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Sunt cercetate unele aspecte ce tin de pro-
cedura discutarii, de catre Consiliul decident, a
proiectelor prezentate pentru formarea prin con-
curs a portofoliului de investitii cu informatiza-
rea, urmarind minimizarea cheltuielilor de timp
ale persoanelor implicate. Este cercetatd, de ase-
menea, procedura similara de discutare a can-
didatilor la alegerea in posturi prin concurs. Este
demonstrat faptul ca discutarea in cauza, in
majoritatea cazurilor, trebuie, iar in unele ca-
zuri, poate fi efectuatd in ordinea cresterii numad-
rului de candidati ai subdiviziunilor/executanti ai
proiectelor respective.
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1. Introducere

Informatizarea diverselor activitati este una
din cdile de bazda de prosperare sustenabila a
societatii. Sectorul informaticii (TIC) contribuie
considerabil la cresterea economica si Tmbunata-
tirea calitatii vietii cetdtenilor. De exemplu, in
perioada 1995-2003, contributia sectorului TIC la
cresterea medie anuald a productivitatii agregate
a muncii Tn economie a constituit [1]: Th Coreea —
44,7%, in Japonia — 42,31%, Tn Finlanda -
41,7%, iar n Irlanda — 41%.

Beneficiile oferite au condus la investitii
semnificative ale mediului de afaceri si ale admi-
nistratiei publice in informatizare. In scopul asi-
gurdrii unor conditii favorabile de crestere eco-
nomicd s§i prosperare sociald, tarile economic
dezvoltate, dar si foarte multe tari in curs de dez-
voltare au aprobat atat strategii speciale de infor-
matizare a societatii in ansamblu, cat gi programe
concrete pentru domenii aparte, precum: i-instrui-
rea, i-afacerile, i-guvernarea etc.

Totodata, proiectele cu informatizare pot
avea impact diferit, iar resursele pentru investitii
sunt limitate. Respectiv, pentru Programul de
informatizare, la etapa datd de dezvoltare, din
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Some aspects, related to the decision-ma-
king Council procedure of discussing projects
presented for the competitive formation of the
investment portfolio with informatization, aiming
to minimize the time expenditures of persons in-
volved, are investigated. It is also investigated the
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1. Introduction

The informatization of various activities is
one of the basic ways of sustainable society's
prosperity. The informatic (ICT) sector contribu-
tes considerably to economic growth and impro-
ving the quality of citizens' life. For example, the
contribution of ICT sector to the average annual
growth of aggregate labour productivity in the
economy in the period 1995-2003 was [1]: in
Korea — 44.7%, in Japan — 42.31%, in Finland -
41.7%, and in Ireland — 41%.

Provided benefits led to significant invest-
ments of business and public administration in
informatization. In order to ensure favourable
conditions for economic growth and social pro-
sperity, the developed economies, but also many
developing countries have approved both, special
strategies for the informatization of society as a
whole and concrete programs for specific areas
such as i-education, i-business, i-governance, etc.

At the same time, informatic projects can
have a different impact, and investment resources
are limited. Respectively, for the Informatization
Program at a given stage of development, from
the multitude of potential projects, a set of spe-
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multitudinea de proiecte potentiale, se selecteaza
un set anume. Sunt larg cercetate diverse aspecte
privind situatiile-problema, criteriile de compa-
rare a proiectelor si unele solutii. Insa estimarea
valorilor cantitative ale criteriilor de comparare a
proiectelor este aproximativa. De aceea, in final,
selectarea proiectelor se realizeaza, de obicei, de
un for colectiv (Consiliu de experti, Comisie de
concurs, Comitet director etc.), denumit, in con-
tinuare, Consiliu. In continuarea cercetirilor din
[2], in lucrare este cercetatd procedura de discu-
tare a proiectelor de citre Consiliu pentru forma-
rea portofoliului de investitii. Este cercetatd, de
asemenea, procedura similard de discutare a
candidatilor la alegerea in posturi prin concurs.

2. Consideratii preliminare

Implicarea mai multor persoane in discuta-
rea colectiva a unui set de proiecte, pentru forma-
rea portofoliului de investitii, conduce, de obicei,
la cheltuieli relativ mari de timp. Reducerea unor
asemenea cheltuieli, Tn baza organizarii rationale
a procedurii in cauzd, se poate solda cu efecte
semnificative.

Cheltuielile de timp depind atat de multi-
mea de participanti, cit si de procedura de orga-
nizare a discutiilor. In cele ce urmeazi, se vor
distinge trei categorii de participanti: membrii
Consiliului, conducétorul proiectului in discutie
si executantii acestuia pentru fiecare proiect. In
ceea ce priveste procedura de organizare a discu-
tiilor, se considerd ca fiecare proiect se discutd
aparte In cadrul sedintei Consiliului cu participa-
rea doar a membrilor echipei proiectului in discutie
(conducatorului si executantilor proiectului).

Se va cerceta doar cazul, in care durata
sumara de timp de discutare a setului de proiecte
respectiv, deci si cheltuielile de timp ale membrilor
Consiliului, nu depinde de ordinea discutarii pro-
iectelor. Din aceastd cauzd, ponderarea diferita a
cheltuielilor de timp ale membrilor Consiliului nu
influenteaza ordinea optima de discutare a pro-
iectelor. De aceea, pentru simplitate, se va consi-
dera ca toti membrii Consiliului au aceeasi pon-
dere privind cheltuielile de timp — situatia poate fi
usor extinsd pentru cazul general cu ponderi diferite
pentru fiecare din acestia.

