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CHAPTER 2



REVIEW OF LITERATURE



Manpower has to be wisely exploited for the steadfast growth of an economy. This is the reason why there is Ministry Of Human Resources, the aim is to implement plans to utilize the human resources available through out



the



country for their growth and country’s Development. This is given as much an importance as any other discipline as economics, psychology, law and public administration, industrial relations, computer science and operations research. All the



disciplines stated above are themselves in a tremendous state of flux.



Manpower planning requires a keen study, this has necessitated the coming up of lot of literature. New ways and means are suggested for optimum usage of manpower through Economics, Operations Research and Mathematical Models. Research is going on in every field for their growth and manpower planning does not lag behind.



Manpower planning is historically rooted in the gathering of manpower statistics dating from the times of the Roman census to the accounting of slaves, and eventually to population census towards the end of the eighteenth century Morton [51].



Historically, origin of the models of manpower systems could be traced back to Seal [63]. However, simple models have been reported by Edwards [20] to have been used by manpower planners long before then. Mehlmann [48] has developed an optimal



recruitment and transition strategies for manpower systems using



dynamic programming recursion with the objective of minimizing a quadratic



penalty function which reflects the importance of correct manning of each grade under preferred recruitment and transition patterns.



Lane and Andrew [40] has developed a lognormal model in which the distribution of wastage was related to length of services and proposed two methods of analysis. Cohort analysis, in which the wastage characteristics of an initial homogeneous groups are observed over longer periods of time; census analysis in which two sample points in time are used to determine the wastage rates.



As alternative, approach to manpower planning is based on optimization theory,



the theoretical foundations of the optimization approach have been



developed in Holt et al. [32]. Holt developed a cost model that includes both the costs of maintaining and changing the work force. Holt uses a quadratic cost model that allows closed form solution to be developed and finds that optimal staffing levels are based on the weighted values of forecast demand.



A general description of the models and the methods for developing mathematical models for manpower studies have been discussed in a broad way by Dill et al [19]. In this paper the authors have explored some results in manpower and the development of some simple stochastic models to take note of such issues in manpower planning. Direct mathematical methods have been used for structuring such models and the simulation methods have been used to a large extent in such models.



Morton [50] presents a concise historical summary of forecasting techniques starting from demographers’ modified exponentials through to renewal theory, stochastic processes, moving average ad exponential smoothing. In recent years



there has been a swing away from demographically based forecasts towards econometric and input / output models as well as Monte Carlo simulation. Moreover, recognition that long lead time in manpower development makes planning particularly vulnerable to changes in a policy variables. It has simulated research into “teleological” or target – related forecasting in which the study of explicitly stated achievable future goals are undertaken through futurist speculation or expert consensus in order to restrict the range of the exogenous variables.



Walker [78] compresses forecasting, inventory, determining qualitative and quantitative, recruitment, selection, training, development, motivation and compensation into two constituents. The determination of organizational needs and available manpower supply within the organization at various times through forecasting ; and programming, the planning of activities which will result in the recruitment of new employees for the organization, further development activities for employees, designation of



replacement for key managers, and new



expectations for effective top managements planning,



The author goes on to



integrate the two basic elements in a time frame; short - range (0-2) intermediate range (2-5 years), long range (5-10 years).



Considering recruitment and promotion as some of main activities of the organization, Vajda [74] has discussed a very systematic account of the applications of mathematical models to the problems of manpower.



In any



organization the employees can be partitioned into different grades. So, a population of employees in an organization has a well defined structure in terms of the partition. The question is to find out the changes in a given structure and how it gives rise to another structure



after one or more transitions.



The second



question is from a given structure in how many steps a specified structure could be



attained. The problem of interest here is to find out in how many transitional steps the structure which is identical with the starting could be attained. It implies the revisit to the starting state in the terminology of stochastic processes.



An optimum manpower utilization model using mathematical programming has been discussed by Schneider and Kilpatrick [62] for health maintenance organization.



