Note: You are welcome to bring this formula sheet to the exam, but it is your

responsibility to check the accuracy of the formulas given here.

Chapter 24: Review of Probability

PI'(El N Eg)

Conditional probability: | Pr(Es | Ey) = Pr(Ey)
Ly

L if Pr(Ey) £ 0

F(t) = Ae™, t >0 with E(T) = 1/\ and Var(T) = 1/
Exponential density:

Fit)=Pr(T <t)=1—eM

. . (At)re= .
Poisson density: | Pr(N(t) =n) = ~————,n=0,1,... with E[N({)] = At
n
Uniform density: || f(z) = ——, fora <z <b

b—a

Expected value: | E(X) =Y, 2, Pr(X = x;), or BE(X) = [[7xf(z) dx.

Variance: | Var(X) = E(X?) — [E(X)]2

E(X) =2, E(X[Y =y)Pr(Y =y)

E(X)= [TE(X|Y =y)gly) dy

Expectations by conditioning:

Pr(A) = ¥, Pr(A | Y = y) Pr(Y = y)

Pr(A) = [T Pr(A|Y =y)g(y) dy

Probabilities by conditioning:

Chapter 16: Markov Chains (Skip)

e n-step transition matrices: P = P™. Unconditional probabilities are IT" = I~ VP,

forn=1,2,... where Il = (7o, 71,...,Tn)-

e Steady-state equations: 7; = sz‘\io mipi; and Zjﬂio 7; = 1; or in matrix-vector notation,
IT =TIIP and Ile = 1, where € = (1,1,...,1).

e Cost calculation for complex functions: Calculate using conditional probabilites from

E(Cost) = Z E(Cost | X = j)Pr(X = j).

Jj=0

e Mean first passage times: p;; =1+, . pirpyy;. (Note that p; = 1/m;.)



e Absorbing chains:

I 0 .

NR = Pr(End up in an absorbing state | start elsewhere)

e Cramer’s rule:
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e CTMC: Balance equation is from the principle of “Rate Out = Rate In.”

Chapter 17: Queueing Theory

Birth-Death Processes:

Rate Out = Rate In
n=0: B = Py
n=1: M4+pu)Pr = P+ pPs
n=2: (A+pu)Po = MNP+ ushPs
Anyn>1: (M +p,)P0 = MciPoct + i Poa

Solution to the above is obtained from
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Operating Characteristics of Queues

e In all models, \/(sp) is the utilization factor, i.e., the expected fraction time the

individual server(s) are busy, where A = >"°7 '\, B,.

e We use the following shorthand notation in this formula sheet.



Shorthand Notation Explanation
M /M /1 | Poisson input, exponential service time model with 1 server
M/M/s | Poisson input, exponential service time model with s servers
M/M/1/K | The M/M/1 model with finite queue
M/M/s/K | The M/M/s model with finite queue
M/M/1/- /N | The M/M/1 model with finite population
M/M/s/- /N | The M/M/s model with finite population
M/G/1 | Poisson input, general service time model with 1 server
M/E})/1 | Poisson input, Erlang service time model with 1 server
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o E(TC)=E(SC)+ E(WC) where E(SC) = Css and E(WC) = C, L.




Chapter 26: The Application of Queueing Theory (Skip)
As before, E(TC) = E(SC) + E(WC'), but now,
e with g(N) form, E(WC) =", g(n)P,,

o with h(W) form, E(WC) = A [2° h(w) fw(w) dw.



