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Abstract. In this paper, we will mention a nice and useful identity which is very known,
then we give its generalization and apply them to solve some problems.

1 Introduction

We will start with the following simple problem

Problem 1. Let a, b, ¢ be real numbers such that abc = 1. Prove that

(a) 1 . 1 . 1 ]
a —
l+a+ab 14+b+bc 14+c+ca

a b c

b =1
(b) 1+a+ab+1+b+bc+1+c+ca

We will give two solutions for this problem as follows

Solution 1. (a) We have

1 1 1 1
+ + - - 41 4
l+a+ab 14+b+bc 14+c+ca c+ca+abc a+ab+abc 1+c+ca
c a 1
_c+ca+1+a+ab+1+1—|—c+ca
c ca 1
= + +
l4c+ca ca+1+c 14+c+ca
=1.
(b) Also similarly as above, we have
a n b n c B ca n ab . c
l+a+ab 14+b+bc l4+c+ca c+ca+1 a+ab+1 14c+ca
ca 1 c
= + +
ctca+1 ca+1l+4+c 1+c+eca
=1.
The proofs are completed. O

Solution 2. From the given condition abc = 1, it follows that there exist the numbers x, y, z such
that

Then
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(a)
1 n 1 n 1 B 1 1 N 1
14+a+ab 14+b+bc 1+c+ca_1+g+§ 1+E+£ 1+£+Q
T T y y P z
x Y z
= + +
r+y+z xT+y+z xTt+y+z
=1.
(b)
a b c 4 = Z
1 bt T ot ee 1 = i ZTirirztiveql
+a+a + b6+ bc +c+ca 14_%_,_; +3 Ty +3+ 7
z X
-7 4 +
rTt+y+z rT+y+z xT+y+z
=1.

We are done. O

Both solutions above are very simple, but the second one may help us to extend the original
result from three variables to four variables as follows

Problem 2. Let a,b, c,d be real numbers such that abcd = 1. Prove that
1

1 1 1
=1
(a) 1—}-a—|—ab—|—abc+ 1-|—b-|—bc—|—bcd+ 1—{—c—|—cd—|—cda+1—|—d—|—da—i—dab
a b c d

b =
(b) 1+a+ab+abc+ 1—|—b+bc+bcd+ 14+ c+cd+ cda + 14+ d+da+ dab
Solution. Also similarly the second solution of the firs problem, since abcd = 1, there are real

numbers x, ¥, z,t such that

a=>,b=

] |

z t T
—c=—,d=—.
Y z t

Furthermore, we can extend for n variables

Problem 3. Let ai,a9,...,a, be real numbers such that aias - --a, = 1. Prove that

1 1 1 _
(a) 1+ai1+arag+-+ajaz-an—1 + 1+az+aza3+--+azaz--an + + 1+an+anar+-+anar-an—2 1.

ai az - an =
(b) 14+a1+ajas+---+aiaz--an—1 + 1+az+azas+---+azas--an + + 1+an+anai+--+anai--an—2 L.

Solution. From ajas ---a, = 1, it follows that there are real numbers x1, xo, ..., z, such that

Z2 T3 I

—,a2 = yeoeyQp
Z1 Z2 Tn

a)p =

Then
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(a)

1 1 x1
l+ar+aiag+---Fagag---ap1  1+2+8 4o p I gy L4 4,
1 1 2

1+as+asas+---+azas---ay 1+%+%+...+ﬂ 1+ a0+t xp

1 1 Tn
Lt an+anar+ -+ anar -~ apn 1T+ 42 4o Tl gy gy o oy

T

Summing up these relations we obtain the desired result.

(b) Similar to the part (a).

2 Applications

Now we will use the above results to prove the problems below

Problem 4. Let a, b, c be positive real numbers such that abc = 1. Prove that
(a) 1 n 1 n 1 1

a —.

34+2a2+0% 34202+ 34+2c24a% T 2

a b c 1

b —.

()3+2a2+62+3+262+62+3+202+a2 2

Solution. (a) Using the AM-GM inequality we get

1 1 1
= <
3+2a2+0> 2+ (1+a?)+ (a®>+0b%) ~ 2+ 2a+ 2ab
Similarly
1 1
<

3+2b%2+ ¢ ~ 2420+ 2bc

1 1

<
3+2c2+a?2 ~ 24+ 2c+ 2ca
Adding up these relations and using the result of the part (a) of problem 1, we obtain the
desired inequality.

(b) We do similarly as above and using the part (b) of problem 1.

