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Preface

At KAUST Academy, we are pleased to present this booklet containing
the official solutions to the Phase 1 questions of the KAUST Math
Competition (KMC 2026) across both tracks: Juniors and Seniors. This
booklet provides complete, step-by-step solutions to all problems—24 questions
for the Juniors track and 30 questions for the Seniors track—and
includes a dedicated video link for every question to offer clear, structured
explanations and to help students grasp the key mathematical ideas behind each
solution.

This booklet has been developed to provide students across the Kingdom
with high-quality practice materials and authentic examples of problems that
assess higher-order thinking skills in mathematics. By combining full written
solutions with video explanations, we aim to support meaningful self-study and
systematic preparation for participation in future editions of the competition.

We would also like to extend our sincere appreciation to the Scientific
Committee of the KAUST Math Competition (KMC 2026) for their
outstanding academic efforts in designing and reviewing the questions,
and for contributing to the development of this booklet in a way that reflects
the highest standards of rigor, consistency, and educational clarity—through
comprehensive written solutions complemented by a video explanation for each
problem. This collective work reflects our shared commitment to empowering
students in the Kingdom and strengthening mathematical excellence.

We are proud of the strong engagement in Phase 1, with approximately 8,000
students participating from across the Kingdom—an encouraging indicator of
the growing interest in mathematical problem-solving and academic excellence.

We hope this booklet serves as a valuable reference for every student and
supports their journey toward deeper mathematical understanding and continued
achievement.

o

Tk Sledvata
Dr. Sultan Albarakati

Associate Vice President, Saudi Talent Tarek Shehata
Devolopment Manager of Pre-University Programs



Word of the Scientific Committee

The problems presented in this competition are deliberately challenging, designed
to rigorously test the limits of analytical thinking. The 200 students participating
in the final round truly showcase the remarkable mathematical talent present
across the Kingdom of Saudi Arabia. It is our sincere hope that engaging with
these difficult problems will not only reward their hard work but also inspire a
deeper, lasting motivation among all students to continue studying mathematics.

The compilation of these problems and their solutions is the result of a
collaborative effort. I would like to express my gratitude to the dedicated team of
KAUST students and postdocs, as well as to Navid Safaeli, who joined remotely,
for generously contributing their time and expertise to develop the problems
and craft their detailed solutions. In particular, I want to highlight Melih Ucer,
who served as my right-hand and provided invaluable assistance throughout this
process.

I also extend my deepest thanks to the KAUST Academy. Special gratitude
goes to its director, Sultan Albarakati, for putting forward this initiative and
offering his unfailing support, and to Tarek Shehata for his constructive criticism
and instrumental help in moving this project forward. Finally, I would like to
thank my fellow Academic Committee members, Miguel Urbano and Katerina
Nik, for their guidance and collaboration.

Dissp Upwiar Comes

Prof. Diogo Gomes
Chair of the Scientific Committee
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KAUST Mathematics Competition

Juniors Track Questions-First Round

SoVl a1 - iUl lune sl

Question 1:

The sides of a rectangle are 10 cm and 12 cm. A square has the same perimeter
as this rectangle. What is the length of a side of the square?

Sl g b Lo el s bt i d o oo 125 00 10 (2 iz 301 bl

g
o
=
12 cm { ? em ’
(A) 8 cm (B) 9 cm (C) 10 cm (D) 11 cm (E) 12 cm

Question 2:

In which of the following numbers is the number of odd digits even?

s a0, U sae 0,5 1 slaed) e 6l &

(A) 12435  (B) 821563  (C) 80753941 (D) 87556931  (E) 95819632



Questions and Solutions 2025-2026

Question 3:

Ahmad usually takes 20 minutes to get to school. On the other hand, Khalid

takes 30 minutes to get to school. On a certain day, Ahmad took 30% more time

than usual to get to school, while Khalid took 15% less time than usual. Which

of the following is correct?

eyl 3 o) 085 30 Al Gred B G eyl 3] J o) 03 20 and 3t b 33k

A el Wy s dl) 3] o) sliall o 30% By b By i 3l LW ()
Cims® U DL 6l woliall e 15% 2wy 61 5,

(A) Ahmad arrives 1.5 minutes before Khalid. Agss 1.5 5 d g8 Al I
(B) Ahmad arrives 0.5 minutes before Khalid. azss 0.5 A )3 aa] s
(C) They arrive at the same time. s 281 3 Al aa] s
(D) Khalid arrives 0.5 minutes before Ahmad. A2 0.5 5 aa J8 A o
(E) Khalid arrives 1.5 minutes before Ahmad. a55 1.5 5 de b A oy

Question 4:

Notebooks were made in three colors: red, gray, and blue. The number of red
notebooks is six less than the total number of blue and gray notebooks. Also,
the number of gray notebooks is ten less than the total number of red and blue
notebooks. How many blue notebooks were made?

Gl Jly B, 7B g 5% ety JBT e ) Sl e 33305 onlays ol 01T 83k 5o i
S mio 1 8,91 761 sde § iy A TBUl g2 e 5 e 5T 25l SBU s



KAUST Mathematics Competition

Question 5:

There are three cups on a table. The first cup is full of water; the other two are
empty. Ali pours half of the water from the first cup into the second. Then he
pours half of the water from the second cup into the third. Finally, he pours half
of the water from the third cup into the first. What percentage of the first cup is
filled with water at the end?

o U G o (S c0lesb 02T el gl I3V oS sl e ol ST 8% s
o el Cam (S Ul () G GBI K e el Cams (S 4 e GBI G Y1 oS
Faldl G el Js V) oS0 e3keY 2 gl 2l (2 L d Y1 3 el o S0

(A) 56.5% (B) 58.5% (C) 60.5% (D) 62.5% (E) 64.5%

Question 6:

Hamza listed the first 20 positive integers that are not divisible by either 2 or 3
in increasing order. The sequence begins with the numbers below. Determine the
20" term of this sequence.

el s ool 9 350 2 o el 35 Y 31 Lo L 13 20 U1 2 550 g8
Al ods (3 2l sl s ¢ el 8 alalt slueYl

1,57, 11,13, ...



Questions and Solutions 2025-2026

Question 7:

How many two-digit positive integers are there such that the units digits and the
tens digits differ by at most 17

o LA 35 SV 3y 0 G a5 Y ot xle p S T ) Sl el e &
01
(A) 15 (B) 18 (C) 20 (D) 26 (E) 27

Question 8:

At a party, 36 pieces of chocolate, 18 cakes, and 24 candies are to be divided
equally among children (using all items, with each child receiving the same number
of each item). What is the greatest possible number of children?

o plasel) JULYI gy 3Ll (oo 2l 245 5587 18 5 Y 7,2 ks 36 (ww i 3

LY e K8 st ST o Lo (e 8 o s sl o ik 8 Joag oty (LY
S ol

Question 9:

A contest contains 30 problems. Fach correct answer is worth 4 points, and 1
point is deducted for each incorrect answer. No points are given for unanswered
problems. Salma scored 86 points and left exactly one problem unanswered. How
many problems did she answer incorrectly?

AL 3] K 5aly Wb a5y (b5 4 (gl s 3] Nl 30 Je Bln (552
Lol Tty Vi 8775 2 86 o o i dlde 3L 5 @A L P
e bl Ko Lo Sl @1V s b i) 0y



KAUST Mathematics Competition

Question 10:

Maryam has five banknotes, valued 1, 5, or 10 riyals. She has at least one banknote
from each of the three values. Given that the total value of these banknotes is 22
riyals, how many 5-riyal notes does she have?

VL, 538 e Lo 1 GV st B VL, 22 61Vl ods a3 2 OF

Question 11:

A rectangle is divided into 4 smaller rectangles, see below. The perimeters of
rectangles A and B are 10 cm and 20 cm, respectively. Find the perimeter of the
large rectangle.

Lgcfﬂzo,rﬂmﬁB}Aw\gcouj@\@\sﬁbmﬁlwé
RS B WU PSRN P |

(A) 20 cm (B) 30 cm (C) 40 cm (D) 50 cm (E) 60 cm

10



Questions and Solutions 2025-2026

Question 12:

Saad invited Ahmad for Iftar. Ahmad wants to stop at a dessert shop first. Using
the map showing travel times between locations, determine when Ahmad arrives
at Saad’s house if he leaves 30 minutes before Iftar and takes the fastest route via
the dessert shop.

Syl 25 gl 1 plasely Nl S e e 8 31 anl )y ) sl e o

# el @l 1255 30 5 WY 3y 5 53k 13] dew Jn 3] an] Joy 30 20 (B o il
ST £ g b

daw Je
I: Saad’s House
\
11 10
\
Lﬁlﬁ L).Lo
[G: Cafe] [H: School]
|
9
|
Sl e
E: Dessert Shop
|
4 8
[
sy daz LSRRI
C: Gas Station D: Supermarket
10 9
/
Al Jie
A: Ahmad’s House
(A) 8 minutes before Iftar syl |5 $6s 8
(B) 3 minutes before Iftar syl Js 3653
(C) 1 minute after Iftar las Yl de sy 2235
(D) 2 minutes after Iftar syl da Olads
(E) 3 minutes after Iftar oYl ey 365 3

11



KAUST Mathematics Competition

Question 13:

How many three-digit numbers consist of digits 1,2, 3,4, 5,6 and contain the digit
3 (digits may repeat)?

SIS 5) B 3 e 5 1,2,3,4,5,6 6,1 planal a1 S5 oS5 Sble 236 e s §
?(pB,Y

Question 14:

When Asmaa makes a small cup of coffee, she uses 12 g of coffee beans with 200
mL of hot water. For a large cup, she uses 20 g of coffee beans with 300 mL of
hot water. How much more coffee per milliliter of water does the large cup have
compared with the small cup?

LT oLl elll o o200 o o) o B 12 pbind Lo gl o Lo U5 elel o s
T L} 5oL Sz Lo ¢ Ll cUL - J» 300 - A o E«'QO (W. b (xS O pasd

¢ a0 SAL 3yl 1S G S L};U.\ O e ﬂ 8 3¢
(A) 155 (B) 5 (©C) 5% (D) 15 (E)

150

wlot

Question 15:

The numerator and the denominator of a fraction are positive integers whose sum

is 2025. The value of this fraction is less than % What is the greatest such

fraction?

ol c% u‘&iw\ lda ded ¢ 2025 lage 32 Olom 4 Oloes? C)\su\chﬁmuﬁngfﬁf sk
€Ly 2l ods zi2 S ST

(A) 2 (B) 2 (©) & (D) 2 (B) 2

1519 1518 1514 1513 1512

12



Questions and Solutions 2025-2026

Question 16:

For positive numbers x, y, 2, t, the following relationship holds. What is the correct
ordering of the numbers?

€310 el ) o Lo colis] BYWI ot ¢« 7,7, 2, 1 Ao oLl 51aeSN

(A)t<y<zrz<z B)it<zr<y<z (Cy<z<t<z D)t<z<y<uzx
(E)z<y<z<t

Question 17:

A machine has two buttons, and , and a screen showing a number. The
left button multiplies the number on the screen by 2, and the right button adds 3

to it. For example, after pressing and then , the number 1 on the screen

becomes 8, because 1 RENVIRENES
Starting from 1, how many different numbers are possible to get after three
presses?

251l o sl sadl Caela VI 3 dade Lo w2l (13) 4 (x2) w&m 2
(x2) ¢ (#3] Je Lrall ke WU Ja fo 2 u\&ﬁw\mw:swucm,)\u
15 4—>8d‘§/c8cwwwu\éclr.e)\db

$Olans uw.\amdﬂ;\uﬁw\mg 1 sadl e 1oy

N
BOROR
(A) 4 (B) 5 (C) 6 (D) 7 (E) 8

13



KAUST Mathematics Competition

Question 18:

A square and an equilateral triangle were drawn as shown below. What is the
measure of the angle x7

2 a0 8 Lol K2l G g3V Gl iy e o

55° 65°

(A) 100° (B) 105° (C) 110° (D) 115° (E) 120°

Question 19:

Ali is creating a 5-digit password (with no zeros) such that each digit is equal to
the sum of all digits to its right. What is the sum of the digits in the password?

Question 20:

Evaluate the sum:

if_rg.‘ 4 b V".j

1+2-3—-4+5+6—-7—8+---+ 1445+ 1446 — 1447

(A) —1448 (B) —1447 (C) —2 (D) 0 (E) 1447

14



Questions and Solutions 2025-2026

Question 21:

A football field was painted to mark its boundaries, as shown in the figure. Based
on the labeled lengths in the diagram, what is the radius (in meters) of the circle
if a total of 570 meters was painted?

,hsg@ﬁucfw)\%;w;w\;mdczg (N G s 6 oo 0855 a3 2
(= of L) €15 570 653 ¢ b b Jlan] 067 13] (koL 351

100

15

2 (D 10

Question 22:

How many ways are there to mark two cells of a 7 X 7 grid square that have a
common side or a common vertex (see below)?

€ (sl lasl) £ it wi,jiﬂjméauaﬁ:ﬂé?x?*&;gw@gw G s §

(A) 150 (B) 152 (C) 154 (D) 156 (E) 158

15



KAUST Mathematics Competition

Question 23:

There are two sisters, Fatimah and Samira. The age of Fatimah is one of the
numbers 10, 11..., 20, and the age of Samira is one of the numbers 27, 28, 29. The
product of their ages is the square of an integer. What is the sum of their ages?

(27,28,29 s1acN1 dal o 50 €5 ¢10,11, ..., 20 slueV) dol o %abl & (Ol 5y 2ubils
o g8 U s o Lo o 2 L 22 ol

(A) 36 (B) 37 (C) 38 (D) 39 (E) 40

Question 24:

Let a, b, c be non-zero real numbers which satisfy:
a+3=2 b+i=3 c+i=4
What is the value of the following expression?

(R o g T 1ole] 4, b, ¢ 6 13
a+3=2 b+i=3 c+i=4
SJUl 5 L)l aus L8

16



Questions and Solutions 2025-2026

Seniors Track Questions-First Round

oY e A1 - L2l s 2t

Question 1:

If we increase the length of each side of a cube by 100 percent, by what percent
does the volume increase?

