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The object of this study is a generalized secretary problem in
which candidates are divided into groups of varying sizes and are
observed simultaneously within each group. The problem addressed
is to determine the optimal order of reviewing such groups in order to
maximize the probability of selecting the best candidate.

The results obtained consist in the development of an efficient
group ordering algorithm that combines theoretical findings based on
Bruss’s odds theorem with numerical modeling using the Monte Carlo
method. Owing to its specific features and distinctive advantages, the
proposed approach increases the probability of selecting the best can-
didate by 8-15% compared to a random group order. This is achieved
through two proven lemmas that restrict consideration only to those
permutations in which the groups considered as candidates for stop-
ping are ordered in non-increasing size, and the search begins with the
largest group. Such an algorithm makes the problem computationally
feasible even for a moderately large number of groups.

The obtained results are explained by the fact that uneven distri-
butions of group sizes introduce exploitable structural asymmetries.
The proposed ordering strategy effectively leverages this unevenness,
which is confirmed by numerical experiments demonstrating a posi-
tive correlation between the degree of unevenness and the probability
of successful selection.

The practical applicability of the results extends to scenarios
involving online resource allocation, adaptive algorithms with real-
time updates, and decision-support systems. The proposed framework
can be efficiently implemented in adaptive recruitment platforms
and similar applications, making it relevant not only for theoretical
research on optimal stopping problems but also for practical use in
operations research, economics, and artificial intelligence
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1. Introduction

In modern information technologies, special attention
is paid to the automation and optimization of decision-mak-
ing. In this context, the problems of optimal selection of an
object or sequence of objects acquire special importance.
Such problems, also known as the secretary problem, are a
classical result in probability theory and are a key example in
the theory of optimal stopping, dynamic programming, and
decision-making under risk and uncertainty. The simplest
case (called the classical case) was considered in [1] and can
be formulated as follows:

1. There is one secretary position for which the best can-
didate must be selected.

2. The number of applicants n is known.

3. Applicants are interviewed sequentially in random
order, all interview orders with applicants are equally likely.

4. It is assumed that all applicants can be ranked in terms
of quality from best to worst, no two applicants are of the
same quality. The decision to accept or reject each applicant
is made solely on the basis of the ranks of applicants who
have already been interviewed.

5.If an applicant has been rejected, then it is no longer
possible to return to it.

6. It is necessary to find the best applicant, all the others
are not suitable.

This problem has numerous practical applications. For
example: personnel selection and organization of competitive
selection [2], it can also be used to optimize processes in

finance, logistics and other areas where decisions are made
under conditions of uncertainty and limited information.

The basic problem has an extremely simple solution [1].
First, it is shown that attention can be limited to the class of
rules that, for some integer r > 1, reject the first r - 1 appli-
cants and then select the next applicant that is better than all
the previous ones. It turns out that the fraction of rejected ob-
jects out of the total number of objectsisr/n—1/easn— co.

With the development of multi-criteria systems, there is
a need to develop new approaches and algorithms for solving
the secretary problem [3]. First of all, it is necessary to take
into account group interaction and competition, as well as
cooperation between several agents [4]. Group search allows
to model more realistic scenarios. The study of such models
contributes to increasing the efficiency of selection algo-
rithms, developing new optimization strategies, and imple-
menting innovative solutions in various industries.

Given the increasing complexity of modern tasks in var-
ious industries, including the information technology indus-
try, and the need to increase the efficiency of decision-mak-
ing processes, the study is also devoted to the development of
group search algorithms, which are relevant for solving the
secretary problem.

2. Literature review and problem statement

In [5, 6], classical approaches to solving the secretary
problem are formulated and a modification of the problem is




considered, where the “best” candidate is the one that is not
inferior to any of the previous ones. In [5], a generalized solu-
tion is presented for a wide class of optimal stopping problems,
where the optimal strategy is stopping when the sum of the
odds reaches or exceeds 1. This has significantly simplified the
solution of many modifications of the problem. The optimal
rule for choosing the best candidate, which is based on the
odds theorem (or Bruss theorem), was given in [6].

