BcerynurenbHblit sk3amen 8 HUY BIIID — 2017 r.
deMoHCTpaInmoHHbII BapUAHT
no umanpasjenuio 01.04.02 «IIpukiaagnas maremarnka u HOOPMATHAKA»
Marucrepckass nporpamma «PUHAHCOBBIE TEXHOJIOTUY U aHAJIU3 JTAHHBIX»

Bpewms Bbimosinenusi 3aganuss — 240 munH. Pe-
IIeHUsI 3aJaHWH JOJI2KHBI ObITH 3alUCaHbl II0-
pPyccku uim no-aHrauiicku. Kak1as pernrenHast
3aga4a onenmBaercsa 10 GaiaMu, MAKCUMAaJIb-
Hast cymma — 100 6aJsiiioB.

Cpedu caedyrouur 3adayw Bow mootceme evbpams 10
3aday das pewenus. B zawem Bam notidym ne bonee
decamu 3adaw (ecau ux 6ydem peweno Goavwe, Mo
decamv Aywwur pewerud).

1. Onpenenure 3nadenus: mapamerpoB a = 0u b > 0
JJIsT KOTOPBIX CJIELYIONIUI TIPeIes CyIIecTByeT U pa-
BeH 0:

lim
T—r+00

2. Boruucsure nepsoobpasuyio F,(z) pemenus f,(z)
cJieTyionero byHKIMOHAILHOTO PEKYPPEHTHOTO COOT-
HOIIIEHUs], YIOBJIeTBOPsifoIyto yeaosuo Fy,(0) = 0:

folx) =32* -1, fi(z) =4,

3. Haiinure Bce BemecTBennble peinenus mauddepen-
[IHAJIBHOTO yPABHEHUS

y/// _ 6y” + 16y’

4. CrombKuMHU €IOCOOAME MOYKHO COCTABUTH OWMHAD-
HYIO MOCJIEJIOBATEILHOCTD JIJTUHBL 7, HE COJEPIKAILYIO
JBYX COCEIHUX HYyJIeh?

5. Hawbr 21, ..., x,. Haiigure cocrositesbHYIO TOUEU-
HYIO OIEHKY mapamerpa  Jijist TUIIOTE3bI O PABHOMED-
HOM DACIIpe/ieJieHnn TaHHbIX B uHTepBadse [0; 6]. fe-
JISIETCsI JIM OHA, HECMEIEHHON !

6. Haiimure maTeMaTndecKoe OXKUIAHUE CJIyIAHOM
BEJIMIUHDI, UMEIOTIeHl (DYHKIIUIO IJIOTHOCTH:

’

%(arct(m(x))

7. Cayuaitnas BesimunHa { IPUHAMAET TOJILKO HATY-
paJIbHbIE 3HaUEHUd C BEPOATHOCTIMU

C

P(ﬁzk)zm

Haf/'I;LI/ITe HEU3BECTHYIO KOHCTaHTY C U MaTeMaTu4de-
CKOE OXKWJIaHUE CIIyYaiHON BEJTMINHBI &.

(21/1 + cos(m + az®) — In(1 +

Time to complete the task is 240 min. Solutions
should be written in English or Russian language.
Each problem costs 10 points, the maximal sum
is 100 points.

You can choose 10 problems to solve. If you solved
more problems, ten best solutions will be considered
for your final score.

1. Determine the values of real parameters a > 0 and
b > 0 for which the following limit exists and equals 0:

2. Compute the antiderivative F),(z) of the function
fn(x) given by the following recurrence relations, taking
F,(0)=0:

f(@) =5fn_1(z) — 6fp_2(z).

3. Find all real solutions of the differential equation

— 16y = €** + 6.

4. How many binary sequences of a length n can be
built without neighboring zeros?

5. For a given data x1,...,x, find a consistent point
estimation of the parameter 6 for the hypothesis of
a uniform data distribution in the range [0; 6]. Is it
unbiased?

6. Find the mean value of random variable with the
following density function:

’

%(arctan(x))

7. The random variable £ takes only non-negative integer
values with probabilities

C

P(ﬁzk)zm

Find the unknown constant ¢ and the mean value of
the random variable £.
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8. Ha miockocTn 3aaHa JeKapTOBa CHCTEMa ¢ KOOp-
JITHATAMIE Z, 3. IIpn KaKIX 3HAYeHUAX BEIeCTBEHHOTO
HapaMeTpa, @ OKPYZKHOCTb &2 +y? = 4 uMeer X0OTs ObI
OJTHO TIepecedenye ¢ mpaMoit ax + y = a?

9. Ilycts V u W — aByMepHEIe mognpocTpancTsa B R,
Kakue 3navenns Mo2keT IPUHAMATD PA3MEPHOCT IO
npocrparcrea W N V?

10. Jns wabopa C = (X (4),Y(¢)) : 1 <i < N Touex
Ha TJIOCKOCTU [PUBEANUTE TICEBIOKO AJTOPUTMA, BbI-
YUCJIATONIETO BBIMYKIIYI0 060s109Ky C.

