CHAPTER 6

Network Models
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Set 6.2a

Spannmg tree length = 16

Start at node NS
Connect H2 to N5: Length=3.
Connect N1 to H2: Length=1.
Connect B4 to N2: Length=4.
Connect N6 to N4: Length= 3.
Connect H3 to H4: Length=5

(a) Spanning tree length = 14

Start at node N1
Conmect M2 1o N1: Lemngth = 1.
Comnect HS to N2 Length = 3.
Connect NB to S Length = 2.
Connect N4 to N6 Length = 3.
(.osmect M:ﬁ o H4: =

Start at nodde N1

Conpect N2 ta N1: Length = 1.
Connect ¥4 10 H2: Length = 4.
Connect H6 1o N4

Cormect H3 1o N4

Start at pode N1

Connect N2 to N1: Length = 1
Connect NS to N2: Length = 3
Conpect N6 to N2

Ctmmmt H4 10 U6

Start at node M1

Connect N3 1o N1: Length = 5,
Connect N4 to N3: Le
Connect 6 (o N4:

Connect N2 to N4

(,omxx.t HE o H2:

" Start at node N1

Connect N2 to N1: Length~= 1.
Connect NS to N2 Length = 3.
Conmnect N3 to N5: Length= 2.
Connect 84 o N2 Length = 4,
Connect B6 to NA.

T

Start at node N1

Connect H2 toH1: Length = 1.
Comnect N4 toN2: Length =
Connect R6 to N4: Length = 3.
Connect K3 o R4 Length= 5.
Connect H5 to H4: Length
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Set 6.2a
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Set 6.3a
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Set 6.3a
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Set 6.3b
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Set 6».3_c

Iteration 5 .
Meration 0 3
Array D5 Aray D0 y
N1 N2: N3 N4 NS: N6: NT: Nt N2: N3; N4: N5: Ne:
N1: 4.00 3.00 9.00 6.00 7.00 12.00 N1 70000  200.00 infinity infinity infinity
N2: 4.00 1.00 5.00 2.00 3.00 8.00 N2, infinity 30000 20000  infmiy  400.00
N3:  3.00 1.00 6.00 300 400 900 N3: 20000  300.00 700.00  600.00 infihity
N4 900 500 600 300 400  3.00 N4 infimity 20000  700.00 30000  100.00
N5 - 600 .200 300 3.0 100  6.00 N5:  ifiniy  infiity 60000  300.00 500.00
st 7'00 3:00 400 . 1.00 1.00 4.00 ) N6: infinity 400.00 infinity 100.00 500.00
N7: 12.00 8.00 9.00 3.00 6.00 4.00 Anray 50
Array S5 N1z N2: N3: N4, N5: N6:
: . N3: N4: N5: N6: N7: N1: 2 3 4 5 6
N1 N2 N2: 1 3 4 5 8
N1 3 3 3 3 5 4 Na: 1 2 4 5 6
N2: 3 3. 45 5 4 Ns: : 2 3 ‘ ° H
Na: 1 2 2 2 5 4 N6 1 2 3 4 5
N4: 3 2 2 5 5 7
N5: 3 2 2 4 6 4
N6: 5 5 5 4 5 4 Iteration 1
N7: 4 4 4 4 4 6
Array D1
{teration 6 N1: N2 N3: N4: N5: N&:
raton
Nt: 70000  200.00 infinity  infinity infinity
Array D6 N2: infinity 30000 20000 infinty  400.00
N3: 20000  300.00 70000  600.00 infinity
Nt: N2: N3: N4: NS5: Ns6: N7: N4: infinity  200.00  700.00 30000  100.00
: N5: infinity infirity  600.00  300.00 500.00
N1: 4.00 3.00 8.00 6.00 7.00 11.00 N6 infinity 400.00 infinity 100.00 500.00
N2 400 100 400 200 - 300 700 | Ao
N3: 3.00 1.00 5.00 3.00 4.00 8.00
N4 900 500 600 300 400  3.00 Nt: NZ: N3: Na: NS: N:
N5: 6.00 2.00 3.00 2.00 1.00 5.00
N6: 7.00 3.00 4.00 1.00 1.00 4.00 N1: 2 3 4 5 6
N7 11.00 7.00 8.00 3.00 5.00 4.00 N2: 1 3 4 5 6
N3: 1 2 4 5 6
N4: 1 2 3 5 ]
Array 56 NS 1 2 3 4 6
NI: N2 N3 N& NS N&: N7 NE: 1 2 3 4 5
N1: ) 3 3 6 3 5 6 Iteration 2
N2: 3 3 6 5 5 6
N3: 1 2 6 2 5 8 Array D2
Nd4: 3 2 2 5 5 7
N5: 3 2 2 6 6 6 N1: N2: N3: N4: N5: Né:
N6: 5 5 5 4 5 4 n
N7 6 8 6 4 6 [ Ni: 70000 20000 90000  infinity  1100.00
: N2: infinity 30000 20000 infinity 400&
. N3: 20000  300.00 50000 60000  700.
@ didtance = I N&:  infinity 20000 50000 30000  100.00
NS: infinity infinty 600,00  300.00 500.00
/=&~ 7 => /- §-E-7=> /~3-5-6-7 .-;> N6: infinity 40000 70000 10000  500.00
[=3-2-§-8~] =D [-3-2-S=€=4%7 Aay 52
Nt: N2: N3: N4: - NS5: N6:
(& igdana = 4 N1: 2 3 2 5 2
N2: 1 3 4 5 6
N3: 1 2 2 5 2
N4: 1 2 2 5 6
7-6~1 NS: 1 2 3 4 6
N6: 1 2 2 4 5
T-6-5~1
7-é~$’_3_’ Iteration 3
Array D3
7- 6-5-2-3-1 N1: N2: N3: N4: NS: Ne:
N1: 50000 20000  700.00  B800.00  900.00
N2 500.00 30000 20000 900.00  400.00
p - N3: 20000  300.00 50000  600.00  700.00
(C-) m id/M.a__ - 4 N4: 70000 20000  500.00 30000  100.00
N5:  B00.00 90000  600.00  300.00 500.00
N6: 90000 40000 70000 10000  500.00
6 - 4_ 7 Array S3
N1: N2: N3: N4: NS: N6:
N1: 3 3 3 3 3
N2: 3 3 4 3 6
N3: 1 2 2 5 2
N4: 3 2 2 5 [}
NS: 3 3 3 4 8
Ne: 3 2 2 4 5
continued. ..
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_‘Set 6.3¢c