De asemenea, in cel mai simplu si mai frec-
vent Intdlnit caz, toti executantii proiectelor au
aceeasi pondere privind cheltuielile de timp.
Aparte poate fi luarea in considerare a cheltuie-
lilor de timp ale conducatorilor proiectelor —
ponderea acestora poate fi aceeasi sau diferita de
cea a executantilor proiectelor.
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cific projects is selected. Various aspects of situa-
tion-problems, project comparison criteria, and
some solutions are widely explored. However, the
estimation of quantitative values of project com-
parison criteria is approximate. Therefore, finally,
the selection of projects is usually carried out by a
collective forum (Expert Council, Competition
Commission, Steering Committee, etc.), herei-
nafter referred to as Council. Following on from
[2], in this paper, some aspects of the procedure of
discussing the projects by Council for the forma-
tion of investment portfolio are examined. It is
also investigated the similar procedure of discus-
sing candidates for election to posts by contest.

2. Preliminary considerations

Involvement of more people in the collec-
tive discussion of a set of projects to form the
investment portfolio usually leads to relatively
high spending time. The reduction of such expen-
ses, based on rational organization of the proce-
dure in question, can have significant effects.

The amount of time involved depends both,
on the number of participants and on the proce-
dure of organizing the discussions. In the follo-
wing, three categories of participants will be dis-
tinguished: members of the Council, leader of the
project in question and its executors for each
project. Regarding the procedure of organizing the
discussions, each project is considered to be dis-
cussed separately during the meeting of Council
with members of the project team in question (the
project leader and executors).

Only the case will be investigated, in which
the total duration of the discussion of the set of
projects, so also the time expenditures of Council
members, does not depend on the order of projects
discussion. Because of this, the different weighting
of the time expenditures of Council members does
not influence the optimal order of the projects
discussion. Therefore, for simplicity, it will be
considered that all members of the Council have
the same share of time expenditures — the situation
may be slightly extended to the general case with
different weights for each of them.

Also, in the simplest and most common
case, all project executors have the same share of
time expenditures. Apart can be taken into ac-
count the project leaders' time expenditures — their
weight may be the same or different from that of
the project executors.

Under the conditions outlined above in this
section, in ss. 3-6 four situation-problems of dis-
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In conditiile enuntate mai sus in aceasti
sectiune, in ss. 3-6, se vor examina patru situatii-
problema de discutare a proiectelor pentru forma-
rea portofoliului de investitii, iar in s. 7 se va
cerceta ordinea oportunad de discutare a candida-
tilor pentru alegerea prin concurs in posturi, de
exemplu, de membrii echipelor de proiect:

1) durata discutarii fiecarui proiect este deter-
minatd de numarul de executanti ai aces-
tuia, iar conducatorii au aceeasi pondere a
cheltuielilor de timp ca si executantii
proiectelor — Cazul 1;

2) durata discutarii fiecdrui proiect este deter-
minatd de numarul de executanti ai aces-
tuia, iar conducdtorii au o pondere a
cheltuielilor de timp diferitd de cea a exe-
cutantilor proiectelor — Cazul 2;

3) durata discutarii fiecarui proiect este deter-
minatd de numarul de membri ai echipei
acestuia (conducatorul si executantii pro-
iectului), iar conducatorii au aceeasi pon-
dere a cheltuielilor de timp ca si execu-
tantii proiectelor — Cazul 3;

4) durata discutarii fiecarui proiect este deter-
minatd de numarul de membri ai echipei
acestuia, iar conducatorii au o pondere a
cheltuielilor de timp diferita de cea a exe-
cutantilor proiectelor — Cazul 4;

5) organizarea discutarii candidatilor la alege-
rea prin concurs n posturi — Cazul 5.

3. Cazul 1 de discutare a proiectelor

Fie selectarea proiectelor de investitii cu
informatizarea se efectueazd de catre Consiliu.
Fiecare proiect i din cele m este prezentat in fata
Consiliului de o echipa, constituitd dintr-un con-
ducator si N; executanti; orice persoand impli-
catd participa la un singur proiect. Proiectul i,
I=1,m, se prezintd si discutd (in continuare —
discutd) N; unitati de timp. Pentru prezentarea
proiectelor, nu este stabilit vreun orar, ci doar ora
inceperii sedintei. De aceea, toate echipele sunt
prezente si asteaptd invitarea de catre Consiliu.
Odata cu incheierea prezentarii si discutérii unui
proiect, echipa respectiva pleaca. Deci, pentru
fiecare echipa din cele m, timp util se poate
considera doar cel de prezentare si discutare a
proiectului propriu, iar timpul de asteptare a
invitarii de catre Consiliu in acest scop — timp
inutil. De aceea si considerand, totodata, ca toti
membrii echipelor au aceeasi pondere privind
cheltuielile de timp, se cere sid se determine
ordinea discutdrii proiectelor, care ar minimiza

cussing projects for the formation of investment
portfolio will be examined, and in s. 7 will be
examined the timely order for the candidates to be
elected by competition in positions, eg project
team members:

1) duration of the discussion of each project
is determined by the number of its
executors, and leaders have the same
share of time expenditures as project
executors — Case 1,

2) the duration of the discussion of each
project is determined by the number of
its executors, and leaders have a share of
time expenditures different from that of
project executors — Case 2;

3) the duration of the discussion of each
project is determined by the number of
its team members (the project leader and
executors), and leaders have the same
share of time expenditures as project exe-
cutors — Case 3;

4) the duration of each project discussion is
determined by the number of members of
its team, and leaders have a share of time
expenditures different from that of pro-
ject executors — Case 4;

5) organizing the discussion of candidates
to be elected by competition in positions
— Case 5.

