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" 2 " n trigonometric xr — % <zcoszx < a:cos2j3 <zYcosxr <z — 13/6 < xcos % <sinxz,
Cauchy-Schwarz (Z a:iyi> < (Z :c?) <Z y?) hyperbolic 3 2
i=1 i=1 =1 zcosz < .332 < zcos? (z/2) <sinz < (zcosx + 2x)/3 < ,LB ,
sinh® x sinh x
1 1 1
1 1 1 2
n P n P n P “ : 3 e
Minkowski (Z |25 + yi|p> < (Z |l"z'|p> i <Z |y¢|p> for p > 1. ﬂx <sinz <zcos(z/2) <z <z+z°/3<tanz allforz € [O, 2}.
i=1 i=1 = cosh(z) + asinh(z) < e®(@t2/2)  for z € R, o € [—1,1].
n n 1/p n 1/q a+ b b—a
.. 1 Napi v h .
Holder Z lziyi| < <Z xi|p> (Z |yiq> for p,g > 1, ; + E — 1 apier b > 2 > n(b) — In(a) >Vab>a where 0<a<b
: r Yt Yw Un_ n
Bernoulli (1+z)">14rz forxz>-1, re R\ (0,1). Reverse for r € [0, 1]. means max{z;} > iT S i (sz) — > min{z;}
- n - n - . o
(142)?">14+2nz forzeR, neN. E ¢
re 1 power means M7 < Mg for all pairs r <'s, where:
T < s -
142z *1+1—(r—1)x forxe[ 1, _1) r>1 N 1/r
, MI(x1,22,...,Zn) = Zwlm: and Y w; = 1.
exponential er > (1 + f)" >1+x, (1 + E)n >e” (1 — x—) for n > 1, |z| < n. =1
n n n If r = —00, 0, +00, M), tends to min, geom. mean and max, respectively.
2
T
e >zx¢ forxeR, e*>1+4+x+ 3 for z > 0, reverse for z < 0. Maclaurin % > <k+1m for 1<k <mn, where:
T\n+z/2
< (142 for z, 0. 1
<( +n) or z,n > Sk:m Z @i, Gy - az, and a; > 0.
k/ 1<ip<--<ip<n
. . T x
logarithm 1 <In(l+2) < min{z, = - 5 + E} for z > —1. Newton Sk2 > Sk_1Sk+1 for 1 <k <n, and Sy as before.
2x T
—— <In(1+4=z) < for z > 0. Reverse for z € (—1,0]. ) )
2tz , \ 23 +1 Jensen Lp(z pizi) < Zpiap (z;) wherep; >0,> p; =1, and ¢ convex.
In(l4+2z)>x— 4 ?r forze [0, ~ 0.45], reverse elsewhere. . .
2 4 With expectations: ¢ (E[X]) < E [¢(X)]. For concave ¢ the reverse holds.
z2 28
In(l—2z)>—x— — — — for x € [0,~ 0.43], reverse elsewhere. n
2 2 Chebyshev Z f(ai)g(bi)pi > (Z (ai)pi) (Z g(bi)pi) > Z F(ai)g(bn—iy1)pi
n i= =1
1
harmonic In(n+1) < Z = <lIn(n)+1 fora; <---<ap, b <---<by and f,g nondecreasing, p; > 0, >_p; = 1.
— g
=1 With expectations: E[f(X)g(X)} > E[f(X)]E[g(X)].
square root 2V +1 -2/ < —= <2y -2/ -1 forxz>1. n n n
\[ rearrangement N > aibp—iy1 fora; <---<ap,
7r(1) +
i=1 i=1 i=1
k
binomial (E)k < (n) < nt < (ﬂ)k and <n> <2 forn>k>0. b1 < --- < by, and 7 a permutation of [n]. More generally:
k k) = R k k N
d d n Z b)>zfl(b7r(z >Zf7‘ n— z+1)
binomial sum Z ( ) <n%+1 and Z ( ) <2™ form>d>0 =1
= o\t with (fip1(z) — fi(z)) nondecreasmg forall 1 <i<n.
d P q 1 1
S ()< (E)! fornzax1 Young oy< =+ fora,y>0, pg>0 and —+-=1.
o\ d P g P g
2n Py < 2 (1-a)]=n Ch Sa a J[a > [[at® fora;>0
binomial ratio < ( > < and (") < [a®(1—a)t=*)]™" for a € (0,1). ong 2n  an a; b 2 a; ™% or a; .
2vn ~ \n/ = 2n (qn) = [ ) ] ©.1) i=1 3 (i) i=1
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) <Z 'Ly7,> for zi,yi > 0,
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Yi
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<
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(b) where a < b, and ¢ convex.

for ¢ convex.
2 2 ¢

n
Zailog%Zalog% for a;,b; >0, a:=> a;, b:=> b;.
i=1 i

Zw

b
< a Lp( ) for ¢ concave and variables as before.