The interaction between effective manpower utilization, faculty



requirements and available capital is discussed in two basic models, one is an overall planning model and the other is a subscriber maximization model. The objective used in these



models pertains to either minimum cost or minimum



feasible use of physicians through the substitution of physician extenders.



Girnold [27] has examined the problem of producing a commodity with uncertain future demand with time lags in the production process and with the commodity itself being a vital input in the production process.



Kurosu [39]



research which is of relevance to job shops situation described the influence of demand uncertainties on waiting time, idle time and rate of losing customers. The study, modeled demand as a queuing process and gone as far as prescribing timing and conditions for temporary increasing or decreasing process capacity to absorb fluctuations in demand but, however failed to consider the manpower costs. Aderoba [2] has established a procedure for determining appropriate levels of full time labor and over time engagement.



A mathematical model of a military manpower system with a view to determine the optimal steady state, wage rate and force distribution by length of service is by Jaquette and Nelson [34]. In this paper it is assumed that the cost of hiring personnel is determined by military manpower supply function which relates



enlistment and re-enlistment rates to military pay. The optimal force is defined as that force which provides the greatest military capability for a given budget cost. Optimal rates of pay are determined by maximizing the productivity index subject to a budget constraint. Assuming the basic flow process as Markovian the optimal rates of pay are determined. The steady state optimal policy for the Cobb-Douglas type function is obtained using the Lagrangian multiplier technique. Numerical results are also discussed.



The use of linear programming methods to derive optimal long term policy has been discussed by Grinold and Marshall [28]. They have introduced the long term planning horizon and uncertain conditions pertaining to future manpower requirement. The input data as regarding future requirements, budget constraints, cost, discount rate, utilization factor and coefficient factor relating to flow processes. The inflow is taken as decision variable, the objective function being the discount cost. The minimization of the same is discussed. A person leaves the rth grade with probability pr. The length of time x to stay in grade r has a probability density function gr (x) and a survival function Gr (x), in case he leaves the grade Sr. In case the person is promoted the corresponding probability density function of the length of time to stay which is y is fr (y) with the corresponding survivor function Fr (y). Under these assumptions the semi-Markov transitions between grades are discussed. The mean grade size at time ‘t’ is obtained.



A particular aspect has received much attention in the examination of movement structure of the state of these systems in terms of the proportion of staff in each grade; and the evaluation of recruitment and promotion policies for controlling them. Morgan [49], Vassilou [75] and Lesson [43, 44] in their works have analyzed graded structures with grades depending on promotion probabilities.



The length of service is considered as an important criterion in determining the staff flow.



The organizations such as civil service where large number of



manpower is required, the grades are sub divided in to several categories for administrative purposes.



An interesting paper by Abounde and Mcclean [1] contains the discussions about the model where a manpower system with a constant level of recruitment is considered,



It is related to the production



planning in the development of



telephone services and linking the same to the work force. The constant level of recruitment necessary to bring the number of installations eventually up to their final is discussed. Also a stochastic model is developed which evaluates the effect of implementing the recruitment policies in term of changing distributions of staff numbers, and the changing number of installations with time. Numerical results are also provided.



Zanakis and Maret [82] have discussed a Markov chain model to describe the manpower supply planning.



In doing so, the two different aspects of



manpower planning namely the demand for manpower and supply of manpower are considered. The authors have developed a model, which indicates the flow of personnel through an organization as Markov chain. The authors described the stage interval like week, year,ete, to define the time interval for transitions. Also the authors indicate the need for the selection of exhaustive and non-overlapping stage to which an employee can be classified. Using this information the method of constructing the TPM is indicated. The authors have indicated the use of the statistical procedures for testing the Markov chain assumptions. The use of ChiSquare test for verifying the stationary and the first order process in nonoverlapping chains is indicated. The authors indicate the method of obtaining the



probability of an employee remaining in the same grade of a specific length of time. The authors indicate that the Markov chain model provides valuable insight into predicting future organization manpower losses. Numerical examples are also worked out to indicate the usefulness of the results.



