ECS455 HW5 Q1 Markov Chain: Land of Oz

Tuesday, January 11, 2011 8:52 AM
(e
As L\iﬁ‘l‘cé/ we dvaw thvee states.

Next, follow the description sentence L)/ sentence Yo ?)e;\' the Framsition probabilities.

@ Never have twe nice e\o\ys fa & vow

@ If have o nice d“/) JUJ"’ ay \iVC\)/ to l'leC Srows ay roawn e V\cx'f'dq)/

@ I¥ have swow or raﬁn) ~|-h¢)/ lhave can even c\-sawe o'(: L\o.v;,\é Hae
sameé tre nexY da/y,

@ ITf theve s c\'\anﬁa FVOM S o

s only half of fe time i tai
o ckamje Yo o nice Aoy.

24 Note that we set e color ot each arrord ond its
lobel +o match with the <onufo»d'.c\j Augr:ﬂ-;oﬂ
1 % N above .
JecEEC S, ok
]

(L) The corn.sro»cl‘mj YrensiFon f!o)palo‘.l.pz matrix s
RN S
R | V2 Va V&
P = N |72 O 72
s Va4 1/a /2

(C) (A) We Liest write dwo balence e_cbua‘\'ion: "‘IDM ¥re Y+wo Loundﬁvic) shown ‘ae\o«z\\:

e
3t Ps =Lt @

1 LR =1 e
—PS*."IPS—L{,N‘-"R
:1. 1 h
o : QR S __TXO% . )
Ley+ 4P =1fs W Lrg=iened e
-4 A A _ '
Q_FR*—LF”*‘TPS'O L m ' 4;.0&*-%[:'\‘—-12?5 =0
!

One worvt &%uos*;oh B Pg". fN* fS =1

PN"O.?.) ond PS:O-"Q
Ld;t:) The shaé);—s'l-o.*c rvolm.lo'.\ih: con also Le -Cowwcl in MATLAB via e,‘-jcn-o\cco-nros‘-'\".on,
Ficst, we need to por tre wmatnx P into MATLAG:

P = sym([1/2 1/4 1/4; 1/2 0 1/2;

1/4 1/4 1/27);
Method 1

Tn clasy, we hove scen how to find e s\'w.d);- state rra\mb(\?'ﬁ&; vie ‘C:AJif\j
Tre \im‘\’ﬁ'\j A:a'\'/’.'ou'\'(oﬂ ot
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(d)

f’-‘m - F-U) P (_A\‘\'t""“'\':"ﬂ\)’, we Mc.y write P:"J
To ?i«cl thre ‘EMH ot P‘Z we we e,iaea-c;ecomfos‘u“'lov\;
Vo= ~1
% Method 1 _{/—7 [ 1, -1, 1] P=VIHV
[V,D] = eig(P) \ [ 1, 0, -4] . ;
Dinf = (abs(D)==1) —— (1, 1, 1] P=vl} v
Pinf = V*Dinf* (VA (-1)) Np =
p = Pinf(1,:) [ 1, 0, 0] l: " ] -
eval (p) [ 0, 1/4, 0] PVl p
[ 0, 0, -1/4] n—ros M Mk
Dinf = —_—
1 0 0 =
0 0 0 P
0 0 0 -
Pinf =
[ 2/5, 1/5, 2/5]
[ 2/5, 1/5, 2/5]
o wue hawe [ 2/5, 1/5, 2/5]
4 p —
bim n I>(°) (2/5 4/5  2/5 é[mz/i, 1/5, 2/5]
' R V5 2/ -
Nn—oo s / : 0.4000 0.2000 0.4000
2/% 1/% 2/5
o ) o 2/5 1/s /5 _
Q[F& pL? )] s a5 25 | = LWs VS 2/5 )
/S /5 /5
Method 2
When the :731'¢-~ he  olvead veaches its  Jimitias  duiibotion >
we expect ‘H‘\a'\‘/ in Yre next slo‘\'/s'l-cf. te  system will st \«ovins
¥re same Qutei botion. Now, ooin rom one slop/stey to tre nmext s

simply @ multi plication

we ot have

Eosu" valent ly,

F- :EF
I’J - p" l’—T
NG - AT

Let’s Com poe i wiba

\,), e Yronsition {NIOLQL'.\H')/ moitrix P. There ‘Co/g

We

see that

l?.T ! simp\)/ e

6:33n vector ot A= PT whoe Co{ff)fof\d'tqa c'\bcn volue is A\ed:

-
Note +r we of P
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. I?-Lﬂ P :

