110,4 + 281105+ 2S1012+ 2511013~ S04~ Siwo15~ Sino1e~4Snos+ 25114 T 2Sn15 2Sn112
+ 28I1113_SIlLlA_Slllls_Slll,iG_ 4S|116 +8S|3,4*'8SI3,5+88&12*’853,13_ 4S|3,14_4S|3,15_ 4SI3,16_168I3‘6)
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ET)-2DRE+2R%+ 2R 5+ 2R b-Ri-Rho-Rar- 4R %2R+ 2R+ 2R+ 2R bs- Riu- Ris~ Ris- 4R 5~ 487, 4Shs- 4510~ 4Shss
* ZSIZL14+ 28|2L15+ 28|21,16+85I21‘E - 4S|22,4’ 4S|22,5’4S|22‘12’ 45?2,134r 25|22,144r 25?2,154r 28|22,16+88I22,6 - 4S|27,4 - 4S|27,5’ 4S|27,1z’ 45|27,134r 25|27,144r 25?7‘15
+ 25|27,1eJr 83|27,e - 4SI28‘4 - 4SI28,5 - 4SI28‘12 - 4rslzs.13Jr 28I28,14+ 28I28,15+ 25I28,16 + 8SI28,6 + 28|29,4 + 2S|29,5 + 2S|29,12 + 23?9‘13 - S|29,14 - SI29,15 - S|29,1e - 4S|29,e + ZS|210,4
* Zslzms + 25?10.124r Zslzm,ls’S|210,14’S|210,15’S|210.16’ 4SI210,6+ 25|211.4’r ZSI211.5+ zslszr Zslzms’S|211.14’S|21115’S|211.16’4S|2116 *85|23,4 *8S|23,5

2 2 2 2 2 2 1 2 2 2 2 2 1 1 1 4
+8SI3‘12+8S|3‘13745'3'14745'3'15748'3‘167168'3’6)]7?(’\‘ 7M)[1’D|1 1-Diz 1-Dy7 1-Dig 1-Dig 1-Duo 1-Dus 1-Dis
—L(NZ—M)[ 2 2 2 2 1 1 1 4 4 4 4 4

2 1-Diy 1-Dis 1-Duz 1Dus 1-Dus 1-Dus 1-Dus 1-Dis 1-DuDis 1-DuDis 1-DuDuz 1-DuDus
. 2 . 2 2 8 4 4 4 4 2 2 2
1-DuDus 1-DuDus 1-DuDus 1-DuDis 1-Di2Dis 1-Di2Dis 1-Di2Dnz 1-Di2Dns 1-DizDus 1-D12Dus 1-Di2Dus
. 8 4 4 4 4 N 2 2 2 8 4 4
1-Di2Dis 1-Di7Dis 1-DiDis 1-DiyDuz 1-DiyDus 1-Di7Dus 1-Di7Dus 1-DizDus 1-Di7Dis 1-DigDis 1-DigDis

4 4 . 2 . 2 2 8 2 2 2 2 1
1-DigDn2 1-DigDns 1-DigDus 1-DigDuns 1-DigDus 1-DigDie 1-DigDis 1-DigDis 1-DigDnz 1~DigDuns 1-DigDna

1 1 4 2 2 2 2 1 1 1 4
1-DgDus 1-DigDus 1-DigDis 1-DuoDis 1-DuoDis 1-DuoDuz 1-DuoDus -DuoDna 1-DiuoDus 1-DuoDus 1-DuoDis
R S 2 . 2 o 1 1 4 8 8 .8
1-DuiDiu 1-DuiDis 1-DuiDuz 1-DuiDuns 1-DiniDune 1-DuiDus 1-DuiDus 1-DiuiDis 1-DisDis 1-DisDis 1-DisDu2
. 8 4 4 4 16 J
1-DizsDus 1-DisDus 1-DisDus 1-DisDus 1-DisDis

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.
Rla,SIb,d are given by (27).

Case (iii): The distributions of optional and mandatory thresholds possess SCBZ property.

Mo =g, , OFO=F,5®

EM=P,Cu+0,Cir*P,Cis~ P3P, Cia~ P10, Cis* 6, Cis P29, Cir~ 01, Cig+ PP, Cio+ 0, Co* P, Cita= P3P, Cua~ P4, Cis* Uy Cisa
—P408,Cis~d39,Cis— p2p4H.L9’pzq4 Hiio=P2Py Huait P2P3P, Hiio* P, P38, Hiis= P, Oy Hinsat P, P40, Hiuas ™ P, A30, Hinse
’q2p4H|2‘g’qu4H|z‘1o’qZp3H|z,11*Q2p3p4H|z,1z+qZ P39, Hi215-0,05Hiz04+ 0, P4, H|2,15*qu3q4H|z‘15’p1p4H,3,g
P19, His1oP1P; Hiaii* PaP3P, Histo* P P30, Hissa= P, Gy Hiaaa* Py P40, Hisss+ P8l Hisss* P1PoP H , 4P P20, Hiaio
+P PP, Hiasi~P1PoP3P, Hiso~ PP, P3l, Hiass* PP, Oy Hussa~ PP, Pad; Hisss~ PP, A58, Hiass* PadoP,H  +P,050, Hisao
P850, His1~P195P 3P, Hisze~ P,0, P30, Hisast P, 0,0 Hissa~ Py, Pall; Hisas P, 8,030, Hisas~GaP H g o~ 010, His 10~ 8P Hisas
+03P3P, His12* 0, P38, Hiss~ 0, 8 His1a* 0 P40, Hisss* 0 030, Hisss* AP 2P, H o +0,Po0, Hizso* 0, PoP; Hiras
~41P2P,P, Hi712-0, P, P30, Hizas 0, P, A3 Hiz a0, P, p4q3H|7,15*q1p2%q4H|7,15+q1q2p4H,8’9*q1q2q4Hmo
+0,0,P; Higa1~019,P 3P, His1o~ 0,0, P50, Hisa* 0, 0,0 Higaa 0, O, P 4Gy Higas 0,0, 050, Higae)

BT =2p,C+0,Ch +P,Ch-PiP, Cli- Py, Cis 0, Cla Py, Chr- 040, Cl D, Ch + 0, Chio* Py Cor- P3P, Ci~ Patl, Cis* 0, Cha
—P40,Ciis~0s0, Chis~ PP, Hito~Po8, HisoPoPy Hiiat PaP3P, Hivio P, Pgl, Hiss~ Py O Hiise P, Paly Hitss+ P, 80, Hivse
0P, Hizo 058, Hizao~ Q5P Hizas *02P5P, Hizso* 6, Pa0, Hizaa 0,8 Hizse 0, Pyl Hizas 8,850, Hizas~ PaP, Hise~Pi0l, Hizao
~PyP,HEart PP, Hizio* Py Pal, Hisss Py s Hise* PyPol, Hisas Py A3, Hisas Py PoP, Hieo* PyPo0, Hisao* P,PoP Hisns
~P1PoP3P, Hisza~ P, P, P30, Hissa PP, 0y Hissa Py P, Paly Hisss Py P, A58, Hisas* P AaP, Hiso * Py U0, Hisao Py 0P, Hisa
~P10,P4P, Hisi P, 0, Pal, Hisas* Py 0, 0s Hisse~Py0, Pall, Hisss P, 0,850, Hisss 0P, Hiss ~ 010, Hisso 0P, Hisant GiPsP, Hiso
0, P38, Hissa= 0,0 Hiosa* 0,P40; Hisas 0, 830, Hiss 0P oP Hiro G, P2l Hirao 0, PP, Hirai=1P,P3P, HEr 120, P, P3d, Hirss
#0,P,0;H 1470, P, Pl Hirs~0,P, 058, Hiras+ 010, Hise* 0,00, Hisao* 6, 8P, Higu~ 010,P 3P, Hisio= 0,0, P, Hisss 0,0, 05 Hisaa
~0,0, P40, Hisss~0,0, 05, Hiso))

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
Cu~loa By "Hre " i0d B, Bw
( 171’]1) - (6271’]2) - (837113) B (8471’]4)

P.= (}L1+51—1’]1)’ P2= (}12““52—1’12)’ Ps~ (He.+83_1’]3), Pa= (H4+54_T14)
d1=1—-p1,92=1—p2,a3=1—-p3,a4=1—py

Bu = OS2+ 1) Biz = Oyqy M) Bia = O,y B1+ 1) Bra = 9,y G114 +8, + 1.

