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Overview

@ Introduction

@® Current method

© Network representation
@ Linear programming
@ Research questions

@ Continuation & discussion
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Gas transport

e Realistic transport situation

o Boundaries of capacity on e/e
e Flow conservation

e Transport moment: quantity for transport load
e Dependent of length, amount of flow, pressure, diameter of pipe,

temperature
e Length and flow

e Transport moment equations:

T =72 q(e)d(e)

ecE

I J
T(a) = Z; c(X;)d(X;,a) - z;c(NJ)d(NJ, a)
= Jj=
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Stress test

Severe transport situations

Vector with capacities on e/e
Sum of vector is zero
Restricted to bounds
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Stress test
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Stress test, iteration 1

Xa Xg
0/20 0/20
Na Np
90/100 0/100
¢ Find entry and exit point
o Closest entry is Ny oo ,
o Furthest exit is Xp
e Minimum of the maximal capacity on %
the e/e: min{100,90} = 90 !
e Transport moment: 3 3¥90
T(A)=90-8-90-0=720
X’c x’n
0/80 90/90
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Stress test, iteration 2

Xa Xg
0/20 10/20
Na Ny
100/100 0/100
e Find entry and exit point
e Closest entry is Na
o Furthest exit is Xpg e e
e Minimum of the maximal capacity left 100
on the e/e: min{10,80} = 10 !
e Transport moment: 3 3490
T(A)=10-7+90-8-100-0 =790
X’c x’n
0/80 90/90
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Stress test, iteration 3

Xa Xs
0/20 20/20
o e
i . . 100/100 10/100
e Find entry and exit point
o Closest entry is Nj
e Furthest exit is Xg 1 2
e Minimum of the maximal capacity left 100
on the e/e: min{10,80} = 10 !
e Transport moment: 3 3190
T(A)=10-7+90-8-100-0=790
X’c X?n
0/80 90/90
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Stress test, iteration 4

Xa Xs
0/20 20/20
o e
. . . 100/100 90/100
e Find entry and exit point
o Closest entry is Ng
e Furthest exit is X¢ T e
e Minimum of the maximal capacity left 2
on the e/e: min{90,80} = 80 !
e Transport moment: ¥e0 2400
T(A) = 20-7+90-8+80-7-100-0-90-7 = 790
Xc X’D
80/80 90/90
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Stress test, iteration 5

1050 20
¢ Find entry and exit point Na Ne
o Closest entry is Ng 100/100 100/100
e Furthest exit is X4
e Minimum of the maximal capacity left 000 80
on the e/e: min{10,20} =10 o
e Transport moment: !
T(A)=10-0+20-7+90-8+80-7 ™ T
-100-0-100-7
a0 »  ®
Xc Xp
80/80 90/90
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Stress test

XA XB
0/20 20/20
Na Np
100/100 10/100
Stress test w.r.t. anchor point A:
47100 2770
Ny (100
20
1 Ng | 90
Xa |l -0
3780 3790 X [ -20
Xc | -80
Xp \ -90
X’c x?,
0/80 90/90
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Distance between stress tests

Measure difference between vectors

Lp, for example Euclidean distance

Network properties

Quadratic form distance
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Quadratic form distance

Xa Xp
[0,20] [0,20]
Na Ny
[0,100] [0,100]

, , Na Ng Xa Xg Xc Xp
Na O 7 0 7 7 8

G 1 F Ng|l 7 0 7 0 6 7

D- Xa1 0O 7 0 7 7 8

Xgel 7 0 7 0 6 7

i i Xel7 6 7 6 0 7
Xp \ 8 7 8 7 7 0
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Quadratic form distance

dij
9:=1- —4
Y dmax

QFDs(u,v) = \/(u -v)TA(u-v)
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Quadratic form distance
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Earth mover's distance

e Minimal amount of work to go from one situation to another

¢ Based on transportation
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Earth mover's distance

I J
min Y " djf; (1a)
i=1j=1
subject to
I J I J
55 - e, S0 (o)
i=1j=1 i-1 j=1
EJ:"USC(N;) Vie[l, /] (lc)
j=1
I
; fii < c(Xj) Vjie[l,J] (1d)
fi>0 Vie[l,l], je[1,J] (le)
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Earth mover's distance

21{:1 Zfﬂ djjfj

EMD = =150
Y1 X fiy

I J
EMD =37 %" dif
i=1j-1

(100,0,0,-100)" (20,0,0,-20)"
(0,100,-100,0)" (0,20,-20,0)"
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Distance

QFD:
¢ No big pre-calculation
e Only distance matrix and stress tests needed
e Matrix is big in practice (/ +J) x (I +J)
EMD:
e Based on flows
e Two matrices, but smaller [ x J

e Based on two different transport moments
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Flow representation

XA XB
[0,20] [0,20]
Na Np
[0,100] [0,100]
4 2

3 3
X’c x’n
[0,80] [0,90]
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Flow representation
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Flow representation
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Flow representation
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Flow representation
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Flow representation
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(a) (b)
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Linear Programming

max c'x
st. Ax<b
x>0

e x optimisation variable: flow
e ¢ cost function: distance

e A, b constraints, flow conservation, etc.
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Linear Programming

e Simplex method
e Mostly polynomial time complexity
o Worst-case exponential time complexity
e Simple algorithm

e Interior-point method

o All cases polynomial time complexity
e Based on different numerical methods
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Research questions

@ Current method
e Are all severe situations taken into account?
o Other distances
o Criterion on similarity in distances

® Other methods

e Advantages and disadvantages
e How can the computer find the flow through the network for the
earth mover's distance?

©® Network structures

e Which complex structures should be taken into account?
e How in each method
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Research questions

@ Transformation from capacity (e/e) to flow representation

e Advantages and disadvantages
e Algorithms

©® Pressure

o Addition to each method
e Transformation to linear programming
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Continuation

Answering the research questions:
@ Current method
® Other methods
©® Network structures
@ Representation of the network

©® Pressure
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