Barthlomew [8] has discussed the form of subdividing the population into categories, the ‘stayers’ who hardly change their jobs and ‘movers’ who tend to change jobs frequently, while Barthlomew and Forbes [11] have developed a more specific application of the principles, to the manpower planning problem. A basic model defines a number of discrete manpower grades, with employees advancing or leaving with fixed transition probabilities. The state of the system is defined as the number of employees in each grade and the system is analyzed as a Markov chain.



Lesson [44] has considered the recruitment policies and their effects on internal structures.



Recruitment



control refers to an effective



control of



recruitment policies to obtain an optimal supply of manpower for a system at any time. Generally recruitment levels are connected with wastage and promotions in a system as well as the desired growth of the system, hence controlling recruitment policies may help to attain a desired structure, which could be maintained over a time.



The paper by Agrafotis [3] is on analysis of wastage and



is worth



mentioning because of the deviation of this model from the conventional models relating to the analysis of wastage in manpower system. The author of this paper has presented a model which is designed to investigate the effect on wastage of the internal structure of the company and the promotion experience of its staff. Also a



stochastic model has been developed to depict the probability of the number of promotions to an employee in the interval (0, t].



The estimation method for



calculating the probabilities is also discussed.



Mukherjee and Chattopadhayay [52] have discussed an optimal recruitment policy. The authors have considered an organization in which number of persons are recruited at time t. Every recruited person can be in service for ‘t’ years at the most. It is also assumed that the efficiency of each recruited person is adversely affected by the longer duration of service. The authors have derived a recruitment policy at interval of time t. The optimal values of ‘t’ which minimizes the total cost of unified vacancies and forced recruitment have been worked out.



Gardner [25 ] has presented a research study on exponential smoothing where its historical development was traced to the time of second world war, The research critically commented on the merits of various models and deferred with others based on his research as well as research of other researchers. In the conclusion exponential smoothing technique was also rated as one of the best forecasting methods.



An optimal planning of manpower training programmers has been analyzed by Goh et al [26 ]. Two different models are discussed in this paper by assuming the finite planning period and an infinite planning period. A finite state Markov chain is used to model the manpower state for the finite planning period and the optimum solution is computed using the dynamic programming technique. A non-linear integer programming problem is used to model the manpower state for a finite planning period.



A model responding to promotion blockage is discussed by Kalamatianou [36].



This model is proposed for manpower system in which promotion



probabilities are functions of seniority within grades.



Poornachandra Rao [54] has



made attempts to identify various costs



associated with manpower planning system. Based on this a manpower planning model with the objective of minimizing



the manpower system costs was



formulated. The major limitation of the model is the consideration of manpower costs in isolation of various constraints and operating policies under which a manpower system operates. The model proposed an integrated model which will minimize the manpower costs in the presence of the system constraints and other operating policies.



Raghavendra [55] has discussed a bivariate for manpower planning system. The author indicates that in many developing countries there is limited mobility of people from one organization to another. This results in policies of promotion and recruitment, which will have long term effects on the organization. It is also observed that in many organizations especially in the public sector undertaking two types of policies on promotions are followed (1 ) promotion by seniority ( length of service ), (ii) promotion by performance rating. The author has taken the two aspects in a bivariate frame work. So a Markov chain model is developed to derive the estimates of the transition probabilities. It is also shown that in presence of organizational objectives the promotional policies can be translated in to



respective levels in terms of either seniority or performance rating or a



combination of both. The author has obtained the joint probability distributions of the two random variables namely x is the seniority and y is the performance rating; the marginal distributions



are also obtained.



The minimum level of



seniority required for promotion and the minimum level of performance rating required for promotion have been estimated.



Numerical examples are also



furnished to explain the usefulness of the model.



