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+nz)" 1 > 1+ (n+1Dz) forz €R, neN.

a+b" <a” +nbla+b)"" 1 fora,b>0, ncN.
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S el < (S hei)  (Sltr) | dormasn beion
i=1 i=1 i=1

1+z)">14rz forz>-1, re R\ (0,1). Reverse for r € [0, 1].
1+=z)" 1—1rz for = € [—1,%), r>0.

(I+2)" <1+ Jqr forz>0, rel-1,0]

1+z)" <1427 -1z forzel0,1], reR\(0,1).
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zZ(l#»%)"ZlJra:; (1+%)niez(1f%) forn > 1, |z| < n.

LrFl<er < (1+5)"% et > (£)" fora,n > 0.

Ty
¥ +y® > 1; :Ey>m? €z>(1+%)y>ez+y for z,y > 0.

1 1
o<zt <z?-z+1 e2z<1+—z for z € (0,1).

2V (@ —1) < re(zt/T —1) for x,r > 1; 27*<1-3% forzel0,1]

et +e < 2e7°/2 for eR.

for x < 1.79.

xezszracQJr%; ez§x+ez2
e *<1-% forazel0,1.59];
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(it) —p< —q<z<0, (iti) —q>—p >z > 0. Reverse for:

et < 1+x+ a2
for (i) x>0, p>¢qg>0,

(w)g<0<p, —¢g>2>0, (vV)g<0<p, —p<z<O.

H—Lz <In(l+z)< % <z forz>-1.

2iz < \/1+z~1#12/12 < ln(l:_m) < xl_,'_l < 22;;2 for z > —1.

In(n) + n—_H <In(n+1) <In(n)+ % <3 % <In(n)+1 forn>1.
I @) < do— L5 I(z+y) < @)+ (@) < ylav = 1); 2,5 > 0.

)+
ln(l—i—x)Zw—% forx >0; In(l4+xz)>2—22 forz>—0.68.

x——<xcos:c< mcos/ﬂ” <x\/cosx<x—x3/6<xcos\[<smac

xcosx < < zcos? (x/2) < sinx < (zcosz + 2x)/3 <

smh2 bmh x’

max{2 n?— }<““”<cosf<1<1+
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7r2+12 - x

2v/x + 72\/>< = <Vz+1l-vVz-1<2yz-2vz -1
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for z € [0, g}

for x > 1.
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Alternatively:

with (fz+1(m) - fz(z))
Dually: ﬁ (a; +b;) <
i=1

mas {35, S < () < 31 < ()5 () < e
L) forva>k>0 (- E)< (M) <A1 ).
GHG2) < Gy () 2t fort>1

YEG< (1) <G for G= \/% H(z) = —logy (2% (1—x)1—%).

;'1:0 (7)< min{nd +1, (&) d, 2"} forn >d> 1.

o () < mind 2555 (), 2010, 202 (5=} por ac 0.,

4x(1—2) < H(z) < (4z(1 — )™ for z € (0,1).

e(2)" < Vomn(2) e/ (2t <nl < Vamn(2) e/ 12 < en(2)"

2
y/%inz < —%ii < max x;

Mp < My for p < gq, where Mp = (3, wi|xi|1’)1/p, w; >0, >, w; = 1.

r <(Iz)/" <2 <

minx; <

In the limit Mo =[], |©;|*i, M_oo = min;{z;}, Moo = max;{xz;}.
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forp<gq, w;>0.

T 1 — T 2
vVZTY = (%) (xy)4 < ln(zsiflyn(y) < (f;\/y> = xTer forz,y > 0.

for z,y >0, «€l0,1].
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Si2 > Sk—1Sk+1 and for 1 <k<mn,

Qi @iy - ag,, and

n
(k) 1<i)<--<ip<n

o3 pizi) <3, i ()

where p; >0, > p; =1, and ¢ convex.

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

Z; f(@i)g(@i)p: 2 (Z f(i)pi) (Z g(xi)p:)
< zp and f, g nondecreasing, p; > 0,

E[f(X)g(X)] > E[f(X)]E[g(X)].

>Sopi=1

3

n

n
> > aibriy > '21 aibn—it1
i=

fora; <--- < an,

N
o

.
—

3 A

b1 - < bp, and 7 a permutation of [n]. More generally:

;fi(bi) > Z:l fi(bri)) = ;1 fi(bp—it1)
nondecreasing for all 1 < i < n.

for a;,b; > 0.
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-3, wiz; <T[,(1—=)", and
1+ 3 wiws <L (1+ Il)m <IL(1 - xi)_wi
[ £z)" <(AFX,ww;)”  if additionally 3, wiz; < 1.

for z; € [0,1], w; > 1.

