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WATER SUPPLY NETWORK PROBLEM

Consider the following water supply network:

where f1, f2, fs, fa are the income and outcome flows, and ®12, €13, €14, 24, 34
are the link flows.
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WATER SUPPLY NETWORK PROBLEM

The flow balance at the nodes provides the following system of linear equations:

Node 1 : Ti2 +T13 +T1a = N
Node 2: —xi12 +x24 = f2
Node 3 : —x13 +x34 = fs3
Node 4 : —X1a —X2a —T3a = Jfa

First, we study the compatibility conditions for this system to have a solution.
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COMPATIBILITY

Node 1 : 12 “+x13 +x14 = fi

Node 2: —x12 +x2q = f2

Node 3 : —x13 +x34 = f3

Node 4 : —T14 —x24 —x3a = fa
Iteration 1 Iteration 2 Iteration 3 Iteration 4 Iteration 5 Final Tableau
ai|vl vi vl vi|laz[w? vZ vZ vZ||as|[w3 w3 v3 v3||as|wi w] w3 vi|[as|[w] w5 w3 vE|[wi w2 wa va
111 0 0 Of{1{1 1 0 O}1 11 0(0/0 0 1 1|f0JO0O O 1 1|0 0 1 1
-1/0 1 0 O0fj0OJO 1 O Of/{O|-1 1 1 Of{1f(-1t O 1 1}O0|-1 O 1 11 0 1 1
o0 ot of-10 041 o0ff0jO0O O 1 O0|/O|O -1 1 11|00 -1 1 1|0 -1 1 1
oj0 o 0o 1jj0OjO O O 1{-1{0 O O 1}{/|-1/O O O 1(-1f/O0O O O 1{|O0 O O 1

ti[1 -1 0 offt2][1 1 -1 of[t3][0 1 1 -1][t*[-1 0 1 Ol[t?]0 -1 1 0

Removing the pivot columns we get only a single column, and then the compatibility
condition becomes:

(1’171’1) © (f17f27f37f4) =fi+fot+fs+fa=0,

which implies that the total income and outcome flow must be null.
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SOLUTION

Node 1 : xr12 “x13 @14 = 3

Node 2: —xi12 +ax24 = -1
Node 3 : —x13 4+x34 = -1
Node 4 : —x14 —a24 —x34 = —1

The solution of this system can be obtained as follows:

Iteration 1 Iteration 2 Iteration 3 Iteration 4 Final Tabl

ay v% v% vé vé v% vé az w% vf vg vg vg vg ag wi’ wg v“f vg vg’ vg aq w‘ll wg wg v‘l1 vg vg W1 W2 W3 V1 V2 V3
i/t 0 000 Of-1|f1t 1100 3f0jO -1 01 0 1{/f0OjO0O -1 0 1 0 1}|j0 -1 0 1 0 1
1f0 1 0 0 0 OffOjO 1 0 O O O(f-1|1 1 -1 -1 0 200 O -1 O 1 10O O -1 0 1 1
110 0 1 0 0 O/O|O0 O 1 O O Of[0O|O O 1 O O Of-1|1 1 1 -1 -1 11 1 1 -1-11
oj0 oot oo01/0 OO0T1O0O0O|O|/O OOT1T1TOTO|-1f0O O O 1 O0O0|0 O0OOT1O0O
0(0 00 O0T11O0|O0|[O OOOTO|1|0O O O0OT1 O0f-1/0 0 0 O 1 0||0O 0O 0 O 1 0
30 0 0 00 1ff1j0O 0 0 OO 1|/1|O0O O OO O 1|/1|0O O O OO 1|0 0 O O O 1
tI[1 1 1 0 0 -3|[t2[-1 1 1 1 0 -2[[t3][1 1 1 1 1 1|[t*[-1 -1 1 0 0 0

r12 1 1 0
13 1 0 1
T14 = 1 + p1 —1 + p2 -1 .
24 0 1 0
34 0 1
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WATER SUPPLY NETWORK PROBLEM

L 1
L 0 1
L —1 —1
0 1
0 0 1

Solucién particular
f.=-1
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WATER SUPPLY NETWORK PROBLEM

Consider now the water supply network:

where f1, f2, fs are the income and outcome flows, and x12, €13, €34 are the link
flows.
The flow balance at the nodes provides the following system of linear equations:

Node 1 : Ti12 +x13 = fi

Node 2: —x12 = —f
Node 3 : —T13 +x3a = —f3
Node 4 : —&T3a = —fa
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COMPATIBILITY

Node 1 : x12 +x13 = fi
Node 2: —xi2 = —f2
Node 3 : —x13 +x3a = —f3
Node 4 : —x34 = —fa
Iteration 1 Iteration 2 Iteration 3 Final Tableau
al vi v% v% vi as w% vf v% v§ as wf wg vi’ vg W1 W2 W3 V1
11 0 0 Off1(1 1 0 O|/OjO0O 1 1 O o 1 1 1
-110 1 0 0([O|O0O 1 O Of{[O|-1 1 1 O}{|-1 1 1 1
0(0 01 0Of/-1|/0 O 1 0|10 O 1 O 0o 0 1 1
o0 0 0 1fj0jO O O 1}/-1|0 0 O 1 0O 0 0 1
t'|1 -1 0 Of[t2|1 1 -1 O0[t3|0 O 1 -1
Removing the pivot columns we get only a single column, and then the compatibility
condition becomes:
(1,1,1,1) o (f1, —f2, —f3,—fa) = f1 — f2 — fs — fa = 0,
which implies that the total income and outcome flow must be null.
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SOLUTION