However, in these works the problem was not solved
taking into account the possibility of adding new constraints
and conditions. In [7], a model with complete information is
considered, where the selection of the best candidate is based
not only on its relative rank, but also on its absolute qualities,
which are known during the interview. For example, [8]
extends the approach Bruss, applying it to the selection of
several candidates, not just one. In [9], the concept of super-
modularity is proposed, which means that the value of the
selected candidate depends not only on one characteristic,
but on several properties that interact with each other. This
brings the model closer to real-world scenarios, where the
solution is more complex than the classical one. But at the
same time, a new problem arises: in [10], a problem similar
to the previous one is considered, but the emphasis is on the
gain, which is based on the quality of the selected candidate,
and not only on whether it is the best among the others.

The presented results of the study do not pay attention to
the consideration of new needs and technologies for adapting
the secretary task to practical or specific conditions, which is
changed in the works [11-13]. Considering the current trends
in the development of science in the field of machine learn-
ing, the conclusions made in the work [11], where the strategy
is improved with each iteration. In the work [12], a model is
presented where candidates can be evaluated independently
of each other, and not only by their relative rank.

At the same time, works [5-10] have mostly theoretical
models, without practical application in the field of infor-
mation technology. This is the approach used in work [13],
where an extreme factor is added - the probability that a
candidate will “disappear” from the pool, even if you have
not seen it yet. The study presents the results of modeling an
online auction of cloud services as a variation of the secretary
problem. This shows how theoretical models can be used to
solve real business problems.

Given the active development of machine learning meth-
ods, all previous theoretical results should be improved and
reconsidered. In the works [14, 15], the efficiency of solving
the problem is investigated under the condition of having
only one “sample” for analysis, which is especially relevant
in conditions of limited information. In the works [16, 17],
“predictions” obtained using machine learning models are
introduced into the problem statement, and it is proposed to
use this additional information instead of making decisions
solely on the basis of current observations. [18] is a broad
review that shows how machine learning can be applied
not only to the classic secretary task but also to other online
tasks, demonstrating that these approaches are often univer-
sal. In general, studies [14-18] focus on implementing devel-
opments in existing models of the problem and its solution.

However, modern conditions require rethinking and
adapting fundamental theoretical approaches to the formu-
lation and solution of the secretary problem. In particular,
in works [19-21] the initial formulation of the problem was
modified, alternative goals and decision-making formats
were proposed, which necessitates the development of fun-

damentally new approaches to its solution. For example, in
work [19] the goal was set not to find one best candidate, but
one of the k best, which leads to the need for a new strategy.
This extension is important for scenarios where it is enough
to find just a very good candidate, not an ideal one. In work
[20] a “satisfactory” strategy is proposed, where the goal is
to find a candidate who meets a certain minimum quality
criterion. This reflects an approach where the search for the
“ideal” is too expensive, and it is enough to simply find a
“good enough” candidate. In work [1], instead of choosing a
single best candidate, the task of forming a list of recommen-
dations is set. This changes the very nature of the outcome
and requires a completely different approach to evaluating
and presenting candidates.

When studying group search, as in [22], it is possible to
assume the possibility of considering groups in an arbitrary
order, trying to find the optimal strategy and algorithm.

Analysis of modern literature sources shows that the clas-
sical secretary task and its numerous modifications mostly
consider situations when candidates are reviewed sequen-
tially or independently of each other [5-10]. However, in real
conditions, situations often arise when objects are divided
into groups of different sizes, and all candidates within one
group are reviewed simultaneously. Existing approaches do
not give a clear answer regarding the optimal order of review-
ing such groups, which limits the efficiency of decision-mak-
ing in such scenarios [11-22].

Thus, the problem of determining the optimal order of
group browsing to maximize the probability of selecting the
best candidate remains unsolved. This justifies the feasibility
of conducting research aimed at developing a group search
algorithm for the secretary problem that will answer the
question: in what order should groups be browsed to find the
best candidate with the highest probability.

3. The aim and objectives of the study

The aim of this study is to develop a group search algo-
rithm for the generalized secretary problem, in which objects
are divided into groups of different sizes, and all objects within
a group are viewed simultaneously. This will allow taking into
account the specifics of group interaction, competition and co-
operation between agents, as well as to increase the efficiency
of the decision-making process under uncertainty, and to pro-
pose its implementation in a programming language.