3. Case 1 of discussing projects

Let the selection of investment projects is
carried out by the Council. Each project i of the m
ones is presented to the Council by a team
consisting of a leader and N; executors; any person
involved participates in a single project. The
project i, i=1m, is presented and discussed
(further — discussed) N; units of time. No schedule
is set for discussing projects, only the beginning
time. That is why all teams are present and await
the invitation by the Council. Once the presen-
tation and discussion of a project ends, the team
leaves. So, for each of the m team, useful time can
be considered only the one of presentation and
discussion of their own project, and the waiting
time before the Council's invitation for this pur-
pose — timeless. Therefore and considering also
that all team members have the same share of time
expenditures, it is required to determine the order
of projects discussion, which would minimize the
total time W, spent by members of the m teams
with the waiting concerned.

Revista / Journal ,,ECONOMICA” nr.3 (101) 2017



INFORMATICA, STATISTICA SI CIBERNETICA ECONOMICA/INFORMATICS, STATITICS AND ECONOMICS

cheltuielile sumare de timp ale membrilor celor
m echipe cu asteptarea in cauza W;.

Evident, timpul sumar ®,; de discutare a
celor m proiecte (timpul de lucru al fiecarui
membru al Consiliului) se determind ca ®y; = N;
+ N, + ... + Ny, Valoarea ®,; nu depinde de ordi-
nea discutarii proiectelor. De aceea, pentru mem-
brii Consiliului nu conteaza ordinea in cauza.
Conteaza, insi, aceasta ordine pentru comunitatea
de membri ai celor m echipe — valoarea Wi,
aceasta ar trebui sa fie cat mai mica.

Fie proiectele se discuta in ordinea cresterii
indicelui i. Atunci, cheltuielile sumare de timp
W;; cu asteptarea pentru echipa i sunt:

Wi, =0;
Wi, = Ny(N2 + 1);

Wli = (N1+ N2+

I
- - - - [

Respectiv, cheltuielile sumare de timp cu |
asteptarea A; pentru membrii celor m echipe se |
determina ca: |

W, = Z\Nli =

m
i=2 i=2

Astfel, Problema 1 pentru Cazul 1, ih con-
ditiile definite mai sus in aceasta sectiune, consta in
determinarea ordinii discutdrii celor m proiecte,
care ar minimiza valoarea marimii W,, determinata
de expresia (1).

In acelasi timp, cheltuiclile sumare totale
(asteptare si discutare) de timp ®;; pentru echipa i
sunt:

(N; +1)D_N, = min.
k=1

Obviously, the total time ®,; of discussing
the m projects (the working time of each member
of the Council) is determined as ®,; = Ny + N, +

. + Np. The ®,value does not depend on the
order in which projects are discussed. This is why
the decision-making process does not matter to
the members of the Council. However, this order
for the community of members of the m teams is
important — W, value, it should be as small as
possible.

Let projects are discussed in the order of the
increase of index i. Then the summary time Wy;
with expectation for team i, i =1,m, are:

Wiz = (N1 + N2)(N3 + 1);

+ Ni—l)(Ni + 1), i =1,m.

Respectively, the total time A; with expec-
tation for members of the m teams is determi-
ned as:

i-1

(1)

Thus, Problem 1 for Case 1, under the con-
ditions defined above in this section, is to deter-
mine the order of discussion of the m projects,
which would minimize the W, value, determined
by expression (1).

At the same time, the total summary
(waiting and discussion) spending time @y for
teami, i=1m, are:

@11 = N1(N; + 1), durata asteptarii fiind 0 / the wait time being 0;

O1, = Wit Np(Np + 1);
O13 = Wygt N3(N3 + 1);

O =Wy + Ni(Ni+ 1) = (N + N + ... + N)(N;+ 1), i =Lm.

Deci, cheltuielile sumare totale de timp 0,
ale membirilor celor m echipe se determina ca

0, :Z®li =

i=1 i

m
=1

I
Afirmatia 1. In conditiile Problemei l,i
optima, 1n sensul (1), este discutarea proiectelor i
in ordinea cresterii numarului de executanti ai i
acestora |

i>j,if <N, i=1m,j=1m,i#]j.
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(N, +1)Zi: N,.

Therefore, the total summary spending time
®; of the m team members is determined as

)
Statement 1. Under Problem 1 conditions,

optimal, in sense of (1), is the discussion of pro-

jects in order of the increasing number of their

I executors

3)
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Tntr-adevir, sa determinim, mai intai, ordi- Indeed, let's first determine the optimal
nea optimd, in sensul (1), de discutare a doud | order, in sense of (1), to discuss two neighbouring
proiecte invecinate s si s + 1. Pentru aceasta sa | Projects s and s + 1. Therefore, let us compare the
comparam valorile marimilor Wiggsy §i Wygins | Wiss+1@nd Wi s values for two orders that differ
pentru doud ordondri ce diferd doar prin ordinea | ONly by the succession of discussion of
discutdrii proiectelor echipelor invecinate s si | Neighbouring teams s and s + 1 projects, where
s+ 1, unde W55 = W (a se vedea (1)), iar Wissea = Wi (see (1)), and

s-1 i—1 s-1 s-1 n i—1
Wl,s+l,s :Z(Ni +1)Z Nk +(Ns+l +1)Z Nk +(Ns +1)(Ns+l +2Nk)+ Z(N| +1)Z Nk'
k=1 k=1 k=1

i=2 k=1 i=s+2

Avem/ We have

s-1

s-1 s-1 s-1
Wigas ~Wige = (Ngy "’1)2 N, +(Ng +D(N,, + Z N, )= (N "’1)2 Ny = (N, +(Ng + z N,)=Ng, -N. 4)
k=1 k=1 k=1 k=1
Deci, tinand cont de (1), din cele doua So, taking into account (1), of the two
proiecte Tnvecinate s si s + 1, este oportun de | neighbouring projects s and s + 1, it is appropriate
discutat primul proiect cu cea mai mica valoare a | to discuss first the project with the lowest N;
Ni. Generalizdnd, optima, in sensul (1), este | value. Generalizing, optimal, in sense of (1), is the
ordonarea tranzitiva (3). m transient order (3). m

Astfel, pentru minimizarea cheltuielilor Thus, in order to minimize the total time
sumare de timp cu asteptarea, Consiliul trebuie sa | expenditure with expectation, the Council should
examineze proiectele in ordinea cresterii numa- | examine projects in order of the increasing
rului de executanti ai acestora. number of their executors.