Bis =0, &1+ Mo+ 1) Bis = O, 0, M- Bir = Gigy My + 82+ 1) Bus = G gy (1M, + 1)

Bio = Gy B+ 1) Bio= Gy M Brua = O,y Sz 1) Bz = G, ) Sa+a+8,+ 1),
Bua= Ora B3+, + 1y Bua = 0,0, Mo Bus = Oy Ma+8, + 1), Bus = Oy, Ma+1,)

(36)

37)

(38)

(39)

(40)
(41)
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It g(t) = gx (k) (1), F(t) =fu (V)

E(M =P, Lka+ 0y Lzt Py La=P1P, Lia =P, Lis+ 0y Lks = P20, L7 =019, Lks* P(P, Lo U, Licio* Py Lkar=P3P, Liiz~P3d, Las* U5 Liaa =P8, Lias
-034, LKle’pzngMKLg’szAMKLm’ PP, Miua1*P2P3P, Miaio* P, P38, Mk113~P, 95 Miia P, P48, Mias* pquqAMK1‘167q2p4MKz‘g
=00, Mkz10-A2P; Miza1+ U2P3P, Miz12* 0, P38, Miz1s~ 0,85 Mkzaa* 0, P48 Micaas* 6,830, Mz~ P3P, M, = P10, Misso~ P1P; Miaun
+plp3p4 Mks12* P, P30, Mks13~P,0; Mizaat P P40, Mias+ p1q3qAM|3,16+p1p2p4M,4‘g+plpzq4 Mkaz0* P, P2P, Mia1~ plp2p3p4MK4,12
=P,P, P30, Muazs* P, P83 Mia1a= P, P, Pl Miass Py P, A58, Miass* PrdoP, M, +P,0,0, Miso* P,85P; Mis11-P18,P5P, Mis12~ P, A, P38, Mis 13
+P,0,9;Mis14~P,0,P 49, Mis1s~ pquqe,qA|\/|;<5,16’‘]1'34NIK,;VQ’ql‘:{,MKs‘lo*(hp3 Mk 11+ 01P3P, Ms12+0, P38, Miks1s~ G, 0 Mk 14+ 8, P48, Misas
+0,034, MK5‘16+q1p2p4MK7‘g+qlp2q4MK7‘1U+q1p2p3MK7v117q1p2p3p4MK7,127q1p2 P39, Mk715+0,P,0; Mk714=0; P, P49, Miz15~0, P, A39, Mk716

*q1q2p4MK8v9+q1QQq4 MKE,10+q1q2p3 MKe‘u’qlqu;;p4 MKs,lz’q1q2p3q4 Mksa3+0,0,9; Mks14=0,d, p4q3 MKs.15’q1qzq3q4 MKBJG) (42)
BT =D, Lk 0, Lic P, Lis~PyP, ke D10, Lk, Lo, L0y, Lk oD, L0, Lo Py Licr-PaP, L Dot L O, Lice 4
_p4q3L2K15’q3q4 que’ p2p4 Mfﬂ,g’pqu Mzm,lo’ p2p3 MZKLM*pngpAMzkmz*pngqA Mzkma’pzqg MZKLMJr p2p4q3 Mzm.l!fr ququMima ( )

0P, Miczs =059, Micz10~ 0P, Mz 03P 5P, Micos2 0, P38, Mizzs G, Miczze* 0, P48, Micass 0,838, Miczss~PyP, Mias =Py, Micazo

“P1P, Mz P1P5P, Micazz* P, P30, Micass Py s Miass* P, Pl Miass P, 838, Miass* P, PP, Micas P, P2, Micaso* PP 2P, Micess

~P1P P3P, Micazo™ PP, P50, Miass PP, 8y Miasa~PyP, Py Micass P, P, 0l Micass* P, 8P, Miss P, 8,8, Mieso 0P, i Py PP, Miszo

~P,01, P38, Misas* P, 0,0 Mics14~P, 0, P, Misas~P, 0,058, Mks 5~01P, Mics =Ty, Mis 005 Micss1* GiP3P, Mic 2+ 0, Pa, Mics1s~ 0, 0 Mo

+0,P48, Micss57 0,859, Miss5 0P, Micr 0, P, Micr 10+, PP, Micras= P3P P, Mir 120, P, Patl, Miras* 0, P, G Mir e, P, P Gy Mirs

“,P,050, M5 00,P, M 0,050, M 8,0P Misi1-G1,P 5P, M~ 0,0, P8l Miss* 00,0 Misze-0,0,P4, Miass~ 0,050, Micess
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.

IKa=——F  andvkpd—=— o+t (44)
KT @ - Bka) K A= BKb BKA)

Bri= (S NYON B2+ Hy) Bra= (& Ny My):Bks= (& NV &1+ 1) Bra= (& NP (81+M1+82 Uy
BK5 = gx(k) (SlJr 1’12 + Hz)' BKG = gx(k) (Tll)' BK? = gx(k) (1’11+ 62 + Hz)’ BK8 = gx(k) 011* nz)’
BKQ = gx(k) (84 + IV'*4)’ BKlO = gx(k) (n4)' BK11: gx(k) (83 + Hs)’ BK12 = gx(k) (83+M3+64 + lvt4)’

BK13 = g:(k) (83"‘1']4 + l"ls)’ BK14 = g;(k) (1’13)~ BK15 = g;(k) (1'13"‘54 + lvl4)‘ BK16 = g;(k) (n3+n4) (45)

If g(t) = gxk) (O, F(t) = fuk) (1)

E(M =P, Pus+ 0, Przt Py Pra=P1P, Pra= P10, Pks* 0, P~ P20, Px7 =019, Pre* PP, Pro 0, Prio* PsPrai~ P3P, Praz
~P30, Pris* 05 Pria—P 49, Pras—A30, Pris~ P2P 4, Q s~ P20, Quiio~ P2P; Quisa* P2P3P, Quisn* P, P2, Quiss
“P,95Qxa14* P2 P49, Quais* P, A39, Quiie=92P 4 Q0= 929, Quoro~A2P; Quoas *A2P3P, Quzrnt A, P30, Quois
~0,05Qyz14+9, P29, Quz1s+ 9, U39, Quar6~P1P 4 Qg s~ P19, Qusro P1P; Qus1i+ P1P3P, Qus1o* Py P2, Qusis
=P85 Quara* P1P40, Quass* P,A30, Quase* P1P2P,Q, o+ P P29, Quaso™ PiP2P, Quasi~P1P2P 4P, Quuss
“P.P,P39, Qua1s* PiP, 05 Quaza = PiP, P49, Quaas— PP, U39, Quanst P192P, Qo+ P20, Qus 0™ P AP, Qusy
=P19,P3P, Qys1,- P, 0, P30, Qus1a* Py, 05 Qus1a= Py, P49, Qs a5~ Py 9,939, Qs 16~ 91P 4 Qg o~ 919, Quero
~0;P, Qye1:7A1P3P, Qe 1ot % P39, Quess= % O Querat o P49, Quess™ 8 A3, Quenst d1P2P,Q,, o+ 8 P20, Qurio
+0,P2P; Qura1~91P2P3P, Qura~ U P, P3d, Qu7as 0iP, U3 Queraa =4y P2 P49 Qur 1~ Ui P, A3, Queraet 9192P, Q¢
0,059, Quazo 0,9 2Ps QuessA192P 3P, Quass 68, P, Quepa 8y s Queasa~ Gy 8 Pslly Queps 0,6 A28, Quense) (46)

WWW.ijera.com 320|Page



P. Saranya et al Int. Journal of Engineering Research and Applications WWWw.ijera.com
ISSN : 2248-9622, Vol. 4, Issue 2( Version 1), February 2014, pp.315-330

E(T)=2p,PE+ G, Pk, + P,P&s— PP, P&s~ P10, PEs + O, PEs — P20, PE: ~ 040, Pks + PlD, PEs + 0, Phio* PyPhii— P3P, Pk
- P30, Phus* O Pirat PO, Pius— U0, Pis— P2P, Qloo ~ P2l Qhso~ P2P, Qisy* P2P3P, Qb
+P, P59, Qs P,y Qlsa* PoPa %, Qs+ P24, Qs UoP, Qo ~ 929, Quezi0~ U2Py Qs
+0,P5P, Qoo+ A, P38, Qizns~ 0,95 Qhiona A, P48, Qs * 9,959, Qs - P1P, Qs P18, Qi
~P1P,Quss* PiPsP, Q1o * PP3, Qs P10 Qs PiPal, Quess* P58, Qs * PiPoP, Qs
9,029, Qrssot P.P2 P Qusss~ PiP2P3P, Qs 1o~ PP, Pl Qusss* PP, 0 Qs PP, P40, Qi
~P,P, 959, Qraso* P, AP, Qrso* P,020, Qg0+ P.02P, Qs 1~ P1oPP, Qi 1o~ P, 0, P58, Qs
+P,0,0, Q514 P,0,P4 9, Ques5~ P10, A58, Qs 16~ 1P, Quego~ G, Qs 10~ AuPy Qors* GP3P, Qe
+0,P59, Qo5 s Qigra* 0:P2 %, Qeoss+ U838, Qg * PP, Qiero + AP0, Qpero* U P2 P, Qs
~01P,P3P, Qrrio~ 0P, P5d, Qry 1t 6,P, 45 Quesa~ A1P, P4 A, Qi s~ 8 P, a0, Qs a6 6, P, Qi
+0,050, Qa0+ 0GP, Qa9 P3P, Qs -, P50, Qs 8,0, Qg 9,9, P, Qg5 6,1, G, Qs

it P % P PP PO G 4P G J’%(NZ’M)[ P, G
A 1’BK1 1’BK2 1’BK3 1’BK4 1’BK5 1’BK6 1’BK7 1’BK8 A 1’BK9 1’BK10
i pa _ p3p4 _ p3q4 4 q3 i Q3p4 _ q3q4 _ p4p2 _ p2q4 _ p2p3
1-Bi1 1"Bkiz 1"Buiz 1"Bkus 1-Biis 1-Biis 1-BraBke 1-BuiBkio 1~ BBk
. p2p3p4 . p2p3q4 _ P,4; 4 p2q3p4 . pquq4 _ q,P, _ 9,9, _ q2p3
1-BuBkiz 1-BxiBkis 1-BuiBkis 1-BriBkis 1-BuiBkis 17 Bk2Bke 1~ Bk2Bkio 1~ Bk2Brka:
q2p3p4 . q2p3q4 _ qzq3 N q2q3p4 . q2q3q4 _ p4p1 _ p1q4 _ plp3