S o2 G 83L 1 Hd § 100% ey o g3 oo dhio 87 b 513 13

(A) 100% (B) 200% (C) 400% (D) 700% (E) 800%

Question 2:

The figure shows square ABC'D. What is the value of 7
7 s & L ABCD C‘ﬁfu B Sl

D C
A B
(A) 45° (B) 60° (C) 67.5° (D) 72.5° (E) 75°

17



KAUST Mathematics Competition

Question 3:

Ali starts the week with 3 white shirts, 2 green shirts, 4 black shorts, and 1 gray
short. On Day 1, he wears a white shirt and black shorts. Assuming he doesn’t
wear clothes again, what is the probability he randomly selects a white shirt and
black shorts on Day 27

L} c.\»\} (:gJL“J d‘)f.u} "‘-’)"“ J"J‘j"“ 4} d‘J..,a;-T d‘-aa-:s) G-L'Az OLA}' 3 41)3) C}«-ﬂ%Y\ LLG T.A,j
S oF Jlazmt o Lo e DU el dons Y a6l G218l 65 VT oy el Lad 60 ¢y o)
TG 0l G ol Wy oy ] Lad 2

(A) 55 (B) 5 (C) (D) (®) 32

25

NI
oW

Question 4:

The figure shows a triangle ABC' that is subdivided into several polygons. Points
placed on the sides of triangle ABC' divide each side into four equal segments.
Determine what fraction of the total area of triangle ABC' is shaded.

F = ABC bl pal e e ) L) colubian i df odll ABC I S
ABC el 0 Ll o llal) o L) s o O sl el o o ) s

¢
A B
(A) (B) 3 (C) 5 (D) 3 (E) §

18



Questions and Solutions 2025-2026

Question 5:

Determine the value of:

L, 8 136 (36’
37 37 37 37 37
(A) 2 (B) 3 (C) 4 (D) 5 (E) 6

Question 6:

How many four-digit numbers consisting of digits 1,2,4,5 (digits cannot repeat)
are divisible by 5 and greater than 20257

d B (PSS K6 Y) 1,2,4,5 66,31 plasaal S Gal e K00 51el e §
€2025 oo S35 Lo dand

Question 7:

The median of nine different integers is 12. After including the two numbers 13
and 16, what is the median of these eleven numbers?

€ st 5leN Lol o Lo (16 5 13 Cpodtall L) oy <12 5 2k Tz slie] 9 ) Lo

(A) 12 (B) 12.5 (C) 13 (D) 14 (E) 16

19
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Question 8:

If a new girl joins the math club but 20% of the boys leave it, the numbers of boys
and girls would be equal. On the other hand, if one girl leaves the math club and
then the number of girls increases by 30%, the numbers of boys and girls would
also be equal. How many children are currently in the math club?

olzd) sue e Oledl e 20% ol CE ) s 3y Lol ! @b J) syl 3l el 13)
055 ¢ 0% oy, o0 215 ¢ Slipl I 530 5y 58 0yl 15] ¢ Bl & oLyl Ll
sl ) @36 & bl I s & cliaf G plde ladly 0lad s

(A) 112 (B) 113 (C) 114 (D) 115 (E) 116

Question 9:

Let f(52) = 52-. What is the value of f(—5)?

(A)

wlot

(B)

ot

Question 10:

How many zeroes does the result of the following product contain?

*AU ol b o 2t L €

650 x 4% x 5°

(A) 0 (B) 1 (C) 9 (D) 10 (E) 11

20



Questions and Solutions 2025-2026

Question 11:

1 1
Let a = 1+2024 b — 1+2025

. What is the value of the following expression?

2025 2026
EAU ol G Lo b =SB o = Do gy
G & = G 2026 2 2025 :
a+b
1 1
aTs
1 1 1 1 1
(A) 2024-2025 (B) 2025-2026 (C) 2024-2026 (D) 20252 (E) 20242

Question 12:

A 3 x 4 rectangle below consists of identical sticks. How many sticks do we need
to construct a 40 x 50 rectangle?

€40 % 50 s ol Lzl g1 21V oo § ctllame slel o olal B x4 Lo 0,55

(A) 1600 (B) 2500 (C) 4090 (D) 4100 (E) 4150

Question 13:

For x = —1234567, what is the value of the following expression?

TAU ndl s (b e = —1234567 S

V100 — 20z + 22 — Va2

(A) 0 (B) 10 (C) —10 (D) —2469124 (E) 2469124

21
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Question 14:

A rectangle is divided into 9 smaller rectangles, see below. The perimeters of
rectangles A, B, C' are 10 cm, 20 cm, 30 cm, respectively. Find the perimeter of
the large rectangle.

)fw10¢C,B,Aom\au;}cﬁiom9glwfﬁc,uju@\@
.@\W\Q,\?j@\,ﬂ\&(wwﬂo

(A) 40 cm (B) 50 cm (C) 60 cm (D) 70 cm (E) 80 cm

Question 15:

What is the largest of the following numbers?
e Ul sl ST o L

(A) 92025 (B) 41014 (C) (\/5)4044 (D) (2\/5)1010 (E) (\3/1)3030

Question 16:

What is the largest possible value of a® + ¢?, where a,b,c, and d are different
elements of the set {1,2,3,4} ?

€{1,2,3,4} G gl o ddkiz sl dycybya o+ o)t as ST o L

22



Questions and Solutions 2025-2026

Question 17:

Each circle below contains one number from 2, 3,4, 5, 6, 7 and each number is used

once. The product of the numbers at the four vertices of the left square is equal

to the product of the numbers at the four vertices of the right square. Find the

sum of the two numbers in the shaded circles.

(b sy 5 sde 5 pdids 2,3,4,5,6,7 slaeN) o doly s Je o2 ool 5515

S A1 31V o ol (5l V1 A B i) e Bl sl O ol
M) ) 3 Cpo Al Crsdl) 5% el (oY) A W) e ke

()

Question 18:

Evaluate the following product:

3 ) ool

(VA= V2+1)(VA+V2+1)(V4-1).

(A) 2 (B) 3 (C) 4 (D) 4v/2 —1 (E) 2v/4 + 1

23
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Question 19:

Bader, Nawaf, and Yasser each chose a positive integer. Each person multiplied
his number by each of the other two numbers, then subtracted the smaller product
from the larger product. Bader’s result was 1, and Nawaf’s result was 49. What
was Yasser’s result?

Ol e J{ 3 edde O e el K ol cl;-f la:.ﬁ-’ \:.\cﬂlu Olgs s oo S Ll
L 49 Ol iy ¢l o ot < ST EUN e an W)U b 2 N Lol ol
C ol a2

(A) 27 (B) 82 (C) 48 (D) 36 (E) 54

Question 20:

How many integer numbers £ satisfy the following inequality?

bl dlell i K me? sdc &

(k+10)(4 —k)(k—2)*>0

24



Questions and Solutions 2025-2026

Question 21:

We have a checkered tablecloth in which the sidelength of small squares is 1. A
rectangle is cut from this tablecloth such that the sides of the rectangle are parallel
to the sides of the squares, as shown in the figure. The total area of the white
part of the rectangle is 10. What is the perimeter of the rectangle?

J:Ltlwua;f:clwct/féadjb (é‘}hﬁ\u)w’) Qb,dl@ﬁ;&;&p\g.ﬁ

& okl e GV Al Y ALl S8 G 20 0 6 el U MY B3l a3
¢ ezl s L2 o Lo <10

'I.I.I.I

(A) 12 (B) 14 (C) 16 (D) 18 (E) 20

Question 22:

Khalid wants to increase one of the numbers in the product 1447 x 1448 x 2025 x
2030 by adding 1 (he can increase either 1447, 1448, 2025, or 2030). Which number
should he increase to make the new product as large as possible?

3Ly 45 1 3lol, 1447 x 1448 x 2025 X 2030 &) Jole & o6,V sl 5515 A5 oy
ST k) Ol Jole Jrord 43 01 2 o3 5 Lo ¢(2030 412025 41 1448 i 1447

¢S

(A) 1447 (B) 1448 (C) 2025 (D) 2030 (E) It doesn’t matter which number is
increased.

25
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Question 23:

For a two-digit number n, both 154 — n and 89 — n are prime numbers. Find the
sum of the digits of n.

sl 18,1 ¢ 52 sl (Ul 150 80 — 5 154 — 1 e 6 Oy sl o G Voo 067 13)

Question 24:
Let f(z) = (az® + z + 3)(ax® + x + 5). If f(—3) = —1 what is the value of f(3)?

f(3) ad 2 b f(—3) = —1 08 13| of (x) = (aa® + 2 + 3)(aa® + 2z +5) S

Question 25:

Two integer numbers were added to the list [2,2,9,15,32] so that the range
doubled, while the average remained unchanged. What is the larger of the two
added numbers?

b gled) bl e Ly o) Caelim &2 [2,2,9,15,32] W1 U] s (1o G
¢oplall ol ST o

26



Questions and Solutions 2025-2026

Question 26:

A camel starts at (0,0) and moves as follows: It moves 1 unit right, 2 units up,
3 units left, 4 units down, then continues 5 units right, 6 units up, ... (the first
seven moves are shown below). Find its coordinates after the 2025 move.
Oly 3 & cdc;w (s # cu sty sy & WK D&, (0,0) daddl ke o \.\~
& dﬂ ob;TJ@B.L) I, céc‘)\] Ol g 6f" cL..c Ol 5 dﬁf- cij Ol 4ff c\jq
2025 55 8 A doy o] ] (S

(-2, -2) (3,-2)

(A) (1013,-1012) (B) (1014,—1013) (C) (2025, —2024) (D) (2026, —2025)
(E) None of the above

Question 27:

Positive real numbers z, y, and ¢ satisfy the following system. What is the value
of ¢7

O iad o b QU plad) 532 1y @ i L) BRE 51V

27
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Question 28:

In the figure, pentagon ABCDE is formed by two overlapping rectangles. Based
on the labeled lengths in the diagram, what is the perimeter of the pentagon?

G w2l LY e 2l ool e 0 056 ABCDE 1 K2l cobal K20 3

12

A= F
!
16
D
B C
(A) 70 (B) 72 (C) 74 (D) 84 (E) 109

28



Questions and Solutions 2025-2026

Question 29:

Let a and b be positive integers such that exactly three of the following statements
are true and one is false:

(1) a+ 7 is divisible by b.
(2) a=5b+2.
(3) a+ b is divisible by 3.
(4) a + 4b is a prime number.
Find the largest possible value of a + b.

Bolyy G W Sl e Lol Slile SN O ot Ol ge Ol Olske b4 @ (S
itbl L

b deind Jaa+T (1)
a=5b+2 (2)

3 Je tendl Lk a+b (3)
Wl sde a+4b (4)

.a+bj\.\iﬂﬂl.§tlgéj«§?.\>j

Question 30:

A square of sidelength 1 is dissected into 14 smaller squares, see below. Find the
area of the shaded square.

UL 1) ol ol (o55T 20 ) el Lo 1440 5T s U

29
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Juniors Track Questions-Second Round

sl ol U - el s e

Question 1:

In the figure below, ABCD is a square with side length 2. E is the midpoint of
CD and F lies on AC such that EF L AC. Find the length of AF.

Lz AC (e s F 2kl 5 «OD Crato s (p E 2 o dob 0 ABCD calisl K201 3
AF Jb dayl \EF L AC 0K,

A D
)

F
B C

Question 2:

Find the values of  and y that solve the following system of equations:

QU Vsl rUa’J 34 L‘;H Ysx (.‘; ol

r—2025 oy — 1447
r—2026 y— 1448
x(y + 13) = y(x + 30)

30



Questions and Solutions 2025-2026

Question 3:

Find the number of triples (x,y, z) of integers satisfying the following inequality:
U lal) 32 ) Gl SV e (2,7, 2) S s dayl

x? + 2y + 317 < 8.

Question 4:

Let 1 = d; < dy < ... < di5 = 144 be all the positive divisors of 144. Find the

sum
Lo,
dy +12 7 dys + 12

as a fraction in its simplest form.

# sabl gl 44 saall Tl @l o L=y <y <L < s = 144 (S

1 1
d1+12+”'+d15+12

.5)}4 Midcf“{s)}*’é

Question 5:

Each of the digits 1,2,3,4,5,6,7,8,9 is placed exactly once into the equality

L0+ U0+ O+ =00

so that the equation holds. Here, [J[J means a two-digit number and [J means
a one-digit number. Find all possible values of the two-digit number on the
right-hand side of equality.

sl Sl M G el 30sly 5,0 1,2,3,4,5,6,7,8,9 o5, Y1 o oo

-0+ O+ O+ =00

do T 8-\" Rﬂ& N 4\5 TJH\C x |:| . "'t& . 1’ TJ.«\C s DD ‘L.‘% ‘g‘s;u‘ o &4
el (3l 3l (e J Oy ol e Jx GAE L
BLll e g I ol e 0L sl 1Ll g o

squares

31



KAUST Mathematics Competition

Question 6:

In the diagram below, point () lies on segment PC' such that AAPQ and ACPB
are congruent triangles. Let /BAC = Z/BCA = 37°. Find ZPAQ.

«ilaze ACPB 3 AAPQ 0B 0,8, 2ot PC il 3kl o o5 Q 2l cobs] 201 3
L PAQ 1) P deyl L/ BAC = /BCA =37° &)

Question 7:

More than 39 %, but less than 40 % of the members of a chess club are boys. If
one of the girls decided to leave the club, the percentage of boys would still be
under 40 %, but if a new boy joined the club instead, the percentage would be at
least 40 %. What is the smallest possible number of current members of the club?

old) gue| @y 315 .:\biﬁ\ Nl @L:.J\ st o] o 40% o JST S ¢ 39% uﬁjfT
SR C/y,\f @ d] e s f\'a.}\ 15) oSy ¢ 40% cpe JET 3\1;}!\ b s cgall 8 5lke
£l & bl eLas™ oS sde ol g Lo b BN e 40% il S0

Question 8:

The sum of 15 distinct numbers chosen from a set of 17 consecutive integers is
2026. Find all possible sets of such 17 consecutive integers.

e ge) o1b ) (31 o sl 12026 g2 G 13 15 L sl Bl s 206 17 Lo
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Seniors Track Questions-Second Round

sl e U - L)l le #tul

Question 1:

In the figure below, we have two regular polygons. What is the measure of the
shaded angle?

Falllall % g 1 ol o Lo copalinie Cpmline Lol cobial K201

Question 2:

Find all solutions z of:

Wsled 7 Jd & ol

Ver—1—+Vir—11=1

Question 3:

Let S, = 12422+ - . +n? denote the sum of the first n perfect squares. Recall that

this sum is given by the formula: S, = w. Jumana lists, in increasing

order, all positive integers n for which S, is divisible by 7. The sequence begins
3,6,7,---. What is the 2026"* number in her list?

