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fn aceasta lucrare, sunt discutate aspecte
ale favorizarii totale a beneficiarilor mari sau a
celor mici, la repartizarea proportionala a
entitatilor, folosind metodele cu divizor liniar
(LDM). In acest scop, au fost definite cerintele
conformitdtii repartizarilor cu solutia metodelor
cu divizor liniar §i au fost determinate conditiile
conformitatii repartizarilor LDM cu cerintele de
favorizare totald a beneficiarilor mari sau a celor
mici. Ulterior, a fost elaborat algoritmul Al de
determinare a repartizarilor LDM ce favorizeaza
total beneficiarii. Folosind Al, au fost efectuate
calcule pentru trei exemple, obgindndu-se:
repartizarea metodei d’Hondt ce favorizeaza total
beneficiarii mari, repartizarea metodei Sainte-
Lagué, ce favorizeaza total beneficiarii mari si
repartizarea metodei Divizor liniar dependent, ce
favorizeaza total beneficiarii mici. Rezultatele
obtinute  confirma  oportunitatea  utilizarii
algoritmului Al pentru determinarea repartiza-
rilor LDM, ce i favorizeaza total pe beneficiarii
mari sau, dimporriva, pe cei mici.

Cuvinte-cheie: algoritm, ceringe de favori-
zare totala, metoda de repartizare, metoda cu
divizor liniar, solutia metodei de repartizare.

JEL: C61, C63.

1. Introducere

Adesea, este necesar sa se distribuie un
numar dat M de entitati discrete, de acelasi tip,
intre n beneficiari, proportional unei caracteristici
numerice V;, i = 1, n, atribuite fiecaruia dintre ei.
Aceasta este cunoscutd sub numele de problema
de repartizare proportionala (PRP) [1-3]. Carac-
teristica, in Tntregime, a acestei probleme implica,
de obicei, o anumitd disproportie a repartizarii
{x;, i = 1,n} [1, 4, 5], unii beneficiari fiind favo-
rizati in detrimentul altora. Favorizarea bene-
ficiarilor duce la cresterea disproportionalitatii si
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Aspects of total favouring of large or small
beneficiaries in proportional apportionments of
entities using linear divisor methods (LDM) are
discussed in the paper. In this aim, the requi-
rements of apportionments compliance with
linear divisor methods’ solution were defined and
the conditions of LDM apportionments com-
pliance with the requirements of total favouring
large or small beneficiaries were determined.
Subsequently, the Al algorithm for determining
the LDM apportionments which totally favour
beneficiaries was elaborated. Using Al, calcu-
lations for three examples were performed, obtai-
ning: a d’Hondt method’s apportionment which
totally favours large beneficiaries, a Sainte-Lagué
method’s apportionment which totally favours
large beneficiaries and a Dependent linear divisor
method’s apportionment which totally favors small
beneficiaries. Obtained results confirm the oppor-
tunity of using the algorithm Al for the determining
of LDM apportionments which totally favour large
beneficiaries or, on the contrary, the small ones.

Keywords: algorithm, apportionment me-
thod, apportionment method’s solution, linear
divisor method, requirements of total favouring.

JEL: C61, C63.

1. Introduction

It is often necessary to distribute a given
number M of discrete entities of the same kind
among n beneficiaries, in proportion to a nume-
rical characteristic assigned to each of them V;,
i = 1,n. This is known as proportional appor-
tionment (APP) problem [1-3]. The integer
character of this problem usually causes a certain
disproportion of the apportionment {x;, i = 1,n}
[1, 4, 5], some beneficiaries being favoured at the
expense of the others. Favouring of beneficiaries
leads to the increase of disproportionality and
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invers. Prin urmare, reducerea favorizarii in cauza
constituie una dintre cerintele de baza la alegerea
metodei PRP, ce trebuie aplicatd in situatii
concrete (conditia de nepartinire) [1, 3].

Dupad cum se stie, metoda d'Hondt [6] ii
favorizeaza pe beneficiarii mari (cu valoarea V;
mai mare) [1, 4, 7, 8], iar metoda Huntington-Hill
[9] 1i favorizeaza pe cei mici (cu valoare V; mai
micd) [4, 10]. Dar care dintre cele doud favori-
zeazia beneficiarii Tntr-o masurd mai mare?
Preferintele, 1n acest sens, intre metode, pot ajuta.
De exemplu, Marshall, Olkin si Pukelsheim [11,
p.1] au plasat cinci metode PRP ,,in ordinea in
care se stie ca favorizeaza partidele mai mari fata
de partidele mai mici”. Cu toate acestea, cea mai
bund modalitate constd in estimarea cantitativa a
acestei proprietati. O abordare, in acest scop, este
propusa de catre autorul acestui articol in [12].
O alta, ,,de favorizare totald”, bazatd pe definitia
favorizarii beneficiarilor mari sau a celor mici
printr-o metoda de repartizare propusa de catre
Balinski si Young [1], a fost examinata de catre
autor in articolul [15]. In lucrarea data, este
demonstrat ca frecventa favorizarii totale in
repartizari, pentru metodele Hamilton (Hare)
[13], Sainte-Lagué (Webster) [14], d'Hondt
(Jefferson), Huntington-Hill si Sainte-Lagué
adaptatd, este puternic descrescatoare fatd de n,
devenind aprox. 0 la n > 7+10. Unele aspecte ale
determindrii repartizarilor metodei Divizor liniar
general (GLD), ce ii favorizeaza total pe bene-
ficiarii mari sau pe cei mici, sunt examinate n
aceasta lucrare.

2. Esenta favorizirii si a favorizarii
totale a beneficiarilor in repartizari

Esenta favorizarii beneficiarilor in reparti-
zari este descrisd in lucrarile lui Gallacher [4],
Sorescu si Parvulescu [7] si Tannenbaum [10] s.a.
Autorul n articolul [12], de exemplu, distinge trei
notiuni de favorizare a beneficiarilor de catre o
metoda PRP:

a) favorizarea unui beneficiar intr-o repar-

tizare;

b) favorizarea beneficiarilor mari sau a
celor mici intr-o repartizare;

c) favorizarea beneficiarilor mari sau a
celor mici, in general, de catre o metoda
de repartizare.

Se considera ca un beneficiar i este favo-
rizat, daca lui i se distribuie un numir x; de
entitdti mai mari, decat i s-ar cuveni, conform
valorii V;, mai exact, daci x; > MV; /V, unde
M=X1+X2+ +Xn§iV:V1+V2+ +Vn.
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vice versa. Therefore, reducing the favouring in
question is one of the basic requirements when is
choosing the APP method to be applied under
concrete situations (free of bias condition) [1, 3].

As it is well known, the d’Hondt method
[6] favours large beneficiaries (with larger V;
value) [1, 4, 7, 8], and Huntington-Hill method
[9] favours the small ones (with smaller V; value)
[4, 10]. But which of the two favours beneficia-
ries to a larger extent? Preferences, in this sense,
between methods, can help. For example, in [11],
five APP methods are placed “in the order as they
are known to favour larger parties over smaller
parties”. However, the best way is to estimate this
property quantitatively. One approach in this aim
is proposed in [12]. Another, the “total favouring”,
based on the definition of favouring of large
beneficiaries or of the small ones by an appor-
tionment method done in [1], is examined in [15].
In the last paper, it was shown that the frequency of
total favouring in apportionments, for the widely
used Hamilton (Hare) [13], Sainte-Lagué (Webster)
[14], d’Hondt (Jefferson), Huntington-Hill and
Adapted Sainte-Lagué methods, is strongly decrea-
sing on n, becoming approx. 0 at n > 7+10. Some
aspects of the determination of General linear
divisor (GLD) method apportionments, which
totally favour large beneficiaries or the small ones,
are examined in this paper.