Iteration 4

300.00 5-4
400.00 5-4-6
800.00 6-4-2-3-1
300.00 . 6-4-2
600.00 6-4-2-3
100.00 6-4
400.00 6-4-5

(=2~ - >R« B IS B
g ohWN =SS

Array D4
N1: N2: N3: N4: NS5: N6:
N1: 500.00 200.00 700.00 800.00 800.00
N2: 500.00 300.00 200.00 500.00 300.00
N3: 200.00 300.00 500.00 600.00 600.00
N4: 700.00 200.00 500.00 300.00 100.00
N5: 800.00 500.00 600.00 300.00 400.00
N6: 800.00 300.09 600.00 100.00 400.00
Armray $S4
Nt: N2: N3: N4: N5: N6:
N1t: 3 3 3 3 4
N2: 3 3 4 4 4
N3: 1 2 2 5 4
N4: 3 2 2 . 5 6
N§: 3 4 3 4 4
N86: 4 4 4 4 4
Reration §
Array DS
N1: N2: N3: N4: NS5: Né:
N1: 500.00 200.00 700.00 800.00 800.00
N2: 500.00 300.00 200.00 500.00 300.00
N3: 200.00 300.00 500.00 600.00 600.00
N4: 700.00 200.00 500.00 300.00 100.00
N5: 800.00 500.00 600.00 300.00 400.00
N6: 800.00 300.00 600.00 100.00 400.00
Array 85
Nt: N2: N3: N4: N5: NG:
N1: 3 3 3 3 4
N2: 3 3 4 4 4
N3: 1 2 2 5 4
N4: 3 2 2 5 6
N5: 3 4 3 4 4
N6: 4 4 4 4 4
Shortest rontes :
From To Distance Route
1 2 500.00 1-3-2
1 3 200.00 1-3
1 4 700.00 1-3-2-4
1 5 800.00 1-3-5
1 6 800.00 1-3-2-4-6
2 1 500.00 2-3-1
2 3 300.00 2-3
2 4 200.00 2-4
2 5 500.00 2-4-5
2 6 300.00 2-4-6
3 1 200.00 31
3 2 300.00 3-2
3 4 500.00 3-2-4
3 5 600.00 35
3 6 600.00 3-2-4-6
4 1 700.00 4-2-3-1
4 2 200.00 4-2
4 3 500.00 4-2-3
4 5 300.00 4-5
4 6 100.00 4-6
5 1 800.00 5 3-1
5 2 500.00 5-4-2
5 3 600.00 53
continued...

lteration 0 4

Array DO
N1:joeN2:bob N3:kay N4:jim N5:rae N6:kim

N1:joe 1.00 infinity infinity infinity  1.00
N2:bob infinity 1.00 infinity infinity infinity
N3:kay infinity 1.00 1.00 1.00 infinity
N4:jim infinity infinity 1.00 infinity inﬂngg
N5:rae infinity infinity infinity infinity 1.
N6:kim  1.00 1.00 infinity infinity infinity