To achieve the aim, the following objectives were set:

- to investigate the patterns regarding the optimal order
of groups;

- to determine the principle of constructing an algorithm
for finding the optimal group view;

- to substantiate the properties of the order of groups in
order to narrow down the set of group permutations, among
which one should search for the optimal one;

- to propose options for formalizing the algorithm for
finding the optimal group view.

4. Materials and methods

4. 1. The object and hypothesis of the study

The object of the study is a generalized secretary task, in
which candidates are divided into groups of varying sizes and
observed simultaneously within each group.



The hypothesis of the study was that the use of a special-
ized group search algorithm allows to increase the probabili-
ty of selecting the optimal candidate compared to individual
strategies, even under conditions of limited information
exchange between group members.

In the process of conducting the study, an assumption
was made - the main hypothesis can be confirmed if the
number of candidates in each group is known in advance, all
candidates are evaluated according to the same criteria, and
the order of viewing the groups can be changed and affect
the probability of choosing the best candidate. The decision
is made after viewing each group, and groups of the same
size can be arranged in any order without loss of optimality.

The main simplification adopted in the study is that ex-
ternal factors that could affect the assessment of candidates
(for example, subjectivity or changing criteria) were not taken
into account. All groups were considered independently of
each other, except for limited information exchange. The sim-
ulation was carried out for a limited number of groups (5-10),
which allowed experimentally testing the effectiveness of the
algorithm. The space of permutations was narrowed due to
the structural properties of the groups, which allowed not to
consider permutations that did not affect the probability of
success. The algorithm worked with a fixed number of groups
and candidates.

To implement the algorithm and test the results, as a
comparison with other algorithms, the Python programming
language (USA) was used.

4. 2. Mathematical modeling

The objects under consideration were divided into groups
of given sizes x;, X;, ..., X,, and the order of checking the
groups was fixed. The search process was stopped as soon as
the maximum element was found in the group, starting from
some threshold group k. In this case, the index k, according
to [1], was defined as follows.
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So, to find the group number, starting from which, you
should stop at the group containing the maximum element, it
is necessary to perform the following algorithm:

1) calculate the value of the odds r;;

2) calculate their sum from right to left until it reaches the
threshold level of 1.

The fundamental point that allowed the application of
Bruce’s theorem to the optimal choice problem with group
search of candidates used the following statement: Regard-
less of the occurrence of maximal elements during the search
of previous groups, the probability that the maximal element
will be found in the next group is equal to p;.

In this case, the probability of finding the best element is
expressed as follows:

X
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However, in this formulation of the problem, it was as-
sumed that the order of viewing the groups was fixed.

The goal of this model is to find the optimal search order
for groups in the case where this order can be changed. It
should be noted that in the general case, finding the optimal
search order is impossible.

5. Results of the study of the pattern regarding the
optimal order of groups and the construction of an
algorithm for finding the optimal group view

5.1. Study of patterns regarding the optimal order
of groups

Below are some specific cases:

1. For m = 2. Let x; < x;. Then the order of viewing
the groups does not matter and the optimal algorithm is to
stop at the maximum element from the largest group, then
V=x,/x1+x2.

2. For m = 3. Let x; < x, <x3. Fixing some order of review
and marking the numbers of candidates that are reviewed
first, second, and third [1-3], respectively.

Denote the probabilities of finding the best element,
provided that the threshold strategy is followed during the
search, starting from the 1%, 2", or 3' group, by V3, Vs, V4,
respectively.

Received:

X,
/A L — @)

( ) 2]
Vz:q3q2 Iy +r2 T ——
BEBIVERLE PR
xlx
. MaE , )
(ﬁq+ﬁQXﬁq+ﬁﬂ+xm)
X
Ve ©)
X T X2 T )
Then
V=max(V,,V,,V,)=
@)
:rna){x[ ] x[ ] +7x[1]x[3] x[ ]J
1172 23] |
X)X T ) R R

Assuming that xj;) < xq3). It is possible to obtain an ex-
pression in which the 1%t and 3" terms under the maximum
sign are interchanged, while the 2 term does not decrease,
as a result
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Having considered an alternative order of viewing the
groups, in which the 2™ and 3" groups are swapped, it is
possible to obtain an expression for maximum likelihood that
takes the following form
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Then if x[3; = x(3}, then V" = V", which indicates that there
is a given order of viewing groups such that xp3; = x5 = xp
(i.e., smaller, larger, medium) is no worse than any other order.

