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Minkowski for p > 1.

Cauchy-Schwarz (Z aclyz) < (Z xf) (Z 3112)
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1+rz forxz>—-1, re R\ (0,1). Reverse for r € [0, 1].
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1+2)" <1+ (2" -1z forze(0,1], reR\(0,1).
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exponential et > (1 +

%+1§ez§(1+%)n+z/2; for ,n > 0.
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2V (@ —1) < re(zt/m —1) for x,r > 1; 277 <13
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(7)) —p< —qg<x<0, (itd) —g>—p>x>0. Reverse for:

exgz-i-em

e <1l+x+a? forax<1.79.

for (i) x>0, p>¢q>0,

(iv)g<0<p, —¢g>x>0, (vVVg<0<p, —p<zx<O0.
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< In(14x) < 1 < 24z

- < 7T S 2ee for x > —1.
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Inz| < % \x—f\ In(z +y) <In(z) + %; Inz <y(zv —1); =,y >0.

ln(1+x)217§ forx>0; In(l14+xz)>2—a2 forxz>—0.68.

<sinz,

e
< xcos? (z/2) < sinx < (zcosz + 2x)/3 <

trigonometric x——<xcos:c< ZCOS/Z <z dcosx < x—23/6 < xcos 2

hyperbolic zcosx <

%mh2 smh x’
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max { 2, W2+zz}§51”<co&<1<1+

2v/x + 72\/>< = <Vz+1l-vVz-1<2yz-2vz -1
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< tanx
x
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xSITHf for z € [0, 1].

for z,y > 0.

for z € [0, 1].

for z € R.

%gln(n)—&—l for n > 1.

for:ce[o,g.

for x > 1.
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rearrangement
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GG < Gl () 25 () fore>1
s nH(a) T —x
%G < (ann) <G for G= \/;va H(z) = —logy(z* (1—x)' ~%).

;'i:o (1) < min{nd +1, (&) d, 2"} forn >d> 1.

oy (1) < minf A5 (1), 20, 200205 for e 0,1).

H(z) > max{4z(1l — ), In2-logyx-logy (1 —x)}, and
H(z) < min{(4z(1 — z))*/™4, logyx-logy (1 — )}, for z € (0,1).
1-522 < H(lfz—z)<1—22 for 0 <z <1l/a

( ) <\/7(%)nel/(12n+l)Sn!g\/ﬁ(%)nel/llngen(%)n

n—l < (Hxi)l/n < %Z% < \/lzmiz < %ﬁ < maxx;
< (Sileal) / (S loil) < e, 24

1
wj|a; |P) /p7 w; >0, >, w; = 1.

i, M_so =ming{z;}, Moo = max;{z;}.

minx; <

min; ‘y

My < Mg for p < g, where M) = (32,
In the limit Mo = [, |:|®
Y wilzi P TS wila|

T+ 1 r— T+ 2 x
VE < (SR @)t < rithy < (YY) < Y forey >0,

forp<gq, w;>0.
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z y +z‘1y1 b zty
VFy < ety T8 ¢ ot

for z,y >0, «€l0,1].

(Sk)l/k > (Sk+l)1/(k+1)
a; > 0.

Sk2 > Sp—1Sk41  and

S, — L
* (2) 1<i1<T<ip<n

e(Xipimi) < X pip ()
Alternatively: ¢ (E[X]) < E[p(X)]. For concave ¢ the reverse holds.

for 1 <k<n,

a;, @iy -+ aj,, and

where p; >0, > p; =1, and ¢ convex.

é f@g(@p: > (é F(@ipi) (é 9(@:)ps)
< z, and f, g nondecreasing, p; >0, > .p; =1.
E[f(X)g(X)] > E[f(X)]E[g(X)].

Z 7r(1) > Z aibn—it1

for z1 < -

Alternatively:

'Mﬁ

fora; < - < an,

-
i

3Nl

b1 - < by and 7 a permutation of [n]. More generally:
Zf’t(b)> Zfl( 7r(7,))> Zfl( n— 7,+1)
with (f1+1

Dually: H (ai +b;) <

f,(z)) nondecreasing for all 1 <1i < n.

n

Hl(ai +br)) < 'I:Il(ai +bn—it1)

for a;,b; > 0.
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Young
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-3, wiz; <T[,(1—=)", and
L4+ >, wimg <L+ 2)" <TL(L—=)™ " for z; €[0,1], w; > 1.
[ £z)" <(AFX,ww;)”  if additionally 3, wiz; < 1.

(E )(Z y12)<< ) (Z xzyz) for x;,y; > 0,
0<m< % <M<oo, A=(m+M)/2, G=vVmM.

2
and > 7, S—Lal > fora; >0, S=3"a;.

Ji oy f@)de <SS fG) < [P f(a) da

for f nondecreasing.

f(a) < LO=I@) < prp)

where a < b, and f convex.
¥ (aTer> < 5 S p(z)de < M for ¢ convex.

