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GLOBAL EXAMINATIONS

( all-relation analyses)

OF GRAPHS

Relation: Directed pair of nodes [i,j]

1 ] K n
1 a
i @
k (g D
n \_/
Triviality:

If P[1,k] path exists on agraph, and P[k,j]
path also exists, then path P[1,]] existstoo.

In this context we refer to node k as a transfer
node in relation of [i,|], while we refer all P[i,j]
pathes together as[i,]] accesses (a;).
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Theset of j (a) transformations

i “A)=A
@=1i (@) | k=12..n

|nitiating matrix ( ,, table of direct accesses’ ):

Basis ( ,empty” matrix ): a;=M "1, but!:
At non-weighted graph: a;=1 if[i,j] edge exists ")
At weighted a graph: aj = t i If[i,j] edge exists ")

M atrix transfor mations;

ajj- = ajj "1

i (&t a ™ ag ) | aktt M; ag*ttM; itk jrkod
aj = i y " 1)
T gt otherwise b
k=12 ..n

Basic Problems:

Connectivity analysis: M=0; | (a" a a)=1; (non-directed edges)
Dominance analysis: M=0; | (a" ax agt)=1 (directed edges)

L oop discovering: M=0; | (& aw ag) =max { aj, 2-a;"}
Path-variants counting: M =0; j (a;*" aW*", ag*') = a*" + (@ xa*)
Gravity-point/Center/Span: M = +¥; j (a;*", &y, ag*) =min{ a;*", ay* + a**}
The longest span: M=-¥;j (& a? agt) = max { &, a* + ag* }
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Floyd-Warshall

(,,All-pairs shortest path™ )

Initialization :

fori:=1tondo
forj:=1tondo bggin
aflj]:=wlij];
p[1.)]:=0
end;

Scanning :

for k:=1ton do
fori:=1tondo
for j:==1tondo

If a[i,k]+a[k,j]<all,j] then begin
a[1,)]:=a[1,k]+alk,];

pli.j]:=k
end:

*wlijl:={i.jl, if (i,)0 A ; W[i,j]:=M otherwise

Warshall, 1959 - finding loops

Floyd, 1962 - all-pairs shortest path
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CONNECTIVITY ANALYSIS
(M=0;j (& a " a)=1)

| B CDE F G
112134567

(1) 1

ONONENE
OBEE

The symmetrical structure matrix

G Mmoo O W >
N OO o0 B TWIN| R

| B C D E F G _A B CDEFG
N{1/2/3 4567 N1/2/3 4 567
All 1 All 1
Bl 2 1 Bl 2 1
cls 11 cls v |11
4
ol 4 1 1 ol4 1 1)1
E|lS 1 v E| S 1
Flelz 1 (1) 1 Flel1 1 1]1
cl7 1 1 cl7 1 1
K=1 K=2
A B C D E F G A C F G B D E
N1 23 4/ 56 7 {11367 2 4|5
Al 1 1 NEYERER R
4
sl2] (Ll 1k1) NEIERER R
cls3 11 elelala]a]2
bl 4 1 1|1 cl7]1 /111
els e 1 k1) 5|2 111
ele|1 1 1)1 p| 4 1{1]1
Gl 7 1 1|11 E| S 1,11
. K=4 ... The re-arranged Overall Access Table
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DOMINANCE ANALYSIS

(M=0; j (aijk-l, i, akjk-l) =1)

Dominant Node(s): Node(s) i of the graph from which all other nodes of the graph
can be accessed. ( P[i,j] existsinall [i,j] j irelation)

Dominated Node(s): Node(s) i of the graph which can be accessed from all other
nodes of the graph. ( P[j,i] existsinal [j,i] j 1 irelation.)

| B CDETF G A B CDEFEG
{1123 4/ 567 {11213 4567
Al 1 11 Al1]1 1 11
5| 2 1011 1 sl2|1|1f1 1/ 1]1 1]0
cl3 1 cl3|z 1 1)1
ol 4 11 11 plal1/1]1|1]|1 1/1]0
el 5 1 els5]1 1 1)1
Fl6]1 1 Fl6]1 1 1)1
cl7 1] 1 cl7l1/1/1/1 1]1|1]0
0O 0O o o

Direct- and Overall Access Table with the dominant- and dominated nodes indicated.
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L OOP DISCOVERING

(M=0;j (& aw™ ag") =max{ aj!, 2—-a;*} )

A B CDTEF G
Jl1/2/3/4|5|6]|7
Al1l2l2 1 2 1% 2
Bl21]2|2 1 2 1"
cl3

Dl4|2 2 2|2]2 1°
E({5]2 /12 12 2
Fle|2 2 2 1 1 2
Gl7/152 1 2 2 2

Overall Access Table with estimated numbers of loops constituted
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PATH VARIANTS COUNTING