O
Problem 5. Let a, b, ¢ be positive real numbers such that abc = 1. Prove that
1 1 1
(a) + + <
(a4+234+(a+b+1)3+27 (b4+23+b+c+1)2+27 (c+23+(c+a+1)3+27
1
ﬁ.
(b) a n b n c
(@+234+(a+b+1)3+27 (b+234+(b+c+1)3+27 (c+2)3+(c+a+1)34+27
1
E.
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Solution. (a) Applying AM-GM inequality we obtain

1 - 1
(a+2)3+ (a+b+1)3427 ~ 27a + 27ab+ 27

Similarly
1 1

<

(b+2)3+ (b+c+1)3427 — 27b+ 27bc + 27
1 - 1

(c+2)3 4+ (c+a+1)3+27 = 27c+27ca+ 27

Summing up these inequalities and using the part (a) of problem 1, the conclusion follows.

(b) We do similarly as above and using the part (b) of problem 1.
O

Problem 6. Let a,b, c,d be positive real numbers such that abcd = 1. Prove that
(a) 1 N 1 n 1 n 1 <
a
6+3a3+203 4¢3 6433 +23+d2 6433 +2d3+a  6+3d3+2a3+ 03
a b c d
+ + + <
6+3a34+200+c3  6+383423+d® 6433 +2d3+a® 64 3d%+2a3+ b3

(b)

Wl W~

Solution. (a) Applying AM-GM inequality yields

1 1
6+3a3 4+ 203+ ¢ 3+ (L+1+4a%)+ (1+a®+b) + (a® + b + ¢3)
1
~ 3+ 3a+ 3ab + 3abe
Similarly
1 1
< )
6+ 363 +2¢3 4+ d® ~ 3+ 3b+ 3bc + 3bed
1 1
< Y
6+ 3c3 +2d3 +a® ~ 3+ 3¢+ 3cd + 3cda
1 1

< .
6 + 3d® + 2a® + b — 3 + 3d + 3da + 3dab
Adding up these relations and using the part (a) of problem 2, we get the desired result.

(b) We do similarly as above and note that the part (b) of problem 2.
O

Problem 7. Let a, b, c be positive real numbers such that abc = 1. Prove that

(a) 1 n 1 n 1 S 1
(1+a+ab)?  (1+b+bc)? (1+c+ca)? = 3
a b c 1

(b)

> .
(1—i-a—|—ab)2+(1—|—b—i-bc)2+(1—1—c+ca)2 T a+b+ec

Solution. (a) By Cauchy-Schwarz ineuality we have

1 N 1 N 1 1 L S 2
(I+a+ab)? (1+4+b+bc)2 (1+c+ca)® " 3\1+a+ab 14+b+bc 1+c+ca
1
3
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(b) We also use Cauchy-Schwarz inequality to obtain

a 2 b 2 c 2
a + b + C _ (1+a+ab) + (1+b+bc) + (1+c+ca)
(I1+a+ab)?  (1+b+bc)2 (1+c+ ca)? a b c
1 1 1 \2
(1+a+ab + 1+b+bc + 1+c+ca)
- a+b+c
_ 1
a+b+c
and we are done.
O
Problem 8. Let a, b, ¢ be positive real numbers such that abc = 1. Prove that
(a) a . b n c S 1
a )
(I1+a+ab)3 (1+b+bc)3 (1+c+ca)® = (a+b+c)?
a? b2 c? 1
(b) 3+ 5+ 3> .
(I1+a+ab)3 (1+b+bc)3 (1+c+ ca) 3la+b+c)
Solution. (a) Applying Holder’s inequality and using the part (a) of problem 1, we obtain
3
a a
_ b b > — =1
> 0 ataby (a+b+c)a+bte)> <Zl+a+ab>
cyc cyc
It follows that
e Ty 2 @i
(1+a+ab)? = (a+b+c)?
cyc
(b) Also according to Holder’s inequality and note that the part (a) of problem 1, we have
3
> o (a+b+o)l+1+1)> (Y — 1
—— 1 (a c — | =
(1+a+ab)3 - 14+a+ab
cyc cyc
Therefore
S e at
(1+a+ab)3 = 3(a+b+c)
cyc
The conclusion follows. O
Problem 9. Let ay,as,...,a, be positive real numbers such that ajas---a, = 1. Prove that
1 1 1
(a) + +oi > 1L
1+a1+aja2 1+ a2+ azas 1+a, +anay
(Russia, 2004)
a a a
(b) ! + 2 o —" >
14+a1 +ajas 1+ as+ asas 1+ an, + anay
Solution. (a) Since a1, as,...,a, >0 so
1 - 1
l1+ai4+aja2 14+a1+aiaa+---4+ajaz---apn—1
1 1

>
14 ag + agas 1+4+as+agsas+---+agas---an

1 1
>
1+ an + ana; 1+an+anar+---+anar--ap—2
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Summing up these inequalities and using the part (a) of problem 3, we get immediately

the required inequality.

(b) We do similarly as above and using the part (b) of problem (3).