2. Essence of favouring and of total
favouring of beneficiaries in apportionments

The essence of favouring beneficiaries in
apportionments is described in such papers as [4,
7, 10]. In [12], for example, three notions of
favouring beneficiaries by an APP method are
distinguished:

a) favouring a beneficiary in an apportion-

ment;

b) favouring large beneficiaries or of the

small ones in an apportionment;

¢) favouring large beneficiaries or of the

small ones overall by an apportionment
method.

It is considered that a beneficiary i is
favoured if a larger number x; of entities is dis-
tributed to him than would be due according to
the V; value, more precisely if x; > MV; /V, where
M=x+X+..+xand V=V, +V,+ ... +V,.
Of course, the lack of favouring is possible only if
the equalities a; = MVi/V, i = 1, n take place; here
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Desigur, lipsa favorizarii este posibila, numai
dacd au loc egalititile a; = MV; /V, i =1,n;
aici a = [MV/V], unde lz] semnifica partea
intreagd a numirului real z. In practica, astfel de
egalitati au loc rar si, de aceea, unii beneficiari
sunt favorizati, iar alfii, respectiv, sunt defa-
vorizati. Se va folosi, de asemenea, notarea
AM=M-a;+a,+ ... +a,

Tn mod formalizat, probabil, prima definitie
a favorizarii beneficiarilor mari sau a celor mici de
catre o metodd PRP este data de catre Balinski si
Young [1]. Dar cerintele acestei definitii sunt
foarte puternice — nu se cunosc metode conforme
lor, care s-ar folosi in practica. In acelasi timp,
aceste conditii pot fi utilizate pentru a identifica
Javorizarea totald” a beneficiarilor mari sau a
celor mici 1n repartizari concrete [15]. De
asemenea, (Bolun, 2020) [12], conditiile definitiei
respective (Balinski si Young, 2001) [1] au fost
simplificate, reducadnd considerabil  volumul
calculelor necesare pentru simularea informatica (a
se vedea Definitia 1).

Definitia 1. ntr-o repartizare, beneficiarii
mari sunt total favorizati, daca:

Xi
vi
iar beneficiarii mici sunt total favorizati, daca
Xi
vi
pentru orice x; > x;, unde i si j iau valori din cele
{1, 2, 3, ..., n} (Bolun, 2020) [12].

De obicei, Intr-una si aceeasi repartizare,
pot fi favorizati unii beneficiari mari §i unii mici
si, totusi, sa fie favorizati, In mod preponderent,
beneficiarii mari sau, dimpotriva, cei mici. De
aceea, (Bolun, 2020) [12] se propune utilizarea a
doua notiuni diferite: ,,favorizarea” beneficiarilor
mari sau a celor mici si ,,favorizarea totala” a
beneficiarilor mari sau a celor mici, a doua fiind
caz particular al primei notiuni. Conformitatea
unei repartizari a cerintei (1) sau celei (2) se
refera la ,,favorizarea totald” a beneficiarilor mari
sau, respectiv, a celor mici. Notiunea mai larga de
»favorizare” a beneficiarilor mari sau a celor mici
este utilizatd atunci, cand, intr-o repartizare, sunt
favorizati, preponderent beneficiarii mari sau,
dimpotriva, cei mici (Bolun, 2020) [12].

Pentru a identifica daca, la aplicarea unei
metode PRP, se pot obtine repartizari, care sa-i
favorizeze total pe beneficiarii mari sau pe cei
mici, este necesar si se cunoasca cerintele de
conformitate ale metodei PRP in cauza cu cerinta
(1) sau, respectiv, cu cea (2).
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a, = LMVy/V], where | z] means the integer part of
the real number z. In practice, such equalities
rarely occur and that is why some beneficiaries
are favoured and others, respectively, are disfa-
voured. The notation AM =M —a; + a, + ... + a,
will also be used.

In formalized form, the first, probably,
definition of favouring large or small benefi-
ciaries by an APP method is given in [1]. But the
requirements of this definition are very strong —
no methods compliant to them and used in prac-
tice are known. At the same time, as mentioned in
[15], these conditions can be used to identify the
“total favouring” of large beneficiaries or of the
small ones in concrete apportionments. Also, in
(Bolun, 2020) [12], the conditions of the respec-
tive definition in (Balinski si Young, 2001) [1]
were simplified, reducing considerably the volu-
me of needed calculations for computer simula-
tion (see Definition 1).

Definition 1. In an apportionment, large
beneficiaries are totally favoured if:

V]" (1)
| and small beneficiaries are totally favoured if

=L @)
Vj

whenever x; > x;, where i and j take values from
the {1, 2, 3, ..., n} ones [12].

Usually, in one and the same apportion-
ment some large and some small beneficiaries can
be favoured and, nevertheless, mainly large or, on
the contrary, small beneficiaries can be favoured.
Therefore, in (Bolun, 2020) [12] it is proposed to
use two different notions: “favouring” of large or
small beneficiaries and “total favouring” of large
or of small beneficiaries, the second being a
particular case of the first one. The compliance of
an apportionment with requirement (1) or with
the (2) one is referred to “total favouring” of large
beneficiaries or, respectively, of the small ones.
The larger notion of “favouring” of large bene-
ficiaries or of the small ones is used when in an
apportionment are predominantly favoured large
beneficiaries or, on the contrary, the small ones in
sense of (Bolun, 2020) [12].

In order to identify whether apportionments
that fully favour large or small beneficiaries can
be obtained when applying an APP method, it is
necessary to know the compliance requirements of
the APP method in question with requirement (1)
or, respectively, the (2) one.

— W



INFORMATICA, STATISTICA SI CIBERNETICA ECONOMICA | INFORMATICS, STATISTICS AND ECONOMIC CYBERNETICS

3. Conditiile de conformitate a reparti- 3. Conditions for the compliance of GLD
zarilor GLD cu cerinta (1) sau cu cea (2) apportionments with requirements (1) or (2)

Conditiile de conformitate a repartizarilor The conditions for compliance of GLD
GLD cu cerinta (1) sau cu cerinta (2) sunt definite | method’s apportionments with requirements (1)
de Afirmatia 1 si Afirmatia 2. or the (2) one are defined by Statement 1 and

Afirmatia 1. Conditiile de conformitate a | Statement 2.
repartizirii {X;, {= 1,n} cu solutia metodei Statement 1. The conditions of an appor-
Divizor liniar general [8] sunt: tionment {x;, i=1,n} compliance with the
General linear divisor method [8] solution are:

c(xi—1)+1 cxi+1
]g < Vi < V]l—
cxj+1 c(xj—1)+1

(@) =1L,ni#]j. (3)

Indeed, the General linear divisor method
apportionment rule is:

Intr-adevir, regula de repartizare a metodei E
Divizor liniar general este: |
V. V.