Lol ams g pud! 1 OF 0 i o0l Sl U1 o dsl 508 8 S, = 124224 42 )
(gebadl o A) 1 aor ) el 51061 e 3K Blaw b LS, = HHELEED g
PG 32026 a7 ol saad) po Lo 3,6, 7, 5 llesll T o7 et i S, S
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Question 4:
The floor function of z, denoted by |z |, is the greatest integer less than or equal
to . For example, [3.14] =3, |2] =1, and [2] = 2. Compute:

cdm\wdccx%;jwjydﬂc:ﬁzxﬁigﬁcLIJ_iLL"/J; @ sdal e <A 4l
Ad ) [2] =2, 3] =1,(3.14] =3

3 R R R

Question 5:

Find the digit corresponding to every letter in the sum:

SHAPFE
+ I DEAS
KAUST

given that distinct letters refer to distinct digits, S < H < A < P < E, and
K>A>U>S5>T.

QU fpedl G O S BT 3 ey

SHAPE
+ IDEAS
KAUST

D S<H<A<P<E, Q0 o ake Wb 22wkt Oy 21 0L e
K>A>U>8>T

Question 6:

Let AABC be a triangle and D be a point inside it such that ZDBC = ZBCA
and ZDCB = ZBAC. A line passing through D and parallel to BC' intersects
AB at E and AC at F. Given that DB = 3, BC = 6, and the area of ADBC' is
8, calculate the area of AAEF.

gis £ «/DCB = ZBAC 5 ZDBC = /BCOA &g ds\y 15 D 5 ke AABC S
Ll dolusy BC =63 DB =3 06 13| F 3 AC 4 E § AB o) BC Gilys D e
AAEF 2l iolee b 8 2 ADBC
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Question 7:

A multiplicative triangle is a triangular array of positive integers in which the
product of any two adjacent numbers in a row equals the number directly above

them. The following is an example of a multiplicative triangle of size 4 starting

with 960:
960

12 80
3 4 20
3 1 4 5

Find the number of multiplicative triangles of size 5 starting with 2025.
Coosln e @l 0 o ool b 0580 et ) Tommadl) 1Y) o Bln g7 8 "y )l ALY
960 3l Ty 4 ) o (35 Il Jee L Lod 662 L bl saal Ll Lo o 3
960
12 80

3 4 20
3 1 4 )

2025 324l Tz Gy 5 1 o 2l SEEL s el

Question 8:

Let a, b, ¢ be distinct real numbers such that g + ¢+ % = 3. What is the largest
possible value of § + g + £7

e 40y ugens ST bl 400 =30 2 uike 1id olael a,bc o SI
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Juniors Track Answer Key - First Round
SaVl e L) - gl e Olle]

1. D 13. B
2. D 14. A
3. D 15. A
4. B 16. A
5. D 17. C
6. D 18. E
7. D 19. D
8. C 20. D
9. E 21. B
10. B 22. D
11. B 23. D
12. C 24. B
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10.
11.
12.
13.
14.
15.

Seniors Track Answer Key - First Round
Ao o 1 - Ll s Sl

B QO w aQ » = o= Q » @ Q J a "

37

16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.

B O g w > > "0 Q » O Q W g -
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Solutions to Juniors Track Questions-First Round

SoVl o U1 - sl jlae 2ol s

Question 1

The sides of a rectangle are 10 cm and 12 ecm. A square has the same perimeter as
this rectangle. What is the length of a side of the square?

St o db b ¢ i s Lot o d s o0 125 0 10 8 s 30T I

10 cm

12 cm

Solution to Question 1:

Perimeter of the rectangle is 2(10+12) = 44 cm. Then the side of the squareis 44 : 4 = 11
cm, because they have the same perimeter.

:ld\}.,J\J’
.L,a\u@m.\\ﬂfw%:11,:5@&\&@@\212(10“2):44);;&1:;.,113,4

Solution link
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Question 2

In which of the following numbers is the number of odd digits even?

Pl s 1,8 U s 0K WU eV e ol 3

Solution to Question 2:

In 12435, we have three odd digits, i.e, 1,3,5. In 821563, we have three odd digits,

e, 1,5,3. In 95819632, we have five odd digits, i. e., 9,5,1,9,3. In 80753941, we
have five odd digits, i. e., 7,5,3,9,1. Finally, in 87556931, we have six odd digits, i.e.,
7,5,5,9,3,1.

122 Jsdl 2 Jisdl o
L;_} 1,5,3 (£ 4o oble &M Ll 821563 d} 1,3,5 Py wop Sl S Ll 12435 L;
%) 4;:)9 uu» o= i 80753941 d} .9,5,1,9,3 fr w2 p Sl um [\ 95819632

sall 13 655 Sde gy <7,5,5,9,3,1 s b3 p Sble oo L 87556031 G Lty .7,5,3,9,1
87556931 5 sl

Solution link
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Question 3

Ahmad usually takes 20 minutes to get to school. On the other hand, Khalid takes
30 minutes to get to school. On a certain day, Ahmad took 30% more time than usual
to get to school, while Khalid took 15% less time than usual. Which of the following is
correct?

o] (b vyl B ol 0285 30 s 3t WAL (3 iyl 3] oo 2585 20 ol 3t Lo Bk
15% e 51 5 s 3l Loty ¢yl 3 Dyl sliall oo 30% iy JsbT B3y anl 3 5 pLY)
Com? WU S (6T waliall e

Solution to Question 3:

On that day, Ahmad takes 20 + (0.3) - 20 = 26 minutes to get to school. On the other
hand, Khalid takes 30 — (0.15) - 30 = 25.5 minutes to get to school. Thus, Khalid arrives
0.5 minutes earlier.

3 d\}.J\J,
Al Gl 2T 2l ey vy al) ] Jyoll 8285 20 4 (0.3) - 20 = 26wl Gl ol N3 3
355 0.5 5 an] 13 il sy 3] ciyall 3] Jge ) 2285 30 — (0.15) - 30 = 25.5

Solution link

40



Questions and Solutions 2025-2026

Question 4

Notebooks were made in three colors: red, gray, and blue. The number of red
notebooks is six less than the total number of blue and gray notebooks. Also, the number
of gray notebooks is ten less than the total number of red and blue notebooks. How many
blue notebooks were made?

sde 5 il ly By Sl g s2 e it BT e S e ¢330 oslayy ol ol T B3k 56 i
St J B Bl sie § cebyly oA 7Bl g2 e 5 e 51 5L 00

Solution to Question 4:

Let 7, g, and b be the numbers of red, gray and blue notebooks, respectively. We then
obtain the system of equations r = g+b—6, g = r+b—10. By adding the two relations
and canceling r and ¢ from both sides, we obtain 2b — 16 = 0, hence b = 8.

:4d\5..J\J,
r=g+b—6 ol gl Jo Jad S A o 8,00 ol ly o H BN sl by gy S
D=8y 26— 16 =10 Je Jat bkl Gl 0 g 5 7 Sy W g =7+ b—10

Solution link

41



KAUST Mathematics Competition

Question 5

There are three cups on a table. The first cup is full of water; the other two are
empty. Ali pours half of the water from the first cup into the second. Then he pours half
of the water from the second cup into the third. Finally, he pours half of the water from
the third cup into the first. What percentage of the first cup is filled with water at the
end?

IV O S e sl i o Kt 0l Oy ol e I Y1 S byl o ol 87T 25 2lia
Cd}w\ ‘:3 JJ\:J\ ujﬁ\ o LU Y vi»-{‘;ob cJ,Jl:!\ L} L}Lﬂ‘ &.))i.” O LU e vg.w{f‘: cL‘;Lﬂ\ ‘:;
ol 3 el Iy W S0 edY 3 Al ) o L

Solution to Question 5:

At the beginning, the percentage of the water in the cups was (100,0,0). Then we get
the following,

(100,0,0) — (50,50,0) — (50,25, 25) — (62.5,25, 12.5).
At the end, 62.5% of the first cup is filled with water.
:5 JIsdl o
e Jad £.(100,0,0) & SISV G W ok 8 3l G
(100,0,0) — (50,50,0) — (50, 25,25) — (62.5,25,12.5).

ol Bae IV O SO1 0 62.5% 0,5 3l

Solution link

42



Questions and Solutions 2026-2025

Question 6

Hamza listed the first 20 positive integers that are not divisible by either 2 or 3 in
increasing order. The sequence begins with the numbers below. Determine the 20" term
of this sequence.

saeWl el s cgoebar e 3512 e hnll L ¥ 3 orpr b Toe 20 ol 4 53 6
el o (3 ol 5ol s ¢ Jan VL 5 sl

1,5,7, 11,13, ...

Solution to Question 6:

Solution 1: The first 20 positive integers that are not divisible by 2 or 3 are:
1,5, 7, 11, 13, 17, 19, 23, 25, 29, 31, 35, 37, 41, 43, 47, 49, 53, 55, 59.

Hence, the 20" term is 59.

Solution 2: The terms of odd index and the terms of even index each separately
form an arithmetic sequence with common difference 6 as follows:

1,7,13,19, ...
5,11, 17, 23, ...

For the 20" term of the sequence, we must look at the 10" term of the arithmetic
sequence formed by the terms of even index, which is 5 —1-6 + 10 -6 = 59, since 5 is
the first term and 6 is the common difference.

Solution 3. Let n be the 20 number, and A, and Az be the sets of numbers
from 1 to n that are divisible by 2 and 3, respectively. Then the total number of those
that are not divisible by 2 or 3, is

n—|As U As| =1 — |As| — |As| + |As N As| = n — gJ - gJ + [%J — 20.

n
Using z — 1 < [z| < x, we get that the last expression is strictly between i 1 and

g + 2. This implies 54 < n < 63 or n = 55,59,61. Only n = 59 satisfies the above

equation.
16 JI5udl o
(23502 Jo tedl) 12 Y Lo L 150 20 Jyf 11 (1
1, 5, 7, 11, 13, 17, 19, 23, 25, 29, 31, 35, 37, 41, 43, 47, 49, 53, 55, 59

59 20 J) o) 1]
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£ 6 Dl ) Ll 3l sus e J{ Lo )) A spdey 3o dl B2 syl K22 M
‘b

1,7, 13,19, ...

5,11, 17, 23, . ..
Ay s o sde e B L Al e 10 01kl 3] i el e 20 1 0k e g
7l A a6y IVl 250N 5 —1-6+10-6 =59

S n AL e SN ges# Ag s Ay Sy @l sde 320 G5 sl s oS)3 A0
#3402 Jeiendl Ja Y @ sleV sie 0,5 e v e 35 2 e hend)

n— 42U s =~ |As] = [As] + |4 0 Ag] = — | 2| = | 2] + | 5] = 20.

B4 < m < 63 ax liny .g+2,@—1mﬁu@ﬁmw\ohg:p—1<LxJgmr\.\;@\{,

3
=159 s oMl Yolall 522 Lf,’\&\ 4>y «n = 55,59, 61 |

Solution link
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Question 7

How many two-digit positive integers are there such that the units digits and the tens
digits differ by at most 17

L e Ol 2l oy sV 35 G4 Y g Gl e 550 Tl G el e §

Solution to Question 7:

Let the two-digit number be ab where a and b are the tens and the units digits. Then we
have three cases:

e a = b, which gives the numbers 11,22,33,...,99 and they are 9 numbers.
e a=>b+ 1, which gives the numbers 10, 21,32, ...,98 and they are 9 numbers.
e a+ 1= >, which gives the numbers 12,23, 34, ...,89 and they are 8 numbers.
Thus, the final answer is 9 + 9 + 8 = 26.

:7 JIsdl J=
OV S Ll bV 35 by 2l 55 0 S b g cxle e ST sl 0T 2

9 lasdes 11,22,33,...,99 sVl Jo Juamb ca=b »

9 lasdes 10,21,32,...,98 sl Jo Jamb ca=b+1 -

8 lasdes 12,23,34,...,89 sl Jo Juambca+1=10 -

O+9+8=26, ol 13|

Solution link
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Question 8

At a party, 36 pieces of chocolate, 18 cakes, and 24 candies are to be divided equally
among children (using all items, with each child receiving the same number of each item).
What is the greatest possible number of children?
o phl) YTy ol o Bl 24 5 8087 18 5 WY s 36 f\w i 3
€r o) JULYL e oS8 5o 8T pa bo (it 6 e a5l e ik K oot oy LYl

Solution to Question 8:

The number of children must divide 36, 18, and 24 without remainder. Therefore the
greatest possible number of children attending is ged(36,18,24) = 6.

:8 JIsdl J=
o QLY e K8 s ST 0B Al WL 0 244 18 4 36 slaed el LY s 05 of c
) .gcd(36,18,24) = 6

Solution link

46



Questions and Solutions 2025-2026

Question 9

A contest contains 30 problems. Each correct answer is worth 4 points, and 1 point is
deducted for each incorrect answer. No points are given for unanswered problems. Salma
scored 86 points and left exactly one problem unanswered. How many problems did she
answer incorrectly?

s ¥ bl wlel 0 sunly dha pas gy 1Ll 4 (6l B 3] Nl 30 e Hls 552
sde Lo el 0y ol Tty Vi 2877 2 86 Lo o ham clde 3 54 L
e bl Kot lee bl el

Solution to Question 9:

Let ¢ be the number of her correct answers. Then, the number of incorrect answers is
30 — 1 —c =29 — c. The total score is given by:

4c — (29 — ¢) = 86
4c—29+ c =86
5c = 86429
oc =115
c=115:5=23
Thus, Salma answered 30 — 1 — 23 = 6 problems incorrectly.
19 JIsdl o
500 sy ) u‘”éﬁ B0 —1—-c=29—c » @bl ol s \;l vieoedl OLY s ¢ S
4c — (29 — ¢) = 86
4c—29+ c =86
5c = 86429
o¢c =115
c=115:5=23

bl 39 30 - 123 =6 oe el e 0B JlLs

Solution link
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Question 10

Maryam has five banknotes, valued 1, 5, or 10 riyals. She has at least one banknote
from each of the three values. Given that the total value of these banknotes is 22 riyals,
how many 5-riyal notes does she have?

gs% 08 15138 8 e Y1 e 3oy B0 L VL, 10555 1 OIS o 3 Gl o 0 a0
CoVL, 538 oo b @) GVl e U L, 22 G1sY1 ods 33

Solution to Question 10:

Let a+1, b+1, c+1 be the number of 1-riyal, 5-riyal, and 10-riyal banknotes, respectively,
where a, b, ¢ are non-negative integers. Since she has five banknotes, a +b+c=5—(1+
1+ 1) = 2. Since the total value is 22 riyals, a + 5b + 10c =22 — (1 + 5+ 10) = 6. The
second equation reveals that ¢ = 0, then the two equations a + b = 2 and a + 5b = 6
together imply a = b = 1. Hence, Maryam has b+ 1 = 2 banknotes valued 5 riyals.

