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S GIoIH 22

ALC

P;rc id [ from node | to node | (other attribuces)
50 100 110
| 51 110 1240
55 300 110
&0 110 200
69 110 | 300
70 | 200 | 110 |
Hode 4
node id {attributes) |
100
L10
120
200
| 300 |

Turn Table

| from arc | to are impedance
50 | 60 =
S0 51 L
| 20 E9 2
70 6% 1
740 51 3
59 60 1
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27 (2/4)

O Jl= -2 3 24 =2 24 s HOleH 2E

B2 L-C {HOE

x (optional in schematic)

y (optional in schematic)

NODE
1

58

100
87

2

0

96

56

3

B )= g3 H0I=

SHAPE POINT COORDINATES

LB S O BN S TO-NODE (optional in schematic)
a 2 3
b 1 3
c 4 5
B 2= ]2 3dE P4Hotl=e SEE2 =A0 Qe S E = IS
O3 a= iE 200 AIEGI CE 322 D= grsfd 0] B ol E
07 S9s 219 302)s a2 B8 IS,
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OJl2 -3 2L
- & =4 H 0| =(Node Attribute Table)
m VALENCE LIST OF NODES LIST OF LINKS
3 3 19 29 5 _b3 —a, d
5 5 3,4,6,10, 11 —d,—c,e, f, g
12 4 7,11,13, 18 —h,-m, n, s
= VcD’e’n/ce: incident links (or nodes) forming intersections.
B 23 =4 {|O0|=(Link Attribute Table)
SPEED
LINK STREET NAME ADD?f SSES ADDRRE SSES CLASS LET(GTH LANES LIMIT
3 4 ) R) (km) (km/h)
© El Camino Real=Hwy101 — — Freeway 1.42 3 100
—C El Camino Real=Hwy101 — — Freeway 1.44 3 100
m 1 Hollister Ave 1201-1299 1200-1298 Arterial 0.23 2 80
t / Walnut Lane 598-200 599-201 Residential 0.68 1 45




= UEAHT U0 28 4F 72 (4/4)

2 E&-gl3 24X
2t ol 8 E S (turn) BHIO| =
O From-Link 2t To-LinkJt 2l 2= 2| keylt &

FROM-LINK TO-LINK IMPEDANC
a b
b —a 1.5
C f 99999*

OO0 2 Metgdi(impedance)2 3l ™ 2)Is=S EE
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=A| ofl 2 2| t] 2k (1/2)

0 Dynamic Segmentation (5= =)

B IIEUHERID NSALE oA ) SHELZ JIEL EHI RS
SIRER=N] O|Pﬂ§(event) HIOIEHE SSEAI2ID 0|2 J|Etez A&
(section)= Aot Olciet AEo| L2t HE JIEL 32 IS Al
Jl= OoleH 2494 J1E™

B HOEW H&EE 8 &X U0 (event)E NI CIASHO0l & =
U= featureE HE0t= WS

B Applications

OAtLEA, WSseE &4, 282, L& 2 0|22l 22|, wSHH =A & Al

s =
= S

B AE ATE0S O
O ESRI — Dynamic Segmentation Module
[0 TransCAD — Dynamic Segmentation
O Intergraph — Segment Manager




=A| ofl & 2| t] 2k (2/2)

|
0 Dynamic Segmentation (S= =)
B J|= R4 =:routes, sections,

i =. eVCHtS
B Route= section= 2| & &

B Section= ctl! HH AL OIS0 AEEH2 2 H 25 [H Route system
ol 2= M3
B Events= route systemU| Al 24 ot= & 2| At
Speed Limi N IR “Routes e
P ‘ |
AADT Values A S 7 e \
Pavement Type Asphalt Concrete Asp%halt J
» Measures o 100 279
0
skid Values |* | 2 [ :IQL J;,/,é
GIS Query where : / / AMFHS
Speed => 45 — o Events 9 120 o (J:) o
AADT > 20000 ’ T N
J= —1 Vé

