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(1+z)">14rz forxz>-1, reR\(0,1). Reverse for r € [0, 1].
14+2z)" <14+ (2" -1z forze(0,1], r€R\(0,1).

1+z)" < 171nz for z € [-1,0], n € N.

(I+a) <1+ gty forzel-1, ), r>1

(

forx € R, neN.

a¥ > A forz >0, y€(0,1).

(a+b)" <a” +nbla+b)»"t  fora,b>0, n€N.

>4+ "> 142, (142)">e?(1-2) forn>1, |2 <n.

e <1l+4+a+z2 forax<1.79; 1‘612$+$2+§ for z € R.

n 2
1< e < (14 2)"
(a—1)

a

eT >z forxz > 0; for ,n > 0.

a® <1+ (a—1z; a®<1-— z forxze€[0,1],a>1.

s <at<a?—a+4lforae (0l e +e T <2 /2 fora R

2/ (z —1) <re(zt/T —1) forz,r>1.

zy
¥ +y* > 1 ez>(1+%)y>ez+y for z,y > 0.

2—y—e PV 1+x<y+etY; e”chqtexz for z,y € R.
x\P x\4
1+2)">(01+2)

(it) —p< —q<z<0, (iti) —q>—p > x> 0. Reverse for:

for (i) x>0, p>¢q>0,

(iv)g<0<p, —¢g>x>0, (vV)g<0<p, —p<ax<O.

for z > —1.

T <ip(l+ ) < 20D <o

T+ 64z

2_,2_1 < \/1+zjm2/12 < ln(lz-&-x) < \/xlﬁ < 221‘2“; for z > —1.

In(n) + n+1 <In(n+1)< ln(n)—l—% <> % <In(n)+1 forn>1.
o (@)] < o= 1 In(@+y) < In@) + 45 In(e) < y(@¥ —1); 2,y 2 0.
In(l4+2z)>x— % forx >0; In(1+4+x)>—x—a2 for x> —0.68.
x——<xcos:c< mcos/ﬂ” <x\/m<x—x3/6<:ccos\[<smx
xcosx < W < xcos? (x/2) < sinx < (zcosz + 2x)/3 < e

max{2“ }<““”<cos7<1<1+

< tanx
7r2+12 x

for z € [0, g}
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2\/ﬁ72f< <W*F<2f*2m for x > 1.
1—%—%3@31—% for z < 1.

max {2, S0} < (1) < 28 < ()Y () < e
<) forva>k>0, (- L)< () <-4
GG < Giirzs () 2t* () fort>1

VEG< (M) <G for G= \/%ﬁ H(z) = —logy (2% (1—z)1 =),

(M < min{nd +1, () 2"} forn>d> 1.

120 (1) < min{ g (1), 20, 2220 por a0,

1/12n < en(%)n

€(2)" < VEm(2)"e M (1204 <l < VEmn(2)"e

2
<ET w2 < &5 < maxa
M, < My for p < gq, where M), = (ZZ wi|xi|p)1/p, w; >0, >, w; =1

In the limit Mo = [, |z:|%
Do wilz P < 22 wilwi|?

S wileiPT T 3wl

T 1 r— T 2 x
VI < (R ()1 < iy < (VYY) < Y foray > 0.

r <Mz <2y

minz; <

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

< pl—o a;wayl—a < Tty

: for z,y > 0, « € [0, 1].

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

Si2 > Sk—1Sk+1 and for 1 <k <n,

@iy @iy - ag,, and

Sk = 7my
(k) 1<ig<-<ip<n
Lp(zz pixi) <>, pip(x;) wherep; >0, p; =1, and ¢ convex.

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

é Fi)g(z:)p: > (z F(z:)pi) (2 g(z)pi)

for z1 <--- < zp and f, g nondecreasing, p; > 0, > p; = 1.
Alternatively: E[f(X)g(X)] > E[f(X)]E[g(X)].
n n n
> aibi > D0 aibrgy > Y0 aibp—i1 forar < <ap,
i=1 i= i=1

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

;fi(bi) > i:l filbr(i)) = '§1 fi(bn—i+1)
With (fz+1(517) — fz(l))
Dually: ﬁ (a; +b;) <

i=1

3 A

nondecreasing for all 1 < i < n.

for a;,b; > 0.

i}
=

(ai +br(i)) < Tl (ai + bn—it1)
=1



Weierstrass 1L (1 - :t,)un >1—->, wiz;, and Milne (Z?:l(ai + bl)) (Z? 13, +b ) < (ZZ 1 az) (Z?:l bi) for a;,b; > 0.
L4+ >, wimg <L+ 2)" <TL(L—=)™ " for z; €[0,1], w; > 1.