:IOJ\}.J\J,
byt oo A Je SV, 10 55 51 s e 303 GV sl e+ 1,0+ 1 a+1 S
g2 0Ny atbte=5—(1+1+1) =20 28 3l o lrs Ok Wl g 2 sl
0L ¢ =0 0 id LW dslal) oy wa+ 5b+ 100 = 22 — (1454 10) = 6 0 Vb, 22 Lo
WV, 5 e 0l b1 =2k @A 13)a=b=10lksa+5b=6,a+b=2cdu

Solution link
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Question 11

A rectangle is divided into 4 smaller rectangles, see below. The perimeters of
rectangles A and B are 10 cm and 20 cm, respectively. Find the perimeter of the large
rectangle.

c;.,);;a\ép‘Mm,fw10);53,14@@\)%,4“\;;?@\L}gﬁiam4¢1wFi’s
S ) L s,

Solution to Question 11:

Since each side of rectangles A and B matches in length with a segment of the large
rectangle’s sides (as shown by the same colors), the total length of all their sides together
equals the perimeter of the large rectangle. Thus, 10 + 20 = 30 cm.

B

11 J3dl J=
(3Ll OV I ) oSO azad) 30T 0 akss o st By A izl s oo o 8 ol ke
o 10420 = 30 ) eI Bl bt (gt lao Lege Sl o DT 58 0

B

Solution link
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Question 12

Saad invited Ahmad for Iftar. Ahmad wants to stop at a dessert shop first. Using the
map showing travel times between locations, determine when Ahmad arrives at Saad’s
house if he leaves 30 minutes before Iftar and takes the fastest route via the dessert shop.

Jat) Bl 225 il 1 ezl VT Sl 2 e 80 Ty ] By ) e e e
JE 5 Gk gl el 185 30 WY1 Cy 15 55k 15) dew e ) anl b 30 s ¢S G
ol

I: Saad’s House

\
11 10

\

:Lw)Jw
H: School

Ol 2
E: Dessert Shop

|

4
J‘,;) dae
C: Gas Station
10

/
el ke
A: Ahmad’s House

[ Sl g ]
D

: Supermarket

Solution to Question 12:

The fastest route from A to E'is A — C — E which takes 14 minutes. Then, the fastest
route from E to [ is E — B — I, which takes 17 minutes. So the trip takes 31 minutes
in total, which is 1 minute after Iftar.

12 J5dl e
E—Bo Tl E g b0l i 1460 A= C > EpEULA g be

-

oty 1250 Y1 8y e e oy o (g al 1255 31 o)) B el 15) \355s 17 3 ety

Solution link
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Question 13

How many three-digit numbers consist of digits 1,2, 3,4,5,6 and contain the digit 3
(digits may repeat)?

sf((.tsj\z\)\ﬁ 055) 3 3 e 5525 1,2,3,4,5,6 c\sjw plsly a3 5 (S5 Sl B e e §

Solution to Question 13:

The total number of three-digit numbers consisting of 1,2, 3,4,5,6 is 63 = 216. Among
them, the total number of three-digit numbers not containing 3 is 5% = 125. Then
216 — 125 = 91.

:13 J\}.J‘ J=
SV sse gy s 67 = 216 4 1,2,3,4,5,6 ¢\sﬂ\ el Sl M e PG U IISNNS
216 — 125 = 91 4o Csllall sadl 15) .53 = 125 12 3 o s N G

Solution link
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Question 14

When Asmaa makes a small cup of coffee, she uses 12 g of coffee beans with 200 mL
of hot water. For a large cup, she uses 20 g of coffee beans with 300 mL of hot water.
How much more coffee per milliliter of water does the large cup have compared with the
small cup?

i Ll Ll el e o 200 e ol o § 12 psed Lo 3l o Lo U8 ol B2 Lot
e S0 558 1 3 5L ke L el el e e 300 sl o § 20 ptind LS S o8

Solution to Question 14:

- e 20 12 _ 40 _ 36 _ 4 _ 1
The difference between the concentrations = 300 — 200 = 500 — 600 = 800 = 150

114 JIsdl o

20 12 _ 40 36 _ 4 _ 1 I
*300 ~ 200 — 600 600 — 600 _ 150 L,‘SJL‘id-J;JJ‘ P

Solution link
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Question 15

The numerator and the denominator of a fraction are positive integers whose sum is
2025. The value of this fraction is less than % What is the greatest such fraction?

S STl e 18011 a3 € 2025 Lge s Ol go Olons® Ol L8 dalie dlact (5 8™ 50
$Ly 2l ods 3a2

Solution to Question 15:

Let us denote the fraction as s5z— where 1 < a < 2024. Then, we have the inequality

S09r—a < %, which implies 4a < 2025, hence a < 506.25. Thus, the largest value f0r58LG is

506 and the smallest value for the denominator is 1519, which gives us the answer 3375 .

:15 Jisadl o
da < 2025 B 1dsy cppm— < 3 aladl Lol .1§a§2024¢:>ﬁ33ﬂ&f$\&,;§;)
By S sy dUL, (1519 pld 4 ausly <506 (p a ) 1L 33 ST 15 wa < 506.25 4y

Solution link
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Question 16

For positive numbers x,y, z, t, the following relationship holds. What is the correct
ordering of the numbers?

€210 el s A o Lo colinl B 3oz ¢ 2y, 2, Ao gLl 3laeN

Solution to Question 16:

Let all expressions of the equality relation be equal to k, then z = k%, Y= k:%, 2z = k?
t:%,wherek>1. Then,%<1<k‘% < k2 < k?>whichist<y<z<z.

)

:16J\}.J‘J>
k>1lod=1,2=k ,y=ks yo=k? Tk ok saa) By plos g5l B pls e S
13)

1

- 1< ks < ks < k2

t<y<z<ze

Solution link
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Question 17

A machine has two buttons, and , and a screen showing a number. The
left button multiplies the number on the screen by 2, and the right button adds 3 to it.
For example, after pressing and then , the number 1 on the screen becomes 8,

because 1 2% 4 22 8.
Starting from 1, how many different numbers are possible to get after three presses?

S ey 2523l el sadl Caeln W1 ) e o w3Lsy (13) 5 (X2) 0 Je ol 2
do 1) 0B ((x2) ¢ (+3) Je bridl e oJBU o Jo el fo sl sanl) 3] 3 i oY)
155425 8 0N (8 e 22L

S olliins 3 e Jpabl (Ko iz e § ol sadl oo 2

1

| |
® @

& J

Solution to Question 17:

Below are all possible numbers that can be gotten with three presses, and they are
7,8,10,11, 14, 16:

1252224225 125923 487 1229 8,522, 122285 5%
1534258216, 125425811, 1242722 140 122457 50,

Answer: 6.

117 J5dl o
7,8,10,11,14,16 & Sllars &M day e Jpad ] Sall slued)

12592254 2% g 12259224 87 122903, 5 2290, 12592 55 B,
134258216, 1354258 11, 1242722 140 122457 B,
6 4l

Solution link

55



KAUST Mathematics Competition

Question 18

A square and an equilateral triangle were drawn as shown below. What is the measure
of the angle x?

2 sl o b ool Kall 36 g3Vl sl Sy 0 Fﬂj

55° 65°

Solution to Question 18:

Consider the triangular region formed in the figure, which is outside the square and the
equilateral triangle, and bounded by the horizontal line. By angle-chasing, we easily
find the angles of this region to be 35°,55°,90°. Now consider the quadrilateral formed
by the intersection of the square and the equilateral triangle. We find x as an internal
angle of this quadrilateral to be 360° — 90° — 90° — 60° = 120°.

118 JI5dl o
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Question 19

Ali is creating a 5-digit password (with no zeros) such that each digit is equal to the
sum of all digits to its right. What is the sum of the digits in the password?

oAl 28 3 bl (B gs% e Lo caig

Solution to Question 19:

The password must be 84211, so sum of the digits is 16.

:19 Jisdl o
16 5o Lebls g2 Jlly (84211 2 55 M1 2K 055 01 4 Y
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Question 20

Evaluate the sum:

g o e dor |

14+2-3—-4+5+6—-7—8+4---4 1445 4 1446 — 1447

Solution to Question 20:

Solution 1. The pattern (+,+,—, —) repeats. Therefore, each block of four adds as
follows:

n+n+1)—(n+2)—(n+3)=—4

The 361-th and the last block ends with —1444 and the sum up to this block is 361-(—4) =
—1444. The total sum is then —1444 4 1445 41446 — 1447 =1-1=0.
Solution 2. We consider blocks of four numbers starting from 2, i.e.

14(2—-3—445)+(6—-7—84+9)+...+ (1442 — 1443 — 1444 + 1445) + 1446 — 1447,
Each block is equal to 0. Hence, the rest is equal to 1 + 1446 — 1447 = 0.
120 JI5dl o
Loy 0,5 slael )l 0 By 87 0B Sy ¢(+, 4+, —, —) Ll L5 o1 )
n+n+1)—(n+2)—(n+3)=—4

B61- (—4) = Gepadl oda g Lo g% 050 — 1444 sl (5,531 (£5) 361 3, Ge el 550
—1444 4 1445 + 1446 — 1447 = 1 — 1 = 0 : ) §,02b afey .—1444

161 2 oo oy slel sl e les# ] ¢ pad i 12 g0
14+ (2=3—445)4(6—7—8+9)+...+ (1442 — 1443 — 1444 + 1445) + 1446 — 1447.

L+ 1446 — 1447 = 0 syl 3UI 13] 0 (L3 2,2
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Question 21

A football field was painted to mark its boundaries, as shown in the figure. Based on
the labeled lengths in the diagram, what is the radius (in meters) of the circle if a total
of 570 meters was painted?

SN 8 Ca ge bco)l G 3 B e 2k wg/.m G A K s g 35 e 3 £
(= b ol L) € 570 55 & L Jib Jlar) 057 13) (VL)

100

15

20 (D 0

Solution to Question 21:

The three vertical pitch segments make 3 - 70 = 210 m. The horizontal pitch segments
make 2 - 100 = 200 m. The inner penalty boxes make 4 - 15+ 2 - 20 = 100 m. So, the
perimeter of the circle is 570 — 210 — 200 — 100 = 60, and the radius would be % = ‘1—0.

221 JI5dl e

LT 1 2100 = 200 (65U (VI cabadel Il e 370 = 210 (5ld 251 2yl Lo o 1,1
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Question 22

How many ways are there to mark two cells of a 7 x 7 grid square that have a common
side or a common vertex (see below)?

£ (obs]_Lasl) ﬂjz.:,ewL,Tﬂ,mé;;M;;ﬁ%?x?&&@%,t,:ﬂéﬁ\ s §

Solution to Question 22:

Consider two cases.

Common side: The number of such pairs is the same the number of the unit segments
that lie strictly inside the grid, i.e. 7-(7—1)-2 = 84.

Common vertex: The number of such pairs is twice the number of vertices that lie strictly
inside the grid, i.e. 6-6-2 = 72. Indeed, each 2 X 2 contains exactly two such pairs.
So, there are 84 4+ 72 = 156 touching pairs.

122 J5dl o
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T(T—1)-2 =84 o aSal Jals U g5 @ sl skl se (gsly 15 ods s iz b
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Question 23

There are two sisters, Fatimah and Samira. The age of Fatimah is one of the numbers
10,11...,20, and the age of Samira is one of the numbers 27, 28, 29. The product of their
ages is the square of an integer. What is the sum of their ages?

ol €27, 28,29 31061l g 5 85 (10,11, .., 20 31V dol n 2l L& (Ol 5 ey 2l
o 158 Ui s o6 mp 2 b8 00

Solution to Question 23:

The older sister’s age is one of 27 = 33, 28 = 22 .7, 29 = 29!, If the power of a prime
divisor of this number is odd, then the other number is divisible by that prime, since

their product is a perfect square. Hence, 29 can’t be the age of the first one because no
number between 10 and 20 is divisible by 29. For 28 = 22 .7, the only number which
divisible by 7 is 14. But, their product 28 - 14 = 23 . 72 is not a perfect square. For
27 = 33, the numbers which are divisible by 3 are 12,15,18. From these numbers, only
12 satisfies the condition that the product is a perfect square. Hence, the sum of their
ages is 27 + 12 = 39.

123 JI5dl o
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Question 24

Let a, b, ¢ be non-zero real numbers which satisfy:
a+3=2 b++it=3 c+i=4
What is the value of the following expression?
"t iy o g A 13ldel 4, b, ¢ 2K 13)
a+i=2 b+1l=3 c+i=4
U 5 Ll aas i

Solution to Question 24:

Solution 1. We have

o) o) o) o o D) () o)

Thus, after substitution, it follows that

1 1
24=2-3-4=abc+ —+2+3+4=abc+ — +9.
abe abc

Hence, abc + - = 15.

abc

3c—1 1

Solution 2. Expressing b = 07, a =
c

from 274, 34 and substituting into the

15, we arrive at 5¢ — 19¢ 4+ 7 = 0. Then the required expression gets the form,

1 10— 14c+17 _ 15(8c+1)

et e T 324 18e—4  Sekl
. . R
The last equality obtained by substituting ¢ = o
24 JIsdl o
Ll o1
1 1 1 1 1 1 1
at-J|b+-)|{c+t=-)=abcet+t—+|a+ |+ |b+t-)+|ct-].
b c a abc b c a
& ol

1 1
24=2-3-4=abc+ —+2+3+4=abc+ — +09.
abe abe

abe + & =15 13|
£ . 1 3c—1 ,
A s S G Gy a = T 4 b = C o bt L I @l e 22 (B

c

S))A‘JGEJM‘ S)L«J\Cwaﬁ'ijv‘uﬁ .5C2—190+7:O

o L 10—l 1T 15(8e+1)
abe  —32+13¢—4  8+1
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19¢ -7 £

Solution link

63



KAUST Mathematics Competition

Solutions to Seniors Track Questions-First Round

So¥l e ) - Ll sl el Jsle

Question 1

If we increase the length of each side of a cube by 100 percent, by what percent does
the volume increase?

oSl o2 3 33l ad § 100% By nSo g3l p b (7 b 513 13

Solution to Question 1:

Increasing the length of a side a by 100 percent is the same as multiplying it by 2. The
volume of the cube is now a?, after multiplication it will be (2a)® = 8a3. There is an
increase by 7a?, which is 700 percent.