+1’BKzBK12 1-Bk2Briz 1-Bk2Bkis 1-Bk2Bkis 1-Bk2Bkis 1-BksBke 1-BksBkio 1~ BksBku

i plp3p4 i plp3q4 _ p1q3 . p1q3p4 . plq3q4 N p1p4 pz . p1p2q4 . p1p2 p3
1-BksBkiz 1-BksBriz 1-BksBris 1-BksBiis 17 BksBkis 17 BkaBke 1~ BkaBkio 1~ BksaBxaa

_ p1p2p3p4 _ plpZ p3q4 N p1p2q3 _ p1p2q3p4 _ p1p2q3q4 4 p1p4qz N p1q2q4 N pqu p3
1-BkaBkiz 1-BkaBris 1-BkaBkis 1-BkaBkis 1-BksBris 1-BksBke 1-BksBkio 1~ BksBkai
p1q2 p3p4 p1q2 p3q4 N p1q2q3 _ p1q2q3p4 plq2q3q4 _ p4q1 _ q1q4 q1p3

1 BksBkiz 17 BksBkis 1-BksBkis 17 BksBkis 1~ BksBkis 17 BksBko 1~ BksBkio 1 Bks Brka1

. q1p3p4 i q1p3q4 _ 9,9, N qlq3p4 N qlqan . 9,P,P, i 9,P,q, i q1p2p3
1-BkeBkiz 1-BkeBris 17 BksBkis 1-BkeBris 17 BkeBkis 1-Bk7Bke 1-Bk7Bkio 1~ Bk7Bku

q1p2p3p4 q1p2p3q4 4 q1p2q3 _ q1p2q3p4 q1p2q3q4 N qlpqu . qlqqu 4 q1q2p3

1o Bk7Bkiz 1-Bk7Bkis 1-Bk7Bkis 1-Bk7Bkis 1-Bk7Bkis 1~ BkeBke 1~ BksBkio 1~ BBk

_ q1q2p3p4 _ q1q2p3q4 . q1qu3 _ q1q2q3p4 _ q1q2q3q4
1-BksBkiz 1-BksBkis 1-BksBkis 1~ BksBris 1-BksBkis

(47)

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.

: ’ (48)
PKa = m and QKb,d - m

If g(t) = gy (D), F (1) = Fuck) (V)

EM=P,Ru+d,R 12+ PRz~ P1P,Ris~P1d,R 15+ G, Ris~P20,R 17~ %0, R 16+ PP, Ris+ 8, Ruso* PsR w1~ P3P, Rua~ P30, Russ
+0;Rua=Pal;Rus~ 039, Ruus~P2P,S,, o ~ P24, Suso~ P2PySuar* P2PgP,Susz * P,P3d,Siuss~ Po0sSusa* PoPa0:Suss
+P,030,S116-U2P4 S, - 029, Siz10- A2Py Stz Uo P3P, Siza2+ U, P30, Sizss~ 0,05 Srz0e* 0,40, Sizs+ A, 050, Sz
“P1P4S ;= P19, Sia10~ PiPSia1it P1P3P,Sis1z* P1P30,Sis1s~ Pi8sSissa* PiP4:Sis1s+ P,030,Sisss* P1PoP,S,
+P,P24,S110* PyP2P,S1a11~ PP, PP, Siasz~ PP, P30, Siazs* PyP,0sSieas~ PyP,Pa0,Siass~ PP, 0, Suass * PL,P,S,
+P,0,9,Sis10* P,d2P;Sis11~ P18, P3P, Sis12~ P, 0, P50, Sisss* .0, ;Sisae~ P,0,P4 0 Sis15~ P, 050, Sis16~G1P,S, o
~019,Si610~ 1P, Si621* d1P3P,Sie12+ A, P3d,Sie1~ 0, 05Si614* 0,049,165+ 0,039, Sie16+ G1P p4S|7,g +0,P,9,Si710
+0,P2P;Si711- H1P,P3P, Si7a2~ 4P, Psd, Siras* 0, P, 085S~ 4P, P40, S1mas~ GyP,Usd, Siras+ a9, S, (49)
+0,0,0,S610* 0,02P,Sie1~ 919, P3P, Sio12~ 6,0, P30, Sieas* 0,0, 05S 16~ 6,0, P4 0,105~ 6,0, 930, Siec)
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ET9=2p,R%+0,R% + PRS- PP,RE: - PyO,RE +0,R% - Po0,RE - 00, RS *plp,R %+ 0 Réo+ P,RE1- P3P, Réz~ Pad, R
+0,R AP0, R s~ 030, Ric~P2P,She~ P20, Sk~ PoP3Shus* P2P3P, Stz * P,P3U,Siiss~ PoUsSiiae * P, P40 Shis
+P,930,Shas~ U2P,Size~ U2, Si210-U2P,Stz1* U2 PP, Siz12+ 4,P30,Stzas~ 4,05S 206 + A, P40, 25+ 0,034, Stzs6
~P1P,Ste~ P10, Shs10~ P1P,Sia11* P1P3P, Stz * PP, Siass~ Py0:Stase+ P,Pa 0, Sizas * P,Uad, Sizss * P,P2P,Sias
+P,P29,Sts10+ P,P2P,Siaar~ P1P2P3P, Siasz ~ PP, P3d, Stasa* PyP,0:S ke~ PP, P4, Stass~ P,P,U30, Sisas * P1d2P, Siss
+P,0,0,Sks10* P8P, Sisa1~ P19, P3P, Sis1o - P,0,P30,Siss+ P8, 05 Sis1~ P A, P40, Sisss - P,0,830,Sis16~ 01P, Sioe
=049, Sl10~ 01, Sls11+ UiP3P, Sis 12+ 0, P30, Sie15~ 0,05 S1616 + 6,P4 8 Sisas * 4,830, Sioss * GiP, P, St + 6,24, Si710
+0,P2P,St711- %P2 P3P, Str12 -0, P, P30, Siras* G, P, 45114~ G,P,P40,S1715~ A,P, 430, St7a6+ 819, P, Sies + 6,024, Sts0

pz + q2
1-By 1-Bp
p1 _ plpZ _ plqz + ql _ qlpz _ qlqz *L(szM) p4 + q4 + ps _ p3p4 _ p3q4 4 qs i q3p4
l’Bls 1’BM 1’Bls l’Bls 1’Bn 1’Bla }LZ 1’Blg 1’B|10 1’B|11 l’Buz 1’B|13 1’B|14 1’B|15
_ anA _ p4p2 _ szA _ pra N p2p3p4 4 p2p3q4 _ pzq3 4 quspA i p2q3q4 _ qu4 _ quA (50)
1-Bus 1-BuBiw 1-BuBuo 1-BuBui 1-BuBuz 1-BuBus 1-BuBus 1-BuBus 1-BuBue 1-Bi2Bie 1-Bi2Buo
q2p3 4 q2p3p4 . q2p3q4 q2q3 4 q2q3p4 . q2q3q4 p4p1 p1q4 plp3 . plp3p4 . p1p3q4

+0,0, paslz&ll_ 0,9, pgpASlzs,u -q.q, p3q45|28‘13+ q1q2q38|28,14_ q.q, p4qas|23,15 - q1q2q3q4slza,1e)) - %(Nz - M)[

+

71*B|ZB|11 1-BizBu2 1-Bi2Bus 1-Bi2Bus 1-Bi2Bus 1-Bi2Bus 1-BisBie 1-BisBuo 1-BisBui 1-BisBuz 1-BisBus
_ p1q3 i p1q3p4 . plq3q4 . p1p4p2 4 p1p2q4 . p1p2p3 _ p1p2p3p4 _ p1p2p3q4 . p1p2q3 _ p1p2q3p4 _ plp2q3q4
1-BisBus 1-BisBus 1-BisBus 1-BuBis 1-BuBuo 1-BuBui 1-BuBuz 1-BuBus 1-BuBus 1-BiuBus 1-BiBus
N P.P,49, N p,9,q, N p,d,P, B p,d,P,p, ~ p.9,pP.q, . P99, p.d,9,p, B p,d,49,9, P9 99, q,p,
1-BisBis 1-BisBuo 1-BisBui 1-BisBuz 1-BisBus 1-BisBua 1-BisBus 1-BisBus 1-BisBie 1-BisBuo 1-BisBma
. q1p3p4 N q1p3q4 _ q1q3 4 q1q3p4 . q1q3q4 . q1p4p2 4 q1p2q4 4 q1p2p3 _ q1p2p3p4 _ q1p2p3q4 4 q1p2q3
1-BigBuz 1-BisBus 1-BisBus 1-BiBus 1-BisBus 1-BizBie 1-Bi7Buo 1-BirBui 1-BirBuz 1-BiBus 1-BrBus
_ q1p2q3p4 _ q1p2q3qA 4 q1p4qz N q1q2q4 ¥ q1q2p3 _ q1q2p3p4 _ q1q2 p3q4 + q1q2q3 _ q1q2q3p4 _ q1q2q3q4
1-Bi7Bus 1-BirBus 1-BiBis 1-BigBuo 1-BigBui 1-BigBuz 1-BigBus 1-BigBus 1-BigBus 1-BisBus

