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Abstract. We present the research aimed at the current status of the programming Olympiads in
which Kazakhstan is involved and holds a positive line, we propose various pros and cons for the training
of the participants of these events. Since the participation of Kazakhstan in the International Olympiad in
Informatics (101) for schoolers and International Collegiate Programming Contest (ICPC), which is
upheld by Association of Computing Machinery (ACM), most of the better results were shown on 10l
rather than ACM ICPC, where still participants from our country demonstrate stable tendency at gaining
finals, however, still not receiving the prize pool consisting of the first twelve teams in the final rating.
The problem which is to be solved by participants can be also classified as polynomial (P-complete) or
non-polynomial (NP-complete), which, in turn, gives us the observation of what could be solved using
rational solution. We demonstrate this fact on examples of two problems from ACM ICPC.
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Introduction

The problem which is to be solved can be classified as P or NP-complete. In fact, NP-complete
problem can be truncated up to the fixed constant of the complexity factor of the size of the input data
and, thus, forwarded further for being solved in polynomial time using brute force algorithm, which means
the evaluation of the whole state space of input data within the composition of the problem statement.
This problem can be also alternatively solved by using approximate algorithmic methods like Ant Colony
Optimization (ACO) [1].

According to obtained statistics our teams show great and brilliant results in 101, however, in ACM
ICPC for students the prize pool still remains not obtained for the past twenty years of the participation
of Kazakhstan in this event. On this occasion, we will try to justify what could be the possibility of this
outcome and define pros and cons according to the experience of the author of this work as participant of
ACM ICPC in 2004-2006.

Kearse et al. see the competition as a way of attracting the participant attitude towards Computer
Science [2] — their research and demonstrate that it’s one of the best educational practices for giving the
interest to the science.

Patterson gives the statistics according to countries which are leading in ACM ICPC [3], as they’re
China, Russia and United States of America. Basing upon these results we will give short outcome why
our finalists from Northern Eurasia Regional Contest (former Northeastern European Regional Contest —
NEERC) cannot get the prize place in the final command score.

We give concise and clear comparison of P (polynomial) and NP (non-polynomial) complexity
classes on the example of two problems [4, 5, 6].

We also show that solution is feasible within NP-complete problem if the number of elements in
input data is very low (< 20) as per bit set definition so that 2N < 10° which is measured in performed as
one second of processor operation cycle.

We will consider following problems to compare P and NP complexities:

* NP-complete: Problem "Box" [7];

* P-complete: Problem "Exploring Pyramids” [8].

The "P versus NP" theorem, which is still not proved, was formulated by Stephen Cook [5] and
implies the relation between these two classes of complexity.

The code for both problems can be obtained from repository [9].

P versus NP in Programming Olympiads. The problem "Box" is NP-complete, however, as the

10


https://orcid.org/0000-0002-8086-775X

Review of perspectives of programming olympiads in kazakhstan
Mirzakhmet Syzdykov

number of elements in input stream is less than 6, it can be solved in almost polynomial time:

const int N = 6;

bool check (int *P, int bitmask) {
for (inti=0;i<N; i++)
for (intj=0;j <N; j++)
if (F[i]G]0] !=-1)
if (A[P[II[FIIIGI0] ~ ((bitmask >> i) & 1)]
= A[POII[FLIGI2] ~ ((bitmask >> j) & 1)])
return false;
return true;

¥

void solve() {
int P[N];

for (inti=0;i<N;++i) {
PLi] = i;
}

do{
for (inti=0;i< (1L << N); ++i) {
if (check(P, i)) {
puts ("POSSIBLE");

return;

}
}
} while (next_permutation(P, P + N));

puts ("IMPOSSIBLE");
}

Solution for this problem is P-complete, where N = 6 and N! << 108 when the complexity,
however is O (2N * N! * N3), which is also much lower than average time of running the program in
few seconds on modern hardware.

And for the problem "Exploring Pyramids" [8], we use case marks in the global array in order to
save the time as per each case, when input is given in single file. We use the dynamic programming
approach with memorization.

The complexity of this problem, thus, is also polynomial and is defined in big-O notation as O
(N3).