(Si0®) (Siv?) < (8) (Simaw)® forap >0,
0<m< P8 <M<oo, A=(m+M)/2, G =VmM.
Zn a1 > Lo fora; >0, S=30"a;.

for f nondecreasing.

fL 1f(17da:<z:Usz)<fUJrl dx
f(a) < W < f'(b) where a <b, and f convex.
for ¢ convex.

% ff o(z) dz < M

> ;ailog ¢t >alog ¢  for a;,b; > 0, or more generally:

Eiaigo(%) S(up(%) for ¢ concave, and a =Y a;, b=>_b;.
n n n

> >n and [] a;% > [ a;*"®  for a; > 0.

i=1 47(® i=1 i=1

f@) (@ =y ="+ fW)y— 2"y —2)* + f(2)(z —2)*(z —y)* > 0

where z,y,z > 0, k > 1 integer, f convex or monotonic, f > 0.

P q
(7+7) '<ay< 4L forz,ypg>0, L4+1=1

pzP qy

Io f(@) dx + fo f~Y(z)dx > ab, for f cont., strictly increasing.
n

Z m > 5 where ; > 0, (Tnt1,Tn+2) = (21,22),

i=1

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

where A is an n X n matrix.

(det A)2 < [T 3° A2

1=17=1

PRHPES Py 2= A?j and Z?=1 di < Zf:l Ai

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

for1<k<n.

A1 > -+ > A\, the eigenvalues, d; > --- > d, the diagonal elements.

H? RPN DL
=z T 3 ai(1— )

(arbr = X7 paibi)® > (a3 = Xipa )(b2
given that a? > > ,a? or b > > 7 b2,

n n
1 (2 +9:) Y™ > T1 2" + [1yV/"
i=1 i=1 i=1

for x; €

= 2b22)

where z;,y; > 0.

k n k
bi-min > a; < Y aib; <bi -max >, a; forby >--->b, >0.
koi=1 i=1 kEoi=1

[0,1), a; €[0,1], Ya; = 1.
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(s (as+00) (Ximy 249%) < (Ty i) (Tiiy b)) for ai by > 0.

Zn Hk | . 1/k < n
k=1 ie1 lag| <ed iy laxl
g bil <300 lai — b

where [T},

for \ai|, |bz| S 1.

|H?:1 a; —

:-Lzl(t+a¢)2(t+1)n a; > 1, a; >0, t>0.

P
St > A for g 20, p2 1 (rev. if p € 0,1))

a (i ai)”
Y plas) > 370 o(bs) by >+ 2> bn,
and {a;} = {b;} (majorization), i.e. > a; >t b foralll <t <mn,
with 37

forai > a2 > -+ > an,

L ai = > 1" b, and ¢ convex (for concave ¢ the reverse holds).

n b bn
" xwtw ~~x‘;<n> >3 acwl(l) “+-@,, sums over permut. of [n],

> Qn, by > - > bm {ak} = {bk}v

o o, e < (D, a3 ® (0, 8)

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

oo ai+ast--+an \P p \P 5o _p
anl ( n n) S (pfl) anl QA

where a1 > - -- x; > 0.

for am,bn € R.

for an >0, p > 1.

1 0o 2 1
i1 < Xnt1 gy < @ forc#0.

$227¢() <1 for ¢(4) 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

Prjz € ANB| > Pr[z € A]-Pr[z € B], for A, B monotone set systems.

|Al* < [Tper Itracep(A)|  for A, F C 2[", where every i € [n]
appears in at least ¢ sets of F, and tracep(A) = {FNA:Aec A}

ve(A)
Al < str(A)] < > (F) < nve(A) £ 1 for AC 2l and
1=0

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

V2Xia} 2 Bl airi]] > J54/3; 67

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

ve(A) = max{|X]|

where a; € R, and

n k .
Pr[ V A] < X (-1)971S; for1<k<n, kodd (rev. for k even),
i=1 j=
Sk = Pr [Ail AREEWA Aik] where A; are events.
1<ig < <ip<n
Var[X] < (M — E[X]) (E[X] —m) where X € [m, M].



—ovn - : Vin = = Var[X
Samuelson p—ovn—1<z;<p+ovyn—-1 fori=1,...,n, Paley-Zygmund Pr[XZuE[X]] >1- . ar| 2] for X >0,
where 1 = S wi/n, o2 = X (@i — 1) /n. (1= )? (BIX])? + Var(x]
Var[X] < oo, and p € (0,1).

