How fp mp/a‘fe the ﬂ’t(t{/ (s/qclq) vaviables

W s

Betore (a,9) leaves (on,d) enters

One subtree (onfains o’,

another does not.

Assame +that- Hhe vootneve.

fs one of the nodes iy

the d-subtree.

Since  Ys-o: = Cij in s sub free

non¢ of the Y Change in this subtree
Csince §: o the root vode does ustchange)

Q

(a,0) enters © Yo-Ya+2Z,9 = Cad »
Mﬂ’aﬁ: _Vﬂ*(jq ,‘-Zad - 0

g:’ _é: = Cad (since qd:%‘) \[)/

Ya = cdq—z»ao’
= ~+ [ F=—6om book
= G. is decreased with Zad = -3 at "

Since Y;-Y: + 25 = Cij ‘v (i) outside S ponning +ree—,
2 is not chaMgeo’ when i and J are in the same subieree
Arcs (i) 6n'o‘5%n5 +the twe subtrees change as fLollows :

¢ j
arcs  fom d-tree 1o the other tree :

Pard Pard

Ys-9et 2= Cij = Y;-G. + 24
= yj+l3 - 9 + & > & =Ey-13
So Ziy s increased with dual slack of +Hhe en‘l‘er?lﬁg arc
orcs L The otha tree 40 +he 0-tree :
One shows Similarly 2Z;, ts decreasd with Jual slack ot-enlering avr



‘FVOW' d -tree me O-I-har +"'@

S 8-13 =94 ~[(3 (3 =0
O +13 =13

, = 14+ 13 =27

d %}gu g[j\:e
l el

wn

ch

N

2= 10713 =3
Zea = [3-13 =0
E.@c - ~lg —-13 =-27%

Conclusion:

L When only the costs and the spanning tree ore kwown ,
we can Compute the primal <Clow the dual variables, apd the
dual slack cariables .

ﬂ/ When +he spann ing tree, +the pr‘f'ma/ -//oa/‘and the Jual slack
Unriables are kh&&(/ﬂ,we lon l.{f/d‘fé' these in owe pf«)o‘/’ Wl thoa?
inooling the Shipping costs or the daal ol o bles

(T’,,?(‘—i’) - (T, X, 2



-/
Exevrcise 1Y (] = '

77?( solutlon:

& =g =/ = X, =y
HOUJ bﬂ/dﬁ('ﬂ d

D : Ko« Xpe2 | D Xpe=l-Xp=0
© :/XJC—%C:'-I% Xo}c:,.-)(lc
= 1-0=/

PYine feasid/o
Dosl taviables g : Let o fe the root sode f€/q=0)7

use  Yi-4iz Gy o (hy)eTT

('éfQ) d yq-ﬁ/é': 3 — y‘z—g
dyr 1 T 0D g et o et D G = o1
(a’,C) ' ‘Jc"%/d-"—‘c, = —lo—we.—?ﬁ Yy = —/
Dual slack v-ariables:  y;-g, t&5=2C; o (Lj) LT,
(”’,-0\): Yo ~90 + 2 da = qu
I+ Zy = ~2 D E y=-3 1t Jual (oasible

We make a pivot whopre X, ents the bas’s
(4]

" mcrease o g )
Xaq = & P
I
Xﬁa = /-¢ °
Y _ /
be -
Xde - I—g



Xoo = / (entered)
Xpg =0 (’(a{zﬁ)
Xie =/

Xoe= 0

Dual woriabtes g: -+

edges " T3

Daal slack varialles -

(d,a) : Ya-Y9=-2 =2 Yo =2
(LIC7 d 9:-952-72 =) 9é= Yo +7+ =0
(a’l(): yc— Jd=-

4 1= Y. = Y-19:=-7

edges oufside T, : (AG) D Ya~-yt 240 = Ca

O-0 t2,= 3 DZ24=3
= Jdua/ feasiélo, = X@-F/:wc/.



Exercise (414
remacn r‘ng-moc)e-s — nodes \ 5 nodel ~§

added .uo des = % nodel &
Spontree = ¢
contkected = Frue
while rewaining_nodes ust ewmpty and comected
Lound = Lalse
o (i) e A
(4 i in added_nodes and J n rewaining_nodes :
£ add (1)) o spantree
# add j te q,}o‘pd_woa'ff,remou?j'ﬁw" rewo.uing o

found = +vue
elif J ' added_nodes and & in Vou/'afm'w?,wo/@,

Bl a\dJ (;’j) +o 5/4m'fr~ee
i add 7 addedmbo‘fs', vem ou? \} '(rdm—fym v ainfng 1y
Lound =+ree

i€ not- ~€oumd .
connectod = Lalse



Exam 202Y

I. 5/ ¢ = X, + 2, | vr=tes

W, = §-3% —_x, 7
We = *X, = Xz ! Ligyes?, w, [ eq ves
Xa =(+X, — Wz

§ =2 + 3q)- 2w, T

UJ, - 8 - C{)/, - w?. '/2_ Hgfwlqu /eQU'CS
X, = [ *x, W, —)