_ Afirmatia 2. Tn cazul particular N; = i, Statement 2. In the particular case N; = i,
i=1Lm al Problemei 1, valoarea W; pentru ! i=1m of Problem 1, the W; value for the optimal

ordonarea optima Wiy este egald cu ordering Wiy is equal to

W, = %m(m+1)[m(m+1) ~7, 5)

1
iar reducerea AW; a valorii W3, Tn baza trecerii de la i and the reduction AW, of W, value, based on the
ordonarea {m, m — 1, ..., 2, 1} la cea inversd | transition from order {m, m -1, ..., 2, 1} to the
optima {1, 2, ..., m—1, m}, este egala cu | inverse optimal {1, 2, ..., m—1, m}, is equal to

1 2
AW, = 6m(m -1. (6)

Intr-adevir, la compararea in perechi a Indeed, when comparing in pairs the pro-
proiectului m cu fiecare proiect Tnvecinat din | ject m with each adjacent project on the right,
dreapta, urmatd de trecerea pas-cu-pas (metoda | followed by the step-by-step transition (bubble
bulelor) de pe prima pozitie in ordonare pe | method) from the first position in the order to the
ultima, valoarea W, se reduce, consecutiv, | last, the W,; value decreases consecutively
conform (4),cul, 2, 3, ..., m — 1 unitati, adica, in | according to (4), with 1, 2, 3, ..., m — 1 units, ie in
tota, cul+2+3+ .. +m-1=m(m-1)/2 total with1+2+3+..+m-1=m(m-1)/2
unitati. In mod similar, la compararea in perechi | units. Similarly, when comparing in pairs the m —
a proiectului m — 1 cu fiecare proiect invecinat | 1 project with each neighboring project on the
din dreapta, urmata de trecerea pas-cu-pas de pe 1 right, followed by the step-by-step transition from
prima pozitie in ordonare pe penultima, valoarea | the first position in the order to the penultimate,
W se reduce, consecutiv, cu 1, 2, 3, ..., m — 1 1 the W; value is reduced consecutively by 1, 2, 3,
unitati, adica, intotal, cu1+2+3+ ...+ m—-2=1 ..., m-1units, ieintotal with1 +2+3 + ... + m-
(m — 1)(m — 2)/2 unitati etc. La trecerea {2 = (m — 1) (m — 2)/2 units, etc. When passing
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proiectului 2 de pe prima pozitie in ordonare pe a
doua, valoarea W; se reduce cu o unitate. Astfel,

AWZ

Totodatda, pentru ordonarea optima con-
form (3), tindnd cont de (1), are loc

|(|

project 2 from the first position in the order to the

second, the W, value is reduced by one unit. So,
H_1 m(m -1).Y

At the same time, for the optimal order accor-
ding to (3), taking into account (1), takes place

(i
Wi :Z(1+|)Zk Z(1+|) ( >
i=2
Consecinta 1. In conditiile Afirmatiei 1,
raportul 6, dintre AW, si valoarea W, pentru ordo-
narea optima Wi, este egal cu

81= AWy/Wip = 4(m — 1){3[m(m + 1) - 2]}

Relatia (7) se obtine direct din cele (5)
si(6). m

In baza (6) si (7), avem: AW;(m=2)
unit.timp, 0;(m=2) =~ 0,33 (33%); AW;(m=3)

1
4

unittimp, o6,(m=3) = 027, AW;(m=5) =
unittimp, o6;(m=5) = 0,19; AW;(m=10) = 165
unit.timp, J0;(m=10) = 0,11. Deci, reducerea in

cauza este considerabila.

4. Cazul 2 de discutare a proiectelor se
deosebeste de Cazul 1 doar prin faptul cd timpul
conducatorului de proiect este ponderat diferit de
cel al executantilor proiectelor: w > 0 — pentru
fiecare conducator si 1 — pentru fiecare executant.
Timpul de lucru al fiecarui membru al Consiliului
0, la discutarea celor m proiecte se determina ca si
®o1 In Cazul 1 (Op, = Ny + No + ... + Np) sinu
depinde de ordinea discutarii proiectelor.

Tn mod similar Problemei 1 (s. 3), se poate
constata usor cé au loc relatiile

W2=Zm:W2i Z(N +W)ZN — min,

i=2 i=2

0, :Zm:®2i zzm:(Ni

i=1 i=1

Astfel, Problema 2 pentru Cazul 2, in con-
ditiile definite mai sus in aceasta sectiune, consta
in determinarea ordinii discutdrii celor m
proiecte, care ar minimiza valoarea marimii W,
determinata de expresia (8).

Afirmatia 3. In conditiile Problemei 2,
optimd, in sensul (8), este discutarea proiectelor
in ordinea cresterii numarului de executanti ai
acestora (3).