:1 Jsdl J=
o 3L dmy a® s o) G Sl o 23 ae o9 100% T @ oyltie s Jsb 35k
T00% Gm 3305 6l 80% — a® = Ta® s 55L I yluze 03) +(2a)? = 8a®
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Question 2
The figure shows square ABC'D. What is the value of =7

7 3 » b ABCD oA Kl o

D C

Solution to Question 2:

In the square ABCD, the diagonal BD bisects the angle ZADC, so ZADB = 45°. The
figure defines a triangle with vertices at D, a point on AD, and a point on BD. The

angles of this triangle are given as 45° and two angles of size . The sum of angles in a
triangle is 180°, so: x 4+ x + 45° = 180°. Therefore, 2z = 135°, so x = 67.5°.

2 Jsdl J=
iy D Lo awgyy Clke Q;Q LADB = 45° 1§ «£LADC % \)\ Caay, BD il ABCD G«'“ d

st G LS 652 0Ty o Lagie (8 ol Okl 45° (2 Il s Uy WBD e 3y AD e
= 67.5° ay 20 = 135° 03 vz + x + 45° = 180° b 180°
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Question 3

Ali starts the week with 3 white shirts, 2 green shirts, 4 black shorts, and 1 gray
short. On Day 1, he wears a white shirt and black shorts. Assuming he doesn’t wear
clothes again, what is the probability he randomly selects a white shirt and black shorts
on Day 27
Cd)%“ r);” L} ‘J’\} Lf"\"‘J J\va} ;-\J_ru J’J‘J"" 4} Q\J.\a.’j QLG.:EJ &L,'a,:: dl..,aj 3 4;‘.\3} @..»&\ Llc L\ﬁ
Gl Lok Lyt 51 0 Lozl ga LSl o) sy Y o (21b a5l Y1y e 5 el Lo s

Solution to Question 3:

After the first day, there are 2 white shirts, 2 green shirts, 3 black shorts, and 1 gray

short left, so the probability of picking a white shirt and a black short is ﬁ = %

:3 d\}J\J,
oles Vg s elogor sl B i 6 ¢(0lad 4 (gl) 0 el 0lad 5 Oliagd Olad iy JsY1 o)
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Question 4

The figure shows a triangle ABC that is subdivided into several polygons. Points
placed on the sides of triangle ABC' divide each side into four equal segments. Determine
what fraction of the total area of triangle ABC' is shaded.

e s ABC 2B 3l e ey bl LUl eolabian 0 ) il ABC clel) K201
ABC el 80 L) e sl i Ll e el SO ol sl s cj

¢

Solution to Question 4:

The small triangles are 1—16 of the total area each. The middle triangle is % of the total

area. The square is 1—26 = % of the total area, so the shaded area is 2 - % + i + % = % of

the total area.

4 JI5d! Jo
A U Bl e ] el Lo ¥1 0 Ll ey (ol i lae i Ze
A ALl e 20 o+ 1+ 5 = 5 bl dllall Ll 1) A Ll e B = § sl
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Question 5

Determine the value of:

5. 1,5 36 1 36 (36)°
37 37 37 37 37

Solution to Question 5:

Let a = % and b = %, it follows that a + b = 1. Then, the expression is equal to

3a+2b+ab+b*=3a+2b+bla+b)=3a+2b+b=3(a+b)=3.

:SJ\}.J‘J,
:wﬂ\@m‘.a—i—b:lb.\:&cb:%ja:g—%ﬂ

3a+2b+ab+b*=3a+2b+bla+b)=3a+2b+b=3(a+b) =3
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Question 6

How many four-digit numbers consisting of digits 1,2, 4,5 (digits cannot repeat) are
divisible by 5 and greater than 20257

Aoz (S ; 5o 5 4y Ty ; '“."”“.L'". ;
o a3 gl (pB YIS oK) 1,2,4,5 50 plasealy SU an )l e 5500 516 soe
€2025 o STy 5

Solution to Question 6:

Since the number is divisible by 5, the last digit should be 5. The fist digit cannot be
1, because it should be greater than 2025. Then the first digit can be 2 or 4, the second
digit can be two of the digits 1, 2, 4, and the third digit can be one of the digits 1, 2, 4.
Therefore, the total number of such kind of numbers is 2-2 -1 = 4.

:6 d\}.J\J’

25OV T OV Bl 0,5 01 oSe Yy W5 (b sV sl 0,85 010 M6 5 e hendll Lk s 0T e
oy Aol Sl Bl 05 (3 s e L (OLLs) 451 2 L OV Bl 03] 12025 o ST 0,5 o
o sl e sde il L (dls bs) {1,2,4) o Al o3 p ol By (OLls) {1,2,4) oo
i ’ 2:2.1=4
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Question 7

The median of nine different integers is 12. After including the two numbers 13 and
16, what is the median of these eleven numbers?

¢ 2o do V1 31N Lol 58 Lo <16 5 13 poall L) ey (12 pn k2 T 51l 9 Lol

Solution to Question 7:

When the numbers are listed in increasing order, the fifth number is 12, hence the sixth
number 13 or more. After 13 and 16 join, the fifth number must still be 12 and the sixth
number must be 13. Therefore, the median of the final 11 numbers is 13.

:7 JIsdl J=
el 8L o ST 113 sl 50l 0,8 QUL 12 58 eald) sl 0, Lol shac 7 ke
A3 5 te a1Vl Ly G 13 Grald) sl s €12 ealdil sl G 165 13
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Question 8

If a new girl joins the math club but 20% of the boys leave it, the numbers of boys
and girls would be equal. On the other hand, if one girl leaves the math club and then
the number of girls increases by 30%, the numbers of boys and girls would also be equal.
How many children are currently in the math club?

Sledly oLl sue Tt WOledl 0 20% ol Ci ) s L}J Sl I ol dl s 8l Caiail 13]
Oladl sse 08Kwd ¢ 30% Al RLER IR f‘& Sl %5;\3 a1y 2l o yole 15] ¢ Al L‘; c\:}u\»
folsl ) &53\3 L"; B Wb sue ; cL;j Q}L.vj.ﬁ oledly

Solution to Question 8:

Let us denote the number of girls by g and the number of boys by b. The statement gives
us the following system of equations:

4

1=2b

g+1=:b,
13

1—0(9— 1) =b.

Plugging in b = g g+ % from the first equation into the second equation, we get

S, b _B 13
9717109 10

which solves for g = 51, hence b = %-50 = 65. Therefore, the answer is g+b = 51465 =
116.

:8 JIsdl J=

4

1=-b

g+ 50
13

1—0(9—1) =b.

Jo Joas il dsball 3= 29+ 2 LV sl e o pu

5,,5_18 13
9717109 10

g +b=51+65=116 ,» K sal 03} b= 1550 =65 & o5 ¢g = 51 Ly
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Question 9
Let f(bx) = Q% What is the value of f(—5)7

Solution to Question 9:

Plugging x = t/5, it follows that f(t) =

25
10-5

f(=5)

Cf(=5) e & b o f(52) = 375 S

24?% = %it’ yielding f(—z) = 1=
:9 JIsdl J=
=5y (1) = 2y = B e Jami v =
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Question 10

How many zeroes does the result of the following product contain?

el ol £ g 52 i §

650 x 4% x 57

Solution to Question 10:

Notice that we can write the number in the following way:
650 x 4% x 57 =26 x 5% x 4 x 4° x 57 =26 x 2 x 2! x 5! =52 x 10'.

Hence we can easily see that this number has 11 zeroes.

:10 JI5dl J=
S Sl sl 1 Sl Lk

650 x 45 x 57 =26 x 5% x 4 x 4° x 57 = 26 x 2 x 21 x 51 =52 x 10",

Lo 11 e g 210 0 iz JL
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Question 11

1 1
Let a = 1;022‘?4 , b= 1;022055 . What is the value of the following expression?

. . 14 5 I+ 5057
SAU ol 208 (2 Lo b= 5385 5 a = 2 S

ath
I+
Solution to Question 11:
Notice that
atb _atbd_ .
ST

. . . 1 _ 1 — 1
On the other hand, after simplification, a = 5557, b = 555z Hence, ab = 5551505

1 JI5d! e

ol LSt
a+b a+b b
T,1° axp — 95
2ty
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Question 12

A 3 x 4 rectangle below consists of identical sticks. How many sticks do we need to
construct a 40 x 50 rectangle?

€40 x 50 Yoo olod Lerbd @l 5oV s § cillaze slel o obol 3 x4 Jlars 0,55

Solution to Question 12:

Each horizontal line consists of 50 sticks, and there are 41 such lines. Therefore, there
are 41 - 50 = 2050 horizontal sticks. Similarly, there are 51 - 40 = 2040 vertical sticks.
Totally, there are 2050 4+ 2040 = 4090 sticks.

112 JI5dl o
A1 -50 = 2050 5 2BV eV e 03] el s 1BV L el sy s 50 e 05 bl ks
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Question 13

For x = —1234567, what is the value of the following expression?

€A ol B (A b o = —1234567 oK)

v/100 — 20z + 22 — V2

Solution to Question 13:

Since 100 — 20z + 22 = (10 — z)? and Va2 = |a|, we get

V100 — 20z + 22 — = /(10 — 2)2 — Va2 = [10 — z| — |z|.

Substituting = —1234567, we obtain

110 — 2| — |z| = |10 4 1234567| — | — 1234567| = 10 4 1234567 — 1234567 = 10.
13 Jisdl o
b Va2 = |a| 5 100 — 20z 4+ 22 = (10 — z)2 ol
V100 — 20z + 22 — = /(10 — z)2 — =10 — z| — |z].

o Jad = 1234567 4 L il
110 — 2| — |z| = |10 4 1234567| — | — 1234567| = 10 4 1234567 — 1234567 = 10.
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Question 14

A rectangle is divided into 9 smaller rectangles, see below. The perimeters of
rectangles A, B,C are 10 cm, 20 cm, 30 cm, respectively. Find the perimeter of the
large rectangle.

}ﬁQOJﬁlO@C}B;AC)M\C)L%‘}Cﬁai&%gdld’w(:«%wbjﬂ\é
S bzl L ol (1A de e 30

Solution to Question 14:

Since each side of rectangles A, B, and C matches in length with a segment of the large
rectangle’s sides (as shown by the same colors), the total length of all their sides together
equals the perimeter of the large rectangle. Hence, 10 4+ 20 + 30 = 60 cm.

=1 1
ol

14 Jsdl J=
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Question 15
What is the largest of the following numbers?

el sl ST b

Solution to Question 15:

Evaluating all choices with base 2 to compare the powers, we get that the choices are

220257 220287 22022’ 21515’ 22020’ so the answer is 41014.

15 JI5dl o
» Lo 5Ty (22025 92028 92022 91515 92020 rde et G50 2 50l (68 5500 Je DL &= W&
1014 }AJ{&\H sl o L}T (22028
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Question 16

What is the largest possible value of a® 4 c?, where a, b, ¢, and d are different elements
of the set {1,2,3,4} 7

?{1,2,3,4}2@)@4\yﬁ\.&l:;fat;«d,c)b}a:,?cab—l—cdjﬁ\;.(.cwjgﬁgb

Solution to Question 16:

To maximize the sum a’ 4+ ¢? using the distinct digits {1,2,3,4}, we must prioritize
creating the largest possible single power. Comparing the largest combinations: 4% = 64
and 3% = 81. We choose 3* = 81 as the first term. The remaining digits are {1,2}. The
maximum value for the second term using these digits is 2! = 2. Therefore, the maximum
sum is 81 4 2 = 83.

116 JI5d! o

s e 55 TN,k {1,2,3,4) aiksd) P sl @ 4 ¢ ¢ pandl 13 ST o Jpad
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Question 17

Each circle below contains one number from 2,3,4,5,6,7 and each number is used
once. The product of the numbers at the four vertices of the left square is equal to the
product of the numbers at the four vertices of the right square. Find the sum of the two
numbers in the shaded circles.

ol B sy 5 s 8 pbds 2,3,4,5,6,7 eVl oo doly s e 552 obisl 5715
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Solution to Question 17:

Note that 5 can’t be on the corner vertices. Because otherwise one of the products will
be divisible by 5, and the other product will not. Similarly, with 7. Therefore, 5 and 7
are in the middle circles. So, 5 + 7 = 12.

6 (7) 3

2 {8/ 4

17 J5dl o
Al LB ) Lol o s 23 0N el 1) ey ol e 0550 0 K0 Y 5 sadll of L

(elal) cda 1 g1 3 75 5 0ol 05 01 g 03] 7 sl sl Jelly 2 L6 e <Y1, 5 e
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Question 18

Evaluate the following product:

QU O ol

(VA —V2+41)(Va+ V24 1)(V4-1).

Solution to Question 18:

Solution 1. Let x = /2. Then /4 = z2. The expression can be rewritten as: (51:2 —x+
1)(z? 42 +1)(2? —1). Factor the last term (22 — 1) into (z —1)(x + 1) and rearrange the
product: [(z+1)(z? — 2 +1)] - [(x — 1)(2% + 2 + 1)]. Recognizing the sum and difference
of cubes identities

a®+ b = (a+b)(a®—ab+b*) and @’ —b* = (a —b)(a® + ab + b?)

this simplifies to: (23 4+ 1)(2® — 1). Substituting 2> = 2 back into the expression:
2+1)(2-1)=3-1=3.

118 JIsdl o
(22 =2+ 1)(2? + 2+ 5y5d)) Jo pad 2K Sole] S& VA = 2% s @ = \3/§C.a.J A
[+ 1)(@2 = ol dole o s & (27— 1) = (2= 1)(z+1) Y ) &Ks 1) (2% — 1)
Sl 3y 17 Slallze plisealy vz +1)] - [(2 — 1)(2? + 2+ 1)]

a® +b* = (a+b)(a® —ab+b*) and a® —b® = (a — b)(a* + ab + b?)
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Question 19

Bader, Nawaf, and Yasser each chose a positive integer. Each person multiplied his
number by each of the other two numbers, then subtracted the smaller product from
the larger product. Bader’s result was 1, and Nawaf’s result was 49. What was Yasser’s
result?

Ol el e f B ke O e ey K o6 d;-,s ta:.é‘-’ e by Clgs oa e Kb
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Solution to Question 19:

Let Bader’s, Nawaf’s, and Yasser’s numbers be a, b, ¢, respectively. Then, by the given
information, a - |b—¢| =1, b- |a — ¢| = 49. From the first equation, ¢ = 1, and from the
second, b(c — 1) = 49. This means that either b = 1,¢ = 50 (which contradicts the first
equality), or b = 49, ¢ = 2 (similarly), or, finally, b = 7,¢ = 8. Therefore, Yasser will
obtain ¢-|a — bl =8-6 = 48.