X, = 2 - E;‘CU “* -J;WL

A

xl: 2 '—'.ﬂ‘U/:""c.'{‘wg_
K= 3 —gw -Zu,

F} = (Xn)(zD :’(Zr?)
j} = (W:-\Wz7= (®, 9)

y (i) : F’ . add Constrajut X, -2, = l/ ()(z > 'ZV/ ...2)
Xl =‘( ::7)(,__-'—'0
See thal His new comstoaint 15 redurdant . l.e.. ftis

soticfed for P any way.
Samwe -fea/;r’io reg oy 5 ang sdame aéjecfr’d*@ u-afue.

(i) X, 43xp = Z-F ol = e, - 2u,
+ - 2
q 7L, — %_%_ Se Jdictiona By v |
ophwal with new objective

(x, %) =(2, 3); 7 =1



\J/ dual Im,{/?w ol (2)
niyr 6151, ¢y
s’f 39/ -(12 7/‘/
9 *Y2 =Z2z
Y: 2o
?’/ optime/  Jdaal a’r'c+r'onar9 -

7= T8 -2z - 32,

9. = _‘3/_—"-[0-}'2‘1 +_'£i2¢
= 2 - 3
Y= 9 7 & +'c7'éz

=5, T=(4.90=(%.3), 2-=-=,200),

y hin 3/\(, - Z/X:_ _25(3 maxX — 3., +‘(xz+2y3
X, —22 —3X,S-2
S.¢ -x ’ 2T
- r €23, €«3X, =
2 3 ~2 [ 2x, —x, <5
Zx, —>, = 5 =2 > <-5
)(\‘)X> 20 X\ X320

X2 = y-2, 9,230

May =3, +4q -4z +2x4
X, 2y +2& —3X, <2
X, -y t &= =0
mkey -2 < -5

X X% X3,y.2 2O

fnfeasible J_ﬁ fclton are
Z-—‘; hase We'f"wo{



3 13/ a Pa/’d}op?f"is Convey P = comer ngﬁ;.,,)

n
X.gyepP : X=§~*‘(:X: f‘l/z

]”

(1-Px +9y = (1-2)2 mox, « 5_Z vix,

I—I car

’Z (=24 +2U) X
Sam 1o 2(“-97.0 -&-9:/)

= (1-49%}( +9£-V
= (=9)) + 2~ =I- 9-&,’7"/

L+t Lollows +haf ((-2k+P9cP D P tomes

\A/ S=FxeR”: A.x = )A,yskzg Convec T
Let Xeg€S

A (Cl-92+3y) = (1=9) Aix 2 A:y
S C-Mb; + 24 = b
Ths shows that ([ ~Ps +976-S' = S cowsex

7,

y T rec solutioy:
@ fleat) * Xae = 3

Llow balan ce at- @ Casf) : 3 g
: s =

@ Xa-x,,=-2 = Xep= |
(all other Xy = o)
y dual wmrio blog (J.;' -9 = C’i or (';"‘))4_7_, a= 0 Croet wode)

(‘alc') : (dc._ch = ch =) (dc =2
Cerd) =y, ~y. = Cy = Yy -2 =4 3 g, =¢
" R-Y9I=Clp D L —ty=) = Y=5



dual slack vash blte Yi - Y: + 24 = Cy for ('r'.57 ¢ 7;

(2,0) = Yot +Zas =Cad 5 50 +Bgo=f D Zuy =

C(1J7 %d —YectZy = Ceo S 5-2 +2. =2 DEcy =—7

MJ'IL ap‘fl'ma/ 1 Xcd enters
fneréase Xeg Wwth &

tHow in cycte ¢ hamges:
/
To
Jual ousiq Yes o X
qucﬁ) . ge ~ Yo = Cac = 9C =2 ac -'—‘;7)(&’2/
Ccd) - . ... X
= Y9 -y =5
(ded): . .. o

é th =5
@’aq/ Slack var/ables :

(4,8 - 3‘1‘%1"24;,—“—6';0 = HBa =F

(r,t(;’. Zcb =/
(a;d) = -~ Loy = 2
optiwa/ '

v (de - Cae Xac ¥ Coy )((.3 -+ Céé XJé

- z.5 =+ 2ZzZ-| + /-5 :6*2—4'5:/3_

—