% Method 2 ,_,{ p =
[V D] = eig(P'"); [ 2/5, 1/5, 2/5]
k = find(diag(D)==1)%] fi~d A= ans =
v = V(:,k); &Find P corresponding eigen-vecto 0.4000 0.2000 0.4000
p = (v./sum(v)) "w_
eval (p) Normbalize te ;:shva.d-or Yo have
2P =1



n=1e4; % The number of slots to be considered
S=[1,2,3]; % Two possible states

X1=2; % Initial state

X = MarkovChainGS(n,S,P,X1);

P_sim = []; x = X(1:(n-1)); y = X(2:n);

for k = 1:length(S)
| = find(x==S(k)); LI = length(l);
yc =y(l); cond_rel_freq = hist(yc,S)/Ll;
P_sim = [P_sim; cond_rel_freq];

end

P_sim

p_sim = hist(X,S)./n

=[1/21/41/4;1/201/2; 1/4 1/4 1/2]; % Transition probability matrix

% Approximate the transition probabilities from the simulation

% Approximate the proportions of time that the states occur

(e) Let i’oe\oy Le_ sloty ¥ 0. Then (o)

i 9 ( (VAR VY
(w) )'-2( =p P =[o o 1][\12 ©
1/a 1/«

>> MarkovChain_2014_HW5_Q1_d
P_sim =

0.4995 0.2553 0.2452
0.5177 0 0.4823

0.2583 0.2468 0.4949

pstn=
0.4090 0.2008 0.3902

Simoulation verulds ove clove
enough to e theorverical
vesolds obtained ia port (o).

132\ <[ Y V2]

we 2

LV VA B VA |

() B = 2P = [V Vu V2] ::

n

(i) “acs dos)/s” is o lona Yime.

o /7
1/‘1 1 7_
(>65d

—

The pvobub?\;}y o{: beins o nice Aa)/
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-5 R =

Laf“)
=-[O-‘t 0.2 °-~t]
ﬂ

Py =0.2.



ECS455 HWS5 Q2 Call Blocking Probability: Erlang vs. Engset

Tuesday, February 14, 2012 1:04 PM

™m =7

(e Er\o«nj B VY\OAO\

Mar ko chain -

=1
2
/-\:.’}_-Xx-{L:’N
A
3 - &
— = = f, = = f
"’7!’0 1"!') 1 qq,l

Call \o]ocldnf) fYOLG'L);\'I\-I =

(b) and (o

Ob serve that >\u %
So,

Maorleow

chain

455 2014 HWS Page 4

A,

=

calls

—

hoowr

= A
= A
n

2 31\
o = (1+A+éz_+ﬁ3— )

ur
><11'\0

N

.:f',}:‘-t

e —

$

A X 0.211
19

in part (@).
ond A,

> x (12 M\'ns> = 2 E'\mas.
6O ming



nA,% (n-1DX,% n-2)A,%

comli¢ o
1~ y-\>\v'5' P ‘ 27T I

1- (=D X7 4T 1-(n-2XF - 205

| 1 1
nX,%! (n-1A, P (n-z).)\uf
: 1 | 3 1-217
’l‘f‘>‘v7 /“'“ rY 7 3w,
: | ‘\—ﬂ
P )\:?\: Pq/“’*& f1(n —1))\\,‘\'-: Q/O\f’z_ Pan-z)x:l:Ps 3/14,\5‘\
P, = NA, Pr= A, Py Pa=1m2)A P2
>
2
= a(n-v
- "_'2_'_ Ay fo = nn-Dn-2)A3 p,
37/
- - 29 . So - 40 = 1% ~ -
Po tPr TP tPy =1 = f’o—q—i, Pr= 22, P22, ty = when 1=

Po=0.15% £1=0.39%, P, =0.31L_ 3 =0.206 Wran N=100,

As &i)LusSe,A 1Y) classJ the call b\oc\dnj fro)oé')o'\li'b/ i3 Div% L)/

(n-m) Pm (”’3)P3

% (N -k P NP, v n-1)P, ¥ n-2)f +(n-31F,
l =o

bR ~0.06F when Nn=5
= 4477
0.202 whenw M =100

I

close to +re ovswer -Crom E-Vl“‘f) B

Rcwwwk <

For throse who ave inYerested in w\«\)/ thre Ehasc-\' model convevge,s

Yo e Ellor\3 B weodel when n—>o vecd 0N,
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Note that

73
'3 / k
- (?)A =[P\ A p = _2- A
Pre. Lk) v Po (l‘-> L ° (.n—k)./ e/ n % Po .
Fo. fixed k)
n./ _ NnxlN-9)x --- x(_n—ﬂk-ﬂ) -0 'ly_‘_1><—-->< n- [\4!--1)
Ln-k)./nk n" K
—> 1 as n—>R
Hence, A w.
fv_'.—_ — W2 . o n — o
m A/I' W A
z Lw)— = 4— A
- A n% < _ 4.
A=0 AN=0
—

)

Same &5 Hae S'\'ﬁ&&]—s""ah
fro'oa\o'\\iHes in EBrlang B ~ode .

