1. COUNTING & GAMES

Horse Racing and Committee Building

(n)g=n(n—1)---(n—k+1) permutations

=n! fork=n

|
(Z) = G n]%)'k' (combinations or binomial)
n— k)k!

(kl n kr> = ———— (multinomial)

Keno and Lotto
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Polling
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Reliability Sampling (N, n; K, k)
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Poker

Fair Games : Odds, Payout, ...
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2. PROBABILITY (9,7, P)

Example: Binary Source

S 011010010. ..

Q={w;, 1=0,1,...,2" — 1; w; = binary rep. of 7}

F = {2%" sets constructed from Q}

P(w;) = pF(1 — p)*F; k =# ones in w;

P(A)>0 P(Q)=1 P(AUB) = P(A)+P(B)if (A, B)

are disjoint

Venn Diagrams & Probability

B

. ©

P(AUB)=P(A)+ P(B)— P(AN D)

P(BNC)=0



3. DEPENDENCE & INDEPENDENCE

(Value of Side Information, Evidence, Measurements)

Conditional Probability

P(ANB)
P =
= P(A) if P(ANB) = P(A)P(B)
(independence)
Total Probability

U
AmB ZPAHB if

Craps, Modulo-Arithmetic, Quantizing Errors



4. BAYES RULE
A; : Source Symbol  Bj : Received Symbol

Formula
P(B;|A;)P(A;
P(Ai|Bj) = = (Bil4) PAy)
ap (B;(Ai) P(A:))
1=
Bayes Diagram
source receiver
(1' p) 1-o
I1|H||O ol |-
G| ]S 1 L} |+
(p)
B = specificity a = false pos.
1 , 1
PIGIH = —— = PO = — o
1 .
= 1 — ¢ : solve for something




Generalization

lost evidence + tampered evidence



5. RANDOM VARIABLES
& CLASSICAL EXPERIMENTS

Bernoulli Experiment

S 011010010. ..

berni : Px (k) =p*(1 —p)' % k=0,1
bino : Px (k) = (};‘)pk(l —p)"k k=0,1,...,n
geo: Px(k)=(1—p)lp k=1,2,...
pascal : Px (k) = (ﬁj)pr(l —p)F T k=rr+1,. ..

bino = n-fold convolution of berni

pascal = r-fold convolution of geo



Poisson Experiment

s L I

poisson : py (k) - e”m%i; E=0,1,...
exponential : fx(t) = Xe™; t>0

erlang : fx(f) = % e ™M >0

poisson = limit of Bernoulliasn T oo, p | 0, np = A

erlang = r-fold convolution of exponential



Quantization Noise

q=2"

1/q

-q/2 0 q/2

1 .
fx(z) = 51/)[_61/2,61/2] (z) (uniform)
px =0
0% = ¢*/12 =2"2"/12

(solve for wordlength to get desired quantization noise power)

Thermal Noise

—0 0 o

[x(x) = ! et/ (Gaussian)

V2ro?



6. MOMENTS &
CHARACTERISTIC FUNCTIONS:
LINEAR SYSTEMS FOR PROBABILITY

X=X1+Xo+

pX =) P,
=Y o%
P x (w)
fx(@) = fx,

1= ¢x(w,

+ X, X; L X

= H¢Xz (UJ)

. “dc gain”

. “dc slope”
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7. CENTRAL LIMIT THEOREM
& NORMAL




8. AVERAGING & CHEBYSHEV

S X, X, X,—] 3% —X
1
px =px oy =—0%
n
_ o2
P[lX—uX\>e]§——2—:p
ne
_ 0‘2
P[IX —px|<e>1-p=1-—=
ne

(choose n to get desired confidence 1 — p)

G2
in here w.p. > 1 2
f ne?

Hx —¢& Hx HX+8

O

in here wp.>1 - —=

‘/HX P ne?
X +¢€

x|
| +
¢p]



9. RELIABILITY OF SYSTEMS

Systems
- . P
— S S 2 1 ! .
series : P2
. arallel
SB, ° P
] standby

Time to Failure, T: fr(t), Fr(t), Rr(t), hr(t), pr
h

R F
1/ty f
. t
Lo
Exponential

series parallel standby
1 11,1
wr PYEDYS PYERLED CERD VRS PR VR DV

S P SB
. |5 (ur)se = (pr)s + (ur)p

|
I I
1720 320 2/A



10. BIT ERROR RATES
IN BINARY COMMUNICATION

Formulas — pipy _ ply > 4], Vi Ny, 0”]
- P[X > t;“]‘; X : N[0, 1]
_ Q(t —2) . TABLES

IQ

PUQ > 132) = Q(1321—6100)

= Q(2) = 0.0228 (98%)

| |
84 100 116

pwx =100 ox = 16

Binary Communication

P Y 52
P(E):Q(E) /10 1 10\ 100 L¥o
10 0 10! 20 SNR(dB)



General

ufc u . kto




11. THE MAP RULE FOR
min P(E) DETECTION

Experiment

x; (i=12,...,m)

min P[Z; # ]
Detector
max fr(ylx;) ML
max fy (ylzi)p;  PML
max Px (z|y) MAP
| ~

fy (ylx,)




12 & 13. LINEAR REGRESSION
& MMSE TEST

Experiment
L 5
6]
> X N IX
S i\ A
P—)—x)—X — X
BE A
I I I
Hy p Hx
Linear
X :uXa‘O%( Y HY 0-32’
X — Y —
(X,Y):p= Bl ) py) : corr coef
~ TX0Yy
N Y-y
ox Oy
MMSE

Xo = E[X |Y] : conditional mean

Bivariate Normal



