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Lecture — 25
Spatial Networks — V

Hello. So, we will continue our discussion on Spatial Networks. So, last few lectures we
discussed about that specialty of this spatial networks, how it can be handled, more
specifically how it can be queried. Rather in our last lecture, we are trying to look at that
how it can be stored so that the fetching of this data will be much in a much efficient

manner.

Also in case of large networks, like say total a say a huge spatial network say considered
a total transportation network of India or a even a portion of the things, then we need to
have a hierarchical approach, because it may not be possible to pull all the data into the

in your memory main memory and process the data.

So, we need to go for a hierarchical approach like we have seen that boundary nodes then
finding the minimum thing from the building the boundary nodes and then expanding it
from the source to destination. So, this type of approaches are possible. So, today we will
continue with those things specifically look at how these storing the things etcetera

effects the things.

(Refer Slide Time: 01:38)

Spatial Network Storage i

* Problem Statement

* (iven a spatial network
+ Find efficient data-structure to store it on disk sectors
+ Goal - Minimize | /0-cost of operations
+ Find(), Insert(), Delete(), Create()
+ Get-A-Successor(), Get-Successors()
+ Constraints
+ Spatial networks are much larger than main memories
+ Problems with Geometric indices, e.g. R-tree
+ Clusters objects by proximity not edge connectivity
+ Performs poorly if edge connectivity not correlated with proximity
* Trends: Graph based methods

[Ref: Spotiel Databeser: A Towr, by Shathi Shekher, Sonjoy Chawda, internet resources]
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So, just to quickly little this overlap with our previous lectures so, what we have seen
that our basically goal is to minimize the I/O cost operations right. So, specifically we
are the type of operations what we look at the find, insert, delete, create and add this is a
spatial network we look at the things called get a successor, get successor, get

predecessor, get set of predecessor type of things.

So, it is a graph and given a node, | need to know all those things to do some meaningful
calculation right. So, constraints spatial networks are much larger than the main memory
that is the major constraints. So, that means, we need to have a lot of 1/0 access. So,
cluster objects by proximity not by edge connectivity we discussed on that performs

poorly if edge connectivity not correlated with the proximity right.
(Refer Slide Time: 02:33)
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Graph Based Storage Methods

* Insight:
* 1/0 cost of operations (e.g. get-a-successor)
minimized by maximizing CRR
* CRR => Pr. (node-pairs connected by an edge are
together in a disk sector)
* CRR (Connectivity Residue Ratio) =

(Total nos. of unsplit \‘dt'cw) / (Total nos, of edges)

' y | Swccemon | Predessons L’ o 4
+ Example: Spatial Network in the Fig 1 ase | o / 8"' 0
? i

+ Adjacency list table with node records

+ Consider disk sector hold 3 node records
2sectors are (1,2, 3), (45,6

+ 4 edges out of 8 keep node pairs together 1

* CRR=4/8 3 )

[Ref: Spotial Detobaser A Towr, by Shashi SAekhor, Sonjay Chawl, Internet resourcer]

So, there is graph based methods are one of the favorites and this we were discussing
right CRR, we defined or there is a thing called connectivity residue ratio residue ratio,
total number of unsplit edges total number of edges right. Like if | have this typical
graph right and this is the connectivity diagram and we have these are the different nodes
and their successor predecessor, there was some typo in the things that is keeping a part.
So, what we see? If | if a so, the in this example adjacency list matrix of the nodes
considered two disk sectors let us consider two disk sectors with three node records each

right; so, oneisal, 2, 3, continuing 4, 5, 6.



Now if we look at that number of unsplit edges so, so; that means, | take this at one point
of time 12 3 one 4 5 6, so, if it is everything within that 1 2 3 means could have been the
best thing. So, number of see if 1 2 3, so, unsplit edges is 1 to 2 one unsplit 2 and these

are the two unsplit edges like 1 to 2, 2 to 3.

Now, if I have other call is 4 5 6 so, unsplit edges is 4 to 5, 5 to 6. So, total number of
unsplit edges is becoming 4 got it. So, if | take 1 2 3; so, 1 is thisis my 1 2 3 right and
once | take this is 4 5 6; so, number of unsplit edges in case of this is 1 to 2 there is thing
so, this will be there this will be there. So, total number of this in this case is 2 whereas,

the other case this is 4 to 5 and this is so, that is number of two right.

For other case 3 to 4 | this is a split edge. So, | mean | need to access both the disk right.
What you have seen that considered to a both the sectors two sectors like this right both
the sectors. That means so ideally it should be if I get all the things; that means, the
maximize the CRR that one fetch I get all the all the things that could have been the ideal
thing, but this we cannot do that. So, total number of thing is 4 unsplit edge total number
of unsplit edge and total number of edges are 1, 2, 3, 4, 5, 6, 7, 8 by 8. So, our CRR is in
this case 0.5 right.

