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This article proposes a mathematical model for drafting the corporate training time-table which
describes the time resource limitations imposed on the said processes and aims at the optimization of
the target results. The training process is discussed as being integrated into the key corporate business
processes. The employees are grouped into functions, with a set of alternative curricula assigned to
each group. Such curricula vary by length, effect on the key competences, quality and cost of business
processes. The efficiency of attainment of the educational process goals varies due to the alternative
selection of the curricula for various staff groups and distribution of the training events in time.

The formalized mathematical model is a linear programming integer model with a specific
block limitation matrix. The parameters of its target functions and limitations are built according to
a series of domestic and foreign assessment theories for the corporate training curricula. The opti-
mum solution of the problem is achieved through the branch and bound method and left-hand tree
traversal. The structure of the dual problem provides for easy evaluation of vertexes based on
the duality theory.

Keywords: curricula, training time resource parameters, training effects, mathematical model,
linear programming integer task, branch and bound algorithm.

Introduction

The highly qualified employees are the core intellectual asset of any company today [1]. In any
economy developing dynamically, maintenance of high qualification of the staff is only possible due to
the effective corporate training and re-skilling management.

The corporate professional studies aim at raising the level of professional competences, mastering
the professional technology data, and in-depth understanding of the manufacturing process.

The effective management of continuous training across the entire company or any division thereof
is only possible if based on thorough planning of the process in question and detailed evaluation of the
results. Any training processes must be integrated into the major manufacturing or managerial cycles of
the company to comply with the business development goals [8, 9]. This article proposes a mathematical
optimization model and the respective algorithms for building the time-table of corporate staff training.
The off-the-job training is discussed; the requisite fulfillment of the current production plan is conside-
red; the dynamic changes of the competence levels and quality of business process completion are ana-
lyzed with reference to the timeline parameters and cost of business processes. Training aims at the in-
creased compliance of the staff with the solution of the current and prospective tasks.

Modeling of various aspects of corporate staff training management and ROI assessment in training
is discussed in a variety of domestic and foreign studies by F. Andress, W. Hirsch, I. Cochran, A. Al-
chian, A. Walters, W. Hirschman, M. Titleman, G. Nadler, W. Smith, B. Henderson, W. Morse,
W. Eberneth, C. Wayne [1]. Modeling makes it possible to research the efficiency of manufacturing
processes impacted by such factors as the “learning curve effect”, “experience curve effect”, “Horndal
effect”, “Hawthorne effect”, “learning effect”, “loyalty effect”, “on-the-job training effect” [10].
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The directed impact on such factors may raise ROI in human assets [6]. An effective tool of the factor
analysis is mathematic modeling studied by C. Arrow, E. Sheshinski, P. Romer, R. Lucas, R. Lundberg,
J. de Jong, F. Levy, J. Glover, C. Pegels, N. Vowmer, F. Loventhal, P. Adler, C. Clark, A. Thomas,
D. Tovill, J. Carlson, T. Boucher, N. Lamor, D. Raff, P. Temin, E. Hartig, etc. [1].

Some mathematical models in the economics of the continuous corporate staff training planning and
management which explicitly take into account the ties between the professional growth and the eco-
nomic performance are provided in V.P. Morgunov’s work [2]. The author introduces the special per-
formance indices for the professional activities of the staff, builds mathematical training models describing
the changed results of the professional activities in relation to the time-span of training. The theory of
differential equations is used as a model study tool.

The work by D.A. Novikov, S.A. Barkalova, E.V. Galinskaya [3] discusses the game mathematic mo-
dels of building an effective training management system based on the coordinated management mechanisms.

The factor analysis, mathematic training models, and training performance criteria developed in
the above papers are extensively used for building the model proposed herein.

1. Mathematical Model of Corporate Staff Training Timetable Building: Description
Let us proceed to the formalization of the corporate staff training timetable building model. Suppose
we have a division which has N employees grouped by functions. The groups have N, N,,...,N,, em-

ployees, respectively; and the employees are numbered with reference to the group order
L2, NN+ 1L Ny + Ny, N+ Ny + 4 N+ LN+ Ny ++ N+ N, Several  curricula