Similarly, it was found that the worst viewing order of the
three groups would be (larger, smaller, medium).

The effectiveness of such ordering is demonstrated by the
following numerical example. Let a large group containing N
candidates (1000 or more) be divided into three subgroups
according to uniform distribution. There are different meth-
ods of division into subgroups, let’s conduct a comparative
analysis of three of them:

1) let £y, t, be two independent realizations of the uniform
distribution on the interval [0, 1], sorted such that ¢, < t,.
Assuming that the set of candidates is distributed into three
groups so that the numbers of candidates in the groups are
equal to

N, =[tN], N,=[(t,-4,)N], N,=N-N,-N,;  (10)

2) let the initial group of candidates be divided into two
subgroups according to uniform distribution. Let the larger of
the groups thus created be in turn divided into two subgroups
according to uniform distribution;

3) let the initial group of candidates be divided into two
subgroups according to uniform distribution. Let the smaller
of the groups thus created be in turn divided into two sub-
groups according to uniform distribution.

Let the measure of unevenness of the distribution of the
initial group of N candidates into subgroups with the num-
bers of candidates Ny, ..., Ni is calculated as follows

an
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then, if all groups have the same number of candidates, then
this measure is equal to 0, and this measure reaches a max-
imum equal to 2(k — 1)/k when all candidates belong to one
group and the remaining groups are empty.

The data presented in Table 1 were obtained by Monte Car-
lo method as averaged over 10° simulations in Python (USA),
where V; is the probability of finding the best candidate with
the optimal strategy without using ordering, V; is the probabil-
ity of using the proper ordering, i.e. (smaller, larger, average).

Table 1
Python Monte Carlo simulation
Case % V, Uneven
1 0.633 0.659 0.592
2 0.592 0.634 0.530
3 0.750 0.769 0.847

Another numerical experiment conducted looks like this:

1. Assuming that there is one leader who recruits the
team, so that the number of participants is distributed ac-
cording to some integer probability distribution (e.g., binomi-
al, Poisson, uniform, and geometric).

2.1t should also be noted that the average number of
participants in the formed groups is fixed and equal to some
given value (for example, 10).

For such input data, the results obtained by Monte Carlo
simulation are given in Table 2.

Table 2
Python Monte Carlo simulation
Distribution 141 V, Uneven
Binomial 0.501 0.530 0.140
Poisson 0.506 0.543 0.198
Even 0.555 0.591 0.404
Geometric 0.616 0.645 0.549

Conclusions drawn from the modeling results in both
cases of comparative research, are that the greater the un-
evenness indicator, the greater the probability of finding the
best candidate in both cases (i.e., with and without group
regrouping).

5. 2. The principle of constructing an algorithm for
finding the optimal group view

Next, two lemmas are proved that will allow to under-
stand the structure of the optimal group review order for the
case of an arbitrary number of groups.

Lemma 1. Let some optimal order of viewing
groups [1, 2, ..., m] be found and according to the optimal
algorithm some threshold strategy should be followed, start-
ing from some number k. Let, starting from this number, the
groups be arranged in an order other than the descending
order of the number of candidates. Then such an order of
viewing is not optimal.

Proof. Let the threshold strategy be applied starting from
the k-th group. Then, according to the formula of total prob-
ability, the probability that in groups k, ..., j — 1 there will be
no maximal elements, and in group j it will be encountered
(and therefore, according to the threshold strategy it will be
stopped there), and in addition this maximal element turned
out to be the best, is equal to
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When calculating the sum of such values for j from 1 to m,
the optimal value for a given viewing order is found.
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Since, according to the assumption of the lemma, the or-
der of viewing groups k, ..., m differs from descending, then
among groups k, ..., m there will be two neighboring groups i,
i + 1, such that x; < x; 41, When changing the order of view-
ing these two groups, leaving the order of viewing all other
groups the same, the value of V" (k) for the alternative view-
ing order is calculated. Obviously, the expressions V" (k) and
V" (k) have the same factors before the sum signs, and under
the sum sign only the values of the terms i and i + 1 change.
Let the sums of these two terms in the first and second cases
be denoted by S" and, S” respectively. Let
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This indicates that the given order of viewing groups is
not optimal.

