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F1M
Problem 1

L 5 LV DR DZACICEES 2 LIT DV IcE 2 X

LBt el 0T, kB BBRBICIHET 5 EEOMEEE N & T 5. 5% ORI =
2, AR N 20b 0 L HFIER r THHIT R EEZOND &%, HEE N 2k
Xo 727ZL, NO)=4 ¢ L, ¥/ r=2 &4 X,

2. LEOEFAMCEEORKAMZ 5, BARMICIE r 2ERTIEAL, UToRO)IcHS &
WKET S, ZDW, N(t) Zko X, 7272L, N0 =2, $7- 1,=20, f =2 ¢ ¥ L,

— BN(t) (1)
3. MI12 OEDTT, N@) &S oBlffERYT 77 7o e Hid. 205 2T I i
R A N ZRKD X,
L. Answer the following questions about the population of a certain species of creatures.

1.  The population of a certain species in a specific environment at time t is denoted as N(t). Find
N(t), when its growth ratio, —, is directly proportional to N and its proportionality constant is 7.
Let N(0O) =4 and r = 2.

2. The environmental constraints are introduced to the model in Question I.1. Find N(t), when r

follows the following Equation (1). Let N(0) =2, r; =20 and B = 2.
— BN(t) (1)

3. Using the same assumption of Question 1.2, plot the graph representing the relationship between N

d . . . d
and d—IZ. Also, obtain N that gives the maximum value of d—IZ.



. BEREESR xyz T THKQ)TRI N5 Fime XG) TR 5 Hhim o £ 7z s B3 2 UL
TowIcEZ X,

Z=2x+4y )

z=x%+y? (3)

1. P& iR ozt xy FHICIESZ L T2 o s lliftz ko X

2. MLl oERZHWTZ 0MEBOFREZ KD X,

II. Answer the following questions concerning the region bounded by the plane given by Equation (2) and the

curved surface given by Equation (3) in the orthogonal Cartesian coordinate system xyz.

z=2x+4y ©)

z=x%+y? 3)

1. Find the orthogonal projection on the xy plane of the curve of intersection of the plane and curved

surface.

2. Obtain the volume of the region, using the result of Question II.1.
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XM T 2B TR f(x) (x € 1) DR THET, 22 2MFED n BEOERE F™(x) 23X
M T ICBWCHEHETHE LTS, 2DEE, FEDH a (ael) iIT20WT, UTFTDTF4F7—DRK
DK D 3D,

(o8]

()
Fe =T Dy @

n=0

oL E, UToMwicEz X,
l.a=0 9%, 2otx, RAZHWT sinx # x ICHET3RZIFE O TERE,

2. [ IIL1 OFER%ZH T sin2° ObBPEE GECT 4 ek I w, 72721, nm=3.14159
X,

3.a=0 53, 2o&%, B DR HWT ﬁ  ox KT 24RXFECORIMED
el fle X,

Suppose that a function f(x) (x €1) is infinitely differentiable in the interval I and that any nth
derivative f((x) is continuous in the interval I. In this case, for any point a (a € I), the following

Taylor's formula holds.

A Q)
f@ =) —= - @
n=0 '

Based on this, answer the following questions.

1. Let a = 0. Express sinx in the form of a power series related to x using Equation (4).

2. Find an approximate value of sin 2° with 4 significant digits using the result of Question III.1.

Assume m = 3.14159.

3. Let a = 0. Approximate ﬁ in the form of a power series up to the fourth order related to x using

the result of Question III.1.