J > i , (4)
cu;+1 cu +1

j i, if

unde ux este numarul de entitdti, deja, alocate { where uy is the number of entities already
beneficiarului k [8]. Tindnd cont de (4), pentru | allocated to beneficiary k [8]. Given (4), for the
perechea {Xx;, X}, este usor sa se obtind conditia | pair {X; X}, it is easy to obtain the obligatory
obligatorie de conformitate a repartizarii {X;, | condition of apportionment {x;, i = 1,n} com-
i=1,n} cu solutia metodei Divizor liniar | pliance with the General linear divisor method
general: solution:

cxi—1D+1" cx;+1c(x; —1) +1 cxj+1'(l'])_ Mt E

de unde, in urma unor transformari elementare, se { from where, after elementary transformations,
obtine (3). m one has (3). m
Fie N = {1, 2, 3, ..., n}, iar N; este o Let N = {1, 2, 3, ..., n} and N; is such a
asemenea submultime a N cd j € N; pentru orice x; | subset of N that j € N; whenever x; > x;, where (i, j)
> x;, unde (i, j) € N. Astfel, N; = &. De asemenea, | € N. So, N; = &. Also, for simplicity, it will be
pentru simplitate, se va considera cd Vo/Xo = 0 si | considered that Vo/Xo=0 and Vi, + 1/Xn+1 = .
Vi s 1/Xn+ 1= 0. Statement 2. For linear divisor methods
Afirmatia 2. Pentru metodele cu divizor | with ¢ > 0 [8], the condition of the apportionment
liniar i ¢ > 0 [8], conditia de conformitate a | {x;, i = 1,n} compliance with requirement (1) of
repartizarii {X;, i = 1,n} cu cerinta (1) de favo- | total favouring of large beneficiaries is:
rizare totala a beneficiarilor mari este:

i i—1)+1
max {maxje,vi (V] z—]) , MaXjc [V] u]} <V < (5)

cxj+1

X cx;i+1
< min{min; PN V-—‘); minV-‘—},i=1,n,
{ JeN\(i,N;) ( Txj)’ jen\i J clxj-1)+1

and with requirement (2) of total favouring of
small beneficiaries is:

iar cu cerinta (2) de favorizare totald a benefi-
ciarilor mici este:

N
S
N

X c(xi—1)+1
maX{maneN\(z.zvi) (ij—j)'maxjezv\i [Vj cxj+1 ]}

(6)

. . Xi . cxi+1 .
< mln{mlnjeN. (VJ —‘); min V; ‘—},l =1,n.
t Xj jeN\i C(x]'—l)+1

Indeed, linear divisor methods with ¢ > 0
are particular cases of General linear divisor

Tntr-adevir, metodele cu divizor liniar si ¢>
0 sunt cazuri particulare ale metodei Divizor
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liniar general. Din (1), avem V; > Vjxi/x;, j € N si
Vi < Vixifx, j eN\(i,N;), i =1,n. Combinand
aceste relatii cu cele (3), este usor de obtinut (5).

In mod similar, din (2) avem V; < Vjxi/x;, j
e Ny si Vi > Vin/Xj, ] EN\(i,Ni), i=1,n.
Combinand aceste relatii cu cele (3), este usor de
obtinut (6). ¥

Ramane sid se arate consistenta cerintelor
(5) si (6). In ce priveste (5), tinand cont de defi-
nirea N;, avem max{Vjxi/x;, j € Ni} < min{Vixi/x;, j
€ N\(i,Nj)}. De asemenea, la ¢ > 0 avem Vj(cx; +
Die(x; — 1)+ 1] = Vjle(xi = 1) + 1}/(cx; + 1) =
Vj(CXi + 1)/[(CXj + 1) - C] - Vj[(CXi + 1) - C]/(CXJ' +
1) >0, (i, ) € N, j =1. Deci, partea stanga a
relatiei (5) este intotdeauna mai micd, decat
partea dreapta.

In mod similar, in ce priveste cerinta (6),
avem maX{Vin/Xj, ] IS N\(I,N.} < min{Vin/Xj, j S
Ni}. Deci, tinand cont ca ¢ > 0, dupa cum este
aratat mai sus, are loc Vj(cx; + 1)/[c(x; — 1)+ 1] -
Vile(xi = 1) + 1)/(cx; + 1) =>0, (i, j) € N, j =1.
Astfel, partea stanga a relatiei (6) este intotdeauna
mai mica, decat partea dreapta. m

Afirmatia 3. Pentru metodele cu divizor
liniar si ¢ > 1, cerinta (5) de favorizare totald de
citre repartizarea {X;, i = 1,n} a beneficiarilor
mari poate fi inlocuita cu:

method. From (1) one has V; > Vixi/x;, j € N and
Vi < Vixilx;, j eN\(i,N;), i = 1,n. Combining these
relations with the (3) ones, it is easy to obtain (5).

Similarly, from (2) one has V; < Vjxi/x;, j €
N; and V; > Vin/Xj, j EN\(i,Ni), l=1,_7’l Com-
bining these relations with the (3) ones, it is easy
to obtain (6). ¥

It remains to show the consistency of
requirements (5) and (6). With reference to the
(5) one, taking into account the definition of N;,
one has max{Vixi/x; j € Ni} < min{Vjx/x;, | €
N\(i,Ni)}. Also, at ¢ > 0 one has Vj(cx; + 1)/[c(x; —
1)+ 1] - Vj[C(Xi - 1) + 1]/(CXJ' + 1) = Vj(CXi +
1)/[(cx; + 1) — ¢] = Vj[(cxi + 1) — c)/(cx; + 1) > 0,
(i, ) € N, j =i. Thus, the left part of relation (5) is
always smaller than its right part.

In a similar mode, with refer to require-
ment (6), one has max{Vixi/x; j € N\(i,Nj} <
min{Vjxi/x;, j € Ni}. Thus, taking into account that
at ¢ > 0, as shown above, takes place Vj(cx; +
D/e(x; — 1)+ 1] = Vj[e(xi — 1) + 1]/(cx; + 1) = >0,
(i, J) € N, j =1, the left part of relation (6) is
always smaller than its right part. m

Statement 3. For linear divisor methods
with ¢ > 1, requirement (5) of apportionment {X;,
i = 1,n} total favouring of large beneficiaries
can be replaced by:

X; c(x;i—D+1
maxi{max|(V;— |, max (Vj————¢<V;<
JjeN; Xj ) JeN\(LN;) cxj +1
j J (7
] ) X; . cx; +1
< min{ min Vj— ;mlnl/}-— ,i=1,n,
JeM@N)\ 7 xj) " JeNi T e(xj—1) + 1

iar cerinta (5) de favorizare totala de cétrei
repartizarea {x;, i = 1,n} a beneficiarilor mici |
poate fi inlocuita cu: |

Xi
maxy{ max (V;—|, max |V
JeN\(i,Ny) Xj) JjeN\i

and requirement (6) of apportionment {Xx;,
i =1,n} total favouring of small beneficiaries
can be replaced by:

VM]} < Vi <

cxj+1
. . X . cx; +1 . ®)
<minymin(V;—|; min Vj—————¢,i=1n.
jeN; Xj) JEN\(LNY) C(xj -1D+1
Intr-adevir, este usor de demonstrat ca: i Indeed, it is easy to show that:
Xi/Xj —[c(xi-1) +1]/(CXj +1) = [Xj(C -1+ Xi]/[Xj(CXj +1)] si/and
(cx; +1)/[c(x; — 1) +1]/(cx; +1) — Ix,—/xi = [xi(c — 1) + x;)/[xi(cxi +1)].
Astfel, lac>1 au loc: | So, at ¢ > 1 occur:
x clx;—1D+1 cx;+1 >xi__1 T i g
X; cxp+1 c(xj—1)+1 xj'l_ )= LEE ©)

Luind 1n considerare aceste inegalitéti, E
cerina (5) ia forma (7) si cerinta (6) — forma (8). m |
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Este mai usor de analizat repartizarile
atunci, cand beneficiarii sunt ordonati dupa
valorile V;, i = 1,nsaucelex;, i = 1,n.