TIntr-adevar, in mod similar Problemei 1, sa
comparam valorile marimilor Woseis $1 Woei1
pentru doud ordonari ce diferd doar prin ordinea
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1) :i i(izz‘l) :%m(m +D[m(m+1)-2].m

Consequence 1. Under the condition of State-
ment 1, the ratio J; between the AW; value and Wiy
(the Wy value for the optimal order) is equal to

(1)

Relationship (7) is obtained directly from
(5)and (6). m

Based on (6) and (7), one has: AW;(m=2) =
1 time units, d;(M=2) = 0.33 (33%); AW;(m=3) =
4 time units, 0;(m=3) = 0,27; AW,(m=5) = 20 time
units, o;(m=5) = 0,19; AW;(m=10) = 165 time
units, d;(m=10) = 0,11. So, the time reduction in
question is significant.

4. Case 2 of discussing projects differs
from Case 1 only in that the time of project leader
is weighted differently from that of the project
executors: w > 0 — for each leader and is 1 — for
each executor. Working time @, of each Council
in the discussion of the m projects is determined
as Oy in Case 1 (@02 =N+ Ny, + ..+ Nm) and
does not depend on the order of projects.

Similarly to Problem 1 (s. 3), one can
easily find that take place relationships

(®)

+W)Zi: N,.

©)

Thus, Problem 2 for Case 2, under condi-
tions defined above in this section, is to determine
the order of the m projects discussion, which
would minimize the W, value, determined by
expression (8).

Statement 3. Under the Problem 2 condi-
tions, optimal, in sense of (8), is the discussion of
projects in order of the increasing number of their
executors (3).

Indeed, similarly to Problem 1, let compare
the Wy and W, . s values for two orders that
differ only by the succession of discussion of
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discutarii proiectelor echipelor invecinate s si s + | neighbouring team projects s and s + 1, where Wo.y
1, unde W1 = W, (a se vedea (8)), iar

=W, (see (8)), and
s—1 i-1 s—1 s—1 n i—1
W2,s+1,s = Z(N| + W)Z Nk + (Ns+1 +W)z Nk + (Ns + W)(Ns+1 + Z Nk) + Z(N| +W)Z Nk'
k=1 k=1 k=1 k=1

i=2 i=5+2

Avem / One has

s-1 s-1
W2,5+1,s _W25,5+1 = (Ns+l + W)Z Nk + (Ns + W)(Ns+l + Z Nk) -
k=1 k=1

s—1 s—1 (10)
_(Ns +W)Z Nk - (Ns+1 +W)(Ns +Z Nk) = W(Ns+1 - Ns)
k=1 k=1
Deci, deoarece w > 0 si tinand cont de (8), So, since w > 0 and taking into account (8),

din cele doua proiecte invecinate S si S + 1, | of the two neighboring projects s and s + 1, is
primul este oportun de discutat proiectul cu cea | opportune to discuss first the project with the
mai mica valoare a N;. Generalizand, optima, in | lowest value of N;. Generalizing, optimal, in sense
sensul (8), este ordonarea tranzitiva (3). m of (8), is the transient order (3). m

Astfel, pentru minimizarea cheltuielilor Thus, to minimize the total time expen-
sumare de timp cu asteptarea, si in Cazul 2, Con- ! diture with expectation in Case 2, the Council
siliul trebuie sa examineze proiectele in ordinea ! should examine projects also in order of the
cresterii numarului de executanti ai acestora, ca si | increasing number of their executors as in
in Cazul 1. Case 4.1.

5. Cazul 3 de discutare a proiectelor se 5. Case 3 of discussing projects differs
deosebeste de Cazul 1 doar prin faptul ca fiecare | from Case 1 only in that each projecti, i =1,m, is
proiect i, i =1,m, se discutd nu N; ci N; + 1 unitdti | discussing N; + 1 time units and not N; (the project
de timp (se ia in considerare si coordonatorul | leader is also considered). Then the total time @3
proiectului). Atunci, timpul sumar ®,; de discutare | of the discussion of m projects (the working time
a celor m proiecte (timpul de lucru al fiecarui | of each member of the Council) is determined as
membru al Consiliului ) se determind ca @p3 = N3 + | ©g3 = Ny + N, + ... + Ny, + m. The O value, like
N, + ... + N, + m. Valoarea ®y; de asemenea, ca si | the ®,; one in Case 1, does not depend on the
cea a ®, Tn Cazul 1, nu depinde de ordinea | order of projects discussion.

discutarii proiectelor. If projects are discussed in order of the i
Dacd proiectele se discutd in ordinea | value growth, then the total spending time
cresterii i, atunci cheltuielile sumare de timp W3; | Wj; with expectation for the team i, i =1,m, mem-
cu asteptarea pentru membrii echipei i sunt: bers are:
Wa, =0;

Wa, = (N1 + 1)(N2 + 1);
Was=(N; + N2+ 2)(N; + 1);

Wai= (Np+ Nz + .o+ Nig+i = D(Ni + 1) = Wy + (i = )(Ni + 1), i =1m.