The code for this problem is as follows:

const int N_MAX = 400;
typedef long long I1_t;
int S[N_MAX];

int P[IN_MAX][N_MAX];
II_t RIN_MAX][N_MAX];

It F(int I, int 1) {
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if (I==r)return1;
if (P[I][r] == CaseNumber) return R[I][r];
P[I[r] = CaseNumber, R[I][r] = 0;

for (inti=1+1;i<=r;i++)

if (S[i] == SIl])
RN = (ROI + F(+ 1, i - 1) * (i, r)) % 1000000000;

return R[I][r];

Pros and Cons of Olympiad Training

Here we devise the positive and negative sides of the distant training of the participants of
the Olympiad. It takes much more to probe through the different sides of the World Wide Web
(WWW or W3) community which give the helping hand in solving particular problems from
their volume sets. This approach recommended itself to be fast and simple when the user sends
his solution through the automated system which judges this solution in one of the programming
languages. The distant approach, however, practically shows worse results of preparation of
Olympiad participants, rather, than attending special events upheld by sponsoring organizations.

Attending training courses is also not a good alternative to the variants of obtaining
experience since the school of programming is formed by the authorities in this field who had a
good skill expertise on the official event like, for instance, ACM ICPC or IOl.

Another question which is important to learn is a way of teaching students the Dynamic
Programming (DP) [10]. In the statistics it’s known that almost every student meets the
difficulties of learning DP as well as other structures of the Computer Science in theory, which,
in turn, is essential since the methods are to be studied along with practical exercises.

We conclude that the person showing good expertise in specific field of Informatics and
Computer Science is able to demonstrate his skills on the event like Olympiad. However, another
practice shows that Olympiad participants are trained from the early age — this shows good
results, however, is more expensive in terms of time and management. We propose the easy way
of getting to the point by solving problems which are published around W3. The stable working
place would be also a better alternative for getting practical experience in the one of the
programming languages, on which the solution is to be realized and solved, and the practical
evaluation experience is obtained by giving the probe of realizing the classical algorithms and
other solutions using one of the programming flavors. The most popular of which are those which
aim for compiler rather than interpreter as the solving time is the primary goal on the Olympiad
stage.

In the next section we’ll continue the overview of the programming languages selection
criteria.

Selection of Programming Language

The practice shows that most of the solutions are solved using C++ programming language,
rather, than Java which is forwarded to be replacement being the second most popular realization
programming language. This difference is justified by the fact that C/C++ utilizes convenient
way of giving input and output to the problem solution, meanwhile, Java gives the additional task
of implementing scanner, tokenizer or parser of the input data.

Together these two languages form the group of programming languages which derive the
template library. Standard Template Library (STL) in C++ represents set of programming classes
and data structures as well as modules to operate on basic level and utilities like sorting — above
you can see the usage of “algorithm” module. The term “iterator” here is vital as STL bases itself
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by overriding standard comparison and equivalence operators, thus, giving the order of the
elements in a sorted collection like array, set (hash-set) or other user-defined data structure. It’s
quite enough to mention that it’s achieved by overriding only “<” operator as the STL recognizes
equivalence by using logical not “!”’-operator.

Java programming language is also well suited as it’s a virtual machine compiler and, thus,
allows to avoid the invocation of programming elements which are using memory pointers which
Is unsafe in general.

C# programming language could be also a better alternative which supports the template
library for data structures, however, it lacks 1/O routines as well as many other programming
languages.

Conclusion

We have defined the pros and cons of the elementary preparation of the participants for
Informatics and Programming Olympiads showing that collaborative work gives better results
when the financial sponsoring is limited.

Thus, we have devised that even NP-complete problems can be solved exactly with respect
to the computational volume of the state space without using dynamic programming, as when
the complexity fits into this volume.

We have also made an important conclusion of the programming language to be selected
in order to solve problems more effectively in the limited time during the programming contest.