11. I1pu aHa/mM3€e 3aeMIIKa BEPOSATHOCTD BHISIBUTD IIPU-
3HAKM HEIJIATeXKECIIOCOOHOCTH IIPU YCJIOBUU, UTO 3a-
eMIIUK JIeHCTBUTE/IBHO SABJISETCH HeIIaTesKecmoco0-
weiM, paBHa (,9. BepoarHocTh IPUHSATE IIATEKECITO-
CODHOrO 3aeMINUKA 33 HEILIATEXKECIIOCOOHOIO pPaBHA
0,01. Jloyist HEMIATEKECITIOCODHBIX 3aE€MINUKOB IO OT-
HOIIIEHUIO KO BCeMY KJIMeHTCKOoMY TOTOKY pasaa (0,001.
Haiiure BeposiTHOCTH TOTO, 9TO 3a€MIIUK B JAefCTBU-
TEeJIFHOCTH IJIATEXKECITOCOOEH HECMOTPSI HA TO, ITO OBLI
[IPpU3HAH HEILIAT?KECIIOCOOHBIM II0 PE3yJIbTaTaM Kpe-
JUTHOTO aHAJIN3A.

12. Huzke mpeacTaBiieH ceBI0-KO HEKOTOPOit (hyHK-
uu:

8. A Cartesian system with coordinates x, y is given
in the plane. For which values of the real parameter a
does the circle 2+y? = 4 have at least one intersection
with the line az +y = a??

9. Let V and W be two-dimensional subspaces in R%.
Find the possbile values of the dimension of the subspace
Vnw.

10. For a collection C = (X(4),Y(:)): 1 <i< N of
points in the plane give a pseudocode of an algorithm
that calculates the convex hull of C.

11. Bad borrowers are detected with probability of
0.9 during credit analysis. Probability of considering
good borrower bad is 0.01. Overall proportion of bad
borrowers is 0.001. Suppose the credit analysis stated
that the borrower is bad, what is the probability he
or she is, nevertheless, a good borrower?

12. A function is defined by pseudo-code as follows:

somefunction = function(K):

X =1
Y =2
While (X<K)

If (X is a prime number)

Y =

Else

Y + 37

If (X Mod 5 — 0)

Y =Y + somefunction(X)

End If

End If
X=X+1
End While
Return Y;

Kakoe 3nadenue Oy/ieT BO3BpAIIEHO KaK Pe3yJIbTAT
BBINIOJIHEHMsT KOMaHIbl: somefunction(10)?

What value will be returned after following command:
somefunction(10)?
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13. Tlo 19 HabaromeHUsIM OIIEHEHBI JIBE PEIPECCUOHHBIE
MOJIEJIH:

(1) y =10.2 + 6.22 — 0.72; R? = 0.46;

(2) y = 7.8 +5.4(x — 2); R? = 0.39;

O6mas cymma kBaaparos (T'SS) cocrasnsier 202.2.

e Haiiiure cymMMy KBapaToB OCTATKOB it 00enX
perpeccutii.

e B ypasuennu (1) craHgapTHBIE OTKJIOHEHUS KO-
3¢ durmeHToB paBHbl COOTBeTCTBeHHO 3.1, 2.4,
2.3. Kakne u3 koaddburnmentos saaanmo (aa 5%-
OM YDOBHE) OTJIMYAIOTCS OT HYJIsi?

e IIposepnre Ha 5%-0M ypOBHE I'MIIOTE3y, YTO B
ypaBHeHUHN §y = « + Sx — vz + € K03 umeHTh
B u v 3Hauumo orimvatorcst (Ho : =)

14. Bol B KOMaH/E C KOJLJIETOHl OIICHUBAaETE OJTHY
U Ty PErpecCHOHHYIO MOneNb: Yy = « + [X; + € Ha
HE3aBUCUMBIX HEIEPEeCeKaomnxcs BhIOOpKax. [Ipes-
ITOJIOXKUM, 9TO BBIIOJIHEHBI ycsioBUs TeopeMbl ['aycca-
MapxkoBa. PesynbraThl perpeccuii mpuBeeHbl HIXKE:

13. Having 19 observations you estimated two regression
models:

(1) y = 10.2 + 6.22 — 0.72; R? = 0.46;

(2) y = 7.8+ 5.4(x — 2); R? = 0.39;

Total sum of squares (T'SS) is 202.2.

e Find error sum of squares (a.k.a. residual sum
of squares) for both regressions.

e Standard errors of coefficients in equation (1)
are as follows: 3.1, 2.4, 2.3. What coefficients
are significant (5%-confidence level)?

e Check hypothesis that in y = a + Sz — vz +
€ coefficients 8 and -~y are significanlty different
(Hp : =) at 5% confidence level

14. Together with your teammate you are estimating
model: Y; = a + X + € using independent disjoint
data samples. Suppose, Gauss-Markov assumptions
hold true. Results are provided below:

PesymbraTo
Bamra Bribopka | Beibopka kositeru
n =20 n =20
> X =100 > X =200
> X7 =600 S X7 = 2400
> Y: =500 > Y: =500
Br =2 Brr = 2.5

Results
Your Sample | Teammate sample
n = 20 n =20
> X =100 > X =200
> X7 =600 S X7 = 2400
> Y, =500 > Y =500
Br=2 Brr = 2.5

MenemKep TMpOEKTa perraeT 0ObeIMHUTD Pe3yiIb-

Project manager decides to aggregate your work

TaThl pabOTHI U IIPE/JIaraeT UCIO/IL30BaTh euiyio onen-and suggests unified estimate 8 = % B T+ % Brr- Do you
Ky B = 31 + 2Br;. Onrnmanbhbl  Becobble ko3d-  think the weights (1/2,1/2) are optimal? Is there a

dburmentsr (1/2,1/2)7 MoKHO 1 IOCTPOUTH HeCMe-
MIEHHYTO OIEHKY C MEHbINel aucrepcueii?

way to build an estimate with lower variance?
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