According to Barthlomew et al, [11] the analysis of individual difference is of fundamental importance in the study of manpower system, in particular, wastage ( loss from the system ). Any attempt to describe wastage pattern must reckon with the fact an individual’s propensity to leave a job depends on many factors, both personal and environmental.



McClean [46] has discussed a Mathematical model using which provides a method to predict the growth of manpower needs of the Northern Ireland Software Industry. Northern Ireland has been in an enviable position regarding the quality and quantity of manpower in its software industry. The growth of the software industry in turn results



in increased demand for manpower in IT



industries. So the author has taken two groups of staff (i) those who are working in IT firms (ii) those who are working in firms which are IT users. Growth in the demand for software personnel in IT firms depends upon the developments achieved in software industry. The growth of manpower in IT firms will be primarily dependent on factors specific to software sectors. The author has used a transition model based on Markov analysis and using the model the author has prepared a formula for predicting the demand for manpower in the IT industry. This model will be very useful to take some steps well in advance so that the training and recruitment could be suitably modified and planned. The author has given the projection figures for a period of 5 years in the future and it would give an idea of the need for training sufficient number of personnel well in advance.



Subramaniam [68] has studied the optimal time for the withdrawal of the voluntary retirement scheme in manpower planning. A period of length T years is considered during which



the employees are permitted to go on voluntary



retirement on k selected epochs. As and when the staff strength reaches a level, which is called threshold level the voluntary retirement scheme is withdrawn because the staff strength reaches the required level. The optimal strength of T years which is numerically illustrated with graphs is obtained based on certain assumptions.



An analytical model which deals with finding the size of each grade in a hierarchical organization has been developed by Kenway et al [ 37 ]. The size of each grade and proportion of employees in each grade are derived using a number of assumptions regarding the demand in that organization, the wastage, rate of retirement, etc. The concept of promotion is also taken into account. It is assumed that the demand for manpower increases exponentially at a rate ‘ρ’ The wastage rate w ( x, t ) for employees of age x at a time ‘t’ is defined as the proportion w ( x, t ) δt of staff at age x at time t that leaves the organization ( t t+ δt ). N ( t ) is the total size of the system at time t, p(t) is taken to be the proportion of the employees in the top grade. R(t) δt denotes the total number of recruits in the interval (t t+ δt ). A constraint taken up is p(t) =



where f(x t ) is defined as the



population of all employees age x at time ‘t’ who have been promoted to the top grade and g(x t ) is the age distribution of all employees at time t. The constraint that demotion is not permitted is represented as f ( x + α, t+α ) for all x, t and α. Using all the above the authors have obtained a model for the sizes of the different grades at future point of time ‘t’.



Thio [71] has discussed the need for retention turbulent times.



According to



strategies especially in



the author it is commonly assumed that the



retention of staff in an organization is an indicator of the health of the organization, as well as its unhealthy state. But it is difficult to establish the links between attrition and unhealthy state. The author has made an explanatory attempt of synthesizing some ideas about attrition and retention. To some extent the staff turnover is inevitable and cannot be beneficial. The process of attrition makes way for the recruitment of new blood and also facilitates the career progression of those who remain in the organization. However high and unexpected turnover can be a reflection of negative job attitudes and low staff morale. It may warrant counter measures. Remedial measures are necessary to manage attrition in a way that causes least dislocation to the work of the organization.



The author has also indicated that the reduced staff strength due to attrition will result in a loss of customers or clients to the organization. The author has taken up the issue of



attrition with particular reference to certain welfare



organizations in Singapore. The author has reiterated certain retention strategies such as recognition of work turnover by the staff as a key measure which helps in the management of attrition.



The management must provide



participative



opportunities available for the staff. It must develop a congenial environment to work for the staff. There must be informal communication among the staff, job rotation and recognition for work turnover, etc. Retention of key staff requires continuing leadership influence and management affiliation. Even though attrition is not always harmful, it should not be dealt passively.