IV. ®23MEZ2HETZLEE, RIEME 5 OFER L THRIORERNERMEREZ - L TWE 085 H
HatIcHET RIEZZE 2 %5, 2L %, UToMwicEz X,

1. MEloZERMEREL [500Nmm* U | &3 2, s Oo0RERIcoOWTH L nzmER, HE
i A 2% 500 N/mm?, #Xf{Fdh B, C, D, E 133 XT 600 N'mm? TH -7z L EEZ T 7z, 2D
&, COMBIDERROERMEEZI/Z LTI 0L 5 2IconT, 95%EHEX M D Rl t
MEICXVER X, &Pk, BPVPE% u, ERFEZ 3, AL n, MMEEERZZ s
3oL, BPPELEARTFEOERICET 2H

X—u
t=—— 5
s/\n
BRAFa—TvrotofmiciEsboe L, BHE 4 THHI5%D tfllX 2.132 TH 5 2 &

2RI X

2. M1V & FEBRICHMEIOZRMEREE T500N/mm? LA L] &5 2, 5E1E, 5 20 EMICD0»
THRONTHREED, BUEM A 28 500 N/mm?, 3A{Ef B, C, D, E £ 600 N'mm* A B CTH > 72
CREERZITI, CoLE, BORERBIILTHZINT VDI LW 208 )5, Hifk
YiTih_ X, 7ok, BRMREDHZ SN2 2130 V.1 & FERRIC 95%SHEIX o F-H] t BE
KXo THIMTT2bDLT 2,

IV.  Consider a problem on the statistical test in procuring a material whether its strength should meet the required

performance or not by creating its five prototypes. Answer the following questions.

1. Let the required performance of the material be “500 N/mm? or more”. It is reported that among five
prototypes, the strength of prototype A was 500 N/mm?, and the strengths of prototypes B, C, D, and
E were all 600 N/mm?. Test by a one-tailed t-test for a 95% confidence interval whether the material
meets the required performance or not. Notably, let u be the population average, X be the sample
average, n be the number of samples, and s be the unbiased standard deviation, then assume that a
value on the difference between the population and sample averages is expressed as

X—[
t= A 6]

and follows the Student’s t-distribution, and assume that the t-value is 2.132 for 5% on one-tailed with

4 degrees of freedom.

2. Similar to Question IV.1, let the required performance of the material be “500 N/mm? or more”. This
time it is reported that among five prototypes, the strength of prototype A was 500 N/mm?, and the
strengths of prototypes B, C, D, and E were all 600 N/mm? or more. State with a reason whether the
material always meets the required performance or not. Note that whether the material meets the
required performance can be judged by a one-tailed t-test for a 95% confidence interval as with

Question IV.1.

(S ~it <)
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F2M
Problem 2

HHTICEST L 725m3C (H.R. Varian, “Big Data: New Tricks for Econometrics”, Journal of Economic Perspectives,
Vol. 28, No. 2, pp. 3-28, Spring 2014) IBAL T, LU FOREICE 2 X,

Answer the following questions regarding the paper sent to you beforehand (H. R. Varian, “Big Data: New Tricks
for Econometrics”, Journal of Economic Perspectives, Vol. 28, No. 2, pp. 3-28, Spring 2014).

L AR T ¥ D mortgage lending D7 — X HAERICOWT, KiHX TIIAEOLEBDOELELHZ 1L
EERLRVERERHL TS, 20 X5, T2V T, BEELAEKTHL1E ) 0%k
HET 27200 1204KEE LT, @XHFTEDLICTFRINTVE2, %455 1 LrkE
it

L. Regarding the result of data analysis on mortgage lending in Boston, the paper points out that the variable of
race is less important. Like that, as the way of judging whether a variable is important or not in data analysis,

what does the author claim in the paper? Pick up one sentence from the paper corresponding to that.

I AKX TIE, 24 2=y 7 50%EFEDT =2 2o oM RS/ENAEINTNE, ALT—4
ffioT, UTOMEREZRD X, 72721, fX p.9 D Table2 TR & iz T — X LUAMCEREZ T
TndopLT3,

. ZAZ2=v 7FEEHEIZArothrb8EAIC | ARV LEZEEX, AFEETCH-T-, T
231 %HEE (Class 1) 2> 2HEE (Class2) DEED TN TH BHERZ KD X,

2. RAR=ZYIFEREDODVZILOLEEAIC2 ARV HELZE X, Dl ed 1 NEES
THotzo MOV L2 ADBHIC3IHERE (Class3) DEFTH 2MEREZRD X,

II. The paper introduces the results analyzed with the Titanic survivor’s data. Calculate the following
probabilities using the same data. Assume that there is no passenger other than the data presented in Table 2

on p.9 in the paper.