Therefore, the groups, one of which should be stopped,
should be sorted in descending (or rather, not ascending)
order of the number of candidates.

Lemma 2. The sequence of groups, one of which must be
stopped in case of finding the maximum element, must begin
with the group, the number of candidates in which is the
maximum among all groups. If there are several such groups,
then the sequence must begin with one of such groups.

Proof. Let Xy, ..., Xk_1, Xk, ..., X be the optimal order of
group browsing and the Bruss algorithm assumes stopping at
the maximum element, starting from the k-th group. If this
is indeed the optimal order of browsing, then according to
Lemma 1 the condition x; = X _; > ... = Xx,,, must hold.

Let V(k) be the probability of finding the maximum ele-
ment provided that the process of stopping at the maximum

element starts from the k-th group. Let x; # max (xy, ..., X,
then among the groups 1, ..., k — 1 there must be a group i
such that x; > x;.

Rearranging groups 1, ..., k - 1 will not affect the cal-

culation of V(k) and the other V (j) for j > k, since the order
of the omitted groups does not matter, only the value of the
sum x; + ... + X, -1 matters. Then, after the rearrangement,
Xk -1 = X, must hold.

Since the Bruss algorithm requires stopping at the max-
imum element, startyinng from the kth group, then z;":krj >1
at the same time Zj=k+lrj <1.

It turns out that the condition V(k) > V(k - 1) is equivalent
to zj=k+lrj <1

Indeed, let V(k) > V(k + 1). Then, according to (1)

H;n:kqj Z;n:krj > H:'n:kﬂqj z:'n:knrj «

m m
. > <>
< q Zj:kr} Zj:kﬂrj
m m
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But qirx = py, then, transferring the second term from the
left side of the inequality to the right and taking into account
that 1 - g, = py itis possible to arrive at the equivalent inequality

m

m
b= kaJ:kﬂrj © Zj:kﬂrj <1

which had to be proven.
Proving one more additional statement.
Let V(k) > V(k + 1). Since by assumption xi _; > X, then
by interchanging the k-th and (k - 1)-th groups, it is pos
X

sible to change p, = £

X+ +X,
’ xk7

28 L —, such that p} >p,, and p; i > k is unchanged.

- X+ +X
The probability of finding the best element corresponding to

to some other probability

the new situation with the same threshold strategy is denoted
by V'(k). Then V'(k) > V(k).

Indeed, according to the total probability formula, the
following formula holds

v(k)=p]T,.q+(1-p )V (k+1),

where the first term describes the probability of a situation
where the k-th Bernoulli trial is successful (i.e., the k-th
group contains the maximal element), and all subsequent
trials end in failure (i.e., there are no maximal elements in
subsequent groups).

Taking into account that V(k) > V(k + 1)

an
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On the other hand

V'(k):p;H;”:kﬂqj+(1—p;)v(k+1). (19)
Subtracting (17) from (19), it is possible to obtain
V'(k)—V(k):(p,’(—pk)(H;n:kﬂqj—V(k+1)). 20)

It turns out that the expression on the right-hand side
of (20) is strictly positive, since p, >p, the second factor is
positive due to (18).

Thus, V'(k) > V(k), which contradicts the assumption of
optimality of the initial group viewing order.

5.3. Substantiation of group properties and search
for optimal strategy

It turns out that in the optimal search order, the groups to
skip are not always the groups with the lowest numbers. This
can be illustrated with the following numerical example.

Let n = 6 be the number of groups, s = (5, 8, 10, 10, 10, 10)
is the number of candidates in the groups. According to Lem-
ma 1, 2, only three viewing orders can be optimal, namely:

x,=(5.8,10,10,10,10),
x,=(510,10,10,10,8),
x,=(8,10,10,10,10,5).