Estimation for semi-Markov manpower models in a stochastic environment has been discussed by McClean and Montgomery [47]. Manpower planning, often



needs to estimate and predict distributions of duration in various grades in the hierarchical set up of a company.



A



methodology



for fitting a stochastic



environment to manpower data for



both the non-homogeneous semi-Markov



system in a stochastic environment (S-NHMS) and the non-homogeneous semiMarkov system in a stochastic environment (S-NHSMS) is discussed in this paper. These models provide contiguous



means of describing changes in the environment between



periods, in particular homogeneous



time period and the process



governing movements between such periods. Thus providing a description of time heterogeneity. The predictions of future movements of staff through the system are made.



Koley [38] has brought out the importance of human resource investments in order to place any organization appreciating track.



in a comfortable position and on the



This paper suggests that to build up the human resource,



investments on employee recruitments, training and development besides cost arising due to wastages and salaries may be used for decision making purpose. It suggests the use of available tools and techniques like, works study, learning curve, activity based costing, decision tree and risk analysis, life cycle cost approach to assess the cost of making managers as investments.



A company



where there is no dearth of qualified manpower can be one among the richest in the world to build up the manpower.



In many organizations, the number of sanctioned positions may be vacant year after year. Huge amount is spent by many organizations for the requirement of



specialists



as well as training and development of such persons.



The



recruitments process involves locating the right type of candidates from inside and outside the organization through interval circulars, external advertisements etc.



The author suggests that the expenditure on the projects on HR



development



and related activities should be carefully decided so that the control of cost over HR can be decided by using PERT and CPM methods. It is also necessary to measure the HR productivity.



It becomes vital to decide the effectiveness of various strategic moves of human resource managers from time to time. The build up of HR costs and investment figures is not to put the man on the balance sheet but to use those for decision making purposes.



Gupta and Kundu [29] have studied some properties of a new family of distributions, namely Exponentiated Exponential distribution. The Exponentiated Exponential family has two parameters ( sales and shape) similar to a Weibull or a Gamma family. It is observed that many properties of this family are quite similar to those of a Weibull or a Gamma family; therefore this distribution can be used as a possible alternative to a Weibull or a Gamma distribution. Some numerical experiments are performed to see how the maximum likelihood estimators and their asymptotic results work for finite sample sizes.



Sathyamoorthy et al [61] have discussed a manpower model for estimating the propensity to leave the primary job. In this paper they have discussed the method of deriving the propensity of individuals to leave the primary job in an organization which leads to attrition. Cox’s regression approach has been used to derive the level of propensity



of



an individual



in a primary



job in an



organization. The authors have taken up the exponential distribution as a special case to estimate the propensity to leave the organization. The specialists holding the prmary job have some covariates of personnel character. These covariates also



contribute to the intensity or degree of propensity to leave the job. In addition to the degree of propensity generated by the Completed Length of Service (CLS) in the organization, the covariates also contribute and hence the combined influence of both namely CLS and the covariates decide the degree of propensity to leave the job.



Sathiyamoorthy and Parthsarathy [59] have considered a two grade organization in which the mobility of personnel from one grade to the other is permitted as to compensate the loss of manpower which is larger among the two grades. They have considered the case in which the Max (Y1 Y2 ) is taken to be the threshold level of the organization where



Y1 andY2



are the individual



thresholds of the grades respectively. They have obtained an expression for the expected time for recruitment in a two grade organization.



Sathiyamoorthy and Parthasarathy [ 60 ] have used the idea of change of prarmeter for the threshold distribution after the truncation point. This idea is similar to SCBZ property where the parameter undergoes a change. Assuming the truncation point is itself a random variable following exponential distribution, which is taken for the threshold level. The expected time for recruitment is also obtained using the shock model approach and the results are compared when there is no change of parameters for the threshold distribution.



Charles et al., [16] have examined the interaction effects of maintenance policies on batch plant scheduling in a semiconductor water fabrication facility. The purpose of the work is the improvement of the quality of maintenance department activities by the implementation of optimized preventive maintenance strategies and comes within the scope of total productivity maintenance strategy.