Pavement = Asphalt
Skid Value =< 30

Foint, Continuous,
Linear



Dynamic Segmentation2| 0|3l (1/7)

[1 Routes

B An aggregation of connected network segments that have a common
attribute value

B Routes store “measure” (1.e. distance) values along their length

3 routes in a route system,

based on unique street name: sA\RERRL,

+* %
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Dynamic Segmentation2| O|ol (2/7)

[] Linear Referencing Systems (LRS)

B System of determining the position of an event (i.e. pavement
condition) relative to a route system (i.e. streets) by specifying a
, and

<
\Z
e

oNY pul

Poor Pavement
Condition




Dynamic Segmentation2| 0|l

[1 Dynamic Segmentation

B A method of locating events in a table “on the fly”,
using the measure values of a route system

(#2) 650 feet from 1st Ave

<)

Main St

(#1) 250 feet
from 15t Ave

Accident On Measure
ID # Street| Value
Main 250 feet
1 St From
1st Ave
Main 650 feet
2 St From
1st Ave
2nd 150 feet
3 Ave From
Main St

(#3) 150 feet from
Main St




Dynamic Segmentation2| O|ol (4/7)

[1 Dynamic Segmentation “Event” Types

B Dynamic segmentation “events” can be point features (i.e. accidents,
call boxes, bus stops, etc.) or linear features (i.e. pavement condition,
pavement type, etc.)




Dynamic Segmentation2| 0|l (5/7)

[1 Dynamic Segmentation “Event” Types

B Dynamic segmentation “events” can be point features (i.e. accidents,
call boxes, bus stops, etc.) or linear features (1.e. pavement condition,
pavement type, etc.)

&
Z
)

Main St

aNY pu

Bus Stop




Dynamic Segmentation2| O|of] (6/7)

[J Dynamic Segmentation “Event” Types

B Dynamic segmentation “events” can be point features (i.e. accidents,
call boxes, bus stops, etc.) or linear features (i.e. pavement condition,
pavement type, etc.)

Asphalt
Z Pavement

5
7,
®

Concrete
Pavement

Concrete
Pavement

Brick
Pavement
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GISOIAM HIEH A 22 anm)

O At2l D[ BHAIE (Infrastructure)

B AN EMES EUIIEH= AIEZ2S

B U ERID=Z E8&E = ASIIIBEAIA

OS2, SAMNZ, MAKMZ S22 S

[0 ESRIAFS| ArcGIS

B Geometric Network model2 & &
OS¢ &2

B ! node &£ = junction

B 2 3. link &£ = edge
B XS K| =2: feature
[ |

Ol=2 A2 20 E=2 A= E2
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Some utility network tasks are:
« Establishing the direction of commodity flow

» Finding what is upstream of a point

» Closing switches or values to redirect flow

» ldentifying isolated parts of the network

= Finding facilities that serve a set of customers

In a utility network, water and electricity
are channeled until delivery to the customer.

In a transportation network, cars and trains are
autonomous objects that can move freely.



- Some transportation network tasks are:
» Calculating the shortest path between points

» Determining a trade area based on travel time

» Dispatching the closest ambulance

« Finding the best sequence to visit customers

» Routing a garbage truck efficiently



Geometric Network Model (1/3)

O &8s A|AEIO] & JHAl £4
B The Geometric Network (V1 0Hsf & HIE R )
B The Logical Network (=2l & UIER Q)

O Jlot=& HERA
B L EIAINANZ HELNH RHEE faatureS2 238
B oL 2 a=S e CEEZ AL N, oL === 2] JHQ
23S JtE = US

O =28 UERA
B Geometric network?t FAtOLAH &2t € d2 44
= )

o
B _] X0l= MHg S EgotAl E=li= A |otsr & EE2 )t 8lE
B =c|8 UERADS =Rt =52 Lot Aol HE sS4 g0 W
ctAZ2d 2 S M&Eot= X

B J|olsE HER A W features 1t =2l & HIE R A L feature= AHO| Ol
=1:15=1:n 2HIIESIHE




Geometric Network Model (2/3)
Two views of a network

You can view a network as a collection of geographic objects such as rails, roads,
stations, and bridges and also as a pure network of edges and junctions.