1+ E)p > (14 E)q where either (i) x >0, p > ¢ > 0,
p q

(#1)) —p< —g<x<0 or (#i) —qg>—p>z>0. Reverse, if
(iv)g<0<p, —g>x>0o0r (v)g<0<p, —p<z<O.

n

n
> —
7 Titl +xz+2 2

i=
and n < 12 if even, n < 23 if odd.

where z; > 0, (Tn41,ZTnt2) := (z1,22),

(@-y)z-2)+y'y—2)y—2)+2'(z-2)(z—y) >0

where z,y,z2 > 0,t >0

n

n
H(l —a:z)w‘ >1-— sz‘l‘z‘

i=1 i=1
either w; > 1 (for all i) or w; <0 (for all i).
If w; €[0,1], S"w; <1 and z; < 1, the reverse holds.

where z; <1 and

n n
(det A)? H E A?j where A is an n X n matrix.
1=1j=1

n
Zaixi
i=1

n

Z (li(l - xl)

=1

1=1 <

n =

[T =)

(a1by — iaibi)2 > (af — ia?)(b% - be)

=2 i:2 =2

given that al >Za or b2 >Zb
1=2

n 1 n n
[T +w)"" > [T + [T’
i=1 i=1 i=1

where z;,y; > 0.

for z; € [0, %], a; €1[0,1], > a; =1.
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(Satte) (St ) = (et ) (St i)
i=1 i=1 i=1

i=1

for1>x>y>0.

m m n

m n
ZH j 2> ZH iz () and HZ(LZ] < H Za‘wr(])
j=1li= j=1i=1

0<

j=1li=1 j=li=1
where a1 < <ajm fori=1,...,n and = is a permutation of [n].
n n
Zap(ai)zz where a1 > a2 > --->an and by > -+ > by,
=1 =

t t
and {a;} = {b;} (majorization), i.e. Zai > Zbi forall1<t<mn,

i=1 i=1
with equality for t = n and ¢ is convex (for concave ¢ the reverse holds).
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where a1 > a2 > -+ >an and by > by >--- > b, and {ar} = {bx},

z; > 0 and the sums extend over all permutations 7 of [n].
1/k

(e eo) () = (5 (52)

k n k
bn mkinz; la;| < z‘: la;bi| < bn m}?x; las]
1= 1= 1=

for0<b; <+ < by.

NE

oo 3 /oo , 3
12::1m+n (Za) <nz:lbn) for am,bn € R.

n
put max{m,n} instead of m + n, we have 4 instead of .

i <a1+a2+~~-+an)p§( P
p—

P oo
" 1) Zafb for an, >0, p > 1.
n=1 n=1
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o0 o0
< 2 g an2 E n2an2 for a, € R.
n=1 n=1

1 > 2n
< < fi 0
i S Erap <@ et
oo a p oo
E k) < pp E an? for an >0,p> 1, reverseif p € (0,1).
k
n=1 \k>n n=1
Var[X] < (M — E[X]) (E[X] —m) where X € [m, M].



k
Pr| \/ Ai] <D (=1)71S; for 1 <k <, kodd,

Bonferroni
i=1 =1
k .
Pr[\/ A;] > > (-1)/7'S; for 2 <k <m,keven.
i=1 j=1
Sk = Z Pr [Ai1 Ao A Aik} where A; are events.
1<i; <--<ip<n
E[IX]] . .
Markov Pr[|X|>a] < where X is a random variable, a > 0.
1—-E[X
Pr[X <c] < 17[] for X €[0,1] and c € [0,E[X]].
—c
Var[X
Chebyshev Pr[|X —E[X]| > ] < a;[ ]
Var[X
Pr[X —E[X]>t] < _VarlX] where ¢t > 0 (for both).
Var[X] + t2
Samuelson p—ovn—-1<z;<p+ovyn—-1 fori=1,...,n.
Where =Y x;/n, o2 =3 (z; — p)?/n.

