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Multi-step
transition
probabili ties
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I m portant  Fact :   I f T is the t ransit ion m at r ix
for som e Markov chain, then for any posit ive
integer n, Tn is the m at r ix of nth order
t ransit ion probabilit ies. For exam ple, the
probabilit y of going from  state 2 to state 3 in
exact ly 5 steps would be the ent ry in row 2,
colum n 3 of T5.
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The numbers that appear in  T2 are the 2-step
transition probabilities.
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The numbers that appear in  T2 are the 2-step
transition probabilities.

So the probability of going
from state 1 to state 2 in 3
steps is .695.
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I nit ial probabilit y dist r ibut ion

Exam ple:  Suppose we are t racking sm okers and
non-sm okers:  S =  sm okers, N =  non-sm okers

Each year 10%  of sm okers stop sm oking and
5%  of non-sm okers start  sm oking. I f init ially
40%  of the populat ion sm okes, t rack the t rend
over 4 years.



COPYRIGHT © 2006 by LAVON B. PAGE

I nit ial probabilit y dist r ibut ion

Exam ple:  Suppose we are t racking sm okers and
non-sm okers:  S =  sm okers, N =  non-sm okers

Each year 10%  of sm okers stop sm oking and
5%  of non-sm okers start  sm oking. I f init ially
40%  of the populat ion sm okes, t rack the t rend
over 4 years.

T =    

S N
S
N  

.9 .1

.05 .95

! 

" 
# 
# 

$ 

% 
& 
& 



COPYRIGHT © 2006 by LAVON B. PAGE

I nit ial probabilit y dist r ibut ion

Exam ple:  Suppose we are t racking sm okers and
non-sm okers:  S =  sm okers, N =  non-sm okers

Each year 10%  of sm okers stop sm oking and
5%  of non-sm okers start  sm oking. I f init ially
40%  of the populat ion sm okes, t rack the t rend
over 4 years.

T =    

S N
S
N

p0 =  [ .4  .6]

in it ia l
probabilit y
dist r ibut ion
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p0T =  [ .4  .6] =  [ .39  .61]  =  p1

p0 is the in it ia l probabilit y dist r ibut ion,
and p1 is the probabilit y dist r ibut ion 1
year later.
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p0T =  [ .4  .6] =  [ .39  .61]  =  p1

p0 is the in it ia l probabilit y dist r ibut ion,
and p1 is the probabilit y dist r ibut ion 1
year later. I f we want  to know the
probabilit y dist r ibut ion after 2 years, we
mult ip ly  by T again :

p1T =  [ .39  .61]

=  [ .3815  .6185]  =  p2
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Not ice that  p2 =  p1T =  p0T2

Sim ila r ly , p3 =  p2T =  p0T3
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Not ice that  p2 =  p1T =  p0T2

Sim ila r ly , p3 =  p2T =  p0T3

I n the smokers vs. non-smokers
example,
p2 =  p1T =  p0T2 =  [ .3815  .6185]
p3 =  p2T =  p0T3  !  [ .3743  .6257]
p4 =  p3T =  p0T4 !  [ .3681  .6319]


