PROBLEM 1 -
DZONGKHA

AN T QI EFTRLT



Problem 1 (20 points). Here are some numbers in Dzongkha and their numerical values:

T—gi 3 — sum 8§ —ge 12 — cupi 17 — cupdyn 19 — cygu

For higher numbers, Dzongkha uses two different systems (referred to here as A and B).
Below are some numbers written in both systems, as well as their numerical values:

Value
pana 55
dendu 76
gepcu 30
jagu 89

System A Value
ke ci da pi

ke ci da na

System B
tsani 22

System A
ke ko-da sum
ke sum da cudu

System B

tsapa 25

sumcu 30 ke zi

ke zi da gu

ke pye-da pi
ke ci da cyzi

S0Z1 34

zedyn 47 ke cepa sumja 300

ke ni da dyn

Finally, some equalities are given with left-hand side written in system A and right-hand side writ-
ten in system B. Some numbers are missing.
System B
jasum
pigu X zipcu

System A
cusum + ke pye-da zi

picu pi
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picu ci da ke sum da gu
picu pje-da pi + ke pje-da du
(pi x ko) + pye

(picu ko-da sum x pje) + ke pje-da sum

nicu ci da ke cudu da cudu

i X picu ci da ke cutam da gu
_ _y+kecidaz

7+ keko-dadu

(papcu X gu) + cygu
papja + pija cutam

ni

dukya

(jazi X zi) + zipja

( x X pigu) + copge
jadu

dynja + sumja

(a) Fill in the blanks X-Z with Dzongkha num- A\  The Dzongkha language belongs to the Sino-
Tibetan family. It is spoken by approx. 171,000

bers.

(b) Write with digits the equalities (1-10).

(c) Write in Dzongkha in both systems:

75: 570.
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Something is going on
between 19 and 22.

19 = cygu (in both systems)
22 = ke ci da pi (system A)
tsani (system B)




Something is going on
between 19 and 22.

Base 20!

19 = cygu (in both systems)
22 = ke ci da pi (system A)
tsani (system B)







System A:
ke XdaY

ke ci(1) da Y: 22, 25, 34
ke nidaY: 4/, 55
ke sum(3) da Y: 76




System A (base 20)
ke XdaY =20X+Y

System A:
ke XdaY

ke ci(1) da Y: 22, 25, 34
ke nidaY: 4/, 55
ke sum(3) da Y: 76



System A:
ke XdaY

ke ci(1) da Y: 22, 25, 34
ke nidaY: 4/, 55
ke sum(3) da Y: 76

System A (base 20)
ke XdaY =20X+Y

System B:
nana = 55
tsana = 25
tsani = 22




System A (base 20)
ke XdaY=20X+Y

System A:

ke XdayY System B:
ke ci(1) da Y: 22, 25, 34 tsana = 2
ke pidaY: 4/, 55 tsani = 22

ke sum(3) da Y: 76




System A (base 20)
ke XdaY=20X+Y

System B (base 10)

XY=10X+Y
System A:
ke XdayY System B:
ke ci(1) da Y: 22, 25, 34 tsana = 2
ke pidaY: 4/, 55 tsani = 22

ke sum(3) da Y: 76




SYSTEM B (BASE 10

na-na = 55
tsa-na = 25
tsa-ni = 22




SYSTEM B (BASE 10

na-na = 55
tsa-na = 25
tsa-ni = 22

$O-2%i = 34
ze-dyn = 4/
don-du = 76
ja-gu = 89



SYSTEM B (BASE 10

na-na = 55
tsa-na = 25
tsa-ni = 22

$O-2%i = 34
ze-dyn = 4/
don-du = 76
ja-gu = 89

sumcu = 30
gepcu = 30
sumja = 300
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SYSTEM B (BASE 10

na-na = 55
tsa-na = 25
tsa-ni = 22

$O-2%i = 34
ze-dyn = 4/
don-du = 76
ja-gu = 89

sumcu = 30
gepcu = 30
sumja = 300

2
3
4
S
6
/
8
9
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10X + Y = [10X+]—[+Y] e

10X = [10X]—cu X=279
cu>guforX=2

100X (+Y) = [10X]—ja (Y) X=29:Y=199



SYSTEM B (BASE 10

S den dyn
10 + X = [10+],—[+X] o gye
gu
10X + Y = [10X+]—[+Y] e
10X = [10X]—cu X=279

cu>guforX=2

100X (+Y) = [10X]—ja (Y) X=29:Y=199



10X+ | +Y | 10X | 10+

SYSTEM A (BASE 20)
ke [+Y], da [+Y], = 20X + Y

2
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ke pye-da pi eri | 80
eridagn | 8
ke pi da dyn




SYSTEM A (BASE 20}

ke [+Y], (da [+Y]Y) = 20X (+ Y)
X=1,19:Y=1,19

System A
Recidant | 22| [hekodasim

ke ci da pa ke sum da cudu

el ] [ed [
kecidacyd | 31| |kesidagu | 8
ke pi da dyn
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SYSTEM A (BASE 20}

ke [+Y], (da [+Y],) = 20X (+ Y)
X=1,19:Y=1,19

2
3
4
5
6
/
8
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ke pje-da X = ¢¢¢
ke ko-da X = ¢¢%¢

