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policy of recruitment by considering different fasnof the threshold for the loss of
manpower in the manpower system.
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1. Introduction

In any organization depletion of manpower occurs ttupolicy decisions (forming one
source) and due to transferring the personnel stersbrganizations (forming another
source). As immediate recruitment after depletibeach personal is not advisable due to
cost and time consumption, recruitment is postpdied point of time beyond which
normal activities cannot be continued due to slgertaf manpower. This level of
allowable manpower depletion is called thresholdnBovan et.al [6] have initiated the
study on recruitment problem for a single grade poarer system with two sources of
depletion and obtained the variance of time touietent using univariate CUM policy
of recruitment when the loss of man power in thgaaization due to the two sources of
depletion, inter-policy decision times, inter-tréersdecision times and threshold for the
loss of man power in the organization are independmd identically distributed
exponential random variables. Arivazhagan et.difdye determined the mean time to
recruitment for a single manpower system with poliecisions forming the only one
source of depletion when the threshold has thregpoaents namely normal threshold of
depletion of manpower, threshold of frequent brezflexisting workers and threshold of
backup or reservation of manpower sources. In0RJyya and Srinivasan have extended
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the work of Elangovan et.al [7] for a two grade paner system for different forms of
the thresholds for the cumulative loss of manpoiwethe organization when the inter-
policy decisions and inter-transfer decisions falra same ordinary renewal process.
In[3] Dhivya and Srinivasan have studied this peoblwhen the renewal processes are
different. In [4], Dhivya and Srinivasan have stdiitheir work in [2] when the policy
decisions are classified into two types accordmthe intensity of attrition. Later in [5]
Dhivya and Srinivasan have studied their work ih d2d [4] when threshold for the
cumulative loss of manpower has three componehis.objective of the present paper is
to study the problem of time to recruitment work[8 when the threshold has three
components.

2. Model description

Fori=1,2,3..., letf;;andX;; be the continuous random variables representa@ithount

of depletion of manpower(loss of man hours) in gead and B respectively caused due
to the I policy decision. It is assumed thgtandx;; are independent for each i and each
form a sequence of independent and identicallyridiged random variables with
distributionss, (. Jands; (. Jand probability density functiong, (. 1andg; L. Jrespectively.
Let X, andX;,, be the total depletion of manpower in the fifgt andm, policy
decisions in grades A and B respectively. For jL,2lety,;andy;; be the continuous
random variables representing the amount of dgpleif manpower in grades A and B
respectively caused due to tH2 fransfer decision. It is assumed thaand v, are
independent for each j and each form a sequencendsfpendent and identically
distributed random variables with probability déysifunctions k() and hz()
respectively. Le¥,, and¥;, be the total depletion of manpower in the firsandn,
transfer decisions in grades A and B respectivady.¥,, . be the cumulative depletion
of manpower in the organization due to the figtpolicy andn, transfer decisions in
grade A. Let?, . be the cumulative depletion of manpower in theanigation due to
the first m, policy andn, transfer decisions in grade B. For each i an#;j,
Xz, ¥y;andig;are statistically independent. L®(.Jbe the Laplace transforms af(.).

Let Z be the threshold level for the loss of mangoim the organization. Le&l;;be the
normal threshold of depletion of manpow&r,be the threshold of frequent breaks of
existing workers and .be the threshold of backup or reservation of mampmeurces
for grade A. LetZz; Zz,and Zzbe the normal threshold of depletion of manpower,
threshold of frequent breaks of existing workerd #meshold of backup or reservation of
manpower sources for grade B respectively.iiet be the probability density function
of Z respectively. Let the inter-policy decisiomés for grades A and B be independent
and identically distributed exponential random ahles with distributioF (.} and U(.),
probability density functiost.) and u(.) and meaﬁf—and— (441045 = 0) respectively .