>, ailog Z—l > alog % for a;,b; > 0, or more generally:

Ssaie(3) <aw(?)

—%(Z |al_b|)

for ¢ concave, and a = > a;, b=>_b;.

Ziailogzi for a;,b; >0, Ya; =) b;=1.

n n
> and  [] a;% > [] a;**®  for a; > 0.
i=1 i=1

f@) (@ —y*e—2"+f)y -2y —2)* + f(2)(z - 2)* (= -y~ >0
where z,y,z > 0, k > 1 integer, f convex or monotonic, f > 0.
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(p? + 7) P<ay < + y?

o f d:rJrfO

1,1 _
for z,y,p,¢ >0, L+, =

L(zx) dz > ab, for f cont., strictly increasing.

an d < 12 if even, n < 23 if odd.

> % where z; > 0, (Tp41,Tnt2) = (21, 22),

Titl +zz+2

(det A)? where A is an n X n matrix.

<]‘[ZA

i=1j=1

k k
PIHPYED Py 2= A?j and 377 di <3000 A

A is an n X n matrix. For the second inequality A is symmetric.

for1 <k <n.

A1 > -+ > A\ the eigenvalues, di >

H? RPN DL
Tl =)y T3 a1 — )

(arby = 7y aibi)” > (af — 7 2)(1)2
given that a? > 3" ,a? or b? > Zl 5 b7

- > dp the diagonal elements.

for x; €

= QbE)

= 1/n o 1/n 2 1/n
[T (=i + v2) >z, "+ 11w where x;,y; > 0.
i— i=1 i=1

i=1

[0,1), a; €[0,1], Ya; = 1.

Abel

Milne

Carleman

sum & product

Radon

Karamata

Muirhead

Hilbert

Hardy

Mathieu

Kraft

LYM

FKG

Shearer

Sauer-Shelah

Khintchine

Bonferroni

Bhatia-Davis

k

n
bi - rrEnZal_Z

i=1

(Zl 1az+b) (

; < b1 - max Z a;
E =1

i=1 +b > < (XChoiai) (i bi)  forag, by > 0.

for by > --- > b, > 0.

<eZk 1 la|

22:1( i=1 |a1‘)

|H’L 1 @i —
T (t4a) >

b|<21 llalfbil
(t+1)"  where [T2

for |a;|, |bi] < 1.

—1a; =21, a; >0, t>0.

P P
> T > LD for z;,a; >0, p>1 (rev.if p €[0,1]).

T AL
Zz 1@(CL1)>Z 1S0(b) foralZUQZ"' blZ"'any
and {a;} = {b;} (majorization), i.e. 3¢_ a; > >°t_, b; forall1 <t <n,

with 37 1 a; = 37", by, and ¢ convex (for concave ¢ the reverse holds).

> an,

b b
- xﬂ}l) . :vfr?m >3 xﬁl(l) -+ @,y sums over permut. 7 of [n],
where a1 > -+ > an, b1 > 2bn, {ag} = {bg}, z;20.
1 2o %’fﬁ < 7r( o 1am) (ZOO b2) for am,bn € R.

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

p P
poy (aereten )" < (2) 5% ol foran 2 0,p> 1.

1 2 1
m<zlem<? fOI‘C;éO.

Z 276(7;) <1

for ¢(7) depth of leaf i of binary tree, sum over all leaves.

(‘;‘)_1 <1, Ac 2™ nosetin A is subset of another set in A.
XeA

2" JANB| = |A] - |B],

for A, B monotone set systems over {1,...,n}.

JAlt < [1rer Itracerp(A)|  for A, F C 2[7] where every i € [n]
appears in at least ¢ sets of F, and tracep(A) ={FNA:Ae€ A}

ve(A)
[A] < Jstr(A)] < > () < n¥e(A) £ 1 for AC 2l and
1=0

str(A) = {X C [n] : tracex (A) = 2X},

‘/Za }Z ar1| zia?

r; € {£1} random variables (r.v.) i.i.d. w.pr. %

ve(A) = max{|X]|: X € str(A)}.

where a; € R, and

n k X
Pr[ V A] < X (-1)J71S; for1<k<n, kodd (rev. for k even),
i=1 j=
Sk = Pr [Ail AREEWA Aik] where A; are events.
1<i) <---<ip<n
Var[X] < (M — E[X]) (E[X] —m) where X € [m, M].



Samuelson

Markov

Chebyshev

274 moment

kEth moment

4" moment

Chernoff

Hoeffding

Kolmogorov

p—ovn—1<z; <pu+ovn-—1
where u=>"z;/n, o2=>(x; —pn)?/n.

fori=1,...,n,

Pr[X > 0] > (E[X])2/(E[X2]) where E[X] > 0.