Node 1 : x12 “+x13 = 3

Node 2: —x12 = -1
Node 3 : —x13 4+x34 = -1
Node 4 : —X34 = -1

The solution of this system can be obtained as follows:

Iteration 1 Iteration 2 Iteration 3 Iteration 4 Final Tableau
al vi Vzl, vé vi az w% v% v% v% as wi’ wg’ V? vg aq w‘l1 w% wg v‘ll W1 W2 W3 Vi
i/1 0 0 Of/[-1|1 -1 0 3|/0O|0 -1 O 1|/O|O -1 O 1 0 -1 0 1
10 1 0 0Off0O|O 1 O Of[-1|1 1 0 2|01 1 0 2 1 1 0 2
0(0 0 1 0|/[0OJO O 1 Off1|]0 O 1 Off-1{1 1 1 {1 1 1 1 1
-30 0 0 1{f1{]0 O O 1((1/0 O O 1|10 O O 1 0 0 0 1
t1/1 1 0 3|[t2[-1 1 0 -2([t3[-1 -1 1 -1|[¢*[-1 1 -1 0

Removing the pivot columns we get three columns, that leads to the following unique solution:




WATER SUPPLY NETWORK PROBLEM

12 1
13 = 2
T34 1
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Examples SYSTEMS OF E



WATER SUPPLY NETWORK PROBLEM

Finally, consider the water supply network:

where f1, f2, fs, fa are the income and outcome flows, and x12, €13, 23, T34 are
the link flows.
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WATER SUPPLY NETWORK PROBLEM

The flow balance at the nodes provides the following system of linear equations:

Node 1 : Ti2 +xi13 = fi

Node 2: —xi2 “+x23 = —f2
Node 3 : —x33 +x34 —x23 = —f3
Node 4 : —I34 = —f4

First, we study the compatibility conditions for this system to have a solution.
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COMPATIBILITY

Node 1 : x12 +xi13 = h
Node 2: —xz12 +x23 = —f2
Node 3 : —x13 +x34 —x23 = —f3
Node 4 : —x34 = —fa
Iteration 1 Iteration 2 Iteration 3 Iteration 4 Final Tableau
al v% v% vé vi az wf v% v% vg as wi’ wg' v*;’ vg aq w‘l1 wg wg v‘l1 W1 W2 W3 Vi
11 0 0 Of{1(1 1 0 Of/OjO 1 1 O|/[OjO0 1 1 A1 o 1 1 1
-1{0 1 0 0|[0O|O 1 O O([O|-1 1 1 Offt1(|-1 1 1 1(-1 1 1 1
0o/0 o 1 O0f/|-1f0O O 1 Of[1|{O0 O 1 Of/-1fO O 1 1{/0 O 1 1
ofo 0 0 1jj0oj0O O O 1([1{O0O O O 1|lO|O O O 1|0 O O 1
tt|1 -1 0 0f[t2[1 1 -1 0[t3] 0 0 1 -1|[t*|-1 1 0 O
Removing the pivot columns we get only a single column, and then the compatibility
condition becomes:
(15 1,1, 1) o (.fls —f2,—f3, _.f4) =fi—f2—fs—fa=0,
which implies that the total income and outcome flow must be null.
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SOLUTION

Node 1 : xr12 +xi3 — 3
Node 2: —x12 +x23 =] —1
Node 3 : —x13 +ax34 —x23 = -—1
Node 4 : —a34 = -1

The solution of this system can be obtained as follows:

Iteration 1 Iteration 2 Iteration 3 Iteration 4 Final Tableau
ay vi v; é i v;‘) az w% v% v% vg VZ as w:l3 wg v:l3 vg vg aq w‘l1 w‘z1 wg v‘l1 v‘2l W1 W2 W3 V1 V2
11 0 0 0 Of[-1f1 -1t 0 O 3|00 -1 01 1]jOjO0O -1 O 1 1|0 -1 0 1 1
1/0 1 0 0 0f|O|O 1 O O O}/-1f1 1 O -1 2|/O|1 1 O -1 21 1 0 -1 2
0/j|0 01 0 0Jj0OJO O 1 0 Of[1|{0 O 1 O Off-1|1 1 1 0 1|1 1 1 01
0|0 0 01 0f/1/l0O OO0 1 O}-10 0 01 0f/0O|O0O O O 1 0f|]0O O 0 1 O
-3/0 0 0 0 1f{1j0 0 O O 1f/1|]0 O O O 1|{1|0O O O O 1|0 O O O 1
tl{1 1 0 0 -3[[t2[-1 1 0 1 -2([t3|-1 -1 1 0 -1|[t*]|-1 1 1 0 0
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WATER SUPPLY NETWORK PROBLEM
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