Let the inter-transfer decision times for gradeamd B be independent and identically
distributed exponential random variables with dsttion W(.Jand V(.), probability
density functionw(.Jand v(.) and meaﬁ—and— (pz4.1425 = 0) respectively. It is

assumed that the two sources of depletlon are erdint. Lets,.(.)be the m-fold
convolution ofs(. ywith itself. The univariate CUM policy of recruitmeemployed in
this paper is stated as follows:
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Recruitment is done whenever the cumulative loss of man hoursin the organization
exceeds the threshold for the loss of man hoursin this organization

Let T be the random variable denoting the time g@oruitment with mean E(T) and
variance V(T). Letvz(TJbe the number of policy decisions required to makeguitment
at T andv, ... (T} be the number of transfer decisions required tkemmacruitment at T.
Let ¥y and ¥y__ - be the respective total loss of manpowerNuir) and
N:..ne. (T)decisions incurred by the organization during (0,T)

3. Main results

From renewal theory [7], the survivor function ofsT

P(T>t)

_ i § i § [[F__:'ic}—F_____,'ic}][ﬁ__:'ic}—U__:_,'ic}][tt’,__'ic}— u;___,u:c}][:a;::}—v,:_,u:c}]]

Pl . +F. ., <Z)

D gD D Ry (1)
where
P{}Zmi_ni + P‘r'r.:_r!: = Z} = Jﬂ: P{Emi_ni + P‘m:_r!: = z} k(=) (2)

We now obtain some performance measures relatéichéoto recruitment for different
forms of Z.
Case ()2 =min(Zyy + Zyy + Z43. Zgy + Zgs + Zp3).
SinceP(Z = z) ={P(Z, 4+ 24 + 243 = 2)P(Z5 + 25+ Z5; =2)1, from the hypothesis
and on simplification it can be shown that
k{z:] = CL{EAL + Eﬁl:]g—l:aﬂi+aa'ijx + E:{EA: + EB::]E—':FA:+93::'X+ E!{EA! + EBE:]E_I:EAE-'-EEEJX

_ f4{EA1 + EB::]E—[EA,_ +E|E|-::|2 L CE-{BAL L EB!:IQ—[EL“ +E|E|-3:|2

_ CE{EA: + EBL:]E—':EA: +8gy)z f;{EA: + EB!:]E_I:E‘“ +8gz)z

+ CB{EA! + EBI:]E—I:EAE +8gy)z CI;{EA! + EB::]Q—':EJ;I; +8g20z

3)
where C, =- Baz 9;13'?3: Bz €. =- Bay 9;13'?31 Bgz '
(Ba2—8a110823—0441(F5: —Fg4(F5: —F541"  ° (Ba2—841 0083304210852 —B5;1(F5: —Fg2]
_ 841642851852 .= 8437642851852
(843 —B842)(803—8,41)(Fgz—Bga) (Bgz—Bgy) % (80— 844 008,3—83,108g; g, (Bgz—Fga )
o =- _ Fazbastmifpz = - _ SaiasCsatEa
S T L T T T B - T N T N S [ - - S - -
o B.a1 642051 852 Ce= B.41 642052852

T T T - T - (842 —B22)(843 8,41 Bgs—Bgy MBgz —Bgy Y

.= B.a1 642651 f5z (4)
® T (812-817)1822 82471 Frr—Fre ) fma—Ban

From (1), (2) and (3) we get

FPiT=1t)= ClDE.{LﬂE:.I:r:I + C:‘Dﬂ‘{;ﬂgltﬂ + C!DE.{:.EE:I:ﬂ - 6499.{1,95*:'3:' + CE‘DE.{LEE:I:{:I - CE‘DE.{:,EE:.I:r:I

— C:Dg,.8,.(t) +CeDg, g, (t) —CsDg g, (1)
©)

whereD, g(t) = I3 —olFr, () — Fr, 21 (0] [Gale + 1™ X5 W5, (6 — W, 1(6)] [Rala + )l
T U, (8) = U s (0] (G5 + 1™ B2 [V, (8) = Vs ()] [Rs Ca + O]

(5) can be written agiT> £ =¥ _Fif (6)

whereP.(#) is the " term in the right side of (5),i= 1,2...,9.