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.
N N (51)

ands|p,d =

Rla=——>——— —
AT @ —8B12) A(L—BIbBId)

I1l. 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 (Y1, 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-I, it can be shown for the present model that

To(®) =g, ;O FO = 0 ®
E(M) = Ci5+P(Cis— Hise (52)
E(I_Z) = 2(C|23+ p(Clze_ H I23,6) (53)

where fora=1,2...6. b=1,2, 3 and d=4, 5, 6 C|5,Hp g are given by (16)

If = =

00 =0, 4 O-FO =F 4y ®
E(M = Lks*+P(lLke — Mks,e (54)
E(T?) = 2(L2K3 + p(L2K6 - M2K3,6)) (55)

where fora=1,2...6.b=1,2,3 and d=4, 5, 6 ks, MKp gare given by (20).
I 9(1) =g, 1 O FO =F 44y )
E(T) = Pys+P(Pre— Qs (56)

57)
2 1 1 o] 1 1 (
E(TZ) = 2(P2K3+ p(P2K67QK3|6))7F(N2 — M{(17 DK3J7F(N27 MI17 DKG — . DKSDKe]

where fora=1,2...6.b=1, 2, 3 and d=4, 5, 6 pKa, QK  are given by (24)
If g(t) = gy (1), F(t) = fugk) (t)

WWW.ijera.com 322|Page




P. Saranya et al Int. Journal of Engineering Research and Applications WWWw.ijera.com
ISSN : 2248-9622, Vol. 4, Issue 2( Version 1), February 2014, pp.315-330

E(T) = R|3+p(R|6_SI3,6) (58)

2y 2 2 o2z ) 1 2 1 ) 2 1 - 1
5 =2(Rl+ p(RY - ST~ =(N M{(lf D.J 2=(N M{lf 5. i D|3D.5D (59)
where fora=1,2...6.b=1,2,3 and d=4, 5, 6 R|,S|p,gare given by (26).
Case (ii): The distribution of optional and mandatory thresholds follow extended exponential distribution
LETORTsBNORICES NG

EM=4C;3-2C;-2Cig+*Ci1*+ p(4CI6 =2C112-2C13+ Cie16H 156 8H 15127 8H 13137 4H 1316 7 8Hi76 (60)
“4H712-4H 7157 2H768H 56~ 4His12-4H 813+ 2H 1816 - 4H116 = 2Hi112* 2Hi1s—H Ill,le)
E(TZ) = 2(4C|23’ ZC|27 - 2CI28+ C|211+ p(4C|26’ 2C|212’ 2C|213+ C/izle’16H|23,6+8H|23,12+8H|23,13’4H|23,16+8H|27,6 —4H|27,12 (61)

A 10t 2HE 10+ 8H s~ AH 10— AH 1 2H e~ 4H 10~ 2H w0 2H 1~ Hisnae)
where for a=3, 6,7,8,11,12, 13,16 ,b=3,7,8,11,and d=6,12,13,16 c|,,H|p g are given by (16)
It g(t) = g5 @) (1), F(t) =fu) (1)
E(M = 4L ks~ 2L k7~ 2Lks* Lias* PALks~ 2Lk1o~ 2Las+ Licis~16Miss +8Misio* 8Miaia~ 4Mis1s+8Mirs  (62)
~4M 712~ AM s+ 2Mirs *8Micss~ 4Mors~ 4Musis ™ 2Micars~ 4Mazo - 2Miaia* 2Miaszs~ Miaiao)
E(Tz) = 2(4Lf<3’ 2L2K7 - 2L2K8 + |-r2<11+ p(4|-f<e - 2L2K12’ 2|-2|<13Jr L2K16716L2K3,6 +8|—2K3,12+8Lr2<3‘1374LP2<3,16+8|—2K7,6
AL AL 2L s 8L s AL R AL k1 2L s AL Erns 2L Eusso 2L R Lssse) 63)
where for a=3, 6,7,8,11,12, 13,16 ,b=3,7,8,11,and d=6,12,13,16 |k,, MKb,dare given by (20).
It g(t) = Oty D FO=F 49 ®
E(M = 4P s~ 2Pk~ 2Pks+ Prar* PPKe ~ 2Pw1o~ 2Pras+ Pras16Q568Qys15 8Qus15~ Qo1+ 8Qxrs (64)
~4Qy71,-4Qu715* 2Qu76*8Qu55~4Qu510-4Qus15™ 2Qu616-4Qur16~ 2Quar12* 2Qus 115~ Qucrrne)

E(TZ) = 2(4P2K3_ 2Pf<7' 2Pf<s+ |:)|2<11+ p(4P2K6_2Pf<12_ 2Pf<13+ PZK15_16Q2KS‘6+8Q2Ka,12+8Q2K3,13_4Q2K3,16+8Q2K7‘674Q2K7‘12_4Q2K7,13+ 2Q2K7,16 (65)
4 2 2 1 J

1
+8Q2K5,674'Qzl<s,1z74Q2|<53‘13Jr 2Q|2<a‘1674Qf<11572Q2K1112+2Qf<11137Qf<1116j)7?(N27 M)[1_ Di; 1-Dxs 1-Dis 1 Dt

*%(NZ*M)[ 4 2 2 1 6 8 8 4,8 4
}\‘ 1‘DKe 1_DK12 1_DK13 1'DK16 1_DK3DK6 1_DK3DK12 1‘DKSDKiS 1_DK3DK16 1_DK7DK6 1_DK7DK12
4 “ 2 : 8 4 4 N 2 4 2 “ 2 1 J
1-D7Dkis 1-Dk7Dks 1-DksDks 1~DksDkiz 1-DksDkis 1-DksDwis 1-DkaiDks 1-DruiDxiz 1-DiaiDias 1~DkaiDras
where for a=3, 6,7,8,11,12, 13,16 ,b=3,7,8,11,and d=6,12,13,16 PKa,QKp,d are given by (24) .

If g(t) = gy ) (1), F(1) = fug) (t)
EM=4R5-2Ri7-2Ris*Ru1* p(4R 16~ 2R 1127 2R 113+ R116=16Si3,6 7 8Si312+ 851313 4S1316 " 8Si7.6 (66)

~4S,712=4S1713+ 25176+ 8Si8,6 ~4Si1812~ 4Sis13+ 2Si816~ ASin16~ 2Sn 112" 2SI11,13_SI11,16)
E(TH)= 2(4R|23’ 2R|27 ’ZRlzaJr |'-\>|211Jr p(4Rlzﬁ’ 2Rlzlz’ 2R|213+ Rfl6716slza,6+88I23,12+8SI23,1374SI23,16+8SI27,6_4SI27‘1274SI27‘13+ 2SI27,16+8SI28,6

1 4 2 2 1 4 2
’45|28,12’4S|28,13+ 25I28‘1674SI21L57 25|21L12+ 23%1113’S|21L16))’E (N*- M)[L D: Dy -Dg T DIHJ*%(NZ* M)[l— Di D

A
2 } 1 16 , 8 . 8 4 N 8 4 _ 4 . 2 } 8
1-Dus 1-Dus 1-DisDis 1-DisDuz 1-DisDus 1-DisDus 1-DizDis 1-DizDuz 1-DizDus 1-DizDis 1-DigDie
4 4 2 4 2 2 1
71_DIBDI12 1-DigDus 1'DlaDueil'Dlee 1-Du1Dn2 1-DuiDuns 1_DI11DI16} (67)
where for a=3, 6,7,8,11,12, 13,16 ,b=3,7,8,11,and d=6,12,13,16 Rj,,s)p,gare given by (26).
Case (iii): The distributions of optional and mandatory thresholds possess SCBZ property.
If — —
ORIV INGRIOES G
(68)