19 J5dl e
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Question 20

How many integer numbers k satisfy the following inequality?

U Gl it b e sl §

(k+10)(4 — k) (k—2)2 >0

Solution to Question 20:

We have (k+10)(4 — k) > 0 and k # 2. Then —10 < k < 4 and k # 2. So, there are 12
numbers.

120 JI5dl o
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Question 21

We have a checkered tablecloth in which the sidelength of small squares is 1. A
rectangle is cut from this tablecloth such that the sides of the rectangle are parallel to
the sides of the squares, as shown in the figure. The total area of the white part of the
rectangle is 10. What is the perimeter of the rectangle?

¢miwﬂgc1wafu{é¢d)b (fh) 35 a) Slup O] e sl ol i
L b 10 (& kel e (V1 el Yl il (K 3 2 0 B eola 930N 35

REMUIRN
I-I I O
B

I.III'

Solution to Question 21:

Let’s denote the sides of the incomplete squares as a, b, ¢, d. The perimeter of the rectangle
is then 2a + 2b 4+ 2¢ + 2d + 12. On the other hand, the white area is composed of the
rectangles 1 x a, 1 x b, 1 x ¢, 1 x d taken twice as well as four 1 x 1 squares, hence
2a + 2b + 2¢ 4+ 2d + 4 = 10. Therefore, the perimeter is 10 — 4 4+ 12 = 18.

g 1 1 1 b

21 d\}.JiJ,
20+ 2b+ 20+ 2d +12 st Johd) g s a, b, ¢, d o S g Sl L 35T LY 4
Sl B)1xd,Ixe,lxb,lxalele oNhn e o aldl 058 (2 i oo

@sbet L) 03] 120+ 20+ 20+ 2d + 4 = 1013 ¢1 % 1 Lamlas Slay o 31 J) 8LV (050
10—-4412=18
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Question 22

Khalid wants to increase one of the numbers in the product 1447 x 1448 x 2025 x 2030
by adding 1 (he can increase either 1447, 1448, 2025, or 2030). Which number should he
increase to make the new product as large as possible?

S 1447 5515 w5) 1 BLsl, 1447 x 1448 x 2025 x 2030 2 Jolo (3 pB,Y1 sl 5545 Als oy
£ Lo ST aad) Ol Julo Jrmd 45 0 £ o3 b ( 2030 ,1 2025 | 1448

Solution to Question 22:

Let us write the product as
1447 x 1448 x 2025 x 2030 = 1447w = 1448z = 2025y = 2030z,

so that
w>x>Yy> 2.

Hence, adding 1 to a number in the product means adding w,x,y or z to the result,
which means he should increase 1447 by 1 because w is the largest.

122 Jisdl o
Syl do ol Jols S
1447 x 1448 x 2025 x 2030 = 1447w = 1448z = 2025y = 2030z,

-z

w>r>Yy>z.

Al Joldl i 2 5y sl sl w0 gyld ) ol G 33b ) M OB 1l Jolyal) ol 3315 e
1 ,lag 1447 3L 5 ke had 53L5 ST 0B SV s w 0V, wobis)
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Question 23

For a two-digit number n, both 154 —n and 89 —n are prime numbers. Find the sum
of the digits of n.

z

o1 sl B g2 eyl (sl 15 89 — 15 154 — e € 06Ty il e G 1oe 0 06 13)

Solution to Question 23:

Since (154 —n) — (89 — n) = 65 is an odd number, one of these two prime numbers
must be even. The only even prime is 2, so the smaller prime number equals 2. Hence
89 — n = 2, thus n = 87. Indeed, for n = 87 both 154 — 87 = 67 and 89 — 87 = 2 are
prime. So, 8 +7 = 15.

123 Jsdl J=
BV sadly Lor s sV ol el 0 0T o S e p sde (154 — ) — (89 —n) = 65 0 g

154 — 87 = 67 : Jadlly v = 87 ainy 89 — 0 = 2 &l 12 gslet o V) 3aal) 03] 2 5 4 J1 53
BT =15 oyl ¢ y% Ly OUyT Olsde 89 — 87 =2,

Solution link
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Question 24
Let f(z) = (ax® + 2 + 3)(ax® + x + 5). If f(—=3) = —1 what is the value of f(3)?

fB3) s 2l f(=3) =106 15 f(2) = (az? + z + 3)(az® + x4+ 5) S

Solution to Question 24:

Since f(—3) = 9a(9a + 2) = —1, it follows that (9a + 1) = 0, yielding a = —1/9. Then,
£(3) = (9a+6)(9a+8) =5-7 = 35.

1224 Jsdl e
F(3) = (9a+6)(9a+ bxe o= —1 oy ((9a+1)2 =006 f(—3) =9a(9a+2) = —1 0l
8)=5-7=35
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88



Questions and Solutions 2025-2026

Question 25

Two integer numbers were added to the list [2,2,9, 15, 32] so that the range doubled,
while the average remained unchanged. What is the larger of the two added numbers?

ST b egled) budll e Loy ol Caelis 22 [2,2,9,15,32) 1 ) (s e el
foelall ol

Solution to Question 25:

Let the two added numbers be x > y. Since the average remained unchanged, we have
r+y = 12-2 = 24. Since the range doubled, we have either z —y = 60, or x = 62,y > 2,
or x < 32,y = —28. The last two choices are impossible since x + y = 24. Thus we have
x — 1y = 60, hence z = 42 and y = —18.

125 Jsdl J=
Mol g 52y 712 = 84 (bt Tl 211 §52 0B e | Lol 01 o1 >y SBLAL Olaadl oK)
A b el 55 32 — 2 = 30 » LoV Gl O ey vz +y = 24 1) <60y Tho V) Gkl

L e 05N OB 5 0 (Ko Vsl @ —y = 60 0K 0 ok 60 sl ey ST 160 (sl
.y:—18;:13:42écMx—y:60}x+y:24rl£.ﬂ\J»Jadb\;.(:c—l—y:24
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Question 26

A camel starts at (0,0) and moves as follows: It moves 1 unit right, 2 units up, 3 units
left, 4 units down, then continues 5 units right, 6 units up, ... (the first seven moves are
shown below). Find its coordinates after the 2025 move.

45 c\ju{ Sl 35 aJcSU O g f cL..c bty Sy 2 LUK D2, (0,0) dadl ke o h:

dors) (K = Il obol ghiy) worlag ¢ N Slasy 6 4 Log Sl 5 K d N ol
2025 (3, F 4 dny 1]

(74‘, 4) (Sa 4)

(—2,2) (1,2)

(—2,-2) (3,-2)

Solution to Question 26:

Let (a,b) be the position after move 2025. First, we determine a. If the camel moves
some units left (or right), its z-coordinate decreases (or increases) same amount of units.
Vertical moves leave z-coordinate unchanged. At the beginning the x-coordinate is 0.
So, we have

a=1-3+5—T+...—2023+ 2025
=1+ (=3+4+5)+...+(—2023 + 2025)
=1+ 2-506 = 1013.
Similarly, we determine b,
b=2—4+6—8+...+2022— 2024
=(2—4)+ (6 —8) +...+ (2022 — 2024)
— —1012.
So, (a,b) = (1013, —1012).
126 JI5ul o
1 3831 S (gl Gl V) @ 42 112025 5, S ae 1 Slilel 2 (a,0) Of oo
03 e = 0 %))l & oo had s
a=1-3+5—T+...—2023+ 2025

=14 (=3+5)+...+ (—2023 + 2025)
= 142506 = 1013.
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(@bl SlamY1) b el

b=2—4+6—8+...+ 2022 — 2024
=(2—4)+ (6 —8) +...+ (2022 — 2024)
— —1012.

«(a,b) = (1013, -1012) 03|
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Question 27

Positive real numbers x, y, and t satisfy the following system. What is the value of
t?

€ o L QU plad) 532 ¢y @ e ) 2L sl

Solution to Question 27:

By multiplying the second and third equations, we get (x? — y?)(¢?> — 1) = 480, and the

first equation gives us that 22 — y? =6, s0 t> — 1 = 4% =80=t>=81=t=09.

127 JIzadl o
1 e — 2 = 6 LW asladl oy o(2% — 92)(12 — 1) = 480 Jo Jad U1 2211 colall O a

480
t2—1:7:80:>t2:81:>t:9

Solution link
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Question 28

In the figure, pentagon ABCDE is formed by two overlapping rectangles. Based on
the labeled lengths in the diagram, what is the perimeter of the pentagon?

ol GE A e 2l coglslie idazs 0 00 ABCDE o1 K20 cabis] K201
€ o Kol Ls

12

A +—FFF
N
16
D
B C

Solution to Question 28:

Triangles AEF and BFC are similar, and BC = AE = 12, so AF = 9. By the
Pythagorean theorem, EF = /122492 = 15 and FC = 162+ 122 = 20, so the
pentagon’s perimeter is 16 +9 + 2 - 12 + 15 + 20 = 84.

:28 JI5dl o
(ol i el LAF = 9 0] gud BC = AE = 12 pay Ol:lile BFC 5 AEF Ol

164942124 » ¥ K2l e 03] FC = V162 +122 =20 , EF =122+ 92 =15
) 15420 =84
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Question 29

Let a and b be positive integers such that exactly three of the following statements
are true and one is false:

1) a+ 7 is divisible by b.
2) a=>5b+2.
)

3) a+ b is divisible by 3.

(
(
(
(4) a+ 4b is a prime number.

Find the largest possible value of a + b.

bl LB §elyy e W) Sl e Ll Slile SN 0T Bt Ol ge Ol Olsde by a (S
)

2

b e tend) SR a T (
ca=5b+2 (2)

3 e ted) Jha+b (3)
Wl i a+4b (4)

.a—l—bJ\.\.LUE\..(:L,}J{T.\,j

Solution to Question 29:

Both (2) and (3) can not be true, because a +b = 6b+ 2 is not divisible by 3. Also, both
(3) and (4) can not be true, because a +4b = (a + b) 4+ 3b can not be prime greater than
3 and multiple of 3. Therefore, (3) is the only false statement. (1) and (2), implies that
a+ 7 =>5b+9 is divisible by b, so b = 1,3,9. Then a = 7,17,47 and it easy to check
that these hold. So, (a,b) = (7,1),(17,3), (47,9) and max(a + b) = 47+ 9 = 56.

129 JIsdl Jo

SN NS, 3 Je i) 1B Y a4 D= 6b+2 0N des cems (3)5 (2) 0byLal 055 of K Y
o Ko Yy 03 Slislian o 050w a+4b = (a4 b) + 3b 0¥ clae cemes (4)5 (3) ObyLall 0,55 of
a+7=5b+9 0B Ol (2)5 (1) 01 Lt +(3) 2 bW s ) 5,101 03] 13 0o 8T 0T 15 0,80
03] by 2l 5id e Wy i) S0y ca = T,17,47 ke b= 1,3,9 Jam sy b Jo 2endl b
AT+9=56 # a+b)is ST, (a,0) = (7,1, (17,3), (47, 9) & Sl 23V
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Question 30
A square of sidelength 1 is dissected into 14 smaller squares, see below. Find the area

of the shaded square.
QUL ) G ls sl (665 2250 ) il a0 14 L;\‘fis Lanbs dib o o

Solution to Question 30:

Let x be the sidelength of the left-bottom square. Then the sidelengths of the other
squares can be uniquely determined as shown in the figure below. For example, the
sidelength of the right-middle square is one-third of the right-below square, so it is 2/3 —
2z.

1-2x 2x
1-2x
T 1-3x
z L | 27320
x x
x Ha-1 2-6x

Summing all the lengths on the right side of the big square, we obtain

2
2x+<3—2x>+(2—6$):1.

5
Solving this equation, we get x = TS Hence the side of the shaded square is 1 — 3z = 5

dit 1
and its area is —.
36

:30 JI5dl J=
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G s Ko Ol Ak el JIbT aad S e Ll il 3o bl m )l db i (S
2/3 = 2 gyl Wy e @) M oo b L bt ) Cata G A s U S L K2
d ot Sl N1 kil e JLEYI

2
2x+<3—2x>+(2—6$):1.

1 1 ) 5 :
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Solutions to Juniors Track Questions-Second Round

Al oo U0 - ) s wenl oo

Question 1
In the figure below, ABCD is a square with side length 2. E is the midpoint of C'D
and F lies on AC such that EF 1 AC. Find the length of AF.
05 &t AC o o5 F 3l 5 (0D Ciazie s p B 2 o dbo o ABOD wslisl K201 3
AF Jb eyl JEF 1 AC

A D
30

F
B C

Solution to Question 1:

By the Pythagorean theorem, AC = v/AB? + BC? = /22 + 22 = 2/2. Since ZFCE =
45° and ZEFC = 90°, AEF(C is an isosceles right triangle. Therefore, CF = EF and
CF? + EF? = CE? = 1 (by Pythagorean theorem) implies CF = EF = % Therefore,
AF = AC —CF =22 - 2 =32,

1 JI5dl o
45° = LFCE 0l &y JAC = VAB? + BC? = 2% + 2% = 21/2 0B 2t % 5 Jlexzoll
1 =, OF = EF 0 oy i) gl ) 26 So o ABFC 0p 90° = LEFC
B2 = 06 (Jlllyy 2 = OF = BF of g 1t (0l 3 8 dlly) CE? = CF? 4 BF?

M2 _92y2=AC — CF = AF

Solution link
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Question 2

Find the values of x and y that solve the following system of equations:
QU SYslall ol G2y s @ 3 dosl
r—2025 y-— 1447

r—2026 y— 1448
x(y + 13) = y(x + 30)

Solution to Question 2:

Equation 1 gives:

x—2026+1 y-— 1448 +1 1 1

z — 2026 y — 1448 2026 Ty 1448

— 12026 =y — 1448 —> z =y + 578

Equation 2 gives:

x(y+13) =y(z +30) = zy+ 13z = zy + 30y

1
:>13x:30y:>y:£m
13 17
30 30 9
:>x—1—7'578—1—7'2'17 =60-17 =1020
13 13 13
d = —x=—-1020=—-10-3-34=13-34 = 442
MY =307 7 30 30

Therefore, z = 1020 and y = 442.
Alternative Solutions:

o Cross-Multiplication (Eq 1): Students may expand (z — 2025)(y — 1448) = (y —
1447)(z — 2026). It also simplifies to x — y = 578.

e Parametric Approach: From Eq 2, let x = 30k and y = 13k. Substituting into Eq
1 leads to 30k — 2026 = 13k — 1448 — 17k = 578 =— k = 34. This is an
efficient alternative.