The pros and cons for development of Programming and Informatics Olympiads in
Kazakhstan is also given and more is to be done as Kazakhstan still remains without prize place
on the finals, despite the stable advances of our teams to ACM ICPC finals. Meanwhile, 101
participants show better results which is due to the non-limited rating scheme which differs as
ACM problems are to be solved on the full set of tests and 101 problems are only scored for each
test case.
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AHHOTauus. Mbl IpeACTaBIsieM UcCIeJ0BaHUE, HAIIPABICHHOE Ha TEKYIIEe COCTOSHUE OJMMITHA
0 MIPOTPaMMHUPOBAHHIO, B KOTOPBIX yuacTByeT KazaxcraH U mpuIepKUBaeTCsl MOJIOKUTEIbHON JTUHHY,
MBI TIpejJiaracM pa3iiuyuHbe TUIFOCHI © MUHYCBHI JUIS TIOJATOTOBKH YYACTHHUKOB ATHX Meponpusitaid. C
MomeHTa yuactus Kazaxcrana B MexynapoaHoi omummuane mo nadopmaruke (101) mist mikonbHUKOB
u  MexayHapoIHOM  CTyJIeHUeCKOM KOoHKypce 1o mnporpammupoBanuio (ICPC), xoropsrit
noIepuBaeTcs Accoryanueii BeraucauTebHol TexHUKH (ACM), O0JBITUHCTBO JIYUIINX PE3yJIbTaTOBR
opn mokazanel Ha |Ol, a He Ha ACM ICPC, rnme mo-mipekHeMy YYacTHHUKM W3 Hallled CTpaHbl
JEMOHCTPHUPYIOT CTaOMJIbHYIO TEHACHIMIO B (hMHAJE, OIHAKO, MO-NIPEKHEMY HE IMOJIY4aroT MPU30BOH
(bOH, COCTOSIINIA U3 MEPBBIX ABCHAIATH KOMaH]l B UTOTOBOM pedTHHre. 3a/1a4a, KOTOPYIO MPEACTOUT
PELIUTh YYaCTHUKAM, TaKkKe€ MOXKET ObITh KiacCHU(PUIMpOBaHA KaK MOIMHOMUaNbHas (P-monHas) wmnmn
HenosimHoMuanbeHas (NP-mosHas), 4to, B CBOIO O4epenb, JaeT HaM MPEJCTaBICHUE O TOM, YTO MOXHO
OBUTO OBl PEIIUTH C MOMOIIBIO PATMOHATFHOTO PelIeHus. MBI IEMOHCTPHPYEM 3TOT (DaKT Ha MpUMeEpax
nByx 3ana4d u3 ACM ICPC.

KiroueBble ci1oBa: onumnuazaa no vHGOpMaTuKke, TEHAEHINS, 00y4eHHEe, CTaTUCTHKA.

KA3BAKCTAHJA BAFTJAPJIAMAIJIAY BOWBIHILIA OJIMMITINAJAJTAP/ABI OTKI3Y
KEJIEHIEI'THE IIOJIY
Mpeip3axmet ChI3ABIKOB
K. U. CorbaeB aTrinaarsl Kazak YITTHIK TEXHUKAIBIK 3€PTTEy YHUBEpcUTETI AnMarel, KazakcTan
mspmail598@gmail.com
ORCID ID: https://orcid.org/0000-0002-8086-775X

Angarna. bi3 KaszakctaH KaTbhIcaThlH JKOHE OH OaFbITTBhl YCTaHATBhIH Oarmapiamaliay
OJIMMITHA/IATIAPBIHBIH, aFbIMJIAFbl XKail-KyHiHe OaFbITTaNFaH 3epTTeyni ychiHaMbi3. OChI ic-TIapanapra
KaTBICYIIBUIAP/bI TAalbIHAY YIIIH SPTYPIIi OH JKOHE TEpPic JKaKTapblH YChIHAMbI3. Ka3akcTaHHBIH MEKTeI
OKyIIblIapbiHa apHaiFaH MHpopMatuka OolibiHINA Xaibikapaiblk ojgumnuagara (I0I) sxkoHe ecenrtey
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TEXHHUKAChl KaybIMaacTeirbl (ACM) KonmalThIH OarmapiaMarnay OOWBIHIIA XaJIBIKAPAJBIK CTYICHTTIK
koHKypcka (ICPC) xatpickan coTTeH Oactar, eH kakchl HoTmkenepaid kemmritiri ACM ICPC-ne emec,
I01-ne kepceTimai, oHma Oi31iH eMiMI3IIH KATHICYIIBUIAphl PUHANIA TYPAKThI TCHACHIUSIHBI KOPCETYIC
anaiaa, KOPBITHIHIBI PSHTHHITET AFaIIKbl OH €Ki KOMaHIalaH TYPaThIH KYJIe KOPHI 9111 e OyibipMait
Typ. Kareicymbunap memierin tancelpManbl kenmymienik (P-Tonbik) Hemece kenmymienik emec (NP-
TOJIBIK) JeTI KiKTeyTe O0mapl, OYJT 63 Ke3eriH/Ie YTHIMABI MIeTliM apKbUTHI He MIenTyTe 00JaThIHBI TYPajIbl
tycinik 6epeni. biz 0y ¢aktini ACM ICPC-TeH eki TanchlpMaHbIH MBICATIBI HETi31HAE KOPCETEMi3.
Kinrrik ce3nep: nadpopmarrka OJMMITNANACH], TPEH, OKBITY, CTATUCTHKA.
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