& -‘--‘-"ﬁ,” _____ +
Airport  Airline route
Airport

Railroad rin

-

—
> ) Factory I

Brioge Navigable river

Geographic view

A geometric network is the representation of
geographic features that comprise a network.

Geometric network

A T .:

Airline route
H@"}'
y ®

.‘—v.

Navigable river

Network view

A logical network is a pur
and

junction elements

Logical network



Geometric Network Model (3/3)

v
Geometric network Logical network
: Network features can be Network elements are stored in an edge laﬁle A logical network has
Tha.guemaie AEMOI organZed ANy umber of  &nd JncTion TAbIE with a connectivity table no geometry or

maintains relationships
between connected :
junction features and Railroads

edge features. When you [ _1d_|_geomet :
move a junction feature, Rivers

the comnected edge | W

network feature classes. describing how they connect. coordinates. Itis a
pure graph of how
junctions and edges
are connected.

features are

rubberbanded. Logical  Gonnectivity

network i dacen 'ﬂm
&

A network feature H%ads e o= tables L

can be related to one Elements

or many network = |\ The connectivity table

elements. This allows _ Features from an arbitrary number of edge and keeps track of how edge

a single feature to junction feature classes correspond to network  and junction elements are

represent a complex elements in the edge table and junction table. connected.

part of a network. Train stations Junctions 4___,/4
id met IS Y T |
& —

You can define connectivity [_ 1 The logical network is invisible
— in ArcMap and ArcCatalog,

rules to define the valid Airports A :

combinations of connected - Jon id | geomet but it is the foundation for the
junctions and edges in a feats ‘ju geometric network’s rich
geometric network. e l=:— model and high performance

You interact with the network through network features. When you add or remove a network feature in a
geometric network, Arcinfo adds or removes the matching network elements. When you perform network
analysis, Arcinfo submits a solver to the logical network.

The geometric network and logical network are always synchronized.



Y EL T A4 an)

Gaomeatric network

Junction feature table

. ==l HERd

126
j12a fle2 | re=cld UERZS =2 ST2 o
123 s [y Z Bl 0l S(connectivity table)il U2
ef | o 0, Ol= LIERIRS0| HEH A&
T H0 A=IE €88

A ogeomairic network contains the features that panicipate
in a network. Feature classes contain ether edge

’ =
Connectivity table Et-llloa!g%d gj%éoh_z_gg} ga%gl Jc(j
| Junction Adiacent juncton and edge == uEOLI_ ==
| 1123 [ 1124, 57 =} s
e S e, >=, 2 EH0IE2 JIGIE R HEY
nze ] et ] I O{EH HEYTS SSHES R
' Kstedlse 201510 S

connecingty table hsts all the
junclions to a grverey i j no adgpo
that connacts tham



Y EQ T2 AZAA 23

Truck routes

Cities

Junction element table

=

Feature Feature Element
Class ID ID
; G o
1 - 12_ 5 1
i e =
1 j4 3
Edge element table
Feature Feature Element
class 1D 1D
2 r1 A\ 10 }
2 \ 11 /
TR F \ 12 /

\ geometric network can have any number of participating
eature classes. In this example, there is one junction
eature class (Cities) and two edge feature classes that
onnect the junctions (Major rails and Truck routes).

Geometric Network

id geometry Connectivity table
e Rt ] [52 o e g o R i A
2 TR o 1,10
N 1 0, 10 =T ST
2 1, 11
3 1, 12

The logical network tracks feature IDs by feature class.
For each feature class and feature |ID combination, the
logical network creates its own internal element 1D.