(Refer Slide Time: 05:47)
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Graph Based Storage Methods

* Insight:

* 1/0 cost of operations (e.g. get-a-successor) ".

minimized by maximizing CRR
¢ CRR => Pr. (node-pairs connected by an edge are

together in a disk sector) > ’
* CRR (Connectivity Residue Ratio) = G

(Total nos. of unsplit edges) / (Total nos, of edges) HNode \
w ) y Sucoemon | Predessoey
+ Example: Spatial Network in the Fig 1 s | 0 8

* Adjacency list table with node records

+ Consider disk sector hold 3 node records
+ 2sectorsare (1,2, 3),(4.5,6)

Now, if | say for arguments sake for calculating sake if I consider say one thing like I
have instead of these two 4 5 6 these things if | have say 1 3 5 one sector, another say 2 4

6; that means, even so called even ID’s one and odd ID’s one right. So, in this case what



is the unsplit edge? So, 1 to 1 to 2 is not there, 3 to 5 is not there right. So, what we have

for this, I have 0 sort of unsplit edge right.

Whereas for 2, 4, 6 only we have this so we have 2 4 and 6 right, 1, 3, 5 ok, here it is not
0 sorry this should be 1, because we have 1 to 5. This is 1 right so, 1 was right and other
was sorry 1 to 5 is there, but 2 5 6, I do not have anything. So, total number of things is 1
divided by total number of is. So, CRR reduces. So, keeping this way things will may
reduce right.

(Refer Slide Time: 07:12)
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Graph Based Storage Methods

+ Insight: G
* 1/0 cost of operations (e.g. get-a-successor) 0 ' a
minimized by maximizing CRR
+ (RR == Pr. (node-pairs connected by an edge are /
together in a disk sector) J » /s
+ CRR (Connectivity Residue Ratio) = Q

/
(Total nos. of unsplit edges) / (Total nos, of edges) Node &/
' y oo

+ Example: Spatial Network in the Fig 1 286
+ Adjacency list table with node records
+ Consider disk sector hold 3 node records
+ 2sectorsare (1,2,3),(4.56)
] * 4 edges out of 8 keep node pairs together

Q;%B,b) @/%M}

[Ref Spotial Databoser: A Tour, by Shatki Shekhar, Somjoy Chawdo, internet resources]

Whereas suppose | have another consideration, say | have 1 5 6 and another is another
node is say 2 3 4. So, over this 1 5 6 so; that means, 1 5 6, other one is 2 3 4. Now what
is the count? So, for 1 5 6 one edge two edge 1 to 2, 1 2 3 edges right. | have 3 edges and
456,12 edges right, 2 3 4, 2 edges. So, total is 5.

So, we have the CRR as 5 by sorry 8. So, the CRR increases. So, what it is say what it
try to say that first of all we want to maximize the CRR and once we can have
appropriate selection of these things that | can have a CRR. So, the partitioning of this
particular graph while storing into this actual my secondary media or is important right
so, that | can my appropriately CRR there.



(Refer Slide Time: 08:31)

Graph Based Storage Methods |

+ Example: Consider two paging of a spatial network
* non-white edges => node pair in same page
+ File structure using node partitions on right is preferred
* Ithas fewer white edges => higher CRR

So, this is a typical graph of a of a real network considered two paging of a spatial
network non-white pages node pairs are in the same page and file structure using node
pairs on the right is preferred, because it is a fewer white pages so higher high higher
CRR you can achieve CRR. So, that this is by the coloring try to see that because in a
real network this type of making this 1 2 3 4 etcetera may not be feasible right. So, | can

have different edges which are storing in different colour and type of things.
(Refer Slide Time: 09:08)

Clustering and Storing a Sample Network

CCAM - Connectivity Clustered Access Methods
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« Divide nodes into sectors 1 n
+ to maximize CRR —0 |9
3 B i)
sUse a secondary index a2 | |12 A [a2
Y W )
ofor find() 4 o
: ot [ L0 20 JQ“
susing R-tree or B-tree |¢ | >—°€> B
sExample: o[ Lo l&o gs 0
: X
sleft part : node division Y, (SRR T, )
sright part
edisk sectors O Medetny) K Tode 10
; ‘ 710t gt ot
ssecondary index SispkNetwd — Edge b bsis
oB-tree/Z-order G ode 1 |

B* e (seccedary inder) Data Page

[Ref. Spotis! Dotateses A Tou, by Shashi Shekhar, Sanjoy Chowi, iternet resources]



So, there is a another concept. Again the basic goal is to maximize the CRR that is the
connectivity clustered access methods right. So, the basic idea is that divide the node in
sectors to maximize CRR right. Use secondary indexes for find using R-tree or B-tree
right. So, these are storage method idea divide nodes into sectors to maximize CRR and

to use secondary indexes so, | can have different secondary indexes into the things.