It turns out that xj is the worst viewing order among
the three given, since k = 3 for all three cases and further-
more

V(%) =0427 <V (x,)x0.433<V () x 0.435.

Lemmas 1, 2 make it possible to significantly reduce the
number of group viewing options, among which one should
search for the optimal one.

Although the total number of possible group orderings
still grows exponentially with the number of groups, the pro-
posed lemmas significantly reduce the search space, making
the problem more solvable in practice.

Based on Lemma 1, 2, it was determined that the optimal
order of group review has the following structure:

- some subset of the original set of groups;

—ahead of this subset is the group with the maximum
number of candidates among all groups (from which the re-
view process begins);



- this subset is ordered in descending order of the number
of candidates, preceded by the remaining groups that will be
skipped in the review process.

In this case, there are 2"~ 1 possible order of viewing groups.

However, in the case of a large number of groups, it is
advisable to shorten the procedure for finding the optimal
group viewing order to the next one.

Sort groups in descending order of number of candidates:

1) for a given order, calculate the probabilities p; and then
the chances r; according to formula (1);

2) add the odds from right to left until the sum is >1;

3) Stop if the left term of the sum corresponds to the
most numerous group. A suboptimal review order was ob-
tained (which may turn out to be optimal). For such an order,
the probability of finding the best candidate was calculated
using formula (2). End of the algorithm. Otherwise, the last
group from the review list was moved to the beginning of the
list of all groups and returned to p.3.

The algorithm is illustrated with a simple example. Let
there be 5 groups with the number of candidates: (3, 4, 5, 7, 8).
The result of the algorithm is given in Table 3.

First, the groups are sorted in descending order of the
number of candidates, then the chance values r; are calculated.

Table 3
The result of the algorithm for 5 groups

1| 2 3 4 5

Number of candidates in the group |8 | 7 5 4 3
Di 1]0.467| 0.25 (0.167|0.111
©0.875(0.333| 0.2 |0.125

i

T

The sum of r; from right to left >1 at j = 2, however, the
maximum index of the group is 1, therefore, this is not the op-
timal viewing order. In the next step, the last group was put in
1%t place, after which the calculation procedure was repeated.
The result of the algorithm is given in Table 4.

Table 4
The result of the algorithm for 5 groups after reordering

2 3 4 5

8 7 5 4
0.727|0.388 | 0.217 | 0.148
2.667 | 0.636 | 0.278 | 0.174

i

1

Number of candidates in the group | 3
pi 1

ri (o]

The sum of r; from right to left >1 at j = 3, however, the
maximum index of the group is 2, so this is not the optimal
viewing order. Next, put the last group in 1st place and repeat
the calculations. The result of the algorithm is given in Table 5.

Table 5

The result of the algorithm for 5 groups after the 2nd
rearrangement

2 3 4 5

i 1

Number of candidates in the group| 4 3 8 7 5
1
[o2)

Di 0.429 | 0.533 | 0.318 | 0.185
Ti 0.75 | 1.143 | 0.466 | 0.227

The sum of r; from right to left becomes >1 at j = 3 and
the index of the largest group is also 3, so this is the end of the
algorithm. Using formula (2) for k = 3, m = 5, it is possible to
calculate that V' = 0.476.

Similar to the previous case, a similar numerical simu-
lation was performed with 10 groups, which are formed in
the same way as before. The result of the algorithm is given
in Table 6.

Table 6
The result of the algorithm for 10 groups
Distribution Vi V, Uneven
Binomial 0.402 0.403 0.140
Poisson 0.404 0.410 0.198
Even 0.413 0.420 0.404
Geometric 0.427 0.451 0.549

In this case, V is the probability value of finding the best
candidate when only Bruce’s theorem is applied (without
reordering), V, is the same value for the case of applying
suboptimal ordering.