Similarly, {or Yre call b\oc\mr\j f»roLa'o;]{\-y)

e B (AN
R R I LA A b e
-

» 22 i aoe
Z

\.—-, Somne G '\“‘Q. cm“ b\oc\dr\j f’ObﬁL;\'\v ;f\ E.I‘cv\je MDAC\‘
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ECS455 HW5 Q3 M/M/m and the Erlang C Formula

Sunday, January 20, 2013 12:44 PM

() No‘\'h.mg CV\W\%CS 'F'N“ the V‘/M/"‘/m mer\ when W Zw .

We Wave AT

l 7

When K oom | the call veguest rate is ctill N. The ditterenw
is that now we have o gueve for the new requests 10 wait.
(In M/M)w)m | Fhese requests are discarded cnd tre calls ave
block ed.)

When W ™, el m chonnels are bein used, Theve ave le-m
veaguea')'s wa'\\'\r\f) in Fre veve. When  Yhere s one new call
vco‘ucs‘\') it will'be added fo tre gueve ond hence  the system
move rom cYate Lk Yo k1. A cing TWis vnew call recbuw‘\'
0CcUYS Wit pvo‘oa\g',h\y \e (aﬂwo-ximcd-e\fy)‘

P

cusYomers \—a\\n.ir\j on te phone. So e fvo‘oa\o'\\\y of one call
erds is (o-ffrox‘nma'\'g\)/) mn .

whewn k)wx edl v channels ove \ociav used. There ave w

Thefc‘FOYcJ when W Zm we  \ave

AS
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w5 (Joke ) e
|
I
!

N

1

Pre-

f

300m¢\"'ic serie s

Theve (:ove/

W\_/(_mu_m)
(C) DC\O\yeA ccdl r{o‘oab;\i}y

oo

=2 F A

W —
'

Po

A

l)w‘/""s U:/'f‘f U‘ VV\;:

Preoy 3R = X Py

'ou::é. FK"’
wm
for kzwm
S PP,
me
= AA_ P
wm (VV\—‘D’
AT,
b/ o
k-"m wmn Ak
~(A A
Pk (‘_v—n) Tv'_/ f’o "‘.’Q’\k-m)
k.
=_m:‘(ﬁ> Po  for kZm
v ! m
oo e =1
m ™ A k. - 14 A™
2 ("; P A A
=m w\_/ ) K=o W.’ m./
- ~_— __—
m A\NM
= w.) Yoo :& A <m
) —
T o1-A
o0 it A TZm
-1
)+ A >
k <y
o 2m
A
”‘./("'A/m)
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o /(4= A m)
L] m m
= Z fu =L A Fo = Py
W=wn w*/(.'l__l/_h) A"\ . JA_K
]
W'/(.‘l-é) k=o
Am
= w -9 w
Am-\-m,/t'i'é:) A
- =0 \"_,

%

Remarl i Thiy “:of ~mul is call Y\ = Erlan3 C ‘Folmulm-

455 2014 HW5 Page 9



ECS455 HW5 Q4 More on Engset Model (Optional)

Wednesday, January 05, 2011 3:21 PM
(o}
(_ ) - h k T K
pa (K)A," 2 L»«.)Au
k=o

_(n)AT k<o
Fm— - '8 - - n> w
Z ’ Au Z A"’
k.-.o(’ K) k-—'o('k
) -1, n) 2(m-un )
2lmn) - 2lmn) o R
Z(W‘/n) /‘
Hmcf_j C =
)
Firsy , notYe that
n/ n/
Cn-de ) kﬁ) = ) T ! T (nkeeny !
hx(n-'g)’ A (n°1)
T w/ (n-1 k)] T le
v e Nn- m
The CFOVC g - (n-wm) (w.)ALm / ( m )A,_,
BT VR - n-1 K
Z (n-( D) A z ("0 )A
K=o =0

m=1
oy - -1
2 (nuq)Avk - Eo (nu. )Af

- K=o
w
n-1 173
z (0)A
K=o
a(m,n=1) - z(m-1yn-1) . - z(m-1,n-1)
- 2(m, n-1) - z2(wm, n-1)
Hehcej C1=CL=C_‘1=‘I and C3=O.
1 -«
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m=n-1
(") AT lz(:)
z (W)Ar 2 (
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