Afirmatia 4. Considerand X; > X1, [ =
1,n—1, cerintele (5) si (6) la ¢ > 0 pot fi
nlocuite cu:

It is easier to analyse apportionments when
beneficiaries are ordered by V;, i = 1,n values or
the x;, i = 1, n ones.

Statement 4. Considering X;j > X+, =
1,n — 1, requirements (5) and (6) at ¢ > 0 can be
replaced by, respectively:

X; cx;i—1+1
maxyVi_; —, max |V;———————| <V;
X;_q j=1n\i cxj+1 (20)
< min!v X; in |v cx;+1 =1
S RSP SERL V) I c(xj—1D+1 b=
si, respectiv: | and:
X; c(xi—1)+1
max Vi1 —, max |V;——————— <V;
Xit1 j=1n\i cxj+1 (11)
< mindv X; a v cx; +1 =1
minyV;_q xi_l'jinflrrll\i j c(xj “D+1 y1=1,nm,

iar la ¢ > 1, acestea si, de asemenea, cerintele (7)
si (8)) pot fi inlocuite cu:

and at ¢ > 1 they (and also requirements (7) and
(8)) can be replaced by:

X; cx;,—D+1
max{Vi_; —, max [V;—————[¢<V;
Xi—1 Jj=t+1n cxj+1 12
< min!v X; in |v cx;+1 _1 (12)
Mo xi+1'j£1l,lzr—11 Te(xj—1)+1 b=
si, respectiv: i and:
X; cx;i—1+1
maxyViy; —, max |Vj——————[¢ <V;
Xiy1 j=11-1 cxj+1 (13)
< min!v X; in v cxi+1 _1
minyVi_q xi_l'jinz—l?n j c;—1) +1 y1=1n

Tntr-adevér, deoarece X; > Xy, = 1,n—1,

avemN;={1,2,3, ...,i—1} siin baza (1) are loc: E
Xi Xi .
max |(V;—]=V,_y—, min
J=11-1 Xj Xi—1 J=1+in

Luand 1n considerare aceste egalitati,
cerinta (5) ia forma (10). De asemenea, in baza

(2) are loc:

si, respectiv, cerinta (6) ia forma (11). ¥ E
Referitor la cerintele (12) si (13), tinand |
cont ca N; = {1, 2,3, ..., i— 1} si in baza (7) si E

X X
max |Vi— )=V —
Xj Xit+1

min
j=1+1n ’

j=11-1

(14) este usor de obtinut (12), iar in baza (8) si
(15) se poate usor obtine (13). m
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v X =y
]xj = Vi-1

Indeed, because of x; > X4, i =1,n—1,

one has N; = {1, 2, 3, ..., i— 1} and based on (1)
occur:

Xi Xi . 14)
vt =v,,——,i=Tn (
] xj) i+1 Xis1 sl n

Taking into account these equalities,
requirement (5) takes the form (10). Also, based
on (2) occur:

*i (15)

1=

N
Xi—1

and, respectively, requirement (6) takes the form
(11). v

With reference to requirements (12) and
(13), taking into account that N; = {1, 2, 3, ..., i —

{ 1} and based on (7) and (14) it is easy to obtain
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Se poate observa cd, din cauza relatiei (9),
fiecare dintre cerintele (5) si (6) sunt mai
puternice decat cerinta (3).

Consecinta 1. Metoda Divizor liniar gene-
ral nu intotdeauna este conforma cu cerinta (1) de
favorizare totala a beneficiarilor mari si cu cerinta
(2) de favorizare totala a beneficiarilor mici.

Intr-adevar, din cauza relatiei (9), conditia
(3) nu intotdeauna este conforma cu fiecare dintre
cele(1)si(2). m

Consecinfa 2. Metoda d’Hondt nu intot-
deauna este conforma cu conditia (1) de favo-
rizare totala a beneficiarilor mari.

Intr-adevar, metoda d’Hondt constituie Tn
caz particular al metodei Divizor liniar general la
c=1.m

Consecinta 3. Metoda Divizor liniar depen-
dent nu intotdeauna este conforma cu conditia
(2) de favorizare totala a beneficiarilor mici.

Asadar, metoda Divizor liniar dependent
este un caz particular al metodei Divizor liniar
generallac=max{2,n-1}. m

in acelasi mod, se poate afirma ca, la
¢ > 0, niciuna dintre metodele cu divizor liniar nu
intotdeauna este conforma cu cerinta (1) de favo-
rizare totald a beneficiarilor mari si cu cerinta (2) de
favorizare totala a beneficiarilor mici.

4. Determinarea repartizirilor care fi
favorizeaza total pe beneficiarii mari sau pe cei
mici

Prezinta interes determinarea repartizarilor,
care 1i favorizeaza total pe beneficiarii mari sau
pe cei mici. Evident, pentru repartizarile
,proportionale” cercetate in aceastd lucrare, daca
Xi > Xi+1, L = 1,n — 1, atunci relatiile V; > Vi1,
i=1,n—-—1 au loc, de asemenea. Dar care ar
trebui sa fie relatia dintre V; si X;, indiferent de
metoda PRP folosita?

Afirmatia 5. La X; > Xj+1, daca XilVi > Xiei/Vis1,
atunci relatia V; > Vi, se petrece, doar daca
are loc:

v, 1

Vi
A N P S
l

Xi  Xi — Xi+1

iar daca Xi/Vi < Xi+1/Vi+1, atunci relatia Vi > Vi 4+ ¢
are loc intotdeauna.

Tntr-adevir, in baza Xi/V; > X + 1/Vi«1, avem
Vi1 > Vi Xir/X; si, ludnd in considerare relatia V; >
Vi+1, valoarea minimala Vi1 min @ Vi+1 Se determina
ca Vist min = LVi Xira/xi) + 1. Deci, avem LV; Xira/xi
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(12), and based on (8) and (15) one can easy
obtain (13). m

It can be observed that because of relation
(9), each of requirements (5) and (6) are stronger
than the (3) one.

Consequence 1. The General linear divisor
method not always is compliant with requirement
(1) of total favouring of large beneficiaries and
with requirement (2) of total favouring of small
beneficiaries.

Indeed, because of relation (9), the con-
dition (3) not always is compliant with each of
the (1) and (2) ones. m

Consequence 2. The d’Hondt method not
always is compliant with the condition (1) of total
favouring of large beneficiaries.