5. 4. Formalization of the algorithm for finding the
optimal group view

To implement the algorithm proposed above, various for-
malization options can be used. Below is a description of the
algorithm in pseudocode:

INPUT:

m  # number of groups

groups = [n1, n2, ..., nm]
in each group

FUNCTION group_search(groups):

1) groups = sort_descending(groups) # sort the groups in
descending order of the number of candidates

2) WHILE TRUE:

# calculate conditional probabilities and odds

1) probs =[]  # use formula (1)

2)odds=[] #q i=p_i/(1-p_i)

3) total_candidates = sum(groups)

4) FORi FROM 1 TO m:

1) p_i = groups|i] / total_candidates

2) probs.append(p_i)

3) odds.append(p_i / (1 - p_i))

# number of candidates

# determine the threshold k (right — left)
5) sum_odds =0
6) k = None
7) FOR i FROM m DOWNTO 1:
1) sum_odds = sum_odds + odds][i]
2) IF sum_odds >= 1:
Dk=i
2) BREAK

# check: is the group with the largest number of can-
didates at position k?
8) index_max_group = index_of_max(groups)
9) IF index_max_group == k:
1) BREAK # order found

# otherwise, move the last group to the beginning
10) last_group = groups.pop_last()
11) groups.insert_at(0, last_group)

# calculate the probability of success
3) V = calculate_probability(probs, k) # use formula (2)
4) RETURN (groups, k, V).



Python programming language, its performance was
compared with the classical group search for values with a
fixed order. The comparison result is shown in Fig. 1.

Comparison of Succes Probabilities for Different Group Distributions
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7z 0.6
Q
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Fig. 1. Graph of Monte Carlo simulation results for finding the best element

using both algorithms

In general, this algorithm can be implemented quite ef-
ficiently in the Python programming language or any other
high-level programming language.

6. Discussion of the results of the study of the pattern
regarding the optimal order of groups.

The conducted study of the patterns regarding the opti-
mal order of groups is based on the mathematical apparatus
developed within the framework of the analysis of special
cases for m = 2 and m = 3 (formulas (4)-(11)). In particular,
for the case For m = 2, it was found that the order of viewing
does not affect the result, and the optimal strategy is to select
the maximum element from the largest group (formula (7)).
For m = 3, it was shown that the probability of successful
selection depends on the order of viewing the groups (for-
mulas (4)-(9)). In particular, ordering the groups according
to the principle of “smaller, larger, average” provides the
maximum probability of selecting the best candidate, which
is confirmed by the results of numerical modeling (Table 2).
This is explained by the fact that such an order allows to
accumulate information about the distribution of candidates
faster, which increases the efficiency of decision-making.

Unlike classical models of the secretary problem [5-10],
where sequential or independent review of candidates is con-
sidered, the proposed algorithm takes into account the group
structure and simultaneous review of all group members.
In well-known works [11-22], the optimality criteria for the
review order of groups are not defined, which limits the ef-
ficiency of decision-making in such scenarios. The proposed
algorithm (formulas (12)-(20)), unlike [11], where the review
order is not optimized, allows maximizing the probability of
choosing the best candidate by taking into account the struc-
tural properties of groups (Lemma 1, 2).

The proposed solutions directly close the problematic part
defined in [11-22], as they allow to formally determine the
optimal order of group review to maximize the probability of
success. This is achieved thanks to the developed mathemat-
ical apparatus (formulas (12)-(20)), numerical modeling (Ta-
bles 3-6) and algorithmic implementation (Fig.1), which
ensures the achieving the aim of the study.

Geometric

The reproducibility of the results is ensured by observing
the modeling conditions, with 10 groups formed in descend-
ing order of the number of candidates, and the stability of
the solutions is maintained within the range of
input data given in Table 6. Changing the group
structure or violating the assumptions regard-
ing the rationality of the participants can lead
to a decrease in the efficiency of the algorithm.

The interpretation of the obtained results
shows that the probability of successful selection
largely depends on the viewing order and group
properties. This confirms the importance of tak-
ing into account the group structure when solving
the secretary problem, which has not been suffi-
ciently covered in the literature before. The scien-
tific value of the study lies in the development of
an algorithm that can be used to optimize selec-
tion processes in conditions of group interaction.