So, the total spending time W3; with expec-
tation for all m teams is determined as

Deci, cheltuielile sumare de timp cu astep-
tarea W3 pentru toate cele m echipe se determina ca

m m i-1 m
Wy =>"Wy = (N +1)D (N +1) =W, + " (i—L)(N; +1) —> min. (11)
i=2 i=2 k=1 i=2
Astfel, Problema 3 pentru Cazul 3, in con- Thus, Problem 3 for Case 3, under the con-

ditiile definite mai sus, in aceasta sectiune, consta | ditions defined above in this section, is to deter-
in determinarea ordinii discutarii celor m pro- | mine the order of discussion of the m projects,
iecte, care ar minimiza valoarea marimii Ws, | which would minimize the Wsvalue, determined
determinata de expresia (11). by expression (11).
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Respectiv, cheltuielile sumare totale (astep- Respectively, the total summation time
tare si discutare) de timp pentru membrii echipei i, | (waiting and discussion) ®; spend by members of
Os;, sunt; | team i, i=1m, are:

]

03 = (N1 + 1)?, durata asteptarii fiind 0 / wait time being 0;
O3 = W3, + (N2 + 1)* = (N + No+ 2)(N; +1);
B33 = Waz + (N3+ 1)* = (Ny + N, + N3+ 3)(N3 +1);

@3 =Wy + (N; + 12 = (Ny + Np+ ...+ Ni + )Ny + 1) = (i + O)(N; + 1), i =Lm.

So, the total summation time ®; for mem-
bers of the m teams is determined as

Deci, cheltuielile sumare totale de timp ®s
pentru membrii celor m echipe se determina ca

O, =Y 0, =) (N, +D)D (N, +1) =0, + > i(N; +1). (12)
i=1 i=1 k=1 i=1
Afirmatia 4. In conditiile Problemei 3, chel- Statement 4. Under the Problem 3 condi-

tuielile sumare de timp cu asteptarea pentru | tions, the total summation time (waiting and dis-
membrii celor m echipe nu depinde de ordinea | cussion) with expectation of members of the m
discutarii proiectelor lor. teams does not depend on the order in which their
Tntr-adevir, ca si in Cazul 1, si determinam, ! projects are discussed.
mai Tntdi, ordinea optima, doar ca in sensul (10), de Indeed, as in Case 1, let's first determine
discutare a doua proiecte invecinate S si S + 1. | the optimal order, but in sense of (10), of discus-
Pentru aceasta, sa comparam valorile marimilor ! sing of two neighbouring projects s and s + 1.
Wisei1 $i Wasi1s pentru doud ordondri ce difera | Therefore let compare the Wssy and W35 Va-
doar prin ordinea discutdrii proiectelor echipe- 1 lues of two orders, which differ only by the order
lor invecinate s si s + 1, unde Wassrs = W3 (a se 1 of discussion of neighbouring teams s and s + 1

vedea (11)), iar projects, where W, q,.; = W3 (see (11)), and
s—1 i-1 s-1 s—1 m i-1

W = Z(Ni +1)Z(Nk +1)+(Ng; +1)) (N +1) + (N + [N, +1+ Z(Nk +1)]+ Z(Ni +1)Z(Nk +1).
i=2 k=1 k=1 k=1 i=5+2 k=1

Avem / We have

s-1 s-1
Wogias =Wagsia = (Ngy +l)Z(Nk +D)+ (N +D[N,, +1+ Z(Nk +1)]-
k=1 k=1

s-1 s-1
—(Ng+1)D (N, +1) = (N, + D[N, +1+ > (N, +1)] =0.
k=1 k=1
Deci, valoarea marimii W3 nu depinde de So, the Ws value does not depend on the
ordinea discutarii celor doud proiecte invecinate s | order of discussion the two neighbouring projects
si s + 1. Extinzdnd aceastd proprietate asupra | s and s + 1. Extending this property to all neigh-
tuturor perechilor de proiecte invecinate, valoarea | bouring project pairs, the W3 value does not de-
marimii W3 nu depinde de ordinea discutarii celor | pend on the order of discussion of n projects. m
N proiecte. m Thus, following the minimization of total
Astfel, din conditia minimizarii cheltuielilor | time spending with expectation (11) in Case 3, the
sumare de timp cu asteptarea (11), in Cazul 3, | Council can examine projects in any order.
Consiliul poate examina proiectele Tn orice ordine. 6. Case 4 of discussing projects differs
6. Cazul 4 de discutare a proiectelor se | from Case 3 only in that the time of project leader
deosebeste de Cazul 3 doar prin aceea ca timpul | is weighted differently from that of project exe-
conducatorului de proiect este ponderat diferit de | cutors: w > 0 — for each leader and 1 — for each
cel al executantilor proiectelor: w > 0 — pentru i executor. The working time ®,, of each Council
fiecare conducator si 1 — pentru fiecare executant. { member in discussion of the m projects is
Timpul de lucru al fiecarui membru al Con- | determined as ®o = Ny + N, + ... + N, + m. The
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siliului @y, la discutarea celor m proiecte se ! @y value, as well as the @, in Case 1, @y, in Case

determind ca ®y = Ny + N, + ... + N, + m. | 2 and ®yin Case 3, does not depend on the order

Valoarea @y, de asemenea, ca si cele ale ®y; in | of projects discussion.

Cazul 1, ®y, in Cazul 2 si O3 in Cazul 3, nu Similarly to Problem 1 and taking into

depinde de ordinea discutarii proiectelor. account (8) and (9), it can easily be ascertained
In mod similar Problemei 1 si tinand cont de | that take place relationships

(8) 51 (9), se poate usor constata ca au loc relatiile

W, =W, =>"(N, +W)Z(N +1) =W, +Z )N, +w) — min. (13)
i=2 i=2
0= 30, =3 (N, + WY (N, +1 =0, + i(N, +w).
i=1 i=1 k=1 i=1
Astfel, Problema 4, pentru Cazul 4, in Thus, Problem 4 for Case 4, under the con-

conditiile definite mai sus, in aceastd sectiune, | ditions defined above in this section, is to deter-
constd in determinarea ordinii discutarii celor m | mine the order of discussion of the m projects,
proiecte, care ar minimiza valoarea marimii W,, | which would minimize the W, value, determined
determinata de expresia (13). by expression (13).