EM =p;P,Cia+P19,Cis+P2A,Ci7+d19,Cis+P(P3P,Ciz+ P3A,Cist+P49;Cius+d3d,Cuse
-P.P, p3p4 Hia12=P,P.P3A,His13- PP, A3P,, Hia15— P, P, A3, His16— p1q2p3p4H 1512
—P,A,P39,His15~P,d,P4A,Hi525— P, 0,939, His16~ 91P2 P3P, Hiz12- A, P, P3A ,H 745
—0,P,P4A;H 715~ A, P,A39, Hi726 = 9195P5P , His12- 9,0, P39, His1a-9,9,P4d;Hie15-0,9,959, H |8,16J
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E(T?) = 2(p,P,Cli+ P,0,Cls + P20,Cl + 0,0, Cha+ P P3P, Chio+ P30, Chis+ P48, Chs+ A9, Chis
~P1P,P5P, His2~ P,P, P30, Hisas~ P,P, P40, Hisss~ PP, 039, Hisss~ P1d,P5P, His 2
~P,0,P30, Hisia~ P,0, P40, His1s~ P,0,030, His16~ G1P2 P3P, HE 12~ 0P, P30, Hiraa—0,P, P40, H s
~0,P, 050, Hir a6~ 01,P5P, Hisso - 0,0,P50, His 1o+ 0,0,0, Hisaa~ 0,0, P4 0, His s~ 0,0,050, Hisss)) (69)
where for a=4,5,7,8, 12, 13,15,16 ,b=4,5,7,8 and d=12, 13,15,16. c4,H|p qare given by (39) .
It g(t) = gx @) (D, F(t) =fuq) (V)
E(M =Py, Lica P10, Lis* P2, Lir + 8y0, Lics * PP3P, Liciz+ P30, Lias+PalyLics+ A0, Licss
~P1P,P4P, Micssz~ P1P,P30, Micas~ P,P, 03P, Miass~ PyP,d30, Miass~ P18, P3P, Mics 12
~P,0,P39, Mksis~P,0,P49,Mks15~P,d,939, Mis s~ 0P, P3P, M1z~ 03P, P30, Mi7as
~0,P,P48, M5~ 0, P,d30, Micras~ 819, P3P, Mis12~ 0,0, P30, Mics1~ 0,0,P4 8, Micss - 6,0,059, Micais)
BT =2( PP, Lia* P10, Lis* P20, L+ 030, Lo+ P P3P, Lo P, Lias+ P40 Lis* A0, Lis - PrP,PoP, Miaso
~P,P,P308,M&asa~P,P, P40, Mia1s~P,P,038, Mica1s~ P1d5P3P, Mis12~ P,0, P30, Ms1s~ P, d,P40, Mis s
~P,9,039, Mis1s~01P2 P3P, Mkra2~ 0, P, P30, Mkras~ G, P, P48, Mir1s~ G,P, 850, Miza6~ 01, PP, Mies
~0,0,P30, Ma.2+ 0,0,0, Miee 0,0, P40 Misss~ 0,0,050, Mieas)| (71)
where for a=4,5,7,8, 12, 13,15,16 ,b=4,5,7,8 and d=12, 13,15,16. ks, Mkn,qdare given by (44).
It g(t) = gx k) (), F(t) =fuk)(t)
E(T) = PyP, Pra+ Pyd,Prs+ P20, i+ 0i0,Prs* PO3P, Pusz+ Podl, Prast P40, Pras+ Usd, Ps
~P1P2P4P, Qysro~PiP,P3A, Quss PiP,A3P, Quars~PyP,03d, Quazs~ P1d2P5P, Qusyo
~P,9,P39, Qxs 15~ P,d,P48,Qus 15~ P10, 30, Qus6~ %P2 P3P, Qrr 1o~ U1P, P30, Qur 1
~0,P,P48,Qucr15~ P, 05, Qucr 16~ B2 P5P, Qucpro~ ,,P50, Qucors~ 0, 8,P 8, Qucprs— 8,050, Qe (72)
E(T)=2(,P,Pa+ Py, Pks + Po0,Pkr + 030, Phs P PsP, Pioz * P, Phust P40, Pias+ d3d, Pras ~ PrPoPP, Qlss
~P,P,P3d, Quass~PiP,P4d, Quass~ PP, 88, Quars ~ P18,P3P, Qi o~ P, P30, Ques 13~ o0, P40, Qicsss

B p1q2q3q4Q2K5,167 qlpz p3p4Q»2<7,127 a.p, p3q4Q2K7,137 q.p, p4q3Q2K7,157 q1p2q3q4Q2K7,167 qlqz p3p4Q»2<s,1z
p.pP P9 q,p
-0,4, p3q4Q2K8,13+ q1q2q3Q2K8,14_ q,d, p4q3Q2K8,15_ q1q2q3q4Q2K8,16)] _%(Nz - M)[lfb; ' 1’1D|is = b»zu

+ qlq? *i(NZ*M) p3p4 4 p3q4 N q3p4 i q3q4 p1p2p3p4 p1p2p3q4 _ p1p2q3p4
1-Dks 7\,2 1-Dkiz 1-Diis 1-Diis 1-Dkis 1-DkaDriz 1-DkaDias 1~ DxkaDias

PiP29.9, P.A2PP, P.92P.4, P.9:9,P, P.9.4,9, 9P.P,P, G,P2P.0,

(70)

- 1- DK4 DK16 1- DKS DK12 1- DKS DK13 1- DKS DK15 1- DKS DKlG 1- DK7 DK12 1- DK7 DK13
q1p2q3p4 q1p2q3q4 q1q2p3p4 q1q2p3q4 q1q2q3p4 q1q2q3q4 ]

. _ . _ ) ) (73)
1-Dk7Dkis 1-Dk7Dkis 1~ DksDkiz 1~ DkeDkizs 1~ DkeDkis 1~ DksDras

where for a=4,5,7,8, 12, 13,15,16 ,b=4,5,7,8 and d=12, 13,15,16. PKa,QKp,dare given by (48).

If 9(t) = 9x () (1), F(t) = fu(k) (1)

EM=PP,Ri4+P1d,Ris+ P20, R 17+ 010, Ris+P(P3P, Rz P30, Rius+ P40, R 15+ d3d, Rue
~P1P;P3P, Si412-P, P, P39, S1415~ P, P, A3P, Sia15~ P P, 39, Sia16~ P19 P3P, Sis. 12
~P,9,P39,Si513P,4,P49;Si525~ P, 4,939, Sis16~ AP P3P, Si712- 0, P, P39, Si745
~0,P,P48,Si715- 0; P, 459, Sir16~ 40205, Siaro~ 6,0, Psd, Sisrs~ 6,6, P40, Sisas 0, A0, S (74)

WWW.ijera.com 324|Page



P. Saranya et al Int. Journal of Engineering Research and Applications WWWw.ijera.com
ISSN : 2248-9622, Vol. 4, Issue 2( Version 1), February 2014, pp.315-330

E(T2)=2[p1p2R|24+p1q2R|25+p2q1R|27+qlq2R|23+p(p3p4R|212+p3q4R|213+p4q3R|215+Q3q4R|216_p1p2p3p45|24,12_p1p2p3q45|24.13
~PP,P4U,Se1s~ P,P, U39, Stes6~ PLd2P5P, Sisiz~ PG, P30, Sisaa~ P18, P40, Sisas~ P,d,930,Sisas ~ 1P, P3P, Stz
~0,P,P30,St 15~ 0, P,P4 .S~ 0, P, A0, Si7a6~ A19, P3P, Sto12~ 6,0, P30, Sig1s* 6,0,05S1014~ 6,0, P4 U, Sioas

plpZ plqz q1p2 qlqufﬁ(qu\A{ PP, N P4, 4 9P, n 9,9,

+ + +
1-Dis 1-Dis 1-Diy 1-Dug 1-Du2 1-Dus 1-Dus 1-Dus

CPPoPP. PPoPA. PPoOP. PiPO . PoPP. POoP,d. POo0,P,  Pi50,0,
liDMDIlZ 17DI1‘1DI13 liDI4D15 17DI4DI16 1- DI5DI12 17DI5DI13 1- DI5DI15 liDISDIlE

,PP,P. GPoP.G,  O,P,4,P. G,Po0.0, G,2P,P. G,0,P.4, 9,9,9,P, 0,9,9,9, (75)
1-DiyDu2 1-DiyDus 1-Di7Dus 1-Di7Due 1-DigDua 1-DigDus 1-DigDus 1~ DigDus

fq1q2q3q4sfa,1e))f%<szM)[

where for a=4,5,7,8, 12, 13,15,16 ,b=4,5,7,8 and d=12, 13,15,16. R|4,5)p gare given by (51).

1V. MODEL DESCRIPTION AND ANALYSIS OF MODEL-I11
For this model, the optional and mandatory thresholds for the loss of man-hours in the organization are
taken as Y=Y1+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): The distributions of optional and mandatory thresholds follow exponential distribution.
If g(t) = gy () (1), (1) = fuq) (V)

EM=A,C,-ACu+ p(As Cis—AsCiu—AlAHa+ Ao AsH e+ AtAsHis— A AsH |2.5) (76)
BT -2A,Cr" - ACH *PlACl- AuCis’ - AAH LS + A AcHiLa'* AAsH1s - A AsHizs” a7
where
_ [SH _ (S _ (0. %] _ (0.5%
A1791792’A2 91792’A4 alfaz’As O~ L2

fora=1, 2, 4,5, b=1,2and d=4, 5C|a,HIb,d are given by equation (16).
T 90 =0,y O FO =F iy

