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Error Correcting: Graphs:

- A polynomial P(x) of degree at most d can be uniquely identified by knowing its value at d+ - Terms:

1 points. o Undirected: edges bi-directional

- There is a unique polynomial of degree at most d such that it hits all d+1 points. o Directed: edges one-directional

- Erasure error: n +k o Degree (vertex): number of edges on vertex

- General error: n + 2k o In-degree: edges pointing to vertex

- Lagrange Interpolation: o Out-degree: edges pointing out of vertex

o Aj(x) = (1’ = Ijl)(x - ’fz) (1' - 1—';,,) . o Path: edges that connect two vertices
(i = 2 ) (% — x3,) o (20 — x;,) o o Cycle: path that starts and ends on same vertex

o P(x)=
o V18 (x) 4 y28,(x) + -+ VgD (X)
(o]
Linear equations
o Plugandchuginax?+bx+c=y
Berlekamp and Welch
o Ifthe ey, e; .... ex packets are corrupted so that the received points are ry, r,...rc we can

define E(x) = (x-e1)(x-e2)...(x-ex) and Q(x) = P(x)*E(x). Then we use Q(i) = r; * E(i) to solve for .

Q(x) and E(x) whose quotient is P(x). Q is of degree n + k - 1 and E is degree k with the first
coefficient equal to 1.
DON'T FORGET ABOUT MODULAR INVERSES
X=ymodp
o Y=gcd

Counting/Probability

- 1strule of counting: If there are n; ways of making the first choice and for every way of making the

first choice there are n, ways of making the second choice, and for every way of making the first

choices there are n3 ways of making the third choice, then the total number of distinct objects that can,

be made by a succession of k choices is n1* n,... ng

2nd rule of counting: If the order in which the choices is made does not matter, count the number of

ordered objects (pretending order matters) and divide by the number of ordered objects per
unordered object

Yy nl

O \k)T m-RDK
n!
(m—k)!

Sampling with replacement, but where order does matter

o Balls and bins: k+n-1Ck || n=# of items; k = locations
n

. 1—k"
i=1
_ PANB] _ PrjA] x Pr[B] _

Mutual/pairwise independence

Definition 10.2 (mutual independence):
o Ic{l,....n}.

Events Ay, ..., A, are mutually independent if for every subset

Pr{NierAi] = [Ties PrlAi]-
Product Rule:
o Pr[ANB] =Pr[A]Pr[B|A].

o Pr[M, Aj] = Pr[A,] x Pr[A;|A,] x PrAs]d, NA,] - x Pr{A,| N5 AL
Theorem 10.2: [Inclusion/Exclusion] For events A,,....A, in some probability space, we have

Pr]lU%, Al =iPr[A,-]— Y PrlinA]l+ ¥ PrAinA;nA] - £ PN Al
i=1 {7}

{i.ik}
Bayes' Rule:
Pr|Bl4|PriA]
o prian- ZEATS
Pr|B|4|PrL4A]
. PrIAB]= =

Pr[BA] Pri4l + Pr[B{A] Q1 - PriaD)
Total Probability Rule: _
o PriBl=Pr[Bl4]Pridl+ Pr|Bd| Q- PriaD
Disjoint:
o PrlUL, A=Y PrAj].
i=l
Union Bound:

o PrUA]< Y PA]L
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o Bridge: edge whose removal would result in unconnected graph
- Eulerian Cycle: connected and
o Undirected: every vertex even degree
o Directed: every vertex's in-degree = out-degree
- Eulerian Path: connected and
o Undirected: exactly two vertices whose degrees are odd
o Directed: exactly one vertex whose in-degree is 1 greater than its out-
degree and one vertex whose in-degree is
Eulerian Tour
o Undirected graph has an Eulerian tour iff graph is connected (except for
isolated vertices) and every vertex has an even degree
- Hamiltonian Path/Cycle:
o Traverses every vertex in a graph exactly once
- Hypercube
o Graph whose vertices are n-bit strings and edges connect vertices which
differ by exactly 1 bit
o |Vertices| = 2"
o |Edges| =n*2m!
n-bit hypercube has
= Eulerian Cycle iff n even

= Always Hamiltonian Cycle
0-5u [

V'mbu

o
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o Theorems:

= For any undirected graph, the sum of all the vertices' degrees is equal
to twice the number of edges
= No graph can have an odd number of vertices whose degrees are odd
(odd-degree vertices always come in pairs)
= |n order to divide a hypercube into two sub-graphs, a number of
edges that need to be removed is at least the number of vertices in
the smaller sub-graph
Use induction
For iffs - short answer and use theorems/examples
In even degree graph, walk from u (can only get stuck at u)
removing tour from even degree graph = even degree graph
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- Probability of getting exactly r Heads from 7 tosses of a biased coin with Heads probability pis (% )2 (1-2)""
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