The production of semiconductor devices is carried out in a water lab. In this production



environment equipment breakdown or procedure drifting



usually



induces unscheduled production interruptions.



Jeeva et al., [35] have discussed frequent wastage or exit of personnel common in many administrative and production oriented organizations. Once the accumulated number of exits from the organization reaches a certain threshold level, it could be viewed as a “breakdown point”. The time to attain breakdown point is an important characteristic for the management of the organization. A shock model approach is proposed to obtain the expectation and variance of the time to attain the threshold level.



Elangovan et al., [21] have discussed a model using which the optimal level of hiring expertise service in manpower planning has been discussed. It has been assumed that the cost of hiring experts in some chosen areas of human activity is fairly high and hence it would be advantageous to use the Mathematical methods to find the optimal duration for which the hiring of experts in terms of man hours. If the number of hours of contract is more than the requirements it would be a financial loss. Again if the number of hours of contract is below the requirements or demand it would prove to be financial loss due to shortages. Hence taking the demand into consideration the exact or optimal size of number of hours of purchase is determined. In doing so the demand for man hours of expert service is assumed to be a random variable and is following the so called exponential distribution. Appropriate costs of excess manpower as well shortage costs are assumed in obtaining the optimal solution. Another interesting variation in this model is also discussed in this paper. It is further assumed that the demand for expert manpower undergoes change from time to time. Also if the demand for



expert manpower is beyond a particular level then the cost of hiring also undergoes a change. All these modifications and additional assumptions make this model very much in agreement with real life situations. For each kind of the situation that arises in practice the optimal policy for hiring expertise has been obtained by the authors. Numerical examples of different types are taken up and the situation of optimal types are derived and the graphs are provided.



Sureshkumar [69] has developed a stochastic model in which the prediction of the likely time to recruitment due to the depletion of manpower in a two grade organization. The manpower planning studies about depletion of manpower due to leaving of personnel,



known as attrition. This is also called as ‘wastage’ The



attrition takes place on successive occasions of policy decisions regarding pay revision, perquisites and when targets are fixed. The recruitment is not taken up on every occasion of attrition, but the deficiency in manpower is managed by transfer of persons from one grade to the other where the attrition is more pronounced. The authors have also introduced the concept of threshold level for cumulative attrition. If the attrition or wastage crosses the threshold level then the recruitment has to be done. This is with a view to reduce the cost of frequent recruitments. The various costs involved



in recruitment are discussed in



detail by



Poornachandra Rao [54]. The expected time to recruitment is predicted assuming the wastage as random variable on successive occasions of attrition. The authors have discussed two such models. In the first model the transfer of personnel from one grade to another is permitted.



In the second model



the transfer is not



permitted. These mathematical models serve as projection techniques so that the management can adopt suitable strategies to contain the level of attrition and also decide suitable policies to deal with the consequences. Numerical illustrations are also provided to support the findings.



Anantharaj et al.,( 4 ) have discussed on the method of arriving at the optimal time intervals between recruitments.



When attrition takes place on



successive occasions over a period of time and cumulative attrition when reaches a particular level called the threshold the recruitment becomes necessary to make up the loss of manpower. Recruitments very often are not advisable since it involves costs of several nature. Hence the determination of the optimal time interval between recruitments, become necessary. In deriving the optimal time periods between the recruitments, the authors have used the shock model and cumulative damage process approach. The cost arising due to the settlement of gratuity and other compensation packages, the cost arising due to breakdown of regular work schedule are all taken care of in obtaining the optimal solution for the problem. Numerical illustrations have been provided on the basis of simulated data to prove the validity of application of this model and also the behavior of the optimal solution obtained when changes take place in the influencing variables.