k=1..,K, ,m=1,..,p are planned for the employees in each group. Let g, . k=1...K, ,m=1,...p be
the duration of the k™ curricula for the m™ group; R;.Q; H;.C{' k=1..K, m=1..p be
the change (as a percentage of the current value) of the employee’s competence, average performance
quality, average completion time, and cost of business processes, respectively, resulting from the com-
pletion of the & ™ curriculum for the m ™ group of employees. The optimization model proposed herein
provides the optimum solution to the curriculum selection issue for each employee in each group and to
the determination of the training start points. Planning is performed for 7' periods of time, and each em-
ployee is assumed to have completed not more than one curriculum per such period.
Let us consider the model variables

ko {1, if program £ is chosen for employee i within period j,
ij

0, otherwise,
where j=1,..,T is the number of the planning period, and proceed to the description of the restrictions

and target function.
Restriction 1
Not more than one curriculum may be offered to each employee within the planning period:

rK
YYzh<l, i=1..,N.

j=lk=l

Before the curriculum starts, the employees possess certain properties: 7; is the level of compe-

tence; ¢, is the average level of business process completion; ¢#; is the average time of business process
completion; d; is the average planned number of business processes within the j=1,.,T period.

The proposed model considers the average properties of all business processes performed by an em-
ployee. A modified model taking into account all business processes imposed on the employees is also
possible. One of the model’s simplifications is the assumption that the employee’s properties change
instantly as a result of training to remain steady in absence of any training.

Restriction 2

As a result of the completion of the curricula, the average quality of business process completion in
each group of employees must reach a certain boundary value

K; T
(H A ZZ,(;JZ@W m=1,.,p.
k=1 j=l

Ni+..+N,,_1+N,, q;

i=Nj+..+N,

m—1 +1 m
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Restriction 3

As a result of the completion of the curricula, the average cost of business process completion in
each group of employees must reach a certain boundary value

Ni+..+N,,_+N,

m-11t N (l_zcmzsz<S m:l,...,p.

i=Nj+..+N,,_ |+ = j=1

Restriction 4

During training, the employee interrupts to fulfill his/her regular job, and his/her tasks are imposed
on other employees. Training management should be organized to pay not more than 30% of the

planned time at the expense of the overtime works:
Ni+..+N,,_1+N,,

0,7- > c;dy—
=Ny AN, 4]
Ny+..4+N,_1+N,, j-gk+1 .
T Jiog +zc( w)da,1-7S 2k || <0,
i:N]+...+Nm,]+1 1=1k=1 =T

Restriction 5
The company has a separate asset pool M used to fund training. The cost of all training curricula
for all employees may not be more than the funds within such pool:

S Clzl <M.
i=1 j=1k=1
The maximization of employee competence is deemed the target function of the model

zr 1+ sz zzu —> max.
i=1 k=1 j=1

Based on the resulting target function and restrictions, the model for corporate staff training timeta-
ble building takes the form of

Zr(“— ZRkZZUj—)maX

i=I k=l j=1

zzzl <1, i=1..,N

jlkl'

Ni+. +Nm 1+, K; T P Ni+.+N,,_1+N,, q;
l
Q Zzl/ 20, - > —, m=1..,p
i=Nj+.. +N ]+1 m i=Nj+..+N,_+1
Ni+.. +N +Ny, ¢ N+ ANy 1 +Ny e,
i —
>S5 + > — m=1..,p

i=Nj+.. +Nm H N, k=l /:1 =N+ N, 1+

Ny+..4N,_+N,, ik, K; j-gk+ . Ny+.. 4N +N,,
¥ e d(l s zi,j+ ali-cp)a,1-"% 2207 Y e, a,
t=T

i=Nj+..+N,_;+ t=1k=1 k=1 i=Nj+.+N,,_;+1
£y Clzl <M
i=1 j=1k=1

Zl] :{0’1}’ i:L“"N’ jzl’“"T’ kzl’

The formalized model refers to the linear programming integer task with Boolean variables. The target

i

is set to find the maximum values of z{j‘- 2{0,1}, i=L..N, j=1..T, k=1,.,K; which provide

the maximum overall employee competence after the completion of the training curricula [4, 5].
The branch and bound algorithm is suggested as the method of solving the resulting linear programming
integer task.

The structure of the linear programming task may be represented as Table. The rows refer to
the model variables. The variables are ordered depending on nesting — group order (order of employees
in the groups (order of planning periods (order of employee curricula))). The structure of the restriction
coefficients reflects has a modular nature.