12 JI5udl Jo
:1'3.};&1\61443
2 -2026+1 y— 1448 + 1 1 1
— 14— =14
Z — 2026 y—1das 0 Tz o026 Ty 1448
== —2026 =y — 1448 — z =y + 578
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2 dolall ams
z(y+13) =y(r +30) = zy+ 13z = 2y + 30y
13
= 131::30y:>y:%:v
13 17
T=y+ 30x+ 3030
30 30
= .578=".2-17=60-17 = 102
== 7 578 7 7 60 - 17 020
13 13 13
=—or=—-1020=—-10-3-34=13-34 = 442
2 V730" T 30 30

Wy =442 5 & = 1020 JUl,
y Jsle

(1 — 2025)(y — 1448) = (y — 1447) (1 — 2026) &l oMl o Kc 2 (143N Lol & ) -
xr—y =578 LL\;LAJ bz (2

Bl T G Gty = 13k 5 @ = 30k O (2,6 2 sbl) oo gl )
Il Ly sy 30k — 2026 = 13k — 1448 = 17k = 578 — k = 34

Solution link
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Question 3

Find the number of triples (z,y, z) of integers satisfying the following inequality:
W) 2Ll 538 ) ) 31N e (2,9, 2) LIS sde day]

2?4 2ly| + 3 < 8.

Solution to Question 3:

Since the summand term 3%l is less or equal than 8, we get |2| < 1. Consider two cases.
Case 1. Let z = 0, then 22 + 2|y| < 7. This implies z = 0, £1, 2.

e For x =0, we get y =0, %1, +2, +3.
e For x = £1, we get y = 0, £1,£2, 43.
e For v = £2, we get y = 0, £1.

Totally, 7 +2-7+2 -3 = 27.
Case 2. Let z = %1, then 22 + 2|y| < 5. This implies = = 0, =1, £2.

e For x =0, we get y = 0,£1, £2.
e For x = £1, we get y =0, £1, £2.
e For x = £2, we get y = 0.

Totally, 2(5+2-5+2-1) = 34.
Hence, there are 27 4+ 34 = 61 triples (x,y, 2).

:3 J5dl Jor

ol 281 2] <1 e Joad b 8 salut o] e al 3171 i 0T ke
= 0,41, 42 01 gatd sy a4 20y < T lade 2 =0 ;K 1A

W= 0,41, 42, 43 Jo bad =00 13] -
W =0,%1,42, 43 Jo jad = £1 55 13| -
@ =0,%1 Je Jad x=£2 06 13 -

TH2-T+2:3=27 gy
= 0,41, 42 01 gati sy 22 4 20y] <5 lade 2 = +1 K 240

y=0,+1,£2 o Jat =005 13 .
y=0,%1,42 ko Jad @ =41 05 13| -

W=0Je Jat =12 06 13 -
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2(542-542-1) = 34 gyl
(2,y,2) B 27 4 34 = 61 dls cells Je il

Solution link
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Question 4

Let 1 =dy <dy < ... < di5 =144 be all the positive divisors of 144. Find the sum

1 1
d1+12+“'+d15+12

as a fraction in its simplest form.

#satl sl 144 sual i Pl o L= di <dy < ... < dis = 144 (S

1 1
d1+12+”'+d15+12

.3‘)‘},4 MTJ‘J*{SJWL}

Solution to Question 4:

Since d; - dig—; = 144 for i = 1,2,...,7, we have

L 1 R S 1L d; 1
di+12  digi+12  di+12 144+12 di+12 ° 12(d; +12) 12

This means that pairing the first seven fractions with the last seven, we get 7 - % = 1—72
Adding the middle fraction which is 2 1, We obtain é—i = g
Solution 2. Explicit form of the sum is
1+1+1+1+1+1+1+1+1+1+1+1+1+1+ 1
13 16 18 20 21 28 30 36 48 60 84 156

We use the 1dent1ty 57+ dn + Ln = = to decrease the number of fractions. For instance,
2—0 + 30 + @ E and 1 + 57 + % % reduce the terms

1+1+1+1+1+1+1 1+1+1+1

13 14 15 18 28 36 84 156 10 8
Now we consider the fractions with denominators multiple of 5, 7 and 13. For instance,
R + L4 L L =6kl Llapg Ly L give
5710 6 14 21 28 84 84 6 i3 T 156 = 12

1 1 1 1 1 1

B3 87676 12

This is equal to 2043 4 L — 24 L — 5
4 JIsdl o
(e dad Wb i =1,2,...,7 Kd; - dig; = 144 01
1 1 1 1 1 d; 1

di+12+d16,i+12:di+12 144+12 d; +12+12(d1—+12) T 12

.7’ 12 = 12 L}CJM CCJ‘)\JO‘)@Y\ M\J}“&J‘Cd}‘y‘ M‘J}U.Q‘Cs'd%uﬁh‘ \.\A}
31 =5 Je ot gp s USPNPSE R
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Question 5

Each of the digits 1,2, 3,4,5,6,7,8,9 is placed exactly once into the equality squares

OO+ OO+ O+ M+ =00

so that the equation holds. Here, (0[] means a two-digit number and [J means a one-digit
number. Find all possible values of the two-digit number on the right-hand side of
equality.

bl Sl M) 3 Ll 5l 5, 1,2,3,4,5,6,7,8,9 rtsjy\ o 8 oo a

O+ O+ O+ O+ =00

A e drs] (3nly Bls o Uy Tate Jog 05 ol o UK oo Jog CI00 clin) clslall 3 &t
Bl e gVl G pmls e 050 sl 2l

Solution to Question 5:

Write the equality as
ab+cd+e+ f+g=hi,

where a,b,c,d, e, f,g,h,i are the digits 1,2,...,9. Using ab = 10a + b, cd = 10c + d,
hi = 10h+1i, and (a +b) + (c+d) + e+ f+ g =45 — h — i, we arrive at

9(a+c+5—h) = 2(h+1).

This means that h 4 ¢ is divisible by 9 and from 3 < h+1¢ < 17, we get h+¢=9. Then
a+c+3=h. Since a+ ¢ > 3, we have h = 6,7,8. Consider three cases.
Case 1. If h = 6, then i =9 — h = 3. Hence, hi = 63 and we have

14+25+7+8+9=063.

Case 2. If h =7, then i =9 — h = 2. Hence, hi = 72 and we have
14+35+6+8+9="72.

Case 3. If h =8, then i =9 — h = 1. Hence, hi = 81 and we have
24+35+6+7+9 =381

Therefore, all possible values for the desired two-digit number are 63, 72, 81.

:5 J5udl Jo
iUl ol e alLdd <SS
ab+cd+e+ f+g=hi,
ycd = 10c+d 4 ab = 10a + b r‘J&:‘L«»L{ A1,2,...,9 r\éfﬁ(\ & abede, fg.hi
Al la+b)+(c+d)+et+ f+g=45—h—idlly chi=10h+1i

9a+c+5—h)=2(h+1i).
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atet3=hly hti=9010 3 < ht+i < 1T N ooy <9 Jo andl Jok it OF m s
‘oWl &N 23l b= 6,7,8 0b ca+c >3 00l
) 05Ky hi =63 amy i =9 —h =30k ch=060815 .14

14+25+7+8+9=63.

Ll O hi = T2 4wy i =9 —h =206 ch=70K 15 .2
14+354+6+8+9="12.

Ll 0K hi =81 aey i =9 —h =106 ch=80K 13 .3
24+35+6+7+9 =28l

63, 72, 81 (2 pdy o O8I gllall sl 2l el o OB (Ul

Solution link
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Question 6
In the diagram below, point @ lies on segment PC' such that AAPQ and ACPB are
congruent triangles. Let /BAC = Z/BCA = 37°. Find ZPAQ.
oS iz ACPB 5 AAPQ 0¥ 0,8 gt PO il 2l o o5 Q il ool 201 3
/PAQ %)) 43 dayl (LBAC = /BCA = 37°

Solution to Question 6:

The congruence condition and the equality of angles imply that AP = PC and
AB = BC. Thus, points A and C are symmetric with respect to BP. Hence, ZAPB =
/CPB = /APC = 360°/3 = 120° and ZABP = /CBP = ZABC/2 = (180° — 2 -
37°)/2 = 53°. Then, ZPAQ = 180° — ZCBP — /BPC = T7°.

:6 JI5dl J=

il Ol €' 5 A el 13) (AB = BC 5 AP = PC ol s W)l 5Ly plad) b3
LABP =3\ 055y «LAPB = ZCPB = ZAPC = 360°/3 = 120° 0,5, &y .BP e
/PAQ = 180° — ZCBP — /BPC = 3| .ZCBP = ZABC/2 = (180° —2-37°)/2 = 53°
.70

Solution link

106



Questions and Solutions 2025-2026

Question 7

More than 39 %, but less than 40 % of the members of a chess club are boys. If one
of the girls decided to leave the club, the percentage of boys would still be under 40 %,
but if a new boy joined the club instead, the percentage would be at least 40 %. What is
the smallest possible number of current members of the club?

5 ol Ol gual ooy 3 15) .:‘Yj}/\ N éjL:.:J\ &3t L o 40% o JBT S ¢ 39% unj&fT
Tl 0,508 cel3 opp Yoy U ) e Sy ol 13) oSy ¢ 40% oo BV s ool
foald) & W) lias™ K8 se ruol o Lo L BV e 40%

Solution to Question 7:

Let n be the total number of members and a the number of boys. We have inequalities

2> 0.39
4 <04

n—1

a+1
n+1 2 0.4

Rearranging the second and the third and multiplying by 5 yields
2n—2>5a>2n—-3

and since 5a is an integer and 2n — 2, 2n — 3 are consecutive integers, 5a = 2n — 3 must
hold. Plugging this into the first inequality and solving for n produces n > 60. For
a= %(Zn — 3) to be an integer, the smallest possible value of n is 64.

:7 JIsdl J=
Al Sllall b YY1 s s @y elasV e ) o n 0F (28
@ 0.39

-4 <04
atl > ()4

0l a2 5 3 o aly @bl ) o L) s sslel,

2n—2>5a>2n—-3
Ba = 2n — 3 B3l 055 01 b cOUlms O Olsie 2 — 35 20 — 25 ¢ 506 Ba O Ly
does? 50 @ = L(2n—3) 055 $5 on > 60 O i 1 J el oy LWV Bl (3 (el s
.64¢njk§:wﬁiap

Solution link
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Question 8

The sum of 15 distinct numbers chosen from a set of 17 consecutive integers is 2026.
Find all possible sets of such 17 consecutive integers.

301 depustl 0db 2Ll o s sl 12026 e Uz 1306 15 e s ot s 506 17 L
.L}l::.,e i 17 0

Solution to Question 8:

Let the 17 consecutive integers be n, n+1, ..., n+16. Their total sum equals 17n -+ 136.
Suppose that two omitted numbers are n + a and n + b where 0 < a < b < 16. Then
the sum of the remaining 15 numbers is 15n + 136 — a — b = 2026 or equivalently
a + b+ 1890 = 15n. This means a + b is divisible by 15. Because of 1 < a + b < 31, the
only possibilities are a +b = 15 and a + b = 30. Consider two cases.

Case 1. If a + b = 15, then n = 127, and the 17 integers are 127,128, ..., 143.

Case 2. If a + b = 30, then n = 128, and the 17 integers are 128,129, ..., 144.

:SJ\}J\&

o (ol ATn +136 sty SV es® v n+ 1, .o, 0+ 16 p Al sae 17 01 0f o4
wa\ib"\cmj‘&‘é@‘“’;% 0<a<b<16t>n+bsn+ald pyidl youll
A5 e 2endl L3 a4 b Of am 1y va + b4 1890 = 15n Jslay Lo 4l 150 + 136 —a — b = 2026
e 3l @b =30 atb =15 p fam )l YLV 0B (1 <a+b < 3101k,
127,128,...,143. (A 17 11 510N 0,5y on = 127 0B ca + b = 15 0 13) .1 @l

128,129, ..., 144. ;; 17 30 514N 0555y en = 128 0B ca—+ b = 30 0§ 13] .2 AL

Solution link
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Solutions to Seniors Track Questions-Second Round

sl e U - oLl jlee ol U

Question 1

In the figure below, we have two regular polygons. What is the measure of the shaded
angle?

Falllall % g ol s Lo copalinie cpnbine Lo colinl K201 3

Solution to Question 1:

Sy
S|

A F

Since polygons have equal side length, the AABC and ADFE are isosceles. Let
M, N be the midpoints of BC, DE. The pentagon X M AFN has two right angles at
M, N and the sum of its angles at A, F' is equal to the sum of interior angles of the
given polygons. Indeed, LMAC + ZDFN + LCAF + /DFA = /BAF + ZDFA.
Since the given polygons have angles A0=r %’r and @ = 57”,

10
— _ g _4r _ 5m _ 1w
X =3m—m 5 = 3

we obtain that

1 JIs e
Laze L M, N ) ool lilaze ADFE 3 AABC (201 0 el dob s Ld bl ol
F 4 A xsollyy 58 N 5 M ks 06E6 0kl d XMAFN o JIS Je DE 5 BC o)
LMAC + ZDFN + LOAF + ZDFA = 3 ¢ Jads ool Gabadl 1l Ul 652 g5l
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bad Lo Or = =27 dm (0T 5 )5 Lk ppdaal) gebial) O oy WZBAF + /DFA

_ a9 _ _4r _ 57 _ 1ir
LX =3r—7 5 7 = 38

Solution link
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Question 2

Find all solutions z of:

Wbl 7 J g4 & dosl

Ve—1—+Vdzr—11=1

Solution to Question 2:

Rewriting the equation as vz —1 — 1 = y/4z — 11 and squaring both sides, we obtain
(after simplification) 2¢/x — 1 = 11 — 3z. Squaring again, we get the quadratic equation
922 — 70x 4+ 125 = 0 whose discriminant is A = 4900 — 4500 = 202. Hence, the roots are
1 =10 and 9 = %. Checking these solutions, we find that % is the only valid solution.