Indeed, d’Hondt method is a particular case
of the General linear divisor methodatc=1. m

Consequence 3. The Dependent linear divi-
sor (DLD) method [8] not always is compliant
with the conditions (2) of total favouring of small
beneficiaries.

Indeed, DLD method
case of General linear divisor
c=max{2,n-1}. =m

In the same way, one can say that at ¢ >0 no
one of linear divisor methods is always compliant
with the requirement (1) of total favouring of large
beneficiaries and with the requirement (2) of total
favouring of small beneficiaries.

4. Determining apportionments that
totally favours large or small beneficiaries

It is of interest to determine apportionments
that totally favours large beneficiaries or the

is a particular
method at

small ones. Evidently, for “proportional”
apportionments examined in this paper, if
Xi > X1, I=1,n-—1 then the relations

Vi > Vix, i = 1,n — 1 occur, too. But what must
be the relation between V; and x;, regardless of the
APP method used?

Statement 5. At X; > X1, If Xi/V; > Xir1/Visg,
then the relation V; > Vi occurs only if take

place:

1 (16)

i~ Xi+1

and if xi/V; < Xj+1/Vis1, then the relation V; > Vi, 4
always occurs.

Indeed, based on xi/V; > Xi+1/Vis1, one has
Viaa > Vi Xiaa/X and, taking into account the
relation V; > V.4, the minimal possible Vi.; value
(Viet min) is determined as Vit min = LVi Xira/Xi + 1.

— §g
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+ 1<V, adica L(Xi+1 - Xi)Vi/XiJ +1<0sau (Xi -
Xir1)VilX; > L(Xi - Xi+l)Vi/XiJ > 1, de unde rezulta
relatiile (16). ¥

De asemenea, In baza xi/Vi < X + 1/Vis,
avem Vi < Vi Xizd/X; si, ludnd in considerare
relatia V; > V41, valoarea maximalad Vi1 max @ Vist
se determind ca Viu max = | Vi Xiva/Xi | — 1. Deci,
avem [ Vi Xisa/xi | = 1 < Vi, adica [ (g — X)Vilx; | -
1<0sau (Xi - Xi+1)Vi/Xi > |_(Xi - Xi+1)Vi/Xi—| > -1,
care are loc intotdeauna. m

Un alt factor de influenta, la determinarea
repartizdrilor, care 1i favorizeaza total pe bene-
ficiarii mari sau pe cei mici, este metoda PRP
aplicatd. Din multitudinea de metode PRP, sunt
examinate cateva metode cu divizor liniar. Este
bine cunoscut faptul ca metoda d’Hondt (¢ = 1) Ti
favorizeaza puternic pe beneficiarii mari [4, 7].
Totodata, cu cat valoarea lui ¢ este mai mica, cu
atat este mai mare gradul de favorizare a bene-
ficiarilor mari de cétre metoda cu divizor liniar
respectiv [8]. De aceea, In continuare, sunt luate
in considerare doar cazurile cu c > 1.

Una dintre modalitatile de determinare a
repartizarilor, care 1i favorizeaza total pe
beneficiarii mari/mici, pentru metodele cu divizor
liniar la ¢ > 1, este urmatoarea. Pornind de la {V,
Xi > Xi+1, i = 1,n—1} si folosind formula (12)
sau, respectiv, cea (13) si un algoritm iterativ
special, se poate obtine setul de valori V;, i = 1,n
si, deci, repartizarea, care corespunde cerintei (1)
sau, respectiv, celei (2) a Definitiei 3.

Garanteaza solutia (dacd aceasta existd),
indiferent de valoarea n, algoritmul A2, descris in
altd lucrare (in curs de publicare), dar, cu regret,
acesta este relativ laborios si, de aceea, este
oportun de folosit doar cu o aplicatie informatica
respectiva. Dar, pentru valorile mici ale lui n,
solutia poate fi obtinutid, de obicei, folosind
algoritmul A1, mai simplu, descris mai jos.

Fie Vimin este valoarea minimd, iar Vjmax
este valoarea maxima a V;, adica Vi min < Vi < Vi max-
Tindnd cont c&, initial, sunt cunoscute doar
valorile {Vy, Xi > X413, i = 1,n — 1} si cd aceste
valori sunt numere ntregi, in algoritmul Al, sunt
folosite cerintele mai simple:

Xi

min
j=11-1

Viminzlvi—l J+1 SViS[

Xi-1

in locul celor (12) si, respectiv, cerintele mai
simple:

116

¢

cxj—1+1

Thus, one has [ V; xisa/xi) + 1 <V, that is [ (X4 —
Xi)Vi/XiJ +1<0or (Xi - Xi+1)Vi/Xi > L(Xi - Xi+1)Vi/XiJ
> 1, from where relations (16) result. ¥

Also, based on xi/V; < X; + 1/Vi+1, one has
Viia < Vi XiafX and, taking into account the
relation V; > V; , 1, the maximal possible Vi value
(Vist max) is determined as Vies max = | Vi Xisa/Xi | = 1.
Thus, one has [V, Xia/xi | — 1 < V;, that is [ (Xisy —
Xi)Vi/Xi—l -1<0or (Xi - Xi+1)Vi/Xi > |_(Xi - Xi+1)Vi/Xi-|
> —1 that always occur. m

The applied APP method is another factor
of influence, when determining apportionments
that totally favours large or small beneficiaries.
From the multitude of APP methods, there some
linear divisor methods are examined. It is well
known that d’Hondt method (¢ = 1) strongly
favours large beneficiaries [4, 7]. At the same
time, the lower is the value of c, the greater is the
grade of favouring of large beneficiaries by the
respective linear divisor method [8]. That is why
below only cases with ¢ > 1 are considered.

One of the ways of determining apportion-
ments which totally favor large/small bene-
ficiaries, for linear divisor methods with ¢ > 1, is
the following. Starting from {Vi, X > X + 1,
i =1,n— 1} values and using formula (12) or,
respectively, the (13) one and a special iterative
algorithm, one can obtain the set of V;, i = 1,n
values and, thus, the apportionment that corres-
ponds to requirement (1) or, respectively, to the
(2) one of Definition 3.

It guarantees the solution (if it exists),
regardless of the value of n, the A2 algorithm,
described in another paper (currently being
published), but, unfortunately, it is relatively
laborious and, therefore, is appropriate to use it
only with a respective computer application. But
for small values of n, the solution can be usually
obtained, too, using the simpler described below
Al algorithm.

Let Vi min IS the minimal value and
Vi max 1S the maximal value of V;, that is
Vi min < Vi < Vi max Taking into account that
initially only the {Vi, X > X1, i =1,n—1}
values are known and that this values are integers,
in algorithm Al the simpler requirements:

cx; +1 _
l }l ~1=Vimapi=2n (17)

instead of the (12) ones and, respectively, the
simpler requirements:
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Vi min = | max
L min j=1,l—1

cxj+1
in locul celor (13).

Evident, cerintele (17) sunt mai putin
stricte decat cele (12), iar cerintele (18) sunt mai
putin stricte decat cele (13). De aceea, algoritmul
Al nu garanteaza obtinerea solutiei scontate.

