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¥ ¥ = / Instructions

. BRERBBOSEE T, ZOMEMTFEE M WI L.

Do not open this problem booklet until the start of the examination is announced.

ABFIZET, 8T, ARIREEOEFRREEhoBEICIZHLELZ L,
If you find missing, misplaced, and/or unclearly printed pages in the problem
booklet, ask the examiner.

ARFCRAXB L CEXOE IMMADH S, HAFERWULREFTHEET LI L.

This booklet contains Problem 3 both in Japanese and in English. Answer the
problem in Japanese or English.

BERKLIRASESNS, BELRL SREEHROBHZFEAL TS LW

You are given one answer sheet. You may use the back of the sheet if necessary.

. RERMEAOEEEhERE, ZRESBICTOMAMTRET sREESE

RATBZ L.
Fill the designated blanks at the top of the answer sheet with your examinee
number and the problem number you are to answer.

ERAKRIAMFEr S vz k.,
Do not separate the draft sheets from this problem booklet.

R BRRVES, 5, XERCE2EALULBTRIENETD.

Any answer sheet including marks, symbols and /or words unrelated to your answer
will be invalid.

[RERYS L CHRERFIREEROBWI &,
Do not take either the answer sheet or the problem booklet out of the examination
room.

2R S |/ Examinee number | No.

FR-ZBRESEZF AT S Z L. Fill the above box with your examinee number.
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EEEEHEZEMBFEEL, BHt e {0,1,2,...} KB ARTFOMERE (X,,1:) LT 5.
KT OB (Xo,Y0) = (0,0) 2 T3, £, (XoY) = (ab) DL, ERyT
(Xe41, Yigr) = (@ + 1,0) & D, BEE ¢ T (Xppa, Vi) = (a,0+1) 2R D, HER1-p—g
T (Xpp1, Yi1) = (a,0) 723, 722 Up,g>0,p+g<l &L, MELRIHIACHITION
FOBEHMUITHSLTE. WOT (X1, Yirr) = (X, Vi) LR BHFOLEE (X,7)
B BMTORWIREZR &.

(1) (X,Y)=(1,2) L BRERIL 3pg* (1 —p—q) TH B I L ETE.
(2) FEBB R IZHLT, X+Y =n 2 5MEL2RD L.
(3) FEBH nITWH LT, X =n LR5MHEEE [, £B<.

(a) fo 2K k.
(b) X>nlWiREDHLLTX >n+1 LBHERE, fH zAVTRYE.
(€) fa=(01~ fo)*fo PERYIDI LERYE.
(4) X OHifE%E, p & g #AVWTEE.
(5) X &Y OHBERE
Bi(X = px)(Y — uy)]
VEIX — px)AE[(Y — py)?]

%, plqERAVWTRY., ZITux=E[X) XX OHfHE py=EY]|RY OHF
HE&T.




Problem 3

Consider a particle moving on the coordinate plane, and denote the location of the particle
at time t € {0,1,2,...} by {X;,¥;). The initial location of the particle is (Xp, Yo) = (0,0).
Also, if (X3, Y:) = (a,b), then (Xiy1,Yit1) = (a -+ 1,b) with probability », (Xet+1, Yi41) =
(a,b+ 1) with probability ¢, and (X¢41,Y:41) = (a,b) with probability 1 — p — g. Here,
‘it is assumed that p, ¢ > 0, p 4+ ¢ < 1, and the movements of the particle at different
time points are independent. Let (X,Y’) denote the location of the particle such that
(Xtt1, Y1) = (Xi, Y3} for the first time. Answer the following questions.

(1) Show that the probability that (X,Y) = (1,2) is 3pg®(1 —p — ¢).

(2) For non-negative integers n, find the probability that X +Y =n.

(3) For non-negative integers n, let f, denote the probability that X = n.
(a) Find fo.
{(b) Express the probability that X > n + 1 given the condition X > n, using fo.
(¢) Show that fr, = (1 — fo)" fo.

(4) Express the expectation of X using p and ¢.

(5} Express the correlation coefficient between X and ¥

BI(X - pa)(Y — py)]
VEX ~ pxPIB[Y - py)?]

using p and ¢, where ux = E[X] denotes the expectation of X and py = E[Y]
denotes the expectation of V.
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