1. When one person was randomly selected from the Titanic passenger list, the person was a survivor.

Calculate the probability that the selected person was either a Class 1 or Class 2 passenger.

2. When two persons were randomly selected from the Titanic passenger list, at least one of the two was

a survivor. Calculate the probability that the two selected persons were Class 3 passengers.

10



111 P CEEm S LT TREREFZR] iconT, RoOMWwIcEz L,

1. p21~p24 i T % [the counterfactual | & 13 & D X 95 mEMKD, (50 FHRE)

2. K@ TlE control experiments & U b BSTS @ X 9 i rEH o7 7' v —F o @A % TR
LCTwd, ZOMIICOWT, X CHMINTWL 2 NEZEN¢ X, (300 FHRE)

III.  Answer the following questions related to “causality” discussed in the paper.

1.  Explain the meaning of “the counterfactual”, which appears on pages 21-24. (Approximately 25

words)

2. The paper insists that a machine leaning approach like BSTS has advantages over control experiments.

Summarize the reason explained in the paper. (Approximately 150 words)

(S~ <)
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Problem 3

HATIC

iEfF L 725@3C (G. O. Mohler, M. B. Short, P. J. Brantingham, F. P. Schoenberg, and G. E. Tita, “Self-

Exciting Point Process Modeling of Crime”, Journal of the American Statistical Association, Vol. 106, Issue 493,
pp. 100-108, March 2011) 1B L <, DA FORMEICE 2 L,

Answer the following questions regarding the paper sent to you beforehand (G. O. Mohler, M. B. Short, P. J.

Brantingham, F. P. Schoenberg, and G. E. Tita, “Self-Exciting Point Process Modeling of Crime”, Journal of the
American Statistical Association, Vol. 106, Issue 493, pp. 100-108, March 2011).

L.

ST, HIEE L AUFR O RN X — v BB ICHE O X, HETFHIICfib 5 £ T v (self-exciting
point process) ZLIEFELE D FHNTEA L T3

1. HEEUIEOFRAEANAZ—IT 8D X 5 BIEBIER D 2 212 nT, #HCh ofl % v 7o 23
Lk~ X, (200 FFEE)

2. M1 Tl _7ZFLIM: 2> & self-exciting point process E 7 L 2%E A AIRE & & 2 & 5 fh D ]
Z, Hfedhic 1 9%k, (100 FREE)

Based on the similarity between the occurrence pattern of earthquakes and crimes, this paper applies the

model used for earthquake prediction (self-exciting point process) to crime prediction.

1. Describe the similarity between the earthquake and crime patterns using the example(s) in the paper.

(Approximately 100 words)

2. Based on the similarity described in Question 1.1, give another example where the self-exciting point

process model is applicable, together with its reason. (Approximately 50 words)

12



. AKX TREINTHWAUEREDETALICEL T, XOBWICE 2 X,

1. KX T, 7 v X7 X Yy 2 hikzfEo T (10) GislH p.102) @ g #H#EE L Tw»
5, J VT ALYy 2k ERA LA E2 RS X, (100 FRE)

2. K6 GuXwHp.105) ONE% ST 2, FHETIONUREREDET AL EHHATE 3 BART
RICHH%Z 1 2%, Zof|E%EZE&ED TR X, (200 FEE)

3. AMXTREINTVIEREREETT VO LI BT — 2 ICHILETARIEHAT 2, €
TV DIERE S LIMCEFE B EE T & fix b~ X, (300 FHE)

II.  Answer the following questions regarding the proposed model of the occurrence of crime.

1. In this paper, the authors estimate g in Equation (10) (p.102 of the paper) using a nonparametric

method. Summarize the reason why they use a nonparametric method. (Approximately 50 words)

2. Based on the results shown in Figure 6 (p.105 of the paper), describe one concrete application example
that the crime occurrence model can be used in the real world with its benefit(s). (Approximately 100

words)
3.  Toward utilizing data-driven models such as the crime occurrence model presented in this paper,

describe the point(s) that practitioners should consider other than the accuracy of the model.

(Approximately 150 words)
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