Valoarea W, depinde, Tn caz general, de The W, value depends, in general, on the
ordinea discutirii proiectelor; aceasta poate influ- | order of discussion of projects; it can influence
enta atat valoarea W,, cat si cea a celuilalt factor | both, the W, value and the other factor in (13).
din (13). Statement 5. In Problem 4 conditions, opti-

Afirmatia 5. In conditiile Problemei 4, | mal, in sense of (13), is the discussion of projects:
optimd, in sensul (13), este discutarea proiectelor: | in the order of the increasing number of their
in ordinea cresterii numarului de executanti ai | executors (3), if w > 1; in the order of the decree-
acestora (3), daca w > 1; in ordinea descresterii | Sing number of project executors, if 0 <w <1. The
numarului de executanti ai proiectelor, daca 0 < | order of discussion of projects does not matter, if
w < 1. Ordinea discutirii proiectelor nu conteaza, | w = 1 (Problem 3 for Case 3).
daca w =1 (Problema 3 pentru Cazul 3). Indeed, let first determine the optimal

Intr-adevar, si determinim, mai intai, | order, in sense of (13), of discussing two neigh-
ordinea optima, in sensul (13), de discutare a | bouring projects s and s + 1. Therefore, let com-
doud proiecte invecinate S si S + 1. Pentru aceasta, | pare the Wyse.q and Wy s Values for two order
sa comparam valorile marimilor Wyss.1 $i Wyei1s | that differ only by the succession of discussion of
pentru doua ordonari ce diferd doar prin ordinea ! neighbouring teams s and s + 1 projects, where
discutarii proiectelor echipelor invecinate S si S + | Wyss1 = W, (See (13)), and
1, unde Wiy .1 = W, (a se vedea (13)), iar

Wiy = 3N, 3 (N, )+ (N )3 (N, )+

+(N, +W)[Ns+1+1+Z(N +1)]+ Z (N, +W)Z(N +1).

i=5+2

Avem / We have
s-1

s-1
W4,s+1,s _W45,5+1 (N +W)Z(N +1)+(N +W [Ns+1 +Z N +1
k=1

s+l

s-1 . s-1 (14)

~(N +WZ (N +2) = (Ng, #W)IN, +1+ > (N, +1)] = (W-1)(N,, - N,).
k=1

Deci, tinand cont de (13), pentru perechea | So, taking into account (13), for neigh-
de proiecte invecinate s si s + 1 Afirmatia 4 are | bouring projects s and s + 1 Statement 4 takes
. A - . IR | - . .y
loc. Extinzand aceastd proprietate tranzitiva | place. Extending this transitive property to all
asupra tuturor perechilor de proiecte invecinate, | neighbouring pairs of projects, the veracity of
se confirma veridicitatea Afirmatiei 4. m | Statement 4 is confirmed. m
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7. Discutarea candidatilor la alegerea
prin concurs

Se examineaza ordinea oportund de
discutare a candidatilor la alegerea Tn posturi prin
concurs. Procedura este similard, in mare parte,
celei aplicate in Cazul 1 (s. 3), doar ca se prezinta
si nu discuta proiecte, c¢i N;, i=1m candidati
pentru ocuparea de posturi vacante in cadrul fie-
carei subdiviziuni (laborator, sectie, catedra etc.)
i din cele min total. Nu este stabilit, in prealabil,
vreun orar pentru discutarea candidatilor. De
aceea, toti candidatii, Impreuna cu sefii de
subdiviziuni respectivi, asteapta invitarea de catre
Comisia de concurs. Candidatii se invita, prezinta
si discuta cate unul, pe subdiviziuni. Fiecare can-
didat este prezentat Comisiei de seful subdi-
viziunii respective. Prezentarea si discutarea unui
candidat dureaza o unitate de timp, egala ca pon-
dere, atat pentru candidati, cét si pentru sefii de
subdiviziuni. Dupa incheierea discutarii, candi-
datul pleaca. Seful subdiviziunii i de asemenea
pleacd, doar cd dupa incheierea discutarii ulti-
mului din cei N; candidati.

In aceste conditii, timpul sumar @ de
discutare a candidatilor tuturor celor n sub-
diviziuni (timpul de lucru al fiecarui membru al
Comisiei de concurs) se determind ca @y = N; +
N, + ... + Np. Valoarea O, nu depinde de
ordinea discutérii candidatilor. Se cere determi-
narea ordinii discutarii candidatilor, care ar mini-
miza cheltuielile sumare de timp ale membrilor
celor m subdiviziuni cu asteptarea in cauza Ws, ca
si in Problemele 1-4.

Daca candidatii subdiviziunilor se discuta in
ordinea cresterii i, atunci cheltuielile sumare de
timp cu asteptarea Ws; pentru subdiviziunea i sunt:

W51 =1+2+ ..+ (Nl—l) = N1(N1—1)/2,

7. Discussion of candidates to be elected
in positions.

Let's examine the opportune order of dis-
cussion of candidates to be elected in positions by
competition. The procedure is similar, in broader
terms, to that applied in Case 1 (s. 3), only that
they are discussing not projects but candidates for
job vacancies within each subdivision (laboratory,
department, etc.) i out of the m in total. There is
no a prior established schedule for the candidates
to be discussed, only the beginning time. That is
why all candidates, together with the heads of
respective subdivisions, await the invitation by
he Competition Commission. Candidates are
invited one by one, by subdivisions. Each candi-
date is presented to the Commission by the head
of subdivision. The presentation and discussion of
a candidate takes an unit of time, equal in weight
for both, candidates and heads of subdivisions.
After the discussion ends, the candidate leaves.
The head of the subdivision i also leaves, but only
after the end of discussion of the last of the
N; candidates.