EM=AzLk-AiLiat p(As Lks—As LKA*A1A4MK1,4+A2A4MK1,4+A1A5MK1,5*A2A5MK2,5) (78)
2 2 2 2 2 2 2 2 79
E(Tz):z(AzLKZ -AiLk1 +p(A5LK5_A4LK4 -AlAsMk1a *AAiMk1a + AlAsMkas - A AsMkas )) ( )
where for a=1, 2, 4, 5, b=1,2and d=4, 5 | k,,Mkp ¢ are given by (20).
It g(t) = gx (k) (1), F(t) = fug)(t)
EM = AzPkz~ APt p(ASPKS_AAPK4_A1A4QK1,4+A2A4QK1,4+AlASQKl,S_AZASQKZ,S) (80)
E(Tz):Z(AZPK227A1PK12+p(A5Pf<57A4PK427A1A4QK1,42+A2A4QK142+A1A5QK1,527A2A5QK2,52D7%(N27M)[ 7A2 *#J
s 1-Dk2 1-Du
’ﬁ(NZ’M)[ As A4 A1A4 . A2A4 + A1A5 A2A5
)\,2 1-Dks 1-Dks 1-DuiDks 1-DriDks 1-DiiDks 1-Dk2Dks (81)
where for a=1, 2, 4, 5, b=1,2and d=4, 5 pk,,Qkp g are given by (24) .
If g(t) = gy (0. F(t) =fu) (1)
82
E(M= A2 RI2_A1 RI1+ p(As R |5_A4 R|4_A1A4S|1,4+A2A4S|1,4+A1A\=>S|1,5_A2A58|2,5) ( )
ETH=2AR 12 -ARK + P(As R&-AsR 14 - A1A4S|1,42 + A, A43|1,42 + A1A53|1,52 -A; A53|2,52D
*L(NZ*M){ A A ]*L(NZ*M)[ As A AIA, . AA, . AA  AA
)Lz 1-Dy; 1-Du }\,2 1-Dis 1-Dis 1-DuDi 1-DuDis 1-DuDis 1-Di2Dis (83)

where for a=1, 2, 4, 5, b=1,2and d=4, 5 r|,S|p,gare given by (27).

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

Taw =g, O FO=F,u®

EM=5Cy-$Ci*S;C12=SeCo* p(sscm’secuzl*& Cis=SsCis~SiSsHuwa *S156H|114’8157 H|15+SLSSHI1,15+SZSS H|9‘4’8256H|g,14
+$,57 H|g,5 ~S:SeHi915~SsSsHia 7 S5S6 H 1214~ S:S7H 12s™ SeSsHi215 7 SeSsH 1420~ S4Se H o4t SiS7H 1105 -S:S:H |10,15) (84)
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E(T)= 2(31012’52C|92*33C|22’54C|102*p[35C|42’SeC|142*S7C|52’58C|52’5135HILAZ*SlseH|L142’3137H|L52*3138H|1,152*Sz55 H|9,42
-S,S6H |9,142 +5,57H |9‘52‘5238H |9,152‘3355 H I2‘42+5336H |2,142‘5337H |2,52+5338H |2152+54Ss Higso -S:SsH |10,142+5437H |10,52‘5458H |10152D (85)

Where for a=1, 2, 4, 5, 9,10,14,15 b=1, 2,9,10 and d=4, 5, 14, 15. c4,Hp g are given by (15)

S - 403 s - o> S.- 407 s, - or (86)
6.-62.06,-20,)" 2 6,-6.X26,-06,) 6.-6./206,-0.)>* (6,-0.)0,.—26.)
2 2

Ss

_ 40l S.— (o) S, - 4ot S.— ou
(0.1 - OL2X0L1 - Zaz) e ((11 - (X,zxz(xl - (X,z) (ocl - azxzal - 0(,2) ' ((X,J_ - azxal - 2(12)

If gqt) = gx(k) O.FO =f iy ®

EM=5Lki~S:Lke*SsLk2=Salkio* p(Ss Lia=SsLkia+SrLks~Sslis = SiSsMkia*$:Se MK1,14
-SS/M kst SiSsMki115+S2SsMko,s —S2S6 M K9|14+SZS7 M K9.5 =SS5 Mko15~SsSsMk2,4+S3Se M K214
-5;5;M K2.5 +S3SsMi215+ SaSsMiai0—-SsSeM K10.14+S4S7 M K10,5 -S4:SsM K10‘15) (87)

ET =28, Lk’ SoLko +SsLkz -S4 LK102+F’(55 Lia ~SsLie *StLis ~Ss LK152*5155MKL42+3136MK1,142
-§S$M K1,52 +5,SM K1,152 +8,5Miga ~S,SsM K9,142+SZS7 M K9,52 -S,5M +<9,152 ~$:S:Mkza +$:SsM |<2,142
“5:51Mias 8,55 Miass S8 Mkaso' ~SiSsMicaoss it Micaas ~S:SsMicaos |

where for a=1, 2,4,5,9,10,14,15 b=1,2,9,10 and d=4,5,14,15 |_k, MK ¢ are given by (20).

T 90 =0, 1 O FO =F 4 ®

E(M =S,Pii~S2Pro* SsPiz =S4 Prcao PISs Prca=Se Prcaa*S7 Pics ~So Pres = 5155 Qs+ S1S6 Qs
-S,S57Qu15S1Ss Quizs ™ S2Ss Qo s ~S2S6Q0ke14™ 5257 Quos ~S2Ss Quors S Ss Quza + SsS6 Q214
~5:57Qun5" 585 Quens 5155 Queaso~S456Queaone* 5157 Querns ~S1Ss Quetons) (89)

E(T") =25, Py’ - S2Pko *SaPrz ~SiPkao +P(SsPka’ ~SePraa’ +S1Pis ~SePras - $:SsQura +$:S6Qkara.
-5,.57Qxis +5:5eQua1s +S:SsQkos ~S:S6Quor4 +5:57Quos ~S:S8Qko1s ~5:95Quzs +S:SsQuzna

(88)

’Sas7QK2,52+S3SSQK2,152+S4SSQK4,1027S4SGQK10,142+S4S7QK10,52’S4SSQK10,152D7%(N27 M)[uSlDKl -
Sz 4 Sg _ 84 ]_L(Nz_ M)[ 85 _ Se 4 S7 _ Ss _ S[]_Sg, . SJ_SG

lfDKg 1’DK2 17DK10 2 1- DKA 1- DK14 l’DKS l*DKls 1- DK1DK4 1- DKlDK14

_ SlS7 4 SEI.SB 4 SZSs _ SZSS n SZS7 _ SZSa _ S355 . S3SG
1-Dk1Dys 1-DkiDyss 1-DkoDys 1-DkoDyys 1-DksDys 1-DkoDyys 1-Dk2Dys 1~Dk2Dys

B S3S7 . S3SB . 5455 B S4SG . S4S7 B 5488 j (90)
1-Dk2Dys 1-Dk2Dys 1-Dk10Dyxs 1~ Dk10Dyis 1~ Dk10Dys 1~ Dk10Dyys

where for a=1, 2,4,5,9,10,14,15 b=1,2,9,10 and d=4,5,14,15 PKa,QKp,d are given by (24) .

If g(t) = 9y (1), F (1) = fuqe) (1)
EM=S R1-S:Ri1s+*S:R12-SsRu1o+ p(ss Ri41-SeR14a+S7Ri5—Sg R|5_81855|1.4+81868|1‘14
~S,1S7S,5* $1SeSuis+ S2S5Si04 — S2S6S 1014+ S2S7S165~ S2SeSi0a5— S:SsSiz2.4 + S:S6S12.14
~ 5357155+ S:SeSi215+ SaSsSian0~ SsS6Smors + S5S57Sm0s ~ SaSsSuoas) (91)

ETM)=28,R1°~S:R10°+SsR12° - SsRuo + p(SsR 14 ~SeRna +S;Ri5 ~SsRis *31555|1,42 +S1SGS|1,142
2 2 2 2 2 2 2 2
~S$,S7S15 +S1S8Si15 +S:SsS10.4 ~S:S6S1914 +S:S7S195 ~S2S8S1015 ~SeSsSi2.4 +S:S6S1214

- 3337S|2,52 + S3SSSI2,152 + S455S|4,102 —3456S|10,142 + 5457S|10,52 - S4SBS|10,152D - %(Nz - M)[l,sf)u

S . S S }%(szw[ Ss S, S S SS . SSs
1-Dy 1-Diz 1-Duo) A 1-Dis 1-Dus 1-Dis 1-Dus 17DI1D|4 1*l:)llDu_a

. SS . SiS, N S2Ss SeS . S2S, SSy SsS N SsSe
1-DinDys 1-DuDys 1-DiD,, 1-DigD,, 1-DiDs 1-DigDy,s 1-Di2D,, 1-Di2Dy,

_ S3S7 4 SSSB 4 S485 _ S4Se + S4S7 _ S4SS J (92)
1-DizDs 1-Di2Dyys 1-DnoDys 1-DuoDy, 1-DuoDys 1-DnoDys

where for a=1, 2,4,5,9,10,14,15 b=1,2,9,10 and d=4,5,14,15 Ry,,sp,gare given by (27).