Folosind cerintele (17) sau, respectiv, cele
(18), trebuie sa se atribuie lui V; 0 valoare Tn
intervalul [Vi mins Vi max]a adica Vi = Vi min t
+|_g(Vi max — Vi min)J, 0 < g < 1. Desigur, daca
Vi min > Vi max atunci solutia nu existd. De
asemenea, calculele pot incepe cu g = 0,5. Pe de
alta parte, daca n este mic, atunci poate fi oportun
sa se utilizeze o valoare a lui g apropiata de 0 (de
exemplu, Vi = Vi min $aU Vi = Vi min + 1), iar daca n
este mare — o valoare a lui g apropiata de 1 (de
exemplu, Vi = Vi max Sau Vi = Vimax — 1).

Algoritmul Al. Date initiale: Vi, X; > Xj + 1,
i=1,n-1,9g=0.5.

1. i=2.

2. Determinarea Vi min si Vi max cOnform (17),
in cazul favorizarii totale a beneficiarilor
mari, sau conform (18), in cazul favorizarii
totale a beneficiarilor mici.

3. Daca Vi min > Vimax, atunci solutia nu exista.
Stop.

4, Atribuirea lui V; a unei valori in intervalul
[Vi mins Vi max]’ de exempm, Vi = Vi min +
+.g(Vi max — Vi min)J. Desigur, in locul lui g,
poate fi folosita o alta abordare rezonabila.

5. Daca i <n, atunci i := i + 1 si trecere la
Pasul 2.

6. Verificarea valorilor obtinute ale Vj,
i=1,n prin aplicarea metodei PRP
respective. Daca repartizarea obtinuta nu
coincide cu cea initiald, atunci modificarea
valorii lui g si trecerea la Pasul 1.

7. Valorile V;, i = 1,7 sunt determinate. Stop.
De remarcat faptul ca se poate intampla sa

nu fie posibil de gasit o valoare a lui g la Pasul 6,
care ar conduce la obtinerea solutiei scontate,
inclusiv din cauza ca ceringele (17) sunt mai putin
stricte decéat cele (12) sau, respectiv, cerintele
(18) sunt mai putin stricte decat cele (13). De
asemenea, se poate utiliza o valoare diferita a lui
g pentru fiecare V;, i = 1,n. Dar, dupi cum arati
experienta aplicdrii mai multor abordari, o
modalitate bund este de a utiliza doua iteratii -
una cu g = 0 si alta cu g = 1, iar ulterior, de
atribuit V; = [Vi(g = 0) + Vi(g = 1)]/2. Pentru
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(18)

]_1=Vimax:i=2:_n

Xi-1
instead of the (13) ones are used.

Evidently, requirements (17) are less strong
than the (12) ones, and requirements (18) are less
strong than the (13) ones. That's why algorithm
Al doesn’t guarantee the obvious solution.

Using requirements (17) or, respectively,
the (18) ones , one has to assign a value to V; in
the range [Vi mins Vi max]: that is Vi = Vi min Lg(vl
max — Vi min)J, 0<g<1.Ofcourse, if Vimin > Vimax,
then the solution does not exist. Also, calculations
can begin with g = 0.5. On the other hand, if n is
small it can be opportune to use a value of g close
to 0 (for example, Vi = Vi min OF Vi = Vi min + 1),
and if n is large — a value of g close to 1 (for
example Vi = Vimax Or Vi = Vi max — 1).

Algorithm Al. Initial data are: Vi, X; > Xj + 1,
i=1,n-1,9=0.5.

1 i=2

2. Determining Vi min and Vi max by equalities

(17), in case of totally favouring of large

beneficiaries, or by the (18) ones, in case of

totally favouring of small beneficiaries.

3. If Vimin > Vimax then the solution doesn’t

exist. Stop.

4. Assigning to V; a value in the range
[Vi miny Vi max]a for example, Vi = Vi min
+ (Vi max — Vi min) ). OF course, instead of g,
it can be used another reasonable approach.
Ifi<n,theni:=i+1andgoto Step 2.

6. Checking the obtained values of V;

i =1,n by applying the respective APP

method. If the obtained apportionment

does not coincide with the initial one, then
to respectively modify the value of g and

go to Step 1.

7. The values of V;, i =1,n were found.

Stop.

It should be noted that it may not be
possible to find a value of g at Step 6, which
would lead to the expected solution, including
because the requirements (17) are less stringent
than those (12) or, respectively, the requirements
(18) are less stringent than those (13). Also,
one can use a different value of g for each
V;, i = 1,n. But, as the experience of applying
several approaches shows, a good way is to use
two iterations — one with g = 0 and another
with g = 1, and subsequently to be assigned
Vi = [Vi(g = 0) + Vi(g = 1)])/2. For small values

o
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valori mici ale n, algoritmul Al poate fi usor
implementat, folosind un procesor tabelar, de
exemplu, Microsoft Excel

Folosind algoritmul A1, vom examina doua
studii de caz privind favorizarea totald a
beneficiarilor mari de catre metodele d'Hondt
(Exemplul 1) si Sainte-Lagué (Exemplul 2) si un
studiu de caz privind favorizarea totala a
beneficiarilor mici de citre metoda Divizor liniar
dependent — DLD (Exemplul 3).

Pentru metoda d’Hondt (c = 1), relatia (12)
ia forma:

max{

Iar relatia (17) — forma

Vi

Xi
Vi_q——, max
Xi—1 J=1+1n

L

1

Xi
Vioig—|+1 <V, < Lo

Xi—1

Vi min = l Il

Exemplul 1, privind o repartizare a metodei
d’Hondt, conforma cerintei (1). Fie se folosesc
datele initiale: M = 27, n = 4, V,; = 2000, x, = 10,
X2 = 8, X3 =5, X4 = 4. Conform (19), avem:

V2max = |_V1(X2 + 1)/X1—| -1=1799 $i V2min =
LVixo/x.] + 1 = 1601. Astfel, avem V, e [1601;
1799]. Fie V, = 1700 (g, = 0.5);

Vamax = [ Min{Vy(xs + 1)/x; Va(Xs + 1)/xo} |
—1=1199 $i Vamin = | VaXa/Xs) + 1 = 1063. Astfel,
avem V3 e [1063; 1199]. Fie V; = 1100 (g =~
0.272);

Vamax = | Min{Vi(xs + 1)1, Va(Xe + 1)/X;
Va(Xs + 1)/Xs} = 1 =999 $i Vamin = LVaXalxs |+ 1
= 881. Astfel, avem V3 € [881; 999]. Fie V, =900
(g ~0.161).

Aplicand metoda d’Hondt asupra datelor
initiale completate, avem: V =V, + V,+ V3 + V, =
5700. Atunci Q = V/IM = 211.(1) si AM = 1.
Celelalte calcule privind repartizarea sunt
prezentate Tn tabelul 1.

}<Vi<min{

of n, the algorithm Al can be easy implemen-
ted using a table processor, for example,
Microsoft Excel.

Using algorithm AL, let’s examine two case
studies of total favouring of large beneficiaries by
d’Hondt (Example 1) and Sainte-Lagué (Example
2) methods and one case study of total favouring
of small beneficiaries by the Dependent linear
divisor method (Example 3).