On simplification, the first term of right side () is found to be
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Pllit]_c Dg, . () i
= 1= [1= Galfa + Ban)] T2, e, (G Ban t Ban)] ™ = [1= R8s + 85 )| I 0, W, (MRN8 + 800 T+
li GalBas +82)] T2 e B (G4 Ba + B )1 (1= BB + B )] T W (B + 8] )

= [L— §alBast 8] —-:L'—-Et-'[.ﬁﬂ:g.a:'l'ﬂn:.l = _[1__ 'Ig.a:""‘n:}] i Et-'[P' [EA:"'EMJ] :-J+
[1 Gr(8a0 )1 B el (O [l + Bl 2~ (9.-1:+EI:.I]E- i1, () [Rg (5.-1:+Eil.l] } @)
. [ 19 Hiaftpmy—i Ty THzaAlpmy—1 1g g PeEfpM2 L
Sincefy, (t) = == o n, (B = - ) Uy () = — and
B2 —HaglpRa—
N OES I.m_a e by hypothesis ,we find that

P, (t) = C,e” [t alt—Fatfas +fa1 )+ paalt-Fa(fas +8a1 )]+ iy 5lt - Fa(Bas + 81 1+ paglt—Ra(8ay +851 )]t (8)

Sincee(T™) = r [, t7"*P(T = t)dt.» = 1, from (6) ,(7) and (8) we get
E(T) =C,E

F F _ F F —{T.F
8.+ C2F6,, 80, + CaFa 0., — CuFp, 00+ OBy 8e, — Cofa e, — CrFa 40 8e;
+ CoFg, 0.~ CoFa, 0s. 9)
and
E(T7) = CE faufg + CE a2y +4 Eig.u-gzl —LE fa: gy + E"EE!A'.-BII — G Sazfps f-Eig_‘:_gn
G 525.4: L CET Saa gy (10)

(9) gives the mean time to recruitment and fromaf®J (10), the variance of the time to
recruitment can be computed for case (i), whigre= 1 to @ are given by (4).

From (6) we obtain the following additional resukated to time to recruitment:

. Hazard rate at time t

_ L P e P UL Pl . P L P LU i
- Coe~ Aty e B e T e Prip e g o Fr_p o Bt o-Ri_p Tt

. Probability that recruitment takes place in (t,tj+given that there is no recruitment in

[O t]_Plc{]" <t+de/T>6) =

= T e B i P e T il Nl P

Where i= m(l—gu':tu+9m"-+;~uii—gn'9a,+ 9;:"-+;~uf1 Ryt 9“"'+;~=,f1 — R8sy + 853))

sl = FalEaz + Sa2) )+ pirall — Fal8en + Eaad )+ pima (1 = Falfiag + Smd ) + traa (1 - Fal8ias + 822

Baall = T8zt 5aad) + taall = Falhant Grad) + tina (1= BalBazt 8a) )+ ttaa (1 — Fal8z + 822)

diaall = Fal8an 4 82)) 4+ (L = Falan 4 82)) 4 iz (1 = Balay + 52)) 4 tizg (1 — Bl + 5220

4l = Fal8as + Fa2)) + gl — Fal8an + S22} + za (1 — Falfian+ Smad) + piza (L — Falfias + 5220

Al = Falfiaz + 52} + paall — Falfat Saad )} + iz (1= Falfiant 52a)) + piza(L — FalBaz + 822))

Bas(l = Falaz + 52:7) + ool = Fal8az + 8a2)) + tza (L = Balfiz + 8a) ) + ttaa (1 = BarlBaz + 822))

dinall = G080 + 802)) + bing(L = Gl 5]+ e (1 = Balont ) o+ a1 - Falis + 8000)

= (L= FalBaat 620 el = B0 # 8 )} b (1 = Bl 4 8] hina (1 = a8 4 62 (1)

o G Te bi Dy oh b
1l 1 1 1 1 1 1
FOE

ey

. Average number of policy and transfer decisionsuireg to make recruitment at T

:':.“:.-1 ‘g st F*:n:'E':T:

. Average total loss of manpower duexar) andwy, ... (T decisions

= o B0 + w2 E( 5'.-1;.:' = LagE (Egg) + pygEC Ynle'E ()