Logical Network

HIOIEW &3 |4 HIO|I= 2 feature class @ featurel| X&' 2
A IDE M=



Y EL T2 A4 a3

O ™ 2& 2! (Connectivity Rule)

B aklz HZ2E = Y= U ER 2 feature

= 2| R (type)t
b)/\‘lE UE RS = feature=0| HZ22 == U= SE 72 feature= 2| ==
= X o
E =—
B DIoHEE HIERAD WUHMN UWER A feature =2/ 2 Z Sintegrity) 7 XN E S0|0t
H et

CE-23 73

meter

transmission main 10" pipe 8" pipe 10" pipe 8" pipe
reducer no reducer
meter

at junction
Yes, a service tap can be

No, a transmission main cannot
terminated with a meter.

Yes, this reducer properl
be connected with a meter. g

No, there is no reducer at the
connects the two pipes.

junction connecting two pipes.

switch swnch Pr— 14.4-kV line

28.8-kV line S

x step transformer

When you connect a 14.4-kV electric distribution line to a 28.8-kV
line, a properly sized transformer can be automatically inserted

Yes, a switch can connect two

No, a switch cannot be the
through four lines.

terminus of a line.






Provides information about a

saEsEssEs

weight.
This is the logical network. This *
object provides for examination and
editing a logical network. = : Returns all the adjacent elements
Network @ +------------ P ForwardStar given a junction and edge eclement.
Used extensively when writing

f: solvers.

Converts featare class and feature
Creates a geometric and logical : 1Ds o and from element [Ds.
network from line and point feature

classes.

A network where flow is directed. A network when:ﬂ*owisu:ﬂimd.
Ym.t can establish a flow direction ; ;
3 on this type of network.

Creates barriers of individual
elements.

A NetFlag is a location on a
NetFlag network. NetFlags are used by
a NetSolver. :
Creates barriers from selected
: il _ a solver.
A NetFlag that occurs at a junction. A NetFlag that occurs somewhere

along an edge. The position is

I.mplemnms trace solvers.
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AFEH U222 WHAL 2= 20

SRag=igel IFE—_rlx(data structure) =0 A & & UN UF= S0¢F

HE UERIZI HEE 222 LU0 et HIER D =42 =3 4

sH 2 X0l E _._O|71| =

=, 2 HEZ FjBI5 == 0 EeEEaori 52

m ) AAMel 2S00 OtLl 2t

B Z=H UHUAH AIESE = HERD 29 24110

B A MO St ZE == 2tdlot) dalot=0l AtEote ME 20 &
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== 7ot U ER T A £ 2/7)

O 5 I wE2 82t Hg-dels
B UHERAISY LEL O X
B UHERAIS =2 030 2= Al2H BlE, E€ & A

O UERZAD 2L SO Y JAl EH -
B . C-0t3d &=2<= (node-arc incidence matrix)
m .5 C 018 e = (node-node adjacency matrix)
B O 2|A E(adjacency lists)
B ERC I UIC AR H A (forward and reverse star representations)




=Ms HetUIER I 242 £ (3/7)

O S E-0td 8= & =Z2 (Node-Arc Incidence Matrix)

B U ERIE AN M&Eot=0, 0l 2 H2 HIERKRIAA E FEE
Lefotld 2 E=2 00 E2E L8

B 0H3 (i, /)0l HEBH= 22 S J4O B0l Ol (nonzero) R A SO0 Z 72
Heled, =SS0l oHYote o= +1 el =& ol s ote &l
=-12 H=t2 JI=

B )L HE O Y(zero)2! Ht2 2= AAS0I HSR A DO O
Do Z2o| BB ZOH0A HIEBE

@ (s @ 0 6D €N 6D 6P GH GEH 60

1|1 1 4 i 4 5 i 4
|-z { i eH £ { £ £
| -3 4 |3 -1 5 -1 i
O 4 H £ i i £ :
L [ i £ £ H i L

(1) M)