Laura Roe [41] has indicated that a twenty five percent IT industry average turnover rate persists all over. This requires the recruitment and hiring of same number of employees to make up the gap. Some suggestions as how to improve the retention rates are suggested by the author.



Many of them may look



impossible, but are critically important from the view of retention strategies. Some suitable strategies suggested for promoting retention are: The hiring process should be as good as possible, since retention starts with good hiring process. The technical staff should be motivated and told how project is, to their team and company. Training is important factor that contributes to the retention.



Technicians especially those at the risk of leaving should be assigned technically challenging tasks. If necessary internal assignments should be assigned to use leading edge technologies. Managers and



IT staffer relationship have



a profound effect on retention.



Provision of high quality work place and corporate atmosphere. In addition to the above the author has suggested a number of other retention strategies. Srinivasan and Sudha [67] have considered four grades organizations with policy of recruitment. The mean and variance of time to recruitment are derived by assuming random threshold following non identical exponential distribution for each grade and the threshold for the organization as the minimum of



four



thresholds.



Mallikarjunan [45] has given an overview of the causes and remedies for employee attrition. According to the author employee attrition is caused not only by natural inevitabilities like disability, death, retirement and resignation, but also by the burgeoning mobility of human resources or the human capital. One of the toughest problems that confront HR managers is employee attrition. Due to the vertical growth of the business. Process, services and products, skilled and even semi skilled workers find a matrix of possible avenues for self development.



The author has indicated that the nature of the business, the nature of responsibility shouldered by them is the reasons for the attrition of employees, This is very much relevant to the software industry. He also indicated that the employee attrition can be classified into two categories namely (i) drive attrition, which is caused by the policy practice and treatment of the employer in the



industry,(ii) Drag attrition as a result of a number of uncertainties faced by the employee in the working environment such as absence of opportunity for advancement in career, absence of opportunity to achieve mental and functional growth.



A few industries have been found to be in the constant threat of this syndromes of attrition and they are Information Technology and Hardware Industry. Centres.



Information Technology and Software Development Industry Business



process



outsourcing



industry.



Other



industries



Call like



pharmaceuticals, manufacturing, etc.



Arivazhagan et al [5] have developed a mathematical model which can be used to estimate the likely time at which the enrolment for recruitment should be stopped.



According to the authors these are many organizations which are



providing service in the HRM sector. The supply of skilled laborers and specialists is one of the main areas of activities in such organizations. They keep a reserve or inventory of skilled personnel and whenever there is demand or request from organizations or industries the supply is the main activity. The enrolment has to be stopped at a particular level called optimal enrolment.



Assuming that the



allowable level of enrolment as the threshold level the expected time to stop enrolment has been found out. Numerical illustrations are also given.



Suvro Ray Chaudhuri [70 ] has given a detailed account of employee attrition and the methods of predicting the attrition rate and also the strategy for mitigation of the rate of attrition. According to the author the manpower attrition is similar to the customer switching problems in the case of products. The author has used the Markov analysis to predict attrition. Human resource professionals



are under increased pressure from a different kind of a corporate problem which causes no less harm to human capital assets.



The American Productivity and



Quality Centre (APQC), has made three different categories of knowledge that suffer due to attrition. They are as follows: Cultural knowledge -This includes management practices, values, respect for hierarchy, and decision flows. Historical knowledge – This includes the organization’s journey from the day it was founded till the present. Functional knowledge – This includes technical, operational. Process and client information.



From the organization point of view the counter strategy is to predict attrition zones which depend on the critically or type of knowledge, that is important to organization and there by evolve plans to counter loss of human assets from those positions. The attrition is one of the main areas in the field of knowledge management because it is easier to fill up any position by recruitment but filling the knowledge gap is not easy. The author says that the organizations have to spend huge sums of money on recruitment. This is due to the fact that the functional knowledge of the new persons may not be equal to that of the person who has left the organization. The author has used the Markov Analysis by taking the employees as internal customers. The purpose of Markov Analysis is to predict the rate of attrition based on the present data. The transition probability matrix which is a basic tool in Markov Analysis is also discussed and the solution is derived to predict the future rate of attrition from the organization. It is quite reasonable to think that recruitment cannot be done as and when manpower leaves, a threshold can be kept upto which loss of manpower can be allowed, after then the recruitment can be done. This idea of recruitment to start



after the depletion of manpower reaching a threshold is brought in the mathematical



model



of



R.