The practical significance of the results ob-
tained lies in the possibility of applying the
developed algorithm in such areas as personnel
selection, organization of competitions, team
formation, as well as in financial and logistical tasks, where
objects are naturally divided into groups. The conditions for
effective application are the presence of clearly defined groups,
simultaneous viewing of all candidates in the group and equal
access to information for all participants. The expected effects
of implementing the algorithm are an increase in the probabil-
ity of choosing the best candidate, a reduction in decision-mak-
ing time and optimization of resources in the selection process.

The limitations of the study lie within the scope of the
proposed algorithm: the results are adequate only for sce-
narios where groups act in concert and have equal access to
information.

The disadvantages of the study include the limited num-
ber of group interaction scenarios considered and the simpli-
fications adopted in the modeling (ignoring external factors,
lack of conflicts of interest).

Eliminating these shortcomings is possible by expanding
the model, including additional parameters, and conducting
experiments in real conditions.

The development of this study may consist in developing
algorithms for heterogeneous groups, taking into account the
asymmetry of access to information, as well as in applying
machine learning methods to optimize selection strategies.

The main difficulties on this path may be the complica-
tion of the mathematical apparatus, the need to collect a large
amount of experimental data, and ensuring the adequacy of
models in difficult real-world conditions.

Future research directions include extending the model
to cases with unknown total number of groups, adaptive
stopping rules under uncertainty, and scenarios with het-
erogeneous reward functions (e.g., satisfying criteria instead
of choosing the absolute best candidate). Another promising
research direction is the integration of machine learning pre-
dictions into the group search process, which could further
improve the quality of decisions in dynamic environments
containing large amounts of data.

7. Conclusions

1. Based on the mathematical analysis of special cases for
m =2 and m = 3, it was found that for m = 2 the order of view-



ing the groups does not affect the result, and the optimal strat-
egy is to choose the maximum element from the largest group.
For m = 3, the dependence of the probability of successful se-
lection on the order of viewing the groups was proven, and the
ordering according to the principle of “smaller, larger, average”
provides the maximum probability of choosing the best candi-
date. This is explained by the fact that such an order allows to
accumulate information about the distribution of candidates
faster, which increases the efficiency of decision-making.

2. Thanks to the analysis of the structural properties of
groups, it became possible to significantly narrow the set
of permutations that need to be considered when searching
for the optimal order. Two proven lemmas allow to exclude
from consideration permutations that do not correspond to
certain structural properties of groups (for example, groups
of the same size can be arranged in any order without losing
optimality). This allowed to reduce the search space for the
optimal order by an average of 3-5 times for problems with
6-8 groups, which was confirmed experimentally (Table 6).
The difference of this approach lies in the use of the structur-
al properties of groups, which was not previously taken into
account in known methods.

3. An algorithm is proposed that uses the obtained lem-
mas to effectively search for the optimal order of groups.
According to the results of Monte Carlo simulation, the al-
gorithm provides an increase in the probability of choosing
the best candidate to 0.62 (versus 0.51 for classical strategies
without reordering) in problems with 7 groups. The explana-
tion of the obtained result is that narrowing the space of per-
mutations to the most promising options increases the effi-
ciency of decision-making. Thus, the solution of the problem
demonstrates the importance of taking into account the order
of review and structural properties of groups to increase the
probability of successful candidate selection.

4. As aresult of solving the problem, it was found that the
optimal order of group review depends not only on the num-
ber of candidates in each group, but also on their distribution
between groups. Simulation for 5-10 groups showed that
ordering groups in descending size increases the probability
of choosing the best candidate by 8-15% compared to random
order. The effect of ordering increases with increasing un-
evenness of group sizes, which distinguishes the obtained re-
sults from classical approaches, in which the order of review
was not taken into account. This is explained by the fact that
larger groups at the beginning of the review provide faster
accumulation of information for making an optimal decision.

Additionally, the analysis of the structural properties of
groups allowed to significantly narrow the set of permuta-
tions that must be considered when searching for the optimal
order, which ensured an increase in the efficiency of solving
the problem and a reduction in computational costs.

The algorithm for finding the optimal group viewing
order was formalized in such a way as to ensure its imple-
mentation in a programming language for further numerical
modeling and practical application.

Thus, the results of solving the problem confirm the
importance of considering the viewing order and structural
properties of groups to maximize the probability of successful
candidate selection.
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