=J < Ols ol =
=M= Het U EHD
O =E-LC O1E = (Node-Node Adjacency Matrix)
m 2 LC0foiEol= o
B Ofc <18>1 20| 2 2 AlA
S LIEHLHA OF=2 ¢, )0ll S ot =
CHE U Xl= 25 02] A=t
B U ER IO & M (sparse) & 2 &
Z=0l DA U= UWERS
ot Jls

[
N

15

25

9]

—]

45

(=)
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e

E (Adjacency List)

Gl el &ot) Y= =52

Z 2| A E(singly linked list) 0l XM &
Lole 10 28 2=
CEJiedl= ZHE NE

=2 E0A AlEote 2= 0=
L= SS9 el (E= HIR
cH HHE 0|8t 20
80|22 HO| AtEE =

| I AESE U0y &

25

v

35

15

45

15

45
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25
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3 2& E3(6/7)

O 28 At S 8RS AR 23S (Forward and Reverse Star)

B 2O O0N LEAEE HZE SIAEDN O L XHE BHE 0l & ot= gral

B L2AC AFIBIAIS HIEQTS 2 )M L= 0l aES HEGIEZ 29
Ol LEAM LHDI= 0l3=2 &les Z2&8ol=0 ==&

B SHRAC AFIBIAIS 2L EZ SH=E 0 d=2 AE

B S EA QS 2030 S8t =NE Rt 2HAHSE F0e =, 2 03 E
O3 2l AEN 2= HEEA SH =XECZ2 &

B Y AN SEH0| £0F Y HO| AFEote &4

point tail head C.. C.. tail head rpoint

45 3 2 <1

25 1

=
2
N
4

A N A W N

|l Q|| s | W

g

(35 2 (N I B B (N

Bl A | W || W | W] N
w0 A

N
Nl | & || W|IN
AW | O |W|IN|&~]|W|N

45 4 5

Forward Star Representation

Reverse Star Representation

o || &N | W

p—

A U A W N




(c,)

L7 25 (17

H & (Forward and Reverse Star)

O

A N A W N

point tail head C..
1 1] 1 2 25

3 2 1 3 35

4 —3»] 2 4 15

5 —4»] 3 2 45

7 s» 4 3 15

9 6 4 5 45
—7»] s 3 25

8 5 4 35

Forward Star Representation

rpoint

Reverse Star Representation

o |0 | & | W

A U A W DN
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Dijkstra algorithm (1/16)
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Dijkstra algorithm (5/16)

[1 Step 3
B OIA & S A SEF)0 Q&S EES(E, G, AS ZA
ot1l, Ol =2 Scanned Tablell 2| S8t F, F= & CHAE 2 )| =

- A= 0|0 EE4HE0IE= X2

SCANNED TABLE

: 01 C
|
| NODE | CUMULATIVE PREVIOUS
LUST NODE
| B 15 | A
E 10 _ F
G g | F

j|§\ . ;20 - F
e : : Scanned Table Wl 2t = E9°| =&H|EZ2
: CE E(2)2

FILXI S5t 218t HIS(8) +
FOLXI =E&0otDl flgt HIE(8) + == G(12)&




Dijkstra algorithm (6/16)

[1 Step 4
B Scanned TableO| A & &2 =HE|E= e BAtE EEE)E
MEHSI D 1212 Reached TableZ 0| =
REACHED TABLE
C MNODE | CUMULATIVE PREVIOLE
COsT MODE
[ Hii] TaneE
B
- g
L
—p] E 10 F
F ] A
| i3
SCANMNED TARLE
MODE CLRLULATIVE FREVIOUS
| COST NODE
B A3 I
Semes E 10 F
¢ ™ F
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Procedure SPT(r); A2 229 A A
begin
: QINIT(r); -Breadth First Search (FIFO)
for i = 1 Rl D _Depth First Search (LIFO)
D[r = -Best First Search
repeat I e S
QOUT(Q, i);
foreach j € S[i] do Bottleneckc Operation
lfD[J] > D[l] + L[I,J] then
begin
D[j] = D[i] + L. jl:
QIN(Q, J);
end;
until Q = O;

end;
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