Elangovan,



R.



Sathyamoorthy



and



E.



Susiganeshkumar[21L]. The expected time to recruitment is derived in this model As the exit of personnels is unpredictable, J. B. ESTHER Clara and A. S. Srinivasan [22 L1] have constructed a mathematical model of new bivariate recruitment policy involving optional and mandatory thresholds for the loss of manpower in the organization, based on shock model approach and cumulative damage



process



to enable



the



organization to plan



recruitment.Assuming different distributions for



its



decision on



optional and mandatory



thresholds, expected time to recruitment is obtained. Based on shock model approach,a mathematical model is constructed by J. B. Esther Clara and A. Srinivasan [22L2] using an appropriate univariate max policy of recruitment and an analytical expression for the mean time to recruitment is obtained under suitable conditions on the loss of manhours, inter-decision times and thresholds. Ishwarya. G., Mariappanan. P and Srinivasan .A. [32L] in their paper have discussed the problem of time to recruit when the thresholds follow extented exponential distibution with shape parameter 2 which is more general than exponential distribution. M. Jeeva and Fernandes Jayashree Felix [35L] have developed a manpower model where the recruitment process follows a pre-emptive repeat priority service discipline. The transient behaviour of the applicants waiting for the recruitment process is discussed in this model and mean and variance of the high priority and low priority applicants are determined. When the Manpower System of an organization is exposed to Cumulative Shortage Process due to attritions that cause manpower loss,breakdown occurs at threshold level. S. Mythili and R.Ramanarayanan [52L2], in this paper have considered the Manpower System with two groups A and B. Group A consists of man-power other than top management level executives. Group B consists of top management level executives. Group A is exposed to cumulative shortage process and shortage process of group B has varying shortage rates. Recruitment is done to all the shortages of the two groups. The expected time to recruit and recruitment time are determined.



S. Mythili and R.Ramanarayanan [52L1] , have considered manpower system of an organization for which Attrition Reduction Strategy (ARS) is applied prior to recruitment. In this paper recruitment policy of filling vacancies one by one and parallel recruitment policy of filling vacancies simultaneously are considered. Nabendu Sen and Manish Nandi [52L2] have formulated a strategic planning using the Goal Programming approach to Rubber Plantation Planning in Tripura A project of a company requires processing in several stages for completion of the same. K. Usha, A. C. Tamil Selvi and R.Ramanarayanan [71L1] have considered n intermittent stages and the project visits and revisits these n stages before it moves to the completion stage n+1. The probability generating function of the number of paths of specific type namely x to y the project executes before completion is determined . Its expected value and the variance are found. Here every path x to y is treated as a recruitment of a batch of employees. K.Usha, P. Leelathilagam and R. Ramanarayanan have Considered a project of a company with n intermittent stages. The project visits and revisits these stages before it enters the completion stage n+1. Five stages have been considered where one stage indicates changes in company policy for manpower, one stage indicates project modification for manpower,one stage indicates shortage of manpower, one stage indicates recruitment of manpower and one stage indicates training of manpower. In this paper, is obtained the probability generating function of the number of pentagonal loops the project forms in the respective stages before completion. Its expected value and the variance are determined. Vinod Kumar Mishra and Lal Sahab Singh [76L], in this paper, a deterministic inventory model is developed for deteriorating items in which shortages are allowed and partially backlogged. Deterioration rate is constant, Demand rate is linear function of time, backlogging rate is variable and is dependent on the length of the next replenishment. The model is solved analytically by minimizing the total inventory cost.
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