:Zd\}.,J\J’

& (bl dw) bt Bl s Va1 =1 = VA =11 55dl (e bslall 3& sl
S 922 — 70z 4 125 = 0 Gmy A wolll Jo Juad 21 5 mA 2VE—1 =11 -3¢
ods o gl g = a1 = 10 (B k) 055 cany WA = 4900 — 4500 = 207 » by
el d gl ) s 2 0T g AL

Solution link
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Question 3

Let S,, = 1?2+ 22 4 - - - +n? denote the sum of the first n perfect squares. Recall that
this sum is given by the formula: S,, = w. Jumana lists, in increasing order, all
positive integers n for which S,, is divisible by 7. The sequence begins 3,6,7,---. What
is the 2026 number in her list?
el Ul ams ¢ pasdl Vs 0F 2 o) e 01 o1 Oyl 0% 2 S = 124224 402 S
Jie S Lot (selad) s L) 1 dr ) ol 3106 ot 3 Bl s LS, = PENERED

LB (32026 4wy s dl sadl pa L 63,6,7, - 4wl Tus o7 o dend

Solution to Question 3:

Divisibility of S,, by 7 is equivalent to the divisibility of n(n+1)(2n+ 1) by 7. Write
n =Tk +r, where r = 0,1,...,6. Substituting, we see that 7 divides r(r + 1)(2r + 1).
This holds only for r = 0,3,6. Hence, all such n are of the form 7k 4+ 3,7k + 6,7k + 7,
where k > 0, i.e (3,6,7),(10,13,14),.... Since 2026 = 675 -3 + 1, we get that 2026"
number is 7 - 675 + 3 = 4728.

:3 d\}.J\J,

o =0,1,...,6 L n=Th+r 5.7 Jen(n+1)(2n+1) 2aud 16 35 7 Jo S, dend 146
S g ells Je tle o =0,3,6 0, e 18 Vs 535 r(r 4 1)(2r + 1) F@?QM,; ¢yl
;\xiz),gu,u W7 K o33 S ol ods S Th+6 50 Th+3 51 Th 3558l e Gballin
ai @ saall 0B 2026 = 6753+ 1 01 Ly +(3,6,7),(10,13,14),... &l e, § 3 wlo
7675 F 3 = 4728 ,» 2026

Solution link
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Question 4

The floor function of x, denoted by |z], is the greatest integer less than or equal to
z. For example, [3.14] =3, |3] =1, and [2] = 2. Compute:

314 = 3 (B e Lo o coslat ol oo 81 e i ST A 2] o b sy o sdall el s Ll Al
Jo ' o Bl s ke ST o

b ) (|2 =2, [3) =1
] 2] 8] 3]

Solution to Question 4:

Observe that:

2n + 1)? An? +4n +1 dn +1 4 1
[ e e 1
n n n n n

When n > 5, we have that 0 < % + 7712 <1so L% + n%J = 0. Therefore, the sum is

2026
(2n + 1)° 92 72 52 32
n=1
=4x2022+54+54+6+9=28113
:4d\§..J‘J,
ol LY

n? n2 n? n  n2

{(2114—1)1 _ L4n2+4n+1J _ PJ“MHJ s {4+ 1J

1 psedl 03] 24 L =0 dUL 0< 245 <10k m>5 055 ey

S| @ sy 2] |2 2] |2

=4x2022+5+5+6+9=28113

Solution link
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Question 5
Find the digit corresponding to every letter in the sum:

SHAPE
+ IDEAS
KAUST

given that distinct letters refer to distinct digits, S < H < A< P < E,and K > A >
U>S5>T.
QB pad] G O S WAL 3 dom )

SHAPE
+ I DEAS
KAUST

D S<H<A<P<E ;930 i LT Je akdl Oy 41 00 L
K>A>U>S5>T

Solution to Question 5:

Since S >T, A >S5, A>U, H< A, the units, tens, hundreds, thousands, ten-thousands
digits give

I'ss E4+S=T+10 (1)
10s: P+A+1=5+10 (2)
100s: A+E+1=U+10 (3)
1000’s: H+D+1=A (4)
10000’s: S+I=K (5)
Adding (1) and (2), we get

E+P+A=T+19. (6)
If £ =9, then A = U in (3) which is false. If P = 7, then A = S + 2 in (2) which
is impossible because of S < H < A and A > U > S. Therefore, £ < 8 P < 6,
A < 5 which gives E+ P+ A < 19. But, it is at least 19 by (6). Hence, E = 8, P =
6,A=05T=0and (1),(3),(4),(5) yields S=2, U =4, H+ D =4,2+ [ = K. Since
H >S5 =2 wehave H =3, D = 1. The only two unused digits are I = 7, K = 9.

Example: 23568 + 71852 = 95420.

:5 sl e

S PV O ey (I Ol (ol 2l bV bls 0B H < Ay ASUL,A>S,8>Tolk
=

E+S=T+10 (1)

P+A+1=5+10 (2)

A+E+1=U+10 (3)

H+D+1=A4 (4)

S+I=K (5)
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ide ot ((2) 5 (1) &2

E+P+A=T+19. (6)

s 1ng (2) A = S+206 P =TI 13ly e 1y (3) G A =U 0B B =9 05 13)
E+P+A<19 B A<5,P<6,E<8A) A>U>8,5<H<ALy 2yt

(1) 3 Gapdly E =8P =6,A4=5T =0 ey +(6) o= SV e 19 s g0l .Sy
S H>S=201ky 241 =K, H+D=4,U=4,5=20 4 (5) ¢«(4) «(3)
123568 + 71852 = 95420 :Jls WK =9 4 T =7 L& olasll OlaJl 0Bl D=1, H =3

Solution link
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Question 6

Let AABC be a triangle and D be a point inside it such that ZDBC = ZBCA and
/ZDCB = ZBAC. A line passing through D and parallel to BC' intersects AB at E and
AC at F. Given that DB = 3, BC' = 6, and the area of ADBC is 8, calculate the area
of AAFF.

D ¢ gites 5 «/DCB = ZBAC , ZDBC = /BCA &z ds\y % D &z AABC S
8 # ADBC Ll iolusy BC =6, DB =3 3§ 13| F 3 AC 4 E § AB gai) BC Sl
AAEF EB o lne b

Solution to Question 6:

B C

From the given equal angles, we have that ACDB ~ AABC and AABC ~ AAEF.
Note that the ratio between the areas of similar triangles is the square of the ratio of
their corresponding sides, and the ratio of the heights of similar triangles is the same as

the ratio of their corresponding sides.

Therefore, we have that: [AABCT _ (&)2 = (6)2 = 4, and pABH (hA’EF

[ACDB] — \DB 3 [AABC] =~ \ha, BC

hxyz is the altitude length from point X onto line Y Z.
— [AABC] = 4-[ACDB] = 4-8 = 32 = [AAEF] = [AABC] - (}428)2 —

ha,BC
2. (1)
Now, we need to find the values of hy pc and ha gr:

)2, where

o ACDB ~ AABC with ratio of similarity 2. Therefore, ratio of heights is also

2 = Zégg Because the area of ACDB is computed as § - DB - h¢,pp, therefore
__2[ACDB] _ 28 _ 16 —9.16 _ 32
hepp==F5—=F5 =3 = hapc=2-3 =75

« Consider the altitude from A to EF. We have that ha gr = hapc — hp e =

% — hp,pc. From the area of ACDB, we have that hp pc = 2AACDB] _ 28 _

8 32 8 24 BC 6
3 = hapr=75-3=73.

Therefore, [AAEF] = 32 - (R4EE)2 — 39 (2

ha,BC

=
S~—
o
I
o
[\)
o
1
—_
o

w

2
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:6 JI5dl J=

AABC ~ AAEF 3 ACDB ~ AABC 01 4 ¢ Jasl) L)) 5L s

et Uiy oy ) OF I 63 L) Loge DT iy Bl o ol it gomlin gy el O i3
5 Bl Lo Sal gy il b (ol

Sen = (55) = (5) =+ 5 B - (i)

Y7 gl Jo X abaidl o gV b hixyz 5 S
2
= [AABC] = 4-[ACDB] = 4-8 =32 = [AAEF] = [AABC] - (hAvEF)

ha,BC

32 (—’“*EF

ha ,BC

ol

thaer s hase fe slke) AL C\:.;'- =y

0¥y 12 = A0 1T el V) 1 0 <l 2 W yldce 4l 2y ACDB ~ AABC -
hepp = A86DB1 _ 28 _ 16 44 (L. DB e pp 05l cwd ACDB S sl

’ ’ 16 32
~hA,BC:2'§:§

el doles oy ha pr = hape —hppe =% —hppo bl \EF 4L A e glis)V) Bl .

2[ACDB 28 _ 8 : 24 .5

JAAEF) =32 (M)Q =32 (%) =32 & =18 b Jul,

ha,BC 6 —

Solution link
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Question 7

A multiplicative triangle is a triangular array of positive integers in which the product
of any two adjacent numbers in a row equals the number directly above them. The
following is an example of a multiplicative triangle of size 4 starting with 960:

960
12 80
3 4 20
3 1 4 5

Find the number of multiplicative triangles of size 5 starting with 2025.
Cioo 3 Crslamte 1o 51 02 Joolo b 055 o sl tommadl] 51V o tlin B 7 g8 ", )l AN
960 sl Ty 4 (B o g S e b Ld 632 L bl el Lyl
960
12 80
3 4 20
3 1 4 5

2025 saally T Py 5 o1 o Ty 2l SLEL s el

Solution to Question 7:

Assume that the 5 numbers at the last row are (aj, ag, - - as) in this order. Notice that
2025 = af* - af? - - - af* where each ; is the contribution of a; to the final product. notice
that k; is equal to the number of paths from 2025 to a; which is ("71

i—1
2025 = af - aj - a$ - aj - at but 2025 = 3* . 52 = a3 = 1 and now we conclude with two

) which means

cases:
casel ( all threes are within as or ay4): in this case we will have 2 - 3 possible solutions
(#ways to distribute threes times ways to #distribute the fives)

case2(all threes are in a; or as): In this case we have 5 - 3 possible ways.

Hence, our final answer is 6 + 15 = 21

:7 d\}.J\J,

2025 = af' - Ol LM o) Mg (a1, a2, a5) & oY) Cadll G adl slel) OF b i
a; 312025 oo Sl s ol by O LY L SL AU G 0 ablen By 8 S5 S a2l
La s <2025 = 3152 = a3 =101k, 2025 = al - af-af-al-ad ol g e (72)) 525
ol waj"'

(5 G 0) TSN JMY e 223 bl 0K ) 0dn (3 15l an o 5 3 Jolodl o) 12l
(5 JoloAl 5 G b 3o 3 s ae 3 el

Al G e 53 b Wl eds 3205 5l a1 3 g 3 el ) 2 WL

6415 = 21 & &l ) (Sl
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Question 8
Let a, b, c be distinct real numbers such that g + i+ ¢ = 3. What is the largest

ai a b c
possible value of § + 2 + £7

00l yugeng ST p bl £ £ 8 =302 uike i Dolela,b e (S

Solution to Question 8:

Since we can replace (a, b, c) by (ta,tb,tc) for some non-zero t. We can set ¢t = 1/c¢ and
then without loss of generality, we can assume ¢ = 1 then b* + a(a — 3)b+a = 0. Hence,
the discrirminant is non-negative, that is, a(a — 1)?(a — 4) > 0. Hence, if a = 1 then
a=b=c=1. If a >4 ora<0 we have

b 1 b\ 1 1 3a2+1-—a? 4—a)(1+2a)® 15 15
a++c—a<+ >+:3a+a2= atl-a_(-alt2) 15 15
a a

b @ a - 1a 1=

Since a(4 — a) < 0. Hence, the maximum is —1} and it occurs whenever (a,b,c) =
(4,-2,1).

Solution 2. Denote x = 2, y= ¢, z= %, we need to find max(zy + yz + zx) where
zyz =1 and x + y + z = 3. Since xyz = 1, at least one of x,y, z is positive, say it is x.
Substituting yz = 1/z and y + z = 3 — z, we get

1
xy+yz+ze=—+z(3 —x).
x

_1\2
This function has non-positive derivative —% < 0 which means that it is

non-increasing. We show that x > 4 which leads the largest value of the function to
be at most —% at * = 4, with equality (z,y,z) = (4,—%,—%).
substitute yz,y + z in (y + 2)? > 4yz, we arrive at (x — 1)?(z — 4) > 0 which implies
x > 4, because of z = g # 1.

b c

Solution 3(pqr-method). Denote z = 2, y = 7, z = ¢, we need to find max(zy+yz+

To show this, we

zx) where r = xyz = 1 and p = x + y + z = 3. Substituting r, p into the pqr-inequality
—4p3r + pP¢® + 18pqr — 4¢> — 27r* > 0,

we get —(q — 3)%(4qg +15) > 0. If ¢ = 3, then (x — 1)? + (y — 1)? + (2 — 1)? =
(x+y+2)?2—2@xy+yz+zr)—2x+y+2) +3 =0 whichmeans z =y = z = 1,

impossible. Therefore, g < —% and equality holds for (z,y, z) = (4, —%, —%)

:8d\§..J\J.>

ol Lolply t = 1/c s LS8 i s b b Y (fa,th,te) 5 (a,b,0) dIai) ahend Ll L
@l el ed) 0K iy B2+ ala —3)b+a = 0 dsball d Cogadl OB 0p5 ¢ = 1
ZL‘:,\bCL<O}TCLZ4OK\SLL~T.a:bzczlﬁ)pa:1dg\$§ wa(a—1)*(a—4)>0

a b c 1 b\ 1 1 5, 3d*+1-a® (4—a)(1+2a)* 15 15
—t+-t+-=al|++ - |+-=3a+——a" = = —— < ——
b ¢ a b a a a a 4a 4 4

(a,b,¢) = (4,-2,1) e i, — 20 & Ll 2@l 0,55 cawey a4 —a) <00l
sayz = 1 C> max(zy + yz + 2x) ;lé}!d:& o = g, y =14 z=92 054 2 &
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F ooy Sy g x,y,z&e‘_}éi}(\d‘:l\,\, ob ryz = 1&71:. ZT+y+z=3
de bt yt+2z=3-w,yyz=1/x

1
Yy +yz+ze=—+z(3 —x).
x

bl 2@l ez b2 > 4 00 e aile L g Lo — @D g g e e 1) o
Yz, Y+ 2z o2 s oY, .(x,y,z):(4,—%,—%)x&S\JLA\djﬁch:4J;p—%¢BS\AU
.x:g;élo%/cxzzl@m_u(x—1)2(x—4)zodlw(y+z)224yzg

o max(ay +yz b ow) e gl w = Loy = £z = o (g Gk) 3
pqr sl 3T p p ol p=r+y+z=3,r=ayz=1

—4p3r + p2¢® + 18pgr — 4¢> — 27r* > 0,

(=12 +y—1P2+(z—1)2 =0bqg=30 13 .—(¢—3)>*4g+15) >0 Je Jas
Ao sy r=y=2=1 L (z+y+2)°—2@y+yz+zz)—2x+y+2)+3=0
~($,y,2):(4,—%,—%> MS\}L‘J“ ﬂ)qg_% el
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