Array SO
N1:joeN2:bob N3:kay N4:jim N5:rae N6:kim

N1:joe 2 3 4 5 6
N2:bob 1 3 4 5 6
N3:kay 1 2 4 5 6

N4:jim 1 2 3 5 6
N5:rae 1 2 3 4 6
N6:kim 1 2 3 4 5

Iteration 1
Array D1
N1:;joeN2:bob N3:kay N4:jim N5:rae N&:kim

N1:joe 1.00 infinity infinity infinity 1.00
N2:bob infinity 1.00 infinity infinity infinity
N3:kay infinity 1.00 1.00 1.00 infinity
N4:jim infinity infinity 1.00 infinity infinity
-N5:rae infinity infinity infinity infinity 1.00
N6:kim 1.00 1.00 infinity infinity infinity
Array S1
N1:joeN2:bob N3:kay N4:jim N5:rae N6:kim
N1:joe 2 3 4 5 6
N2:bob 1 3 4 5 6
N3:kay 1 2 ’ 4 5 6
N4:jim 1 2 3 5 6
NS5:rae 1 2 3 4 6
N6:kim 1 2 3 4 5

continued. ..
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Set 6.3¢
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29
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1 ; Exaniple 63.6]
2 idistance 12 143 14 HS Range
3 N1 100 30 clistan:
4 M2 20 1 iution |89.E12
5 M3 10 50 netFlow |H9:H13
8 15 50)4 totalDist|G14
I 1
8 {474 M3 Ha M3 eutFlow | inFlow | netFlow
g 0 AEA3 g o] -1.1E-13
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0
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netFiyy =l 2k
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T

2

param n;

param start;

param end;

param p{1..n,1..n} default 0;

param rhsfi in 1..n}=if i=start then 1 else (if i=end then -1 else
0);

var x{i in 1..n,jin 1..n:p[i,j>0}>=0;

var outFlow{i in 1..n}=sumj in 1..n:p[i,j}1>0xiI;

var inFlow(j in 1..n}=sum{i in 1..n:pi,j1>0x[i,j];

var logProb=sumfi in 1..n}sum{j in 1..n:p[i,j>0}-log(p[i,if) *x{i,jl;
var prob=2.718"-logProb;

minimize z: sum {iin 1..n, jin 1..n:p[i,j>0}-log(pli,j])*fijl;
subject to limit {i in 1..n}: outFlow(il-inFlow[i}=rhs]i];

data;

param n:=7,
param start;=4;
param end:=7;

solve;
display z,logProb,prob, x;
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Set 6.5a
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Set 6.5¢c

Raject a:

w4 CPM SOLUTION *** 0
Title: -(8) ]
Size: 7 nodes x 13 activities
........................................... L Tt L T T T P PPy 73}
Earliest ‘Latest Totat Free -
Activity nuration start start  compl. float float n @
--------------------------------------------------------------- 0] — S
c 1-2 10. 0.0 0.0 0.0 10.0 0.0 0.0
1-4 1.0 0.0 1.0 21.0 22.0 21.0 21.0 O — — —
1-5 5.0 0.0 5.0 15.0 20.0 15.0 13.0 Q
c2-3 9.0 10.0 19.0 10.0 19.0 0.0 0.0
2-5 8.0 10.0 18.0 12.0 20.0 2.0 0.0 [9] ®
2-6 10.0 10.0 20.0 17.0 27.0 7.0 7.0 @
c 34 3.0 19.0 22.0 19.0 22.0 0.0 0.0
3-6 4.0 19.0 23.0 23.0 27.0 4.0 4.0 I ——— ) ]
¢ 48 5.0 22.0 7.0 22.0 27.0 0.0° 0.0
4-7 4.0 2.0 26.0 3.0 35.0 9.0 9.0 6]
5-6 7.0 18.0 250 200 27.0 2.0 2.0 = — @
5-7 3.0 18.0 21.0 32.0 35.0 14.0 14.0
c 67 8.8 27.0 35.0 27.0 35.0 0.0 0.0
4 € 216 20 24 28 32 3¢
Pr#uf b
0} @
#** CPM SOLUTION *+* @ ®
Title: (b @
O @
Size: 7 nodes x 13 activities ~
............................................... L T T T, (5] @
Earliest Latest Total Free @
Activity Duration start  Compt. start  compl. float float @ )
1-2 3.0 0.0 3.0 1.0 4.0 1.0 0.0 — S,
1-3 1.0 0.0 1.0 1.0 12.0 11.0 10.0 0 "_‘jg
¢ 1-4 15.0 0.0 15.0 0.0 15.0 0.0 0.0 Op-~==== — T ‘—@
1-6 7.0 0.0 7.0 3.0 30.0  23.0 23.0 F=====t40
243 8.0 3.0 1.0 4.0 12.0 1.0 0.0
2-5 10.0 3.0 13.0 15.0 25.0 12.0 12.0 oF—=——=H+{——_le
3-4 3.0 11.0 14.0 12.0 15.0 1.0 1.0 @F ~4@
3-7 10.0 11.b 21.0 27.0 37.0 16.0 16.0 Y -
c 45 0.0  15.0  25.0 15.0  25.0 0.0 0.0 OFH=F— 4 9
€ 4-7 22.0 15.0 37.0 15.0 37.0 0.0 0.0
¢ 5-6 5.0 5.0 36.0 25.0 30.0 0.0 0.0 :
c 5-7 12.0. 25.0 37.0 2.0 37.0 0.0 0.0 e v
c 67 7.0 300 37.0 30,0 37.0 0.0 0.0 o 4 § n " 20 24 28 32 36