System A System A Value
ke ci da pi 22 ke ko-da sum 55
ke ci da na 25 ke sum da cudu

ke pje-dapi | 30 ke zi

76
| 80
ke c1 da cyzi 34 ke zida gu m

ke pi da dyn 47 ke cepa




SYSTEM A (BASE 20}

ke [+Y], (da [+Y],) = 20X (+ Y)
X=112; Y =119

2
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ke pje-da X = ¢¢¢
ke ko-da X = ¢¢¢

nieu [+Y], (da [+Y],) = 400X (+ Y)
X=1,19:Y=1,399

hisu pje-da X = 2¢9¢
pnisu ko-da X = ¢¢¢



SYSTEM A (BASE 20}

ke pje-da [2] = 30
ke pje-da [3] = 50
ke pje-da [4] = /0
ke pje-da [6] = 110

ke pje-da X =20X-10

Below are some numbers written in both systems, as well as their numerical values:

System A [ System B
Tecidapi | Gapi | 22| | kekodasum | gana | 5
kecdag | tana

5]
3
0] gepen |50
] pogu
]

Finally, some equalities are given with left-hand side written in system A and right-hand side writ-
ten in system B. Some numbers are missing.
System A System B
(1) amanm - ke pye-da zi jasum
(2) pigu pi pigu x zipcu
Nty nigu ci da ke sum da gu (papcu x gu) + cygu
o pipwpyondapiei ke pye-da du napja + pija cutam
(5) (pl x ko) + pje = ni
(6) (pigu ko-da sum x pje) + ke pje-dasum = dukja



SYSTEM A (BASE 20)

ke pje-da X = 20X - 10 ke ko-da X = 20X - 5

/2

hisvu pje-da X = 400X — 200 nisv ko-da X = 400X — 100

(2 xko)+pje = 2




SYSTEM A (BASE 20)

ke pje-da X = 20(X-1) + 10 ke ko-da X = 20(X-1) + 15

/2

nisvu pje-da X = 400(X-1) + 200 pisv ko-da X = 400(X-1) + 300
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e Base 20 e BAase 10
e OVERCOUNTING FOR Yo AND %4 e FIVE DIFFERENT FORMS FOR EACH DIGIT

* nisu = 400 * pisvu = 20



1 3

k ci ' sum
10( + k) cu- cu-
kE x 10 cutam SuImn-

kEx10(+...) a- | so-

« System A:
- 8% 20 (+a)=ke[B]@da[a) . System B:
« 3x20+ 10— ke pje-da|5 + 1 —5><10=@-Cu,5>2;
+ x204 15— keko-da|3 +1 ﬁXlO:@-cu,ﬁ=2

- v x 400 (+ B x 20 + «) = pigu | v | (da ke —5><10—|—Oz=-
« v x 400 4+ 200 — pigu pye-da |y + 1 — 7 x 100 (+ w)

« 7 X 400 4 300 — pigu ko-da




(b) (1) 13~ 70 =83 (a) [X] = 60 = dukcu
(2) 800 = 20 x 40 [Y] = 62 = ke sum da pi
(3) 469 =50 x 9+ 19 [Z] = 885 = picu ni da ke zi da pa
(4) 600 + 110 = 500 + 210
(5) 2 X % + % =i 2
(6) 1100 x 5 + 50 = 600

(7) 736 = 84 x 4 + 400
(8) 2 x 609 = 60y x 20 + 18
(9) 62y + 24 = 86

(10) 8857 + 115 = 700 + 300

« 75 = ke ko-da zi = denpa

« 570 = picu ci da ke pje-da gu = papja dyncu



TRIVIA

* SYSTEM A (BASE 20) IS USED IN THE EVERY DAY LIFE, WHILE SYSTEM B (BASE 10) IS MORE FORMAL AND
T 1S CALQUED FROM CLASSICAL TIBETAN.

o SYSTEM A (BASE 20) IS STILL WIDELY USED IN COUNTING AMOUNTS OF HOUSES, DOGS, BOXES, AND
CRATES.

* WHEN STATING AN AMOUNT OR A PRICE, THE DECADE IS INCLUDED IN THE NUMBER.
45 (ena) wiLL BECOME zipcu zena (40 45).

e SEPARATE SET OF NUMERALS FOR 21-29 USED FOR THE DAYS OF THE MONTHS.



YOUR OPINION

EASIEST PROBLEM: 81/206 (39.3 %) g2

HARDEST PROBLEM: 11/206 (5.3 %)
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SUBMISSIONS: 217/227 (95.6 %)
AVERAGE SCORE: 15.28 / 20

MAX SCORES: 11






BEST SOLUTION(S)




BEST SOLUTION(S)

TANANON KINTHORN

THAILAND



BEST SOLUTIONS




BEST SOLUTIONS

EKATERINA CHURKINA

BELKA