Markov 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]]. Vysochanskij- Pr[|X —E[X]| > Xo] < 532 ifA>4/5,
Pr[ S| <E[f(X)]/s for f>0,and f(z) >s>0forallzesS. Petunin-Gauss Pr[|X — m| > 5] < % if e \[,
Chebyshev Pr[|X — E[X]| > ] < Var[X]/t> where ¢t > 0. Pr| \/%7_ ife < %
Pr[X — E[X] > t] < Var[X]/(Var[X] + %) where ¢t > 0. Where X is a unimodal r.v. with mode m,
274 moment Pr[X > 0] > (E[X])2/(E[X?]) where E[X] > 0. 0? = Var[X] < oo, 72 = Var[X] + (E[X] —m)* = E[(X —m)?].
Pr[X = 0] < Var[X]/(E[X?]) where E[X?] # 0. Etemadi Pr[lglax |Sk| > 3a] <3 r<nax (Pr[ Skl > a])
k
kth moment Pr[|X _ M} >4 < E[(X k— )*] and where X; are i.r.v., S = Zizl Xi, a>0.
- T t
nk\ F/2 Doob Pr[maxi<k<n |Xg| > €] <E[|Xn|]/e for martingale (X)) and e > 0.
[|X H} >t] < Cy ( t2) for X; € [0, 1] k-wise indep. r.v.,
n M
X="X;, i=1,...,n, u=E[X], Cr =2V7rke'/% Kk even. Bennett Pr[ X 25] < exp (— e ( Z)) where X; i.r.v.,
i=1 no
3/2 _ 2 _ 1
E E[X;] =0, 02 = 1 S Var[X;], |X;| < M (w. prob. 1), € >0,
4th moment UX\] 7( [ ])1/2 where 0 < E [X4] < o0. [Xi] 7 n 2 VarlXyl, | Xi] < (w. pro ) €
(B[x4]) 0(u) = (14 u)log(1 +u) —
t _ _ n _e2
Chernoff Pr[X > t] < F(a)/a® for X r.v., Pr[X = k| = py, Bernstein Pr[ 35X >e] < oxp < . € > for X; ixv.,
F(z) = 3, pr2"* probability gen. func., and a > 1. i=1 2(no? + Me/3)
Pr[X > A] — PI‘[X < 7A} < exp (7A2/2n) for X; € {07 1} irv., E[X.L] =0, |X1| <M (W prob. 1) for all 7, o2 = % ZVar[Xi], e > 0.
and Pr[X; =+1]=1 fori=1,...,n, X=3X;, A>0. Y '
5 L 52 Azuma Pr[an - X0| > 5] < 2exp (2 o 2) for martingale (X}) s.t.
Pr[X2(1+5)u]§(67> Sexp( K ) =1
(14 6)1+9) 2446 |XZ~7X¢71} < ¢ (w.prob. 1), for i=1,...,n, 6§ >0.
Pr[X < (1-6 BEC, —po? n :
r[X <(1-9)u] < 1-60-9) = exp 2 Efron-Stein Var[Z] <+ E {E (z - Z(’))Q} for X;, X, € X ir.v.,
1
for X; € [0,1] irv.,, X =3 X;, p=E[X], § >0. Fr X" SR, Z=f(X1,...,Xn), ZW = f(X1,...,X;,..., Xn).
Further from the mean: Pr [X > R] <278 for R > 2eu (= 5.44u). ,
. . 26 .
Pr[Y X >1] < ( )p k/( ) for X; € {0,1} k-wise i.r.v., E[X;] = p. McDiarmid [|Z E[Z]| > 6] <2exp (ﬁ) for X;, X;' € X ir.v.,
1=1"1
Pr[X > (1+0)u] < (g)pk/(U*;)#) for X; € [0,1] k-wise i.r.v., Z, ZW as before, s.t. | Z — Z¥| < ¢; forall i, and & > 0.
E>k=[us/(1-p)], BXs]=pi, X=2X;, u=E[X], p=£, §>0. _ A
[13/( )1 [Xi] i X, p (X] n Janson M < Pr[AB;] < Mexp (2 5 ) where Pr[B;] < ¢ for all 4,
. —252 . -2
Hoeffding Pr[|X — E[X” > 6] < 2exp (m> for X; i.r.v., M =T[(1 - Pr[B;]), A= > Pr[B; A Bj].
i=1 Ui i i#5,B;~DBj
X € la;, bi] (w. prob. 1), X =3"X;, §>0. o
Lovasz Pr[AB;] >TI(1 —2;) >0 where Pr[B;] <z;- [] (1-gj),
A related lemma, assuming E[X]| =0, X € [a,b] (w. prob. 1) and A € R: (i,5)eD
E[e*X] < exp ()\Q(b - a)2) for z; € [0,1) for alli=1,...,n and D the dependency graph.
n 8 If each B; mutually indep. of all other events, except at most d,
Kolmogorov Pr [ml?x ISkl > €] < E%Var[Sn] = 5%, > Var[X;] Pr[B;]<pforalli=1,...,n, then if ep(d+ 1) < 1 then Pr[A B;] >0
i

where X1,..., X, are i.r.v., E[X,] =0,

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