In these conditions, the total time ©@, of
discussion of all n subdivisions candidates (the
working time of each Commission member) is
determined as @05 = N1 + N2 + ...+ Nm. The @05
value does not depend on the order of discussion
of candidates. It is required to determine the order
of discussion of candidates, which would mini-
mize the total spending time Ws of the m subdi-
visions members with the respective expectation,
as in Problems 1-4.

If subdivision candidates are discussed in
order of i value growth, then the total time waits
Ws; for subdivision i are:

W;s, = Nl(N2+ 1) +1+2+ ...+ (Nz—l) =Wy + NZ(NZ_].)/Z,
Wsz= (N1 + N)(N3 + 1) + 1+ 2+ ... + (N3 — 1) = Wiz + Na(Ns - 1)/2;

Deci, are loc / So, occurs

m

W :Zn‘,wsi %Z N; (N; _1)+i(Ni +1)§Nk =W, +%iNi(Ni ~1) > min.
i=2 k=L i=1

i=1 i=2

Astfel, Problema 5 pentru Cazul 5, in con-
ditiile definite mai sus in aceasta sectiune, consta
in determinarea ordinii discutdrii candidatilor
celor m subdiviziuni la alegerea prin concurs in
posturi, care ar minimiza valoarea marimii Ws,
determinata de expresia (15).
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Thus, Problem 5 for Case 5, under the con-
ditions defined above in this section, is to deter-
mine the order of discussion of the m subdivisions
candidates to be elected in positions by compe-
tition, which would minimize the Ws value, deter-
mined by expression (15).
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Respectiv, cheltuielile sumare totale (astep- |
tare si discutare) de timp ©s pentru membrii |
subdiviziunii i,i =1,m,sunt: i

Respectively, the total summation time
(waiting and discussion) ®s; for the members of

subdivision i, i=1,m, are:

@51 = W51 + Nl + Nl = W51 + 2N1 = 2N1 + Nl(Nl - 1)/2 = Nl(Nl + 3)/2,
Os; = W, + 2N, = Wi, + No(N; + 3)/2;
Os3 = Ws3 + 2N3 = Wy3 + N3(N3 + 3)/2;

®O5 = Ws; + 2N; = Wy; + Ni(Ni +3)2=04- Ni(Ni - 1)/2 =
=(Ne+ No+ .o+ Nig)(Ni + 1) + Ni(N; + 3)/2, i =1,m.

Deci, cheltuielile sumare totale de timp ©s
pentru toate cele n echipe se determina ca

m
0, = Z®5i =
i=1

Afirmatia 6. In conditiile Problemei 5, opti-
ma, in sensul (15), este discutarea candidatilor
subdiviziunilor in ordinea cresterii numarului de
candidati ai acestora similar (3).

Tntr-adevar, conform (15), valoarea Ws de-
pinde, in caz general, de ordinea discutarii candi-
datilor subdiviziunilor doar in masura, in care de
aceasta depinde valoarea marimii W, (a se vedea
(1)). Marimea celui de al doilea factor din (15) nu
depinde de ordinea 1n cauzd. De aceea optima, in
sensul (15), este, ca si in Cazul 1, ordonarea (3). m

8. Concluzii

Discutarea candidatilor, la alegerea 1in
posturi prin concurs (Cazul 5 de la s. 7), si a pro-
ietelor, pentru formarea portofoliului de inves-
titii, in Cazul 1 (s. 3), Cazul 2 (s. 4) si, de aseme-
nea, Cazul 4 (s. 6) law > 1 este oportuna, iar in
Cazul 3 (s. 5) poate fi efectuatd in ordinea cres-
terii numadrului de candidati ai subdiviziuni-
lor/executanti ai proiectelor respective. In Cazul
4 la 0 <w <1 (conditie putin probabild), discuta-
rea proiectelor, pentru formarea portofoliului de
investitii, este oportund in ordinea descresterii
numarului de membri ai echipelor de proiect.

Exemplul adus in s. 3 confirma faptul ca
organizarea rationald a discutarii proiectelor, pen-
tru formarea portofoliului de investitii, dar si cea
a discutarii candidatilor, la alegerea in posturi
prin concurs, poate reduce semnificativ cheltuie-
lile de timp ale persoanelor participante.

So, the total summation time ®s for mem-
bers of the n subdivisions is determined as

0, - 23NN D=3 (N DTN, - 23NN, -1

Statement 6. Under the Problem 4.7 condi-
tions, optimal, in sense of (15), is the discussion
of candidates in order of the increasing number of
subdivisions candidates similar to (3).

Indeed, according to (15), the Ws value
depends, in general, on the order of discussion of
subdivisions candidates only to the extent that this
depends on the W value (see (1)). The size of the
second factor in (15) does not depend on the order
in question. Therefore, optimal, in sense of (15), is
as in Case 1 the order (3). m

8. Conclusions

The discussion of candidates for election in
positions by competition (Case 5 of s. 7), and of
projects to form an investment portfolio in Case 1
(s. 3), Case 2 (s. 4) and also Case 4 (s. 5) atw > 1
is opportune, and in Case 3 (s. 5) can be done in
the order of the increasing number of candidates
of subdivisions/ executors of the respective
projects. In Case 4 at 0 < w <1 (unlikely condi-
tion), the discussing of projects to form an invest-
ment portfolio is appropriate in order of the de-
creasing number of project team members.

The example given in s. 3 confirms that the
rational organization of project discussions, when
forming the investment portfolio, as well as the
discussion of candidates, when elected in compe-
titive positions, can significantly reduce the time
spent by the participants.
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