For d’Hondt method (c = 1), relation (12)

takes the form:
e

And relation (17) — the form

}

v

Example 1 of a d’Hondt method appor-
tionment, compliant with requirement (1). Either
the initial data is used: M = 27, n = 4, V; = 2000,
X1 = 10, X, = 8, X3 = 5, x4 = 4. According to (19),
one has:

Vamax = Vi(Xz + 1)/x1 | = 1 = 1799 and Vi
= [Vixo/x | + 1 = 1601. So, one has V, e [1601;
1799]. Let it be V, = 1700 (g, = 0.5);

Vamax = [ Min{Vy(xs + 1)/x; Va(xs + 1)/x:} |
—1=1199 and Vamin = [ Vaxa/xs) + 1 = 1063. So,
one has V; € [1063; 1199]. Let it be V5 = 1100 (g

Vimax = | Min{Va(xs + 1)1, Va(Xe + 1)/X;
Va(Xs + 1)/%s} 1= 1 = 999 and Viamin = L VaXa/Xs | +
1 =881. So, one has V3 € [881; 999]. Let it be V,
=900 (g ~ 0.161).

Applying d’Hondt method for the
completed initial data, one has: V =V;+ V,+ V3 +
V, =5700. Then Q = V/M = 211. (1) and AM = 1.
The other calculations for the apportionment are
shown in table 1.

xl-+1
Xj

v Xi .
i+1 - Min
xi+1 ]=1,l—1

Xi+1

Xj

(19)

—1=Vimax i =2,n

1

Tabelul 1/ Table 1

Calculele privind repartizarea la Exemplul 1/
Calculations for the apportionment to Example 1

i Vi a; Vi/(ai + 1) Vi/(ai + 2) AX; Xj XilV;

112000 9 200 181.(81) 1 10 0.0050
2 | 1700 | 8 188.(8) 170 0 8 0.0047
3 [1100| 5 183.(3) 157.1 0 5 0.0045
4 | 900 4 180 150 0 4 0.0044

Sursa: elaborat de autor / Source: developed by the author
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Conform datelor din ultima coloand a According to data in the last column of
tabelului 1, repartizarea respectid cerinta (1) si, | table 1, the apportionment complies with requi-
conform datelor din penultima coloana, aceasta | rement (1) and, according to data in the penul-
coincide cu cea initiald. Deci, repartizarea | timate column, it coincides with the initial one.
metodei d’Hondt obtinuta 1i favorizeaza total pe | So, the obtained d’Hondt method apportionment

beneficiarii mari. totally favours large beneficiaries.
Pentru metoda Sainte-Lagué (c = 2), relatia For Sainte-Lagué method (c = 2), relation
(12) ia forma (12) takes the form
v X VZ(XL—1)+1 <V
max) vi- 1xl 1’]r?fi(n J 2%+ 1 ‘
<minlv Xi 2x;+1 =1
i L+1xl+1'1 = ]2(x -1D+1 i
iar relatia (17) — forma and relation (17) — the form
Vimin = |Vi- 17 +1 Vi< jg,lLIll ij —1=Vimaxi=2mn
Exemplul 2, privind o repartizare a metodei Example 2 of a Sainte-Lagué method

Sainte-Lagué, conforma cerintei (1). Fie se | apportionment, compliant with requirement (1).
folosesc  datele initiale: M =25, n=4, 1 Either the initial data is used: M = 25, n = 4,
V1 =2000, x; =9, X, =7, X3 = 5, X4 = 4. Conform | V; = 2000, X, =9, X, = 7, X3 = 5, X4 = 4. According

(20), avem: to (20), we have:

Vomax = er(sz + DI[2(x, - 1) + 1]—| 1= Vomax = er(sz + DI[2(x, - 1) + 1]—| -1=
1764 si Vomin = LViXa/x | + 1 = 1555. Astfel, avem | 1764 and Vamin = LViXo/x.] + 1 = 1555. So, one
V, € [1555; 1764]. Fie V, = 1700; has V, e [1555; 1764]. Let it be V, = 1700;

V3max = rmin{vl(ZXS + 1)/[2(X1 - 1) + 1]; V3max = rmin{vl(ZXS + 1)/[2(X1 - 1) + 1];

Va(2x3 + 1)/[2(xo — 1) + 1]} = 1 = 1294 §i Vamin = | Va(2Xs + 1)/[2(X2 — 1) + 1]} |- 1 ~ 1294 and Vi
VaXa/Xs = 1214. Astfel, V3 € (1214; 1294). Fie V3 | = VaXa/Xs =~ 1214. S0, V3 € (1214; 1294). Let it be
= 1250; V3 = 1250;

Vimax = [ min{Vi(2xs + 1)/[2(x, — 1) + 1]; Vimax = | min{Va(2x, + 1)/[2(x — 1) + 1];
Va(2xs + 1)/[2(xz — 1) + 1]; V3(2Xs + 1)/[2(Xs = 1) | Va(2Xs + 1)/[2(x2 = 1) + 1]; Va(2% + D)/[2(xs — 1) +
+ 1]} - 1 % 1058 si Vamin = [ Vaxa/xa) + 1 = 1001. | 1]} 1 - 1 ~ 1058 and Vimin = [ Vaxa/Xs| + 1 = 1001.
Astfel, V3 € [1001; 1058]. Fie V, = 1030. So, V3 € [1001; 1058]. Let it be V, = 1030.

Aplicind metoda Sainte-Lagué asupra Applying the Sainte-Lagué method for the
datelor initiale completate, avem: V =V, + V, + V3 | completed initial data, one has: V=V;+ V,+ V3 +
+ V, =5980. Atunci Q =V/IM =2392siAM =1. |V, = 5980. Then Q = V/IM = 239.2 and AM = 1.
Celelalte calcule privind repartizarea sunt | The other calculations for the apportionment are
prezentate Tn tabelul 2. shown in table 2.

Tabelul 2/ Table 2
Calculele privind repartizarea la Exemplul 2/
Calculations for the apportionment to Example 2

i Vi a | Vill2@-1)+1] | ViQRay+1) | Vi[2(@i+1)+1] | AX Xi Xil Vi

1 | 2000 | 8 133.(3) 117.6 105.3 1 9 0.0045
2 | 1700 | 7 130.8 113.(3) 100 0 7 0.0041
3 11250 | 5 138.9 113.6 96.2 0 5 0.0040
4 | 1030 | 4 147.1 114.(4) 93.6 0 4 0.0039

Sursa: elaborat de autor / Source: developed by the author

Revista / Journal ,,ECONOMICA” nr.1 (115) 2021 ~ —— FEE]




INFORMATICA, STATISTICA SI CIBERNETICA ECONOMICA | INFORMATICS, STATISTICS AND ECONOMIC CYBERNETICS

Conform datelor din penultima coloana a
tabelului 2, repartizarea metodei Sainte-Lagué
coincide cu cea initiala. In plus, datele din ultima
coloana a tabelului 2 confirma ca repartizarea este
conforma cerintei (1). Deci, aceasta ii favorizeaza
total pe beneficiarii mari. Astfel, chiar si pentru
metoda Sainte-Lagué, care este neutrd (impar-
tiald) in privinta favorizarii beneficiarilor [8], pot
fi repartizdri care 1i favorizeaza total pe bene-
ficiarii mari.