1/k
2 Carleman e ( ko ag ) <edi_ila
Kantorovich (ZZ ziQ) (Zl yiQ) < (%) (2:Z xiyi)Q for x;,y; > 0, 2= (Iiz fadl < €2k lax]
O<m§%§M<oo, A=(m+M)/2, G=+vmM. sum & product ITTrey as — [Ty bs| < 300y lag — bs|  for |asl, [bs| < 1.
n
Nesbitt PS> B fora; >0, S=Y0, an Ta(t4a) > @E+1)"  where [[7a; >1, a; >0, t>0.
H > )P .
. v ‘ Radon > % > ﬁ for x;,a; >0, p>1 (rev.if p €[0,1]).
sum & integral fL L f(z)dx < Z o f@) < [ (z)dx  for f nondecreasing. i @
Karamata Sipla) >3 (b)) forar >az > >an, by >--- > by,
b)—
Cauchy f'a) < % < f'(b) where a <b, and f convex. and {a;} = {b;} (majorization), i.e. 3¢, a; >3t b forall 1 <t <mn,
with 37 1 a; = Y1, by, and ¢ convex (for concave ¢ the reverse holds).
Hermite © (“TH’> < ﬁ ff p(x)de < M for ¢ convex.
Muirhead " xﬂh) . xfr’(’m >3 :1::1(1) e xi’%n), sums over permut. 7 of [n],
Gibbs > ailog ‘;—lb >alog$  for a;,b; > 0, or more generally: where a1 >+ > an, b1 >--->bn, {ar} = {bg}, x;>0.
b; b
Ca;0( ) < b = b= . 1 1
> a“"(ai) <ap(2) for ¢ concave, and a =3 a;, b= b; Hilbert S e (::Lnb:: < (X, a2)2 (°°,62)2  for am, by €R.
Chong i —#i->n and ﬁ a;% > ﬁ a;**(®  for a; > 0. With max{m,n} instead of m + n, we have 4 instead of .
#=1 5@ =1 =t oo (aitast--tan )P p \P 5o p
Hardy et (T) < (F) ~,an foran>0,p>1
Schur-Vornicu f@) (@ =)k @ —2)"+ fy)(y — )Py —2)* + f(2)(z —2)*(z = y)* > 0
where z,y,z > 0, k> 1 integer, f convex or monotonic, f > 0. Mathieu m <3, (71217”(:2)2 < c% for ¢ # 0.
YOlll'lg (7+7) 1<xy<xp+£ formyy,P7(I>07 l+l: . .
peP = oayt B L Kraft S227¢() <1 for ¢(i) depth of leaf i of binary tree, sum over all leaves.
Jo f(x)dz + fo L(x) dx > ab, for f cont., strictly increasing.
. n . n LYM > (‘;‘)_1 <1, Ac 2™ nosetin A is subset of another set in A.
Shapiro Z; m > 5 where z; > 0, (Tnt1,Tnt2) = (21,22), XeA
and n < 12 if even, n < 23 if odd. FKG Prlz € ANB] > Pr[x € A] - Prz € B], for A, B monotone set systems.
2 . .
Hadamard (det A)* < 1]_[1 ]Zl A2, where A is an n X n matrix. Shearer |A|* < TTper Itracep(A)]  for A,F C 207l where every i € [n]
. . appears in at least ¢ sets of F, and tracep(A) ={FNA:Aec A}
Schur SRz, Z?:1 A%j and >0 di <37 N for 1<k <n. vt
A is an n X n matrix. For the second inequality A is symmetric. Sauer-Shelah JA] < Jstr(A)| < X (") for A C 2" and
< s 2 c
A1 > -+ > A, the eigenvalues, d; > --- > d, the diagonal elements. i=0
str(A) = {X C [n] : X shattered by A}, vc(A)=max{|X|:X € str(A)}.
n a; n
i=1T; D i1 GiTi ) 1 _
Ky Fan 1 (=)o = S ai(l — ;) forz; € [0, 3], @i €[0,1], 2ai = 1. gpintchine /2 a2 > B>, aird] > % >;a?  where a; € R, and
. r; € {#1} random variables (r.v.) ii.d. w.pr. .
Aczél (arby — S0y aibi)” > (af — Sy 2) (62 - X b) ' ’
: 2 n 2 n k ,
given that af > 370, af or b} > 310, b Bonferroni Pr[ V A] < 2 (-1)771S; for1<k<n, kodd (rev. for k even),
T Nno A/ 1/n o =t =
Mahler il;ll (zi +vi) 2 il;ll z;t o+ il;ll Yi where z;,y; > 0. S = > Pr[A;; A---NA;]  where A; are events.