Case (II)Z = max{z,u + Z,;z + Z_Igg; z.ﬁ'l + Z.EZ + 25-3].
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SinceP{Z: = z_]'= -[;'F'{Z}?1 +Z4 + 24 =2P(Z5 + 25+ 25 = 21, from the hypothesis
and on simplification it can be shown that
K(Z) = —Cy(Bqy + 8508 BaatBalico(g, 4. 00 Baatfal? _co(g . 4+ 8,00~ Baatialz
+ €48y + 5p)e G2 0 (g, 4 Bpy)e Bart Bz
+ CglBan+ Bz )e Bt L 0 (g 4 g, e~ BartEalz
— Colfs+ 54 )6 —[Baz+Felz ColBaz + B50)e —[Baz+8e2lz | [ 2
= C118426 —El‘{.;z + €164 + Copfpye ™07 — € 00007
whereC;,i =1,2,...,9, are given by (4).

c. = By .= By Bag col= L
ue ':ﬁ:z - E,u}':ﬁ:; - E.{i:'-l we ':E,{: - E,u}':e,{; _E,{z}-l = ':E,{; _ﬁ‘,{z}':ﬁ:; - ﬁ,{i}J
_ Sp1fEs _ 8E1 fEs _ Sg1 5
Cy=r————————— —=—— gl =

QTP T 1P P R - P- P - [#pr—F g2 {Fpa—FRy ]

Proceeding as in case (i), we get

E(T)=CipBs, —CaaEp,, + CoaBp,, +CuaEs, — CouEa +CogEay — CEg, o —CiEs g, —CaEg o +
CaFayony — Cabay, op, + Cofpgmg, T G Bay ay — Caiag o, +0o80,.0,

(12)
and
E(T™)= CypE gy —C1:E gr + CaaE gt CiaE gy —CoaE gy + CusE sy — CiF g p: — CeF sy 8m: — CeE 0,800 T
CLE* fa:8g2 — C,E 8xe 80 T2 £ a8 T C.E ET el £ sxusn: TG £ 943,803

(13)
While (12) gives the mean time to recruitment, fr{it@) and (13), the variance of the
time to recruitment can be computed for case (ii).

We now obtain the following additional results fthis case related to time to
recruitment:
Hazard rate at time t

o me R e P e g R

Probability that recruitment takes place in (t,tj+given that there is no recruitment in
[Ot]=pic < T <t +de/T = 6=

e PR

- ST e N B

Average residual time for recruitment given thatréhis no recruitment upto time t=
E(r-4/r>t)

] ] Y - =Lt o -W% - =R . Y R ) Y -] - =D - _— 13 -

Tz — Taz< Caac S - Cags muE Tac - T3c ~ma _aTas - as e P
A Fi £ ] £ F ]

T R -

k. tirgs

Y P Y

where ¢, 5.2 2687 are given by (11) and

.F = lis [1 -5 { s :|l:'I + lhag [1 - s { Fa ::' I + lizs ri - E.-: { a ::'} + lizg ri - En': Fa ::':‘
f= J*:.-:El - _l‘lr.-:':ﬁ'.-:::':: + P:n(l - Fal8ss) } + las [_1 - Falss ::'} + lizg [_1 —figl 9.-12:';‘
I = ipalt - gal8aad) + pag(t = Fal8as)) 4+ s (1 - Bal8a2)) 4 bize (1 - g l8:))
= a1 - 5208020} + aall — FalEaad )+ piza (1 — Fal6mad) + praa (1 - Fglogad)

= J-'-:l.-:[l = g.-:l:?nzj] + J-'-u[l = gnl:?nz:l] + Lz rl = E.-:I:?nzjjl + lizg rl = En I:?nzjjl
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B = paalt = Fa0520) + ol — Fal8a2)) + pizs (1 = FalSiyn) ) 4+ piza (1 — Fialses))
Average number of policy and transfer decisionsuiregl to make recruitment at
T=(s0a + ptag + piza + 2z P E(T)
Average total loss of manpower duexar) andur., ... (T decisions

= I..u:.-:EEX.-:S] +P:.—:E[.Y.-:,=.:'+PuEEXnJ +PuE(YnJ}.}E(r\J

Case (|||) Z = Z,u + z‘qz + Z,;; + Z.E'l + Z.EZ + 2-53.
In this case, it can be shown that
i) = Gy e — 0 Bope ™07 + O o0 + 0 By, 6 %™ — 00,67 %007 + O B, 6 Faa”