Case (iii):The distributions of optional and the mandatory thresholds possess SCBZ property.
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T o) = g @ ®. f(t) = f wo ®
EM= 1= R5+R Cle R7+R5$C|2+p(((R9+R10))C|9 +R14 110
- Rn"' R12 |11 15 16 114 (R1 R X(R9+R10 Hyo+ 1?*' R14/H 10 6

-Ris*R |114 9+R1)H|29 Ri1st R1aH 2107 \R11+* Riz/H 21

I 117 Ri2/Hua1
E 2? JgRler RlﬁﬁH'Zvl“)
-\Rs* R4 R1 13,9 " \R13* R143H|31o 117 Ry H|3,11’(Rls+ Ris H|3,14>Jr Rs+Rs R9+R10)HI6,9
+R1s+ R1/H 610~ 11+ Ri2/Hie11~ (R15+R16 HI6.14j)

(93)
EM=-2(R,+*R)C1H - (R:+*R.JC1z ~(Rs+ Re)Cis” + (R7 + Re)C 12 +p((Rg+Rm)c.g

+(R1s*+ R14Ci10 — (Ri1+ R12)Ciaa” — (R15+ Rls)c.m ~(Ri+RMRs+ RioH L9
2 2
s+ RidHI10 ~(Ru+RiJH |111 -(Ris+ RigH 1114 ]— (R, +RalRo+ RiH 12,9

+ (R,
+(Ris+ RiH 12 10 -(Ri1+ Ri2H 12, 11 - (Ris+ RieH 1214 j (Rs+ RRs + RioH |3,92
+(Ris+ R1s)H |3,1o ~(Ru1+ Ri2JH |3,11 ~(Ris+ RieH 1314 J +(Rs+ RlRo+ R10H |6,92
+(Ris+ R1H |6,1o2 - (Ri1+ R12JH |6,112 - (Ris+ RieH |6,142DJ (94)
where for a=1, 2, 3,6,9,10,11,14 b=1, 2,3,6and d=9,10,11,14. c|4,H|p gare given by (39).
Borwop, _ _ map, . 5.+ 1, )p,p, R PO BorpJap, om0,

) ? o2t lJ'l ”2 : ln17527“2)’ (8}78#“1*”2)' ! (61*1']24411) o (1’]1*62*112)’ ° (nlfnZ)
Oty plqz _n4a.49, Rg (63 U, p3p4 R o= )
1

n3q3p4 _ (84+M4p3p4 R _ T]4p3q4
Ry %81 Mo Ra~ Ui nz (3 5" Tls S84~ “4) " (6376444137“4)’ 1 (83*1”]444/13)
. =63+u3)0| P X KPR PR X iR _M,9:9,
1 (63—n4+u3) S TR A YEF VT L

P o =0,4,®FO=F,5®
EM=(R;+R>) KI(R§+R4)LK3 (R5+R6)LKGX (R7+RB) LKzer R9+R10)LK9

(95)

+R14
“R11+Ri2ll ki~ 5+ Ruie/| k14 R9+R1 Mo+ \R1s R14 Mki10 ](Rll 15
—\R15" R1s/Mki14 *(1 7+ ReRo+ R )MKZQ Ri3+*R14/Mk210— (Rn*R \Y, P R15+ R1])M|<214)
“IRs+Ra4 R9+R103MK3.9+ 13+ R142MK3.107 117 R12/Mks11-\R15+ Ris MK3.14))
+Rs5+R6sMRe*+ R10/Mkso+ \R15+ R14/Mke10~\R11+ R12/Mke11~\R1s+ Rie MK6,14)

E(Tz) = 2((Rfr Rz)LK;LZ’(RsJr RA)LKsz’(RsJr RG)L§<62+ (R7 + RB)LKZZXP((RQJr F\)m)LKgZ*(szJr RM)LKIOZ’(RZHJr Rlz)LKllz
2
’(Rls*' RlG)LK14 - (R1+ RzX(Rg*’ RlO)M K19 * (Rls+ RM)M K1,10 ’(Ru*’ R12)M K111 ~ (R15+ RIG)M K114 )

-R7*RellRs+R1oM K2,92 +(Ris+RwM K2,102 -(Ru+RiM K2,112 ~(Ris+RigM K2,142]
(R + R4X Ro+ RlO)M K3,92 + (RlaJr R14)M K3,102 - (Rn* RlZ)M K?»,ll2 - (Rls+ RlG)M K3,l42) (97)
+(Rs*RelRs + RioIM |<6,92 +(Ris* RwM |<6,102 -(Ri+RiIM |<6,112 ~(Rus+RigM K6,142D]

(96)

where for a=1, 2, 3,6,9,10,11,14 b=1, 2,3,6and d=9,10,11,14 | i, Mkp, g are given by (44).
g(t) = gx k) (O, F(t) = fuc) ()

EM =(R,+R,)Pu—(R3+ Ra)Prz—(Rs+ Re)Prsr (R7+R PK2+D£(R9+R10;PK9 s+ R1JP KlO

R11+ RlZ)PKll les‘*' RlszKm (R1+ RzX(Rg‘*’ Rio QKlg Ri3tR14 QK]_lO (1 117 Rz QKlll

(ng—,+ Rlepm“) R7+R8X(R9+R10)QK29 (R13+ R14)QK210 (R11+ RlZ)QK211 (Rls+ Rlepsz)

(R3+ R4X(Rg+ RlO)Qngg (R13+ R14)QK3,10 (Rn"' RlZ)QK3I11 (R15+ Rleng,MJ

+ (Rs"' ReX(Rg + Rlo)QKs,g"' (R13+ R14)QK6 10_(R11+ RlZ)QKe 11_(R15+ RlepKe 14)] (98)

ET)=2(Ri*RoPra’~Ra* RoPa = (Rs RolPis + (Rr*RolPicy +#Ro + RuolPics. + Rus* RudPrao’

~(Ru*RiPi1s’ - (Ris* RigPris - (Ri#R X(Rg"’Rlo)QKlQ R+ R14)QK110 (R11+R12)QK1112

Rus* RioQu114 J (R7+RBX(R9+R10)QK2,9 +(R13+R14)Q|<2,10 ~Ru Rlz)QKZ,ll (R15+R16X-\)K2,142J (99)

-
-Rs+*RJMRs+ R10)QK3,92 +(Rys* R14)QK3,102 -(Ru R12)QK3,112 -(Rys+ RlepK3,1422 +(Rs+RellRo+ Rlo)QK6,92
+ (R1a+ R14)QK6 10 (Ru* RIZ)QK6,112 ‘(R15+ Rle)QKG,Mz) ‘%(NZ_ M{(R1+ RZ)_ R3+ RA)‘ (R5+ RG)* (R7+ Ra)

A 1-By 1-By 1-Bss 1-B:2
,L(Nz M{(R9+R1o) (R13+ R14)7(R11+ R12)7(R15+R1€)*(R +R (R9+R10) (R13+Rl‘j (R11+ Rlz)f(R“"JrRlG
A 1-B 1- - 1- 1 1-ByBy = BuBuo

19 110 1-Bu B 1-BuBu: 1-BuBus
’(R +R {(RWRw) (R13+R14)7(R11+ Rlz)i(R15+R16)J7(R +R { R9+R1o) (Rls+ Rla)i(Ru*' R1z>7(R15*R16)]
4 1-Bi2Bis 1-Bi2Buo 1-Bi2Bur 1-Bi2Bus s

1-BisBis 1 BisBuo 1-BisBu: 1-BisBus
*(R ‘R {(RN F\)lo)Jr (R13+ R14)7 (Ru* R12)7 (R15+ RIG)J
> T1-BiBi 1-BisBuo 1-BisBui 1-BisBus

where for a=1, 2, 3,6,9,10,11,14 b=1, 2,3,6and d=9,10,11,14 pya,Qkp, ¢ are given by (48).
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Ta® =0, ®FO=F,4,®

EM= (Rﬁ Rz)R n- (Rs+ R4)R 137 (Rs + Rs)R 6 (R? + RS)R it p((Rg + RlO)RIQ * (Rls+ R14)R 10~ (Rn* RlZ)R 1~ (R15Jr RlS)R 1na
- (R1+ RzX(Rg + Rm)su,g + (R13Jr Ru)su,lo’(Ru+ R12)S|1,11’ (R15+ R16)8|1,14)’ (R7 + RsX(Rg + R10)S|z,9 + (Rm* R14)S|2,1o
- (R11+ RlZ)SIZ,ll_ (R15+ Rle)slz,u)‘ (Rs + R4X(R9 + RlO)SIS.Q + (R13+ R14)S|3,10_ (Ru+ RlZ)SIS,ll_ (Rw+ RlBBIB,M)

+ (Rs + RGX(RQ + RlO)SIG,Q + (R13+ R14)S|s,10_ (RM+ RlZ)SIG,ll_ (R15+ RlGBIG,M)) (100)

2

ET)-2Ry* RJRu - Re* RIR1" - Rs*RalR 16 *R*RalRpp *#lRo* RuR *Rua* RudRng - (Rur* RiJRus’ i
2
—(R15+ RIE)R na - (R1+ RzX(Rg + Rm)SILQ + (R13+ R14)SI1,10 ’(Ru* Rlz)sll,ll - (R15+ RlGBIl,]A(j - (R7 + RsX(Rs + Rm)Slz,g

Ry Rm)slz,loz*(Ru+ R12)SI2,112 -(Rus R16)5|2,142)* (Rs* RalRo+ Rm)5|3,92+ Ris+ R14)S|3,1o2 (R R1z)3|3,112

- (R15+ R16B|3,142j + (Rs + ReX(Rg + Rm)slﬁ,gz + (Rm* R14)SI6,102 - (Rn* R12)SI6,11Z - (R15+ R15)5|e,142m 7%(N2 - MIM
(R3+R4) (Rs*Rs) (R7+Ra)]_l (Rg*Rm)Jr(RmJr R14)_(R11+ R1z)_(R15+R15)_( (Rg*Rlo) (Rufr R14)
(

(101)

1-Bu
2
Yy 1B e N MI "By 1Bu | 1Bu | L Bu N 1-BuBy 1-BuBu
_Rut R1z)7 (R15+ Rlﬁ)]i(R R { Ro+ Rw)Jr (R13+ R14)7 (R11+ R1z)7 (R15+ R16)]7(R ‘R {(Rg* R10)+ (Rm*’ R14)7 (Rn* R1z)
1-BuBui 1-BuBus ! N 1-Bi2Bis 1-Bi2Buo 1-Bi2Bui 1-Bi2Bus s ¢ 1-BisBis 1-BiBuo 1-BisBu:
_ (R154r Rm)]}_(R R {(Rg* Rm)+ (R13+ R14)_ (Ru"‘ R1z)_ (R15Jr R16)

1-BisBua ® T1-BisBis 1-BisBuo 1-BisBu: - BisBus

where for a=1, 2, 3,6,9,10,11,14 b=1, 2,3,6and d=9,10,11,14 Ry,,sp gare given by (51).