Pentru metoda DLD (c = max{2, n-1) [8],
relatia (13) la n > 3 ia forma

X
max 4V 1 T

According to data in penultimate column of
table 2, the obtained according to the Sainte-Lagué
method apportionment coincide with the initial
one. Moreover, the data in last column of table 2
confirm that the apportionment is compliant with
requirement (1). Thus, it totally favours large
beneficiaries. So, even for the Sainte-Lagué method,
which is neutral (unbiased) in favouring of bene-
ficiaries [8], they can be particular apportionments
which totally favours large beneficiaries.

For the DLD method (¢ = max{2, n—1) [8],
relation (13) at n > 3 takes the form

n—1x; +1

.(n—l)(xi— 1)+ 1]} <v

(n—Dx; +1

. Xi .
< min4{V;_{——; min
Xi—q1 J=t+1n

iar relatia (18) — forma

Vi min = | max
1 min j=1,L—1

Exemplul 3, privind o repartizare a metodei
Divizor linear dependent, conforma cerintei (2).
Fie se folosesc datele initiale: M = 33, n = 5,
V1:2000,X1=1O,X2:9,X3=8,X4:4,X5=2;
de asemenea, la prima iteratie, se foloseste g =0, |

V(n—l)(xi—1)+1
J (n—1x; +1

a a doua iteratie, se foloseste g=1, iar
Vi= [Vi(@=0) + Vi(g=1)1/2, i = 2,n.
Rezultatele calculelor privind valorile

Vi min $i Vi mao § = 2,1, efectuate conform (21),
sunt sistematizate Tn tabelul 3. Aplicand metoda
DLD asupra datelor initiale completate, avem:
V=V +V,+V;3+V, + V5 = 6247. Atunci
Q = VIM ~ 189.3 si AM = 3. Celelalte calcule
privind repartizarea sunt prezentate in tabelul 3.

ia-De,-D+ 1]}’i N

| and relation (18) — the form

}]+1 <V < [Vi_l

1,n,

Xi

(21)

Xi_ll —-1= Vi maX,i = 2,7’1.

Example 3 of a Dependent linear divisor
method apportionment, compliant with require-
ment (2). Either the initial data is used: M = 33,
n:5,V1=2000,X1:10,X2=9,X3=8,X4=4,
Xs = 2; also, for the first iteration is used g = 0,
for the second iteration is used g = 1, and
Vi=[Vi(g=0) + Vi(g=1)1/2, i = 2,n.

The results of calculations of V; i, and
Vi mao i =2,n values, performed according to
(21), are systemized in table 3. Applying the DLD
method for the completed initial data, one has: V
=V, + Vo, + V3 + V, + V5 = 6247. Then
Q = V/M = 189.3 and AM = 3. The other calcula-
tions for the apportionment are shown in table 3.

Tabelul 3/ Table 3

Calculele privind repartizarea la Exemplul 3/
Calculations for the apportionment to Example 3

i | Vi(g=0) | Vi(g=1) Vi a | Vi(Aai-1)+1) | Vi(4ai+1) | Axi | X XilVi
1 2000 2000 2000 10 54.1 48.8 0 10 | 0.00500
2 1610 1799 1704 9 51.6 46.1 0 9 0.00528
3 1415 1598 1506 7 60.2 51.9 1 8 0.00531
4 635 798 716 3 79.6 55.1 1 4 | 0.00559
5 244 398 321 1 321 64.2 1 2 | 0.00623
Sursa: elaborat de autor / Source: developed by the author
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Conform datelor din ultima coloand a
tabelului 3, repartizarea respectd cerinta (2) si,
conform datelor din penultima coloand, aceasta
coincide cu cea initialda. Deci, repartizarea
metodei DLD obtinutd i1 favorizeaza total pe
beneficiarii mici.

5. Concluzii

Pentru a fi utilizate la generarea reparti-
zarilor, au fost determinate:

— cerintele de conformitate a repartizarilor cu
solutia metodelor cu divizor liniar;

— conditiile de conformitate a metodelor cu
divizor liniar, lac > 0silac > 1, cu cerin-
tele de favorizare totald a beneficiarilor
mari sau a celor mici;

— conditiile mentionate mai sus au fost con-
cretizate pentru x; > Xj+1,i = 1,n — 1.

Asa cum era de asteptat, existd cazuri in
care metodele cu divizor liniar nu sunt conforme
cu cerintele de favorizare totalda a beneficiarilor
mari sau, dimpotriva, a celor mici.

Pentru a determina repartizarile metodelor
cu divizor liniar, ce 1i favorizeaza total pe
beneficiari, a fost elaborat algoritmul Al. Chiar
daca algoritmul Al nu garanteaza solufia, acesta
este simplu — pentru valori mici ale n, el poate fi
usor implementat, folosind un procesor tabelar (de
exemplu, Microsoft Excel). Folosind Al, au fost
efectuate calcule pentru trei exemple:

— Exemplul 1, privind o repartizare a metodei
d’Hondt la n = 4, ce 1i favorizeaza total pe
beneficiarii mari;

— Exemplul 2, privind o repartizare a metodei
Sainte-Lagué la n = 4, ce i favorizeaza
total pe beneficiarii mari;

— Exemplul 3, privind o repartizare a metodei
Divizor liniar dependent la n = 5, ce Ti
favorizeaza total pe beneficiarii mici.
Rezultatele obtinute confirmé oportunitatea

utilizarii algoritmului Al, la valori mici ale n,
pentru determinarea repartizarilor obtinute la
aplicarea metodelor cu divizor linear, ce 1i favo-
rizeaza total pe beneficiarii mari sau, dimpotriva,
pe cei mici.

According to data in the last column of table
3, the apportionment complies with requirement (2)
and, according to data in the penultimate column, it
coincides with the initial one. So, the obtained DLD
method apportionment totally favours small
beneficiaries.

5. Conclusions

In order to be used when generating appor-
tionments, were determined:

— the requirements of apportionments com-
pliance with linear divisor methods’ solution;
— the conditions of linear divisor methods

apportionments compliance, at ¢ > 0

and ¢ > 1, with the requirements of total

favouring large or small beneficiaries;
— the mentioned above conditions where

concretized for x; > Xj+1,i = 1,n — 1.

As expected, there exist cases when linear
divisor methods are not compliant with the
requirements of total favouring of large benefi-
ciaries or, on the contrary, of the small ones.

In order to determine linear divisor me-
thods’ apportionments which totally favours
beneficiaries, the algorithm Al was elaborated.
Even if the algorithm Al does not guarantee the
solution, it is simple — for small values of n, it can
be easily implemented using a table processor
(for example, Microsoft Excel). Using Al, calcu-
lations for three examples were performed:

- Example 1 of a d’Hondt method’s appor-
tionment at n = 4 which totally favours
large beneficiaries;

- Example 2 of a Sainte-Lagué method’s
apportionment at n = 4 which totally
favours large beneficiaries;

- Example 3 of a Dependent linear divisor
method’s apportionment at n = 5 which
totally favours small beneficiaries.

The obtained results confirm the opportunity
of using the algorithm A1, at small values of n, for
the determining of linear divisor method’s appor-
tionments which totally favours large beneficiaries
or, on the contrary, the small ones.
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