. 4 . 8
Vysochanskij- Pr[ |X — E[X]‘ > )\0] < if A > \/j,
Petunin-Gauss 9A 3

472 2
Pr[|Xfm|25}§L ifa‘z—T,
9e2 V3
€ 2T
Prl(X—m|>e|<1—— ife<—.
[Xmmlzelsi=0g He< g

Where X is a unimodal random variable with mode m,

0% = Var[X] < 00, 72 = Var[X]+ (E[X] —m)? = E[(X —m)?].

Var|X]

Paley-Zygmund PriX>pEX]|>1- where X >0
v X2 n B2 0 G (B2 5 Varlx) .
random variable, Var[X] < oo, and u € (0,1).
Kol Pr[max [Sk| > ] < ~Var[Sa] = = 3 Var[X;]
olmogorov r[max|Sg| 2 e] < =5 Var[Sn] = - i ar[ X;
where X1,..., X, are independent random variables, E[X;] =0,
Var[X;] < oo foralli, S, =3  X; and &> 0.
Et di P Skl > 3al <3 Pr| |Sk| >
emadi r[lglka%(n| k|l > a} < lglka%(n( r[| | _oz})
where X; are independent random variables, S = Z;C:l X, a>0.
E[|Xn] :
Doob Pr[ max |Xg|>¢e] < ——=  for martingale (X;) and & > 0.
1<k<n €
- no? Me
Bennett Pr| ;X,- >e] <exp (_W Q(W)) where X; independent,

E[X;]=0, 02 = %ZVar[Xi], |Xi] < M (w. probab. 1), € >0,
O(u) = (1 +u)log(l+u) — u.
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n 2

—e )
Pr[ Z X; > a] < exp (m) for X; independent,
i=1

E[X;] =0, |Xs] < M (w. prob. 1) for all i, 62 =1 3 Var[X;], € >0.

Pr[X >(1+0)p] < (%)# < exp (#f&:%})

where X; independently drawn from {0,1}, X = > X;, u=E[X], 6 > 0.

e H _#52
m) Sexp( 5 ) for § € [0,1).

Pr{x<-ou] < (

Simpler (weaker) form: Pr[X > R] <278  for R > 2ep (= 5.44p).

—262
?:1 (bi —a;)?

X; € [a;, b;] (w. probability 1), X =3 X;, 6 >0.

Pr[|X —E[X]| > 6] < 2exp ( ) for X; independent,

A related lemma, assuming E[X]| =0, X € [a,b] (w. prob. 1) and A € R:

o) < o (20 )
_52

2300
|XZ- —Xi,l} < ¢ (w. prob. 1), for ¢=1,...,n, 6 >0.

i (Z — Zz®)?
1=1

frXm =R, Z= (X1, Xn), 20 = f(X1,..., Xi,o 0, Xn).

Pr[ }Xn — X0| > 5} < 2exp ( ) for martingale (X}) s.t.

1
Var[Z] < 3 E for X;, X;’ € X independent,

—262
n 2
i=1C;

Pr[ |Z - E[Z]| > 6 ] §Qexp( ) for X;, X;’ € X indep.,

Z, Z(W as before, s.t. |Z - Z(i)} <¢; foralli, and § > 0.

M < Pr[ABi] < Mexp (2 =
— 4E

M=][a-PrB]), A= >

i#j,B;~Bj

) where Pr[B;] < ¢ for all 4,

Pr[Bi AN Bj].

Pr[AB;] > H(l —x;) >0 where Pr[B;] < z; - H (1—=xj),
(4,5)€D

for z; € [0,1) for all i = 1,...,n and D the dependency graph.

If each B; mutually indep. of the set of all other events, exc. at most d,
Pr[B;] <pforalli=1,...,n, then if ep(d+ 1) < 1 then Pr[A B;] > 0.

1
n’lnn  where 1<z <+ <zp <1.

Y

1
1<j<k<n Tk T Tj 8

N
Z 2—¢(®) <1, N the # of leaves in a binary tree, ¢ the depth of a leaf.
i=1
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