Problem 10. Let a, b, c be positive real numbers such that abc = 1. Prove that

() 1 n 1 n 1 <3
a —.
a+ab+2 b+bc+2 cH+ca+2 " 4

(Mathematical Reflections)

(b) a n b n c < 9+a+b+c
at+ab+2 b+bc+2 cHca+2 16 ’
Solution. (a) Using Cauchy-Schwarz inequality gives us
6 @B+)2 03 +12
at+ab+2 (a+ab+1)+1 " a+ab+1 1
or ) ) 9 . 1
a+ab+2 = 16(a+ab+1) 16
Similarly
1 9 1
< + =,
b+bc+2 = 16(b+bc+1) 16

1 9 1

<
c+ca+2 ~ 16(c+ca+1) + 16
Adding these relations and using the part (a) of problem 1 we obtain

1 1 1 9 1 1 1 3
a+ab+2+b+bc+2+c—|—ca+2 19<a+ab+1+b+bc+1+c+ca+1>+16

_ 9.3
16 16
_3
=7

(b) We do similarly as above and using the part (b) of problem 1.

Problem 11. Let a, b, ¢ be positive real numbers such that abc = 1. Prove that

a? b2 2
>
(a) a+ab+1+b+bc+1+c+ca+1 -7
b
) Ve vh ve oy
a+ab+1 b+bc+1 cH+ca+1l
Solution 1. (a) By AM-GM inequality we have
a? 1 2a
+ > ,
at+ab+1 a+ab+1 a+ab+1
b? 1 2b
+ > ,
b+bc+1 b+bc+1 " b+bc+1
c? 1 2c

+ > )
ct+ca+1l c+ca+1" c+ca+1
Adding up these inequalities and using two familiar identities we obtain the required result.
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(b) We also use AM-GM inequality to get

ﬁgl(a 1)’

a+ab+1~=2 a+ab+1+a+ab+1

Vb 1 b N 1
b+bc+1—2\b+bc+1  b+bc+1)’

Ve 1 c 1
— Y- <= + :
ct+ca+1" 2\c+ca+1 c+ca+1
Summing up these relations and note that the familiar identities yields the desired result.

O

LOI GIAI 2. We will apply Cauchy-Schwarz inequality be the following way
(a)

a? N b2 N c? 1 N 1 N 1
at+ab+1 b4+bc+1 cH+ca+1 at+ab+1 b+bc+1 cH+ca+1

b c 2
> =1.
- (a+ab+1+b+bc+1 +c+ca+1>

This combines with two familiar identities above to give us the required inequality.

(b)

a+ab+1+b+bc+1 +c+ca+1

<\/a Vb ﬁ)Q

a b c 1 1 1
- <a—|—ab+1+b+bc+1+c+ca+l> <a+ab+1+b—|—bc+1+c+ca+1)
=1

This combines with two familiar identities above, the desired inequality follows.
O

Remark 1. By the similar way, we can show that more general results as follows: If a,b,¢ > 0
and abc = 1 then for all positive integers n,

(a)

a” b c"

>
a+ab+1+b+bc+1+c+ca—|—l -

Va + Vb + ve <
a+ab+1 b+bc+1 cH+ca+1l

)

(b)
Problem 12 (Nguyen Viet Hung). Let a, b, ¢ be real numbers such that abc = 1. Prove that

a+ab+1 N b+bc+1 N c+ca+1
(a+ab+1)241 (b+bc+1)2+1 (c+ca+1)?2+1

9
< —.
— 10

(Mathematical Reflections)
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Solution. The desired inequality is equivalent to

1 _ 1 1 9
1+a-+ab + 1+b+bc + 1+4c+ca <

1= 10

1 1 1
(1+a+ab)? +1 (1+b+bc)? +1 (1+c+ca)? +

We put x =y, 1+al+ab = 7z and since the condition abc = 1, then

1 _ 1
1+b+bc — 7 14c+ca

z+y+z=1.

Our inequality becomes
x Y z 9

<
x2+1+y2+1+22+1_10

(1)

Among these numbers = — %, Yy — %, and z — %, there exist two numbers that both of them are
not positive or not negative. Without loss of generality suppose they are y — %, and z — % Then

1 1 >0
Yy 3 z 3)=
1 1\? 1 (2 2
2, 21 iy 4 9
y +z 9+<y+z 3> 9+<3 x> (2)
T 1 Y 1 z 1
<(=- IR (S [—
22+1 7 \2 y2+1 2 2241 10

22 L _ (y—1)2 (2-1)

2+1 57 4241 22 +1

we have

or

(1) is equivalent to

or

Using the Cauchy-Schwarz inequality and remark (2) we get

(y—1?%  (2—-1)°
y? +1 2241

brz-2°  (+a? 91+
2 2 1 2 2 - _ 2
y e+ e+ 2 §+(§—JJ) +9 23 — 12z + 9x

>

It remains to prove that
9(1+ )2 S 1+ 10z + 22

23— 12z +922 = 5(1+2?)