1<iy1 < <ip<n
k n k
Abel b1 -min Sa; < Y ab; < by - max Sa; forby >--->by >0. Bhatia-Davis Var[X] < (M — E[X]) (E[X] —m) where X € [m, M].
i=1 =1 =1
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274 moment

k™ moment

4" moment

Chernoff
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Kolmogorov

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

fori=1,...,n,

g

r >a] <E[|X|]/a where X isar.v., a>0.
] (1-E[X])/(1—¢) for X €0,1] and c € [0,E[X]].

S] < E[f(X)]/s for f>0,and f(z) >s>0forallaxecs.

(1%
[x
[x
Pr[|X — E[X]| > ¢] < Var[X]/t?> where ¢t > 0.
[
[
[

g

T

Pr

Pr[X — E[X] > t] < Var[X]/(Var[X] +t?) where ¢ > 0.

Pr[X > 0] > (E[X])?/(E[X?])
Pr[X = 0] < Var[X]/(E[X2])

where E[X] > 0.
where E[X?] # 0.
BE[(X -]

tk

kO k/2
Pr|X —p| >t] < Cy (nﬂ) for X; € [0,1] k-wise indep. r.v.,

Pr[|X fu} > t] < and

X=YX;, i=1,...,n, u=E[X], Cp =2Vrke'/% Kk even.

(B [x2])**

P ey 7

where 0 < E [X4] < 00.

Pr[X >t < F(a)/a® for X r.v., Pr[X = k] = py,
F(2) =Y, ppz" probability gen. func., and a > 1.

b Iz — b2
P2 (o] < () <ow (F5)
for X; ir.wv. from [0,1], X = > X;, p=E[X], § > 0resp. 6 € [0,1).

o3 n <
Pr[X < (1 —6)u] < (m) gexp( ‘;6 ) for & € [0,1).

for R > 2ep (=~ 5.44p).

Further from the mean: Pr[X > R] <o~ R

Pr[X > t] SM

@)

Pr(X > (14 6)u] < (})p*
k>k=[us/(1—-p)|, BIXi]=pi, X =2 X;, p=E[X], p=£, §>0.

(<1+f5)“) for X; € [0,1] k-wise i.r.v.,

—242
i (bi —ai)?
X € la;,bi] (w. prob. 1), X =3 X;, §>0.

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

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

E[e*X] < exp (Lﬁ)

Pr[mgx ISk > €] < & Var[Sn] = % zi:Var[Xi]
where X1,..., X, are i.r.v., E[X,] =0,

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

for X; € {0,1} k-wise i.r.v., E[X;] =p, X = > X;.
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Var[X]

PriX>uEX]| >1-— for X >0,
2 BN 2= e T Varlx] .
Var[X] < oo, and p € (0,1).
Pr[|X —E[X]| > Xo] < 532 ifA>4/5,
4 2
Pr[|X—m|25} Sﬁ if € \[,
€ 27
Pr[ 7ar ife < Nek
Where X is a unimodal r.v. with mode m,
= Var[X] < oo, 72 = Var[X] + (E[X] — m)2 = E[(X —m)?].

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

where X; are i.r.v., S = Zizl Xi, a>0.

Pr[maxi<k<n |Xg| > €] <E[|Xn|]/e for martingale (X)) and e > 0.

Pr[

)
it

M
X; > s] < exp (— Z)) where X; i.r.v.,

no
M2 (na
E[X;] =0, 02 =LY Var[X;], |Xs| <M (w. prob. 1), € >0,
O(u) = (1 +u)log(l+u) —
n g2
Pr[ZZ:lXi >e] <exp <m
. prob. 1) for all 4, 02 = % > Var[X;], € > 0.

> for X; ir.v.,
E[X;] =0, |X;]| <M (w
52

n

Pr[|Xn — Xo| > 6] §2exp<2 -
=1~

2) for martingale (X}) s.t.

|XZ~7X¢71} < ¢ (w.prob. 1), for i=1,...,n, 6§ >0.

n .
Var[Z] < % E {2 (z - Z(z))ﬂ for X;, X;' € X irv.,
1

X" SR, Z=f(X1,...,Xn), 20 = f(X1,...,X,..., Xn).

—2482
Zz 1812
Z, Z() as before, s.t. |Z — Z(i>| <¢; foralli, and § > 0.

Z —E[Z]| > §] < 2exp for X;, X;' € X irv.,
Pef|z (2] > 8] < 2o (7 )

M < Pr[AB;] gMexp(2 Az
— z€

M=TI0-P(B), A= ¥
i#5,B;~DBj

Pr[AB;] > TI(1 — ;) >0

for z; € [0,1) for alls=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

) where Pr[B;] < ¢ for all 4,
PT[BZ' AN Bj}.

where Pr[B;] <x; - [] (1-=x),
(4,5)€D

,n and D the dependency graph.
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