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) respectively by keeping o1 =0.4,052=0.6,a1=0.5,a2 =0.8,p =0.8.
8,=061,=031,=07.8,=041,=07,1,=04§;=081,=09,1,=058,=1n,=15u,=021=1
fixed and varying ¢, k one at a time and the results are tabulated below .

Table — I (Effect of ¢, k, [1 on performance measures)

c 1.5 15 1.5 0.5 1 15
MODEL-I k 1 2 3 2 2 2
A 1 1 1 1 1 1
n=1 E 6.9679 6.3557 6.1484 2.5225 4.4423 6.3557
=1 \ 25.6665 | 19.3505 17.3979 3.6283 9.9659 19.3505
=k E 6.9679 2.3650 1.3080 1.0798 1.7248 2.3650
Case (i) \ 25.6665 | 3.1717 1.0148 0.8753 1.8559 3.1717
n=1 E 6.9679 19.0671 33.8154 7.5676 13.3270 19.0671
r=k \ 25.6665 | 161.4276 | 488.6549 | 28.1272 | 81.0386 161.4276
=k E 6.9679 7.0959 7.1940 3.2394 5.1745 7.0959
\ 25.6665 | 24.4003 24.2223 6.6552 13.9834 24.4003
n=1 E 7.7324 7.0834 6.8728 2.7970 4.9371 7.0834
=1 \ 43.6104 | 36.0639 33.5832 5.7270 17.6908 36.0639
=k E 7.7324 3.5027 1.4977 1.2753 2.1966 3.5027
Case(ii) \ 43.6104 | 3.1907 1.4998 1.0853 2.3381 3.1907
n=1 E 7.7324 21.2503 37.7996 8.3909 14.8114 21.2503
r=k \ 43.6104 | 319.2949 | 998.6626 | 50.7338 | 156.1554 | 319.2949
=k E 7.7324 8.0163 8.2373 3.7368 5.8959 8.0163
\ 43.6104 | 38.4822 35.3702 7.2110 19.4178 38.4822
n=1 E 6.7761 6.1834 5.9831 2.4527 4.3208 6.1834
=1 \ 29.2323 | 23.1644 21.2936 3.9963 11.6062 23.1644
=k E 6.7761 2.2433 1.2782 1.0315 1.6384 2.2433
Caseiii) \ 29.2323 | 3.6124 1.1285 0.8973 2.0285 3.6124
n=1 E 6.7761 18.5503 32.9067 7.3582 12.9625 18.5503
r=k \ 29.2323 | 196.1130 | 608.2081 | 31.0609 | 87.1721 196.1130
=k E 6.7761 6.7298 7.0299 3.0944 4.9151 6.7298
\ 29.2323 | 28.0247 26.4670 6.0124 14.9796 28.0247
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c 1.5 1.5 1.5 0.5 1 1.5
MODEL-II k 1 2 3 2 2 2
A 1 1 1 1 1 1
n=1 E 3.0491 2.4841 2.2929 1.1966 1.8442 2.4841
=1 \Y 7.1810 4.4459 3.6707 1.1672 2.5502 4.4459
=k E 3.0491 1.0669 0.6046 0.6467 0.8546 1.0669
Case (i) \Y 7.1810 0.9564 0.3209 0.4026 0.6514 0.9564
n=1 E 3.0441 7.4522 12.6107 3.5897 5.5326 7.4522
r=k \Y 7.1810 40.0132 111.0337 | 10.5046 | 22.9520 | 40.0132
=k E 3.0441 3.2008 3.3253 1.9402 2.5638 3.2008
\Y 7.1810 6.4733 6.0806 2.3297 4.1530 6.4733
n=1 E 4.4497 3.8440 3.6369 1.6790 2.7663 3.8440
=1 \Y 10.6673 | 6.6718 5.4893 1.7016 3.8162 6.6718
=k E 4.4497 1.5259 0.8502 0.7959 1.1631 1.5259
Case(ii) \Y 10.6673 | 1.4048 0.4678 0.5362 0.9324 1.4048
n=1 E 4.4497 11.5320 | 20.0024 5.0370 8.2990 11.5320
r=k \Y 10.6673 | 52.3579 1442232 | 11.9566 | 28.8134 | 52.3579
=k E 4.4497 4.5776 4.6762 2.3877 3.4894 4.5776
\Y 10.6673 | 9.5917 9.0489 3.2339 6.0657 9.5917
n=1 E 2.9380 2.3862 2.1980 1.1588 1.7761 2.3862
=1 \Y 7.1321 4.5063 3.7663 1.1488 2.5532 4.5063
=k E 2.9380 1.0271 0.5761 0.6355 0.8291 1.0271
Caseiii) \Y 7.1321 0.9467 0.3126 0.3945 0.6393 0.9467
n=1 E 2.9380 7.1587 12.0889 3.4765 5.3284 7.1587
r=k \Y 7.1321 33.4547 94.9477 6.4008 17.4633 | 33.4547
=k E 2.9380 1.0271 0.5761 0.6355 0.8291 1.0271
\Y 7.1321 0.9467 0.3126 0.3945 0.6393 0.9467
c 1.5 15 1.5 0.5 1 15
MODEL-II k 1 2 3 2 2 2
A 1 1 1 1 1 1
n=1 E 8.7025 8.0800 7.8698 3.1046 5.5952 8.0800
=1 \Y 34.8211 | 26.8975 24.4103 4.8250 13.6770 26.8975
=k E 8.7025 2.9422 1.6226 1.2767 2.118 2.9422
Case (i) \Y 34.8211 | 4.2573 1.3523 1.0932 2.4337 4.2573
n=1 E 8.7025 24.2401 43.2829 9.3139 16.7855 24.2401
r=k \Y 34.8211 | 225.9177 | 691.1652 | 37.2158 | 111.9030 | 225.9177
=k E 8.7025 8.8266 8.9241 3.83 6.3355 8.8266
\Y 34.8211 | 32.4314 31.1711 7.2859 17.6793 32.4314
n=1 E 11.9437 | 11.2767 11.0507 4.1989 7.7414 11.2767
=1 \Y 44.2200 | 33.4379 30.0115 6.1929 17.2159 33.4379
=k E 11.9437 | 4.0179 2.2079 1.6500 2.8369 4.0179
Case(ii) \Y 44.2200 | 5.4334 1.7299 1.4021 3.1300 5.4334
n=1 E 11.9437 | 33.8301 60.7777 12.5968 | 23.2243 33.8301
r=k \Y 442200 | 278.3881 | 841.5110 | 47.3386 | 139.4601 | 278.3881
=k E 11.9437 | 12.0536 12.1431 4.95 8.5106 12.0536
\Y 44.2200 | 40.8646 39.0814 9.3189 22.4964 40.8646
n=1 E 8.4755 7.8757 7.6735 3.0222 5.4512 7.8757
=1 \Y 40.0820 | 32.4776 30.0962 5.3736 16.0863 32.4776
=k E 8.4755 2.8689 1.5833 1.2449 2.0589 2.8689
Case(iii) \Y 40.0820 | 4.8388 1.5246 1.1397 2.6751 4.8388
1=k n=1 E 8.4755 23.6271 42.2037 9.0665 16.3536 23.6271
\Y 40.0820 | 276.5466 | 864.3347 | 42.3183 | 133.8743 | 276.5466
n=k | E 8.4755 8.6067 8.7081 3.7341 6.1768 8.6067
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| | |V [40.0820 |[37.8112 [36.6164 |7.7674 [19.9579 | 37.8112

V1. 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.

It is observed that the mean time to recruitment decreases, with increase in k for the cases r=1,n=1 and
r=1 ,n=k but increases for the cases r=k,n=1 and r=k,n=k.

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

VII. CONCLUSION
Note that while the time to recruitment is postponed in model-I1l, the time to recruitment is advanced

in model-1 and Il .Therefore from the organization point of view, model 111 is more preferable.
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