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第２問（数学） 

 

次の行列 A，実数ベクトル𝒙，関数𝑓(𝒙)について以下の問いに答えよ．  

𝐴 = (
2 −1 0

−1 2 −1
0 −1 2

) , 𝒙 = (
𝑥1
𝑥2
𝑥3

) , 𝑓(𝒙) = 𝒙T𝐴𝒙 

ただし𝒙Tは𝒙の転置である． 

（問 1）次式をみたす正規直交行列𝑃と対角行列𝛬を求めよ．  

𝑃T𝐴𝑃 = Λ, 𝑃T𝑃 = (
1 0 0
0 1 0
0 0 1

) , 𝛬 = (
𝜆1 0 0
0 𝜆2 0
0 0 𝜆3

) 

ただし，𝜆1 ≥ 𝜆2 ≥ 𝜆3とし，行列𝑃の第一行目の成分は非負とする．  
 
（問 2）‖𝒙‖2 = 𝒙T𝒙 = 1 のもとで𝑓(𝒙)の最小値を求めたい． 

𝑔(𝒙) = 𝒙T𝒙 − 1, 𝐿(𝒙, 𝜇) = 𝑓(𝒙) + 𝜇𝑔(𝒙) 
とするとき，極小点𝒙では次式が成り立つことが必要であることが知られている． 

𝜕𝐿(𝒙, 𝜇)
𝜕𝒙

= 𝟎,
𝜕𝐿(𝒙, 𝜇)

𝜕𝜇
= 𝑔(𝒙) = 0  

 

(a) 𝜕𝐿(𝒙,𝜇)
𝜕𝒙
を計算せよ．  

(b) 𝑓(𝒙)の最小値と，その最小値を与える𝒙を求めよ．  
 

（問 3）次の制約式のもとで𝑓(𝒙)の最小値を求めたい． 

𝑔1(𝒙) = (3 −√2 −1)𝒙 = 0,  𝑔2(𝒙) = (3 √2 −1)𝒙 − 2 = 0 
 

(a) 𝒙 = 𝑃𝒚の変換を用いて，関数𝑓(𝒙)と制約式𝑔1(𝒙) = 0, 𝑔2(𝒙) = 0を𝑦1, 𝑦2, 𝑦3により

書き換えよ．ただし𝒚 = (
𝑦1
𝑦2
𝑦3

)とする． 

(b) 𝑓(𝒚)の最小値と，その最小値を与える𝒚を求めよ． 



(1) Let AX = XX

2-x - 1 O

|A -x2)= 2-x - = (2 -x)(2+- -x)(2- -x)
0 + 2-X

: x1 = 2 +E , Xa = 2 , Xg = 2

i when x1 = 2+52

(A-X ,2) =
2 -10

=> x = [i]- 1 -E - 1

0 -1 E

i when 12 = 2

| -122) =
0 -10

1 + 0 + = x = -, )
0 -10

iii When As = 2-1
1 - 10

(A -132) = v -
= x = z(m)I 0 -15

2

=> p==[
I

I [ 2 O II E I 0 0 2-e
I - J 2



(2)(a) ((X ,M)= XAX + u(X+ X - 1)

= 2x?- XIX2-XiXz+ IX-X2Xg- X2X3 +2xs
-

- -
- -

+u(XY + 12+131)
= (2+u) Xi + 12+M)X2 + 12+m)X - 2XIX2-2X2X3-e

E = 2(2+u)X, - 2X2

* = 2(2+u)Xz- 2x1 - 2X3I3 = 2(2+u)X3 - 2X2

...
4+2M

-2 o

X= [ -2 4+21 -2 I0 -24+21



(2) (b) = 0

le = -

+ Xi+Y = 0

=>
te stationary points are

:

5 (t ,

,E)
.
Satz-E

, -E) , IF 2+12

SH-I) , Spt) , ME - 2-e

2(51 , M1) = 2-12 , ((Sn ,M1) = 2
- 2

L (Ss ,e) = 2+E , 2 (Sp ,+) = 2+12

=> f(x) min = 2-I

x=[ or [= I



(b)

Set 2 (x
,
X ,M) = f(x) + xg ,

(x) + M92(X)

= yipTApy + X (2y ,+22y2) + M125242
+243-2)

= (2+12)y+ 2y2+ (2- /y3+ 2xy ,
+25XY2

+ 2EMY2 + 2MYs - 2 M

# = 2(2+(y ,
+ 2x = 0

24/

↳ 4y2 +25x +2M = 0

242

-
= 2(2-12)yz + 24 = 0I -

243

↳ = zy ,
+zyz = 0

E zyz +2yz - 2 = 0



(3) (a) g ,
(x) = (3 - - 1) Py = 2Y1+zy2 =0

9) (x) = (3 v - 1) PY -z = 2192+ 243 -2 = 0

- (x) = XAX = yTpTApy = Cy , 424] ]C)[
= (2+2) y ,

2

+ 2y2 + 12-1 sys

=> g , (x)
= y ,

+myz = 0

92 (x) = nzyz + Yz- 1 = 0

f(x) = (2+ (y)+ 2y2+ 12
-12743



(3)(b) Set ((x , x ,
u) = f (y) + 19 , (x) +egz(X)

= yTAy + X(y ,
+ y2) + M(-42 + 43- 1)

= 24- y , 42 -y , 42+ 242 4243 - 4243+24

+ x (y, +12y2) + u(byz+ 43+ )

= 2y5- 24 1 42 + 242- 24243+ 243 + x(4 ,
+242)

+e(ny2+ Y3- 1)

I
E I 44 ,

-242 + x = 0

= -2y , + 44z
-243+mx+ = 0

=

- 242+ 443 +M = 0

bys

I
= y , + yz= 0

2
Iau - N242+ yz = 0

y1 =
EY
10th

=> & Yz =#R
10+25

I 43=
fly) min=