Where

Co= Sa2%2250 Sz faz [ = F152 2500 8 Bz
T I:i:z - 9;1:“:?;! - 9;91:“:3119_ g;;'ﬁ';?n: - 9;1:“:9n! - 5‘,:1:‘| T I:E;: - 9;1:“:9;! - 9;§jl:gn1; %:z:';?n: - 9;2:“:9]! - 9,::).
O =- i 4-11.4-1!]1 =2 .n: i [ =- i 4-11.4-1!4-1!]! .n: i
w '-9,::_9,:::“-?,::_9;15‘:“-59']1; %—.:jéﬂnz _9,:::“-9]:_9;::' o Gy _9;1:"-9]1 _9,::5‘:“-5;]1;9,?:“-;]: _911:“-9]:_9]1:'.
_ A1947%42 %81 7az _ R
50 = (Ges — 522 Bex — 652 Grs — 512)Grm — s Grm— Gn) = (e — 8] g — Gys) (en — B52) (Frm — Gre ) Grn — )
Proceeding as in case (i), we get
E(T)=CyEs, —CyrEs, + CuaBis, +Ciofs,, — CroFs,, +CruEs,, (14)
and
E(T%) = CueBls,, —CorBlap + CusEle, #C0iBls, —CaaElep + CauEleyy, (15)

In (9), (10), (12), (13), (14) and (18) ;, E., E*, ; andE?, are given below.
Exp = -

e all-gate+Bil+pa  -F e+ ml+py gll —Fgla+Hl+pa gl —Rgra+ 7]
1

F“' = iy alt—Faren] +ps  [1-F el + 0y H[j.—_;rglujmi+u; gli-Rgral
E: = T
xf [y alt—gare+mil+pg gt - qrm+Fl+ 0y gli- g o+ B+ 0o gli-Rgra +Hl]
- 1
andg?, =

T [paali-gatel+pgali—Faral+pysli—gatal+pasli-Reral]
While (14) gives the mean time to recruitment, fr(id) and (15), the variance of the
time to recruitment can be computed for case (iii).

We now obtain the following additional results telito time to recruitment.
Hazard rate at time:tclje‘-"—511§9‘5‘+51;i9‘1‘+Cn.ﬁe‘”‘—Cwﬁe‘-'“ﬂ:“ﬁ'e‘f“

Copf /i Cy e o Oy O oMo oo o e

Probability that recruitment takes place in (t,tj+given that there is no recruitment in
[Ot]=ric<T <t +de/T =)

P L SRS s SR T RS - R Y )
TusT 17e HEags

-LEy, - ~WTf W - = Ref

Eoa i = 11— Tl Cggs T\ T | eDgas 11—

C.eo —x_ Cagf g .2 Tey L. M f-_.q.g_"-:"'l' [ e

Average residual time for recruitment given tharénis no recruitment upto time t

- o o=l o =M I

Eage _ Ea3c Cage Caqs _E

-k [T _—i T t}: :J.r :';-‘—:. -:x';-‘:.:. -:'\1":-‘- :- :'“-‘I?:--.:;"‘""-:-Ii-r:-‘- :

wherej.#.i..7d are given by (24).

Average number of policy and transfer decisionsiireq to make recruitment at T
Satoa + g + pizs + i JE(T)

Average total loss of manpower duengT) andNy, ... (T decisions

= I..u:.-:EEX.-:S] +P:.—:E[.Y.-:,=.:'+PuEEXnJ +PuE(YnJ}.}E(r\J

Special Case:
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SUppOSE:,. &4 ¥ and ¥y, follow exponential distribution with parameters,. «,5. ;4 and
g respectlvely

In this caseg, (s) = -, g; (6) = i: ROES hg(e) = 25 (16)
Using (16) in (9), (10) (12) (13) (14) and (1@)3 get explicit form of the results for the
performance measures related to time to recruitment

4. Conclusion
The model discussed in this paper is found to beermealistic and new in the context of
considering three components for the breakdownshiwid. In the context, the model
developed in this paper can be utilized to plarefiequate provision of manpower in the
organization. The goodness of fit for the distribntassumed in this paper can be tested
by collecting relevant data. The results of thipgrawill be very useful in planning
recruitments in future for those marketing orgatiires with depletion of manpower due
to attrition.
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