76 Bulletin of the South Ural State University. Ser. Computer Technologies, Automatic Control, Radio Electronics.
2016, vol. 16, no. 2, pp. 74-81



A3zapHoea T.B., KawupuHa U.J1., Onmumu3ayusi pecypCcHO-8PeMeHHbIX napaMmempos
BoHdapeHko F0.B., Kypouka I.H. u pe3ynbmamoe rnpouyecca KoprnopamueHo20 o6y4eHusi nepcoHana

Model Restriction Structure

1** group p" group
I A | N+ 4N, " .| Ny+..4N,=N"
gl =
>| 8
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2. Branch and Bound Algorithm for the Model of Corporate Staff Training

Timetable Building

Let us dwell upon the major aspects of the branch and bound algorithm with reference to the resulting
model, i.e. the type of multiway branching and the type of assessment task building.

Multiway branching is performed with regards to the values of the variables

zl]/C = {0,1} , i=L.,N, j=1..,T, k=1,..,K,. The first branching relies on the value of variable zll1 .
When any vertex branches, the left branch matches the value z;j‘- =1, whilst the right branch matches

zll/C =0, respectively. The choice of value zl]/C =1 on the left branch considerably decreases the problem

order since, due to such choice, all variables automatically go Zip =0,Vs=i, p# j,l#k. The choice of

zl]/C =0 on the right branch only decreases the problem order by a single variable. The solution of

the problem relies on the left-hand tree traversal.
The paper builds the dual problem for assessing the vertexes. The dual problem for the top vertex
takes the following form:
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n p
Xyitby+ X (bmvm +d,w, +cmgm)+sh — min
j=1

m=1
a1+ 4 T A o™t Y vaan€i Y s pep 2

Q) (1K) ) (Ny-1)+1) YNy + AN+1)((TKy (M -1)+1) N + n2) (7K )(M-1)+1) M + YN43)((TK, )(Vy-1)+1) 81 +

(N3 ) (1K, )(N1—1)+1)h 271

(k)M T (v T E vk ()M Ak ) &1 T

+a(N+3p+l)((TK1 (N ))h 2 Iy,

+a(N+3p—l)<(TK1)(N1)+(TK2)(N2)+...(TKp:1)(Np_1)+1)WP +

+a(N+3p)((TK] YNy HTER (N )+ TK ey )(N )+1)g17 *

N3 (O TNV T, 1) 1) 2

(M)((T&:)(My )+(TK2)(N2)+...(TKP)(NP))y Nt %N p=2)((TK; )Ny (T (N2 )+ T ) Np))vp

+a Wp +

(N+3p=1)((TK )(N))+H(TK )(Na . {TK , (V)
+a(N+3p)((TK1)(N1 )+(TK2)(N2)+...(TKp)<Np))gl’ +
+a(N+3p+l)((TK1)(N1)+(TK2 )(N2)+...(T1<p)(1vp))h 2Tk,
Vs VN 20V, ,w,,8, <0,m=1.,p; h =0

The dual problem structure provides for easy finding of a series of admissible points. The examples
of such admissible points are

n Uhs Nk

i1 1 1 . _ _ cp—

Y] =Maxy —,..,——,..., I =0,y =0;v,,,w,,g,=0,m=1L.,p;h=0
ap U arx,

» =0,...,yy = max Vi ey VK ;
aN((TK] YN HTK ot (N e )+1) aN((TK] )N )+ HTK (V)
Vs Wys & =0,m=1,..,p; h =0.
The admissible points can be similarly found on the basis of the nonzero variable pairs, e.g.:
(7,01 <0V =L...N,), (¥, >0.w <0,Yj =1,...Ny ),

(7,>0.8/ <09 =1LV} ), ooy (3,209, <O =N+t Ny + 1, N),
(3, >0, <0, =N, +..+ N, +1,...N),
(

y;>0,8, <0,V =N, +..+ N, +1,,...N).
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The admissible options are also built on the condition that

Vi ¥y =0y, w,,8, =0,m=1,.,p;h>0.

For the calculation of the target function values of the dual problem within the resulting individual
options, the assessment of the initial problem target function is built.

The genetic algorithms may be also used for solving the resulting linear programming integer
task [7].