But this is equivalent to
(3z — 1)*(22% + 2z + 11) > 0,

which is obvious true and we are done. The equality occurs iff x =y = 2
1.

(I

To end this article, we invite readers practise the following problems

3 Proposed problems

Excersise 1. Let a, b, ¢ be positive real numbers such that abc? = 1. Prove that

1 1 1 1
(2) 1+a—|—ab+abc+ 1—i—b—i—bc—i—b(:2+ 1—|—c—|—c2+02a+ l+c+ca+cab

a b c c
=1
1+a+ab+abc+ 1+b+bc+ch+ 1+c+02+02a+ 14+ c+ ca+ cab

(b)

Excersise 2. Let a, b, c be positive real numbers such that abc = 1. Prove that
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(a) 1 N 1 N 1 1
64+2a3+b3 6+2+c¢3  64+2c34a% 3

a b c 1

b _
(b) 6+2a3+b3+6+2b3+c3+6+2c3—|—a3 3

IN

IN

Excersise 3. Prove the following identity holds

1 1 1
- +
V24 V24V2-2 V32424 V8+V2—vV2 V1284 324+ Y8+ 2+ vV2+2
1

+ =1
V128 + /32 4+ 2V8+3V2+ V8 +2vV2 +V2+4

Excersise 4. Let a, b, c be positive real numbers such that abc = 1. Prove that

1 1 1 1

+ + <.

(a) (a+0)2+(a+1)24+4  (b+c)?+(0+1)2+4 (c+a)?+(c+1)2+4 " 4
a b c 1

b + + < -

(b) (a+b2+(@a+1)2+4 (b+c)2+(b+1)24+4 (c+a)+(c+1)2+4 4
Excersise 5. Let a, b, ¢ be positive real numbers such that abc = 1. Prove that for every positive
integers n > 2,

(a) 1 n 1 n 1

a
3(n—1)+2a"+b"  3(n—-1)+20n+c* 3(n—1)+2c"+a™ ~

a b c 1
<
3(n—1)+2a"+b”+3(n—1)—|—2b"+c”+3(n—1)+20”+a” —n

S |-

(b)

Excersise 6. Let a, b, ¢ be positive real numbers such that abc = 1. Prove that for every positive
integers n > 2,

(a) 1 n 1 n 1 S 1
? (I+a+ab)”  (1+b+bc)» (1+c+ca)r — 31
1 1 1 1
b > .
(b) (I14+a+ab)™ * (L4+b+be)" * (1+c+ca)” = 3" 2(a? + b2 + 2)
Excersise 7. Let a, b, ¢, d be positive real numbers such that abcd = 1. Prove that
() 1 n 1 + 1 n 1 S 1
Y U+atabtabe)? (1+0+betbed)? (1+c+ecd+cda)?  (1+d+da+dab)2 = 4
(b) a N b n c n d S
(1+a+ab+abc)2  (1+b+bc+bed)?  (14+c+ced+cda)?  (1+d+da+dab)? ~
1
a+b+c+d

Excersise 8. Let a, b, ¢ be positive real numbers such that abc = 1. Prove that

(a) 1 N 1 1 1
(a+1)2+b02+1  (

<.
b+1)2+02+1+(c+1)2+a2+1 — 2

(Mathematical Reflections)

(b) a n b n c <}
(a+12+02+1 (b+1)2+c2+1 (c+1)24a?+17" 2

Excersise 9. Let a,b, ¢ be positive real numbers such that abc = 1. Prove that
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(a) 1 N 1 n 1 < 1
a —.
a?+2ab+3 bV +2bc+3 2+2ca+3 " 2
a b c 1
b < —.
(b) a? + 2ab+ 3 + b2 + 2bc + 3 + 2+2ca+3 " 2
Excersise 10. Let a, b, c be positive real numbers such that abc = 1. Prove that
(a) 1 n 1 N 1 S 1
a .
a(l+a+ab)?  b(l4+b+bc)? c(l4+c+ca)> " a+b+c

a b c 1
b > .
(b) b(1+ a+ ab)? +c(1—|—b+bc)2 +a(l%—c—i—ca)Q ~ab+bc+ca

Excersise 11. Let a,b, ¢, d be positive real numbers such that abed = 1. Prove that

1 1 1 1 4
< —.
(&) e abtabe T2 b betbed 3t et edicda 21 didatdab =5
a b c d 164+a+b+c+d
(b) + + + < :
24a+ab+abc 24+b+bc+becd 24+c+cd+cda 2+ d—+ da—+ dab 25

Excersise 12. Let a, b, ¢ be positive real numbers such that abc = 1. Prove that

b+bc—2 i c+ca—2 . a+ab—2 >0
(a+ab+1)2  (b+bc+1)2  (c+ca+1)2 —
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