Pr[|X|>a] <E[|X|]/a where X isar.v., a>0.
Pr[X ] (1-E[X])/(1—¢) for X €0,1] and c € [0,E[X]].
Pr[X € S]<E[f(X)]/s for f>0,and f(z) >s>0forallz€S.
Pr[|X E[X]| > t] < Var[X]/t> where ¢t > 0.
Pr[X — E[X] > t] < Var[X]/(Var[X] +t?) where ¢t > 0.
[
Pr[X = 0] < Var[X]/(E[X?]) where E[X?] # 0.
Pri|X —u|>1] < E[(Xtik_“)k] and

L\ k2
Pr[|X —pu| >t] <Cx (nt ) for X; € [0,1] k-wise indep. r.v.,

X="X;, i=1,...,n, u=E[X], Cr =2V7ke'/% Kk even.

(B[x2])**

P2 ey 72

where 0 < E [X4] < 0.

Pr[X >t] < F(a)/a® for X r.v., Pr[X = k] = py,

F(z) = kakzk probability gen. func., and a > 1.

Pr[X > A] = Pr[X < 7A} < exp (7A2/2n) for X; € {0,1} i.r.v.,

and Pr[X; = +1] = 1 n, X=3X;, A>0.

) n —us?
Pr[X2 (1+5)u] < (m) Sexp(2+6)

e 0 K 7/.152
PrX <(1-6)p] < (m) Sexp( 5 )
for X; €10,1] irv.,, X =3 X;, p=E[X], §>0.

Further from the mean: Pr [X > R] <27F  for R> 2en (~

fori=1,...

5.44p).
(MpF/ (L) for X; € {0,1} k-wise i.r.v., B[X;] = p.

Pr[X > (1+8)u] < (1)pF/ (P
k>k=[us/(1-p),

Pr[yX; >t] <

for X; € [0,1] k-wise i.r.v.,

—262
Yo (bi —aq)?
X=X 6>0.

Pr[|X — E[X]| > 6] < 2exp ( ) for X; i.r.v.,

X; € lai, bi] (w. prob. 1),

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

E[e*X] < exp (Lﬁ)

Pr[ml?x |Sk| > ] < E%Var[Sn] = E%, 3™ Var[X;]
i
where X71,... E[X;] =0,

Var[X;] < co for all i, S = Zi-“:l X; and € > 0.

, Xn are ir.v.,

E[Xi}:pz} X:ZXZ'7 MZE[X}, p= %, 6> 0.
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Petunin-Gauss
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Efron-Stein
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Lovasz

B[X]?
Pr[X > 6 E[X]] > (1—4)? for X >0, Var[X] < oo, § € (0,1).

E[X?]
Pr[|X —E[X]| > Xo] < 532 ifA>4/3,
Pr|X —m|>e] <45 ife> 2,
Pr[ \/gT if e < %
Where X is a unimodal r.v. with mode m,
= Var[X] < oo, 72 = Var[X] + (E[X] — m)2 = E[(X —m)?].

Pr[lr<nkax |Sk| >3a] <3 r<nax (Pr[ Skl > a])

where X; are i.r.v., Sg = Zi:l X, a>0.

Pr[maxi<p<n |Xgx| > €] <E[|Xn|]/e for martingale (X)) and & > 0.
o M
Pr| ;X >e] <exp (—7;42 G(M:;)) where X; i.r.v.,
E[X;]=0, 02 =1 = > Var[X;],
O(u) = (1 +u)10g( +u)—

|X;] < M (w. prob. 1), € >0,

2

Pr[_éXizs]gexp< ( —c

T ) for X irv,
2n02+M€/3)> or i Ly

E[X;] =0, |X;] <M (w. prob. 1) for all i, ¢% =13 Var[X;], > 0.
52
Pr“Xn - X0| > 5] < 2exp for martingale (X}) s.t
250 ¢

|Xi—Xi71} < ¢ (w. prob. 1), for i=1,...,n, 6 >0.

Var[Z] < 1 E {; (z - Z(i)ﬂ for Xi, Xi' € X irv.,

fr XM SR, Z= (X1, Xn), 20 = f(X1,.., Xi o, Xn).

—262

n 2
i=16;

Pr[|Z —E[Z]| > 6] <2exp ( ) for X;, X;' € X ir.v.,

Z, Z( as before, s.t. |Z — Z(i>| <¢; forallz, and § > 0.

M < Pr[/\gi] < M exp ( ) where Pr[B;] < ¢ for all 4,

2 —2¢
M=TIQ-PiB), A= %

i#j,B;~Bj

Pr[AB;] > TI(1 — ;) >0

for z; € [0,1) foralli=1,...
If each B; mutually indep. of all other events, except at most d,

Pr[B;]<pforalli=1,...,n, then if ep(d+ 1) <1 then Pr[A B;] >0

PI‘[B,L AN BJ}

where Pr[B;] <z; - ]
(i,4)€D

,n and D the dependency graph.
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