Conclusion

The training and competence development curricula are the integral part of the staff development
management in today’s companies. The economic and social effectiveness of such curricula relies on
a series of factors (choice of the curricula, correct formulation of the goals and targets, individual readi-
ness assessments for the completion of the curricula, curriculum planning) and is assessed on the basis
of the models overviewed in the Introduction hereto. This paper describes the mathematical optimization
model and the respective algorithms for the task of building the timetable and selecting the alternative
curricula in the corporate training tasks, which enables the formalization of some aspects intrinsic to
the said classical models in the language of mathematics.
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OoNnTUMU3ALNA PECYPCHO-BPEMEHHbBIX MAPAMETPOB
N PE3YJIbTATOB NMPOLIECCA KOPINMOPATUBHOIO OBYYEHUA
NMEPCOHAIJA

T.B. AsapHoea’, N.J1. KawupuHa', F0.B. BoHdapeHko', I1.H. Kypouka?®

" BopoHexckuti 20cydapcmeeHHbil yHusepcumem, 2. BopoHex,
2 BopoHexckuli 20cydapcmeeHHbIll apXUmeKmypHO-CmpoumenbHbIll yHusepcumenm,
2. BopoHex

[Ipennoxena mMaremMaTuuecKkas MOJENb COCTABICHHUS PacHUCaHMs Ipoliecca KOPIOPaTHBHOTO
0o0y4eHHs IepcoHala, ONMCHIBAIOLIAs PECYpCHO-BPEMEHHBIC OTPaHWYCHMS PEIN3alUU JTAHHOTO
Ipolecca W HallpaBIeHHAs Ha ONTHMH3ALMIO LEJIEBBIX Pe3yabTaToB oOyueHMs. PaccmaTpuBaercs
npouecc oO0ydeHus, BCTPOCHHBI B OCHOBHbIE OM3HEc-TIporiecch kommanuu. [Ipeanonaraercs nesne-
HHE COTPYJHHKOB HA OJJHOPOJHBIE MO (DYHKIIMOHAJIBHBIM OOS3aHHOCTSIM TPYIIIBL, [T KaXKAOH rpyI-
Bl TIPEAYCMaTPHUBACTCSI MHOXKECTBO albTEPHATUBHBIX IporpaMm oOydenus. IIporpammsl oTnuua-
IOTCS JUTUTEIIFHOCTHIO, CTEIICHBIO BIHMSIHNSA Ha OCHOBHBIE KOMIICTEHIIUH, KaUeCTBO U CTOMMOCTD BBI-
MOJIHEHHU Om3Hec mporeccoB. D (HeKTUBHOCT JOCTHKEHHUS LieNelt mporiecca 00y4deHus BapbUpyeT-
Cs 32 CcyeT aJbTEPHATHUBHOTO BHIOOpa 00pa30BaTENBHBIX MPOTPaMM UL PA3IMYHBIX TPYI COTPYH-
HHUKOB U paclpeaeeHNsI MepONpHITHIf 00y4eHHs BO BPEMEHH.

DopManH30BaHO MPEUIOKEHHAs MaTeMaTHUECKasi MOJETh SIBIISCTCS MOJIENBIO [IEIOUNCIICHHOTO
JMHEHHOTO MPOTPaMMHPOBAHUS CO CIICHU(HUYSCKON OJIOYHOM MaTpulleil orpaHmdeHuin. Dopmupo-
BaHME MapaMETPOB €€ LeNeBOH (QYHKINU M OTPaHUYCHUI ONMpPaeTCs Ha PsiJl M3BECTHBIX POCCHMCKUX
U 3apyOeXXHBIX TEOpUil OLEHKH 3(PPEKTUBHOCTH MPOTPaMM KOPIIOPATUBHOTO o0ydeHus. s Haxo-
JKJICHHST ONTHMAILHOTO PEIICHHS 3a/1a4l MCIOJIB3YETCsl METO BETBEH M IpaHMI] C JICBOCTOPOHHUM
o6xonoMm aepeBa. CTpyKTypa JBOHCTBEHHON 3a7a4M MO3BOJISET JIETKO MOJY4aTh OLCHKN BEPIIMH Ha
OCHOBAHUH TEOPUH TBOMCTBEHHOCTH.

Knrouesvie cnosa: npocpammvl 00yYeHus, pecypcHO-8peMeHHble napamempuvl 00yueHus, ¢h-
Qexmul 00yUeHUSA, MAEMATNUYECKAS MOOeNb, YelOUUCTeHHAA 3a0a4a TUHEHO20 NPOSPaAMMUPOB8a-
HUs1, Memoo Gemeell U cpaHuy.
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