Solve system of simultaneous equations with 150 variables (Solution)

Yue Kwok Cho
150BERE (R y

{ X1+X2+"'+Xk+"'+X150:0 ...... (1)
: Xl_XZ=X2_X3=“'=Xk_1_Xk=“'=X14_9_X150=1 ...... (2)

From (2), (x; —X3)+ Xy —X3) + -+ (X1 —Xx) =k —1
X, —Xx=k—1

xx=x—k+1 . 3)
Al A), i+ -+ —2)++(x—-149) =0
149 x 150
150, = 142+ + 149 = —— —
Xl = 745, X2 = 735, ceeey X75 = 05, X76 = _05,, X150 = _645 .
In general, xg =755—-k
le + 2X2 + 3X3 + -+ 150X150 =ay (1)
Xo + 2X3 + 3X4 + .-+ 150X1 =4d; .. (2)
X3 + 2x4 + 3x5 + -+ 150x, =a; ... 3)

|
k X150 + 2X1 + 3X2 + -+ 150X149 = d1590

Let s=x;+X;, +X3+ "+ Xq59
Adding all equations of the given system,
s+2s+3s+--+150s=a; +a + -+ as

150(1+150)

> Ss=a;+a;+--+asg

1

s=—z(@ tag+-+as) =A  (for simplicity)

(1) —(2), Xl + Xz + X3 + -+ X150 - 150X1 = al - az
150X1 = A+ d, — dq

1
Xl :E(A‘l‘az _al)
Similarly, (3) — (2), we get  x, = ﬁ A+az—az), ...

Continue in this way, lastly, we get ~ Xq49 = ﬁ (A+aj50 —ags9)

1
and X150 = 7o (A+a; —ajgs0)



( X1+X2+“’+X150:1
X1+X3+“’+X150:2
3. X1+X2+X4+"'+X150=3
|

Let s=x1+X,+X3++Xq50=1
Then the system of equations become
S—X;=2,s—X3=23,..,5S—X;50 = 150
Since s=1, SO Xy =—1, X3 = —2,...,Xq50 = —149
Since x; +X, + X3+ -+ X450 =1

X, —1-2—-3—-—149 =1
x =1+ = 11176
[ Xl_XZ_X3 ..._X150:2k
—X1 + 3X2 — X3 = — X150 = 4k
4. _Xl_X2+7X3_“’_X150 :8k
k—Xl - XZ - X3 — e + (2150 - 1)X150 = (2150)k

Let s=x;+X; +X3+ -+ Xq59
Then the given system of equations become :
( —s+t2x;=2k
! —s + 4x, = 4k

Hence, X1:k+§, X2:k+z, X3:k+§,...,X150:k+L

2150

1
2150

Adding these equalities, s = 150k+s G + i + -+ ) = 150k +s (1 — L)

2150

s = 2159(150k)

x; = k+ ; = k(1 + 21%9150)

X, =k + Z = k(1 + 21*8150)

S
2150

X150 = k+

= k(1 + 150) = 151k



( X1tx=1

Xy +X3 =2
5 X3 % =3
lX149 + X150 = A149
X150 T X1 = A150

Let x4 =k (where k is any arbitrary constant)
( x; =Kk
X, =a; —X; =a; —k
) X3 =a; —Xp =ay—a; +k )
X4 =az—Xz3=az—a,+a;—k 7
\X150 = 8149 — A14g + A147 — .. — Az +a; — Kk

Substitute x4,X;50 into the last equation of the given system of equation, we have
(2149 —a14g +A147 — .. — a2 + a3 — k) + k= ay50
a; tag+--+ayyg =a;+a,+--+ag

So we have two cases:

(a) If (ii) holds the system of equations has unique solution given by (i) .

(b) If (ii) does not hold, the system of equations has no solution.

([ X1Xp..Xi50=1 ... (D
| X1—X3X3 ..X150 =1 ... (2)

6 {Xlxz —X3X4 X150 =1 ... (3)
k X1X2 ...X149 - X150 - 1

(2))( Xl , X12_X1X2X3 ...X150 = Xl

145 )
From (1), x2—-1=x; or x;2—%x;,—1=0 or X1=_T\/— .. ()
(3) x X1X3, (X1X2)2—X1X2X3 X150 = X1X3

From (1),(X1X2)2 —1= (X]_XZ) or (X]_XZ)Z - (X]_XZ) —1=0 or X1Xy = L\/g (11)

2

o 145
Similarly, we get  x{Xp;X3 = ‘T\/— ...(111)

o 145
Continue in this way, we get finally,  X;X5 ...X149 = _T\/_
(i) —1 11;‘/? __3+V8
M’ X2 = or =5~ 2
2

(iii) e 3+V5

— 2
D’ x3=1or z¢z= -

2




o 345
Continue in this way, we get, Xy =X3 =+ =Xqu9=1 or — -

To find X450 , multiply the last equation of the given system by x;5¢ , and using (1),

2 _ 2 _
we get X1Xp o X149X150 — (X150)% = X150 OF 1 — (X150)° = X350
2 _
(X150)“ + X150 —1=0
_ —14V5
X150 = 7 .

There are many possible combinations of solution, for example, one solution may be :

1+/5 -1+V5
(Xl,XZ' ...,X149, X150) = (T, 1,1, ...,1, 2 )

[ XoX1Xy = X0+X1 + X2 a (1)
X1X2X3 = Xl + X2+X3 ...... (2)

| X149X150X0 = X149 X150 1TXp
X150X0X1 = X150 1% + X1

(1) —=(2), x1X2(Xg —X3) =Xo — X3
X1X2 = 1 or XO = X3
If x;x, =1, thenfrom (1), xq=Xg+x;+X, or x;+Xx, =0

But x;X, =1 and X; + X, = 0 has no real solutions. (x;,X, are roots of t> + 1 = 0)

Xg = X3 .
Simﬂarly, X1 = X4, Xy = X5, ..., X148 = X, X149 = Xq,X150 = X;3.
On checking,
X1 = X4 = X7 = = Xyug T Xo T X3 T Xg = " = Xq50 T X2 T X5 = 0 = Xqg9

All x; areequal and let them be equal to  x .

From (1), we get  x3 = 3x .

x=0 or ++3 .