Fraﬁ' A (a):
MFla%ed achivtes . In ij.eoj- (a), nle Aadzla# o~
(-5, TF=1Is, FF=13 2 dml S$~6 1o accound

(2-s), TF=2, FF=o0 %JA% ﬁ.nrm@?(l—s)d‘

bk (4

o ‘[ew (b2

34%»‘/»‘? a clovidieg are
sed. {3/

Ac/—nf 7‘7 7~ VS
/-2 / o]
-3 It [0

Z-3 / o
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Set 6.5d

X X1z Xy Xag Xas Xys Xyg Xyy Xsg Xy Xy

Maximize z = 3

Node 1 -1
Node 2 o1
Node 3
Node 4
Node 5
Node 6
Node 7

-1

o o o o o

G

X, X4 %is

Xy3 - Xas

X136

X4 Xa7

Xs6 Xs7

Xs7

Maximize z =

Node 1
Node 2
Node 3
Node 4
Node 5
Node 6
Node 7

-1

-1

-1

-1

-1

- o o o ©o <©

)

X, X3

Cphimum: Xz = Xp3= X34 2 Xyq =

Xas Xy

x47

Maximize z =

22

Node 1
Node 2
Node 3
Node 4
Node 5
Node 6
Node 7

-1

-1

-1

-1

-1

o o o ©O ©

—

O’PL””“”"? Xy = Xgv

X,¢ =

x'qr = XS7 =
Xy = Xy = %50 =%

J MW\A z= 37

=)
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Set 6.5e

Froject (@) || Bjecr @
Title:
Activity Mean Duration _‘Variance Twe.
. ' Activity Mean Duration _ Variance
1-2 4.00 0.11
1-4 2.83 0.25 1-2 2.83 '
1-5 3.83 0.25 1-3 6.83 ggg
2.3 5.00 0.11 1-4 7.17 0.25
2.5 8.17 0.25 1-6 2.00 0.11
vb 9.60 0.60 2-3 4.00 0.11
3-4 10.00 5.44 2-5 8.00 0.11
3.6 4.00 0.11 3-4 15.00 2.78
4-6 767 . 1.00 3-7 13.00 0.11
4.7 6.17 025 4-5 12.17 0.69
5.6 1057 1.00 4-7 10.00 0.44
5-7 6.00 0.44 5-6 8.33
6-7 4.00 0.1 5-7 433 100
6-7 6.00 011
-/ =
Title: '
Title:
Node Longest Path Path Mean Path Std. Dev. :
Node Longest Path Path Mean Path Std. Dev.
2 1-2 4.00 0.33
3 1-2-3 9.00 0.47 2 1-2 2.83 0.50
4 1-2-3.4 19.00 238 | 3 1-3 6.83 0.50
5 1-2.5 12.17 060 | 4 1-3-4 21.83 1.74
6 1-2-3. 4.6 26.67 258 | 5 1-3-4-5 34.00 1.93
: 6 1-3-4-5-6 4233 2.04
7 1-2-3-4-6-7 30.67 2.60
7 1-3-4-5-6-7 48.33 2.07
Lates fu
Event ?-?f.i“é’,".c"" P{g‘%ﬂwa <(C} Latesf occurrence Qaurronc L
Evat _ pme, L [ Hme gL
2 4 'S
3 9 s 2 2. 83 S
4 , 7 . S 3 6" 83 .S-
5- Ié ]:0 \4’ —2[ . 33 ‘5"
6 26.67 S $ 34. 00 "5
7 30.67 'S . © 92-33 s}
. - 7 49-33 ‘5
LC & delormuned by carrfpirg
od CrPm caliwlabiond ""“"‘"j dVWt(z]e Al erent / Ad 77
| Bunpbd] probelilly colewlatins: | cpunatinsy! Ty v A peaet
. ¥ . »
for rose. 5 P al =S
-]l
P[TS/éf= F{{Z = T“?
= F[Z_ <¢. 38‘} =~/
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