( M = O, J ( aijk-l’ aikk-l’ akjk-l) — aijk-l + ( aikk-l ] akjk-l) )

3
Al 1 1°

Bl2]17| |1

cl3

Dl4[3 1 4 1°
El5]1° | 2°

Fl6|6 3(8)1 2 1’
Gl7|5/2 7 1 2°

Overall Access Table with number of path-variants constituted in relation FC
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Gravity-point / Center / Span

(M=+¥;j (& a ag) =min{ af**, &’ +a“*} )

Gravity-point: Node(s) of the graph from (/to) which the sum of length of shortest
pathes to (/from) all other nodes of the graph is the minimum.

Center: Node(s) of the graph from (/to) which the maximum of the length of
shortest pathes to (/from) any other nodes of the graph is the minimum.

Span: The Longest of ,, Shortest Paths’ throughout the graph

A B CDEF G A B CDEFG
N{1/2/3 4567 N[1/2/3 45 6 7|0GO0C
NE 1 25 ali]2]7]/1 325 a|(22)(7)
sl 2 5 7 sl2|7]w0|s 8 512 7| 47 12
NETE cl3lisl2]|4a/3/6/5]27 8
ol 4 41 ola|le 8/ 7](2|4 4 1] 20 s
els|25 5 els|2 5/ 3[5][4]7 6|28 (7)
cls]s 4 cle|s/ 126 4/ 7]8|5] 3 12
cl7 7 1 35 cl7ls 7.6 1/3[5]2] 27 (7)

Direct- and Overall Access Tables with DG 26 47 31 25 39 28

Gravity-points and Centers as ,, Origins’
and/or ,Destinations’ together with Span DC @ 12 8 8 @ 12 @
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THE LONGEST SPAN

(M=-¥;j (a" a, ag) =max { a", ai* +ay*} )

A

3

All 2°

B| 2|k 6 3° 6°
C|3

D|4 |1 3.1 1t
E|5|6° (825 |7 .2°
Fl6

G|7]|4 6.3 5°
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GTM ( General Time Mode )
Homogenizing relations
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MPM/PDM = GTM

MPM/PDM network model
with heterogeneous boundaries

A B C
7 s [115 st 152
FF6 FSO | | Fso FF2
D E ; F |
3 FSO A FS10 1

Y
A 4

Transforming MPM/PDM to GTM
with homogeneous boundaries
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Modified/new terms

Positive Source:
A nod being origin of at |east one directed edge
with non-negative weight but not terminal point
of any directed edges with non-negative weight

Positive Sink :
A nod being terminal point of at |east one direc-
ted edge with non-negative weight but not origin
of any directed edges with non-negative weight

Positive/Negative/Zero loop :
According to the sum of weights along the loop

Recognition :
Weights of first and of |ast edge of the Longest
Path are surely non-negative!

Critical Path :
Sub-graph constituted by the longest paths
between positive sources and positive sinks

Graphrestrictions: - (Positiveloop!)
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Assigning Time Potentials

2 7 9 1 5 16 15 2 17

V“ 20 20 20
f
P N A A, BB, C; C, Dy D, Ey E Fy Fp, p™

OA10\7>9 14 13 15 3 7 17 18| 2
Al-710 2 7 6 8 4 0 10 11| 20 9
B: 0/5 4 6 6 -2 8 9| 11
B, 5 0 -1 1 11-7 3 4| 20 16
C, 02 3 4| 16
C, 2] 0 1 2| 18
0 D;/2 9 11161517/0/3 5 9 19 20| O
D,-1 6 8 1312 14 -3/ 0 02 6 16 17| 3
= 4 9 8 10 04 14 15| 5
= 0 5 4 6 410 10 11| 9
F 0/1] 19
F, 11 0| 20

p"™" 9 9 11 16 1517 0 3 5 9 19 20
2
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A B C D E F G

Nl1]2|3/4]|5]6]7
(®) AE
sl 2
® ©® ©
ol 4
E|lS
© ©® s
cl7
{12345 |e6|7|[N]1]2]3|4a|5|6|7]||\N]|1]2|3|4|5|6]|7
1 1 1
2 2 2
3 3 3
4 4 4
5 5 5
6 6 6
7 7 7
Nl1l2l3]als|e|7|[W]1]23/4|s5|6|7|[\]1]2/34|5|6]|7
1 1 1
2 2 2
3 3 3
4 4 4
5 5 5
6 6 6
7 7 7
Nl 1l23]4|s]6|7|N]1l2/3]4]5|6]7
1 1
2 2
3 3
4 4
5 5
6 6
7 7
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