So, in this particular example so, left part is this is what we see there are node division.
So, it is so, the division is something like this, one partition is like this, one partition is
like this, one partition is like this. So, every node has a node ID right and it has a
coordinate also or location x y coordinates type of things right. Every node if you see 5 is
03, 4is 02, 1 is 01 and this is 00 and type of things right.

So, these are different coordinate points and actual and then we have different type of
things like this particular partition is kept in node 0 1 4 5 is in one particular data page,
then this 5 6 7 13 12 13 or 13 12 twelve thirteen is one data page and there are in the
different data pages right.

So, these are partition in this fashion and then we this can be again kept in particular
order either the z order or b order type of things and then I can have different secondary
indexes. So, that it helps me in searching. So, | can have different secondary indexes
which connect to these type of things right. So, | have different these data pages and then

we have different secondary indexes which connect to these type of things.

So, in so, the this partitioning so, this is connectivity clustered access method or CCAM
helps us in partitioning in appropriate manner so, that my overall CRR CRR is
maximized. So, | have mostly the data which are the connectivity data in the same
particular data page. So, that my number of access of that particular sector is reduces or
the for finding a particular path. So, these are the things which are there and if we
different type of a techniques are followed which are again looking at that storage
mechanism part say looking that how is overall storage things can be handled in

appropriate way.



(Refer Slide Time: 12:44)

* Spatial Networks are a fast growing applicCAjj SDBs O

* Spatial Networks are modeled as graphs

* Graph queries, like shortest path, are tra@uro /?:

* not supported in relational algebra 3/
+ SQL features for transitive closure: CONNECT BY, WITH RECURSIVE

* Graph Query Processing
* Building blocks - connectivity, shortest paths
I * Strategies - Best first, Dijktra’s and Hierachical routing
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So, if you look at the overall spatial network different different type of application so,
this is a wide applications, like spatial network are fast growing application for this
difference spatial databases, spatial networks are models as graphs, graphs queries like
shortest path, transitive closures are not supported in traditional relational algebra SQL

feature of transitive closure connect by with recursive things are what we have seen.

Then there are graph query processing the building block, connectivity, shortest path
strategies like best first best path first or Dijkstras, hierarchical routing these are the
different type of things and we have also seen that storage methodology where it tries to
sorry here should be maximized the CRR value. We want to here it should be maximize

the CRR value what we are looking for right.

So, these are the things which we want to achieve. So, if we look at the again just to
repeat that the spatial networks per say is have a different dealing than our normal other
special databases; one of the major reason is that here where the connectivity dictates
over proximity. So, it may be proximity is near or about the connectivity will be in a

different way the how the particular network is connected.

And also other different so, the dealing of this spatial network is more of a graph
theoretic approach what we have followed or what is a follow in the things and it is it has

different type of application for different location based services like, different maps and



type of things. So, it is require a special consideration right. So, we will see some few

more example queries or a scenarios or which will help us in looking at those networks.

(Refer Slide Time: 15:08)

Service Integration for Query Priocessing B
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nghway Local Roads

So, if you recollect we have seen this particular diagrams previously also. So, there are
two networks right, one is highway one is road network. So, these are fetched using
some services spatial services. So, it is a spatial service followed by map service to
display the things. So, this is mostly the highway network right. So, this is a area of a
Bankura district Bankura district in our West Bengal state and this is a highway network
and this is some local roads right it may be village road and type of things.

So, these two roads are there, so one of the predominant application what we look at is
finding the minimum distance, sorry shortest path shortest path between two locations.
Now, by looking now usually what happened these two networks are maintained and
stored by two different authorities this maybe district authority or the state authority
there is a local node and whereas, this is maybe the national highway authority. So, two

databases should merge and my query should run using those things.



(Refer Slide Time: 16:27)

Service Integration for Query Processing (Contd...)

Local Roads

Merged Road Network

Shortest Path Calculation

So, this way we can integrate this particular thing into a merged road network right so,
that two are fetched and merged into the things where the area of interest right. So, this is
the merged road network. And then I can which shows that there are two categories of

things which are one is Bankura non-metal and Bankura metal road right.

So, these are two types of roads there | can identify querying service querying on those |
want to look at those road network only. Say | want to send a consignment or a particular

vehicle which we need to move in this two category of road also or some categories so, |



can extract. So, what we are doing we are doing all those things in a spatial web service

mode.

Now, saying that we now have to have a shortest path between two locations. So, one
location select this one and another location select these two points. Now, given these
two points | want to shortest path between these two locations right. So, this ideally may
fall into a particular road network or if it is not falling into the road network the nearest
road network will be considered nearest point of the any road network will be considered
the point which is the which is the source and the destination right.

So, this is pushed into their so, this is my source and destination. So, these are two points
right and it finds the shortest path between them considering the network under
consideration right, which contain some portion of some say highway which is from one
source and some portion of the village network or district network which is from other
source. So, two source data are combined together and on a service mode and | can find
the shortest path between the things right. So, not only shortest path, we can have
different type of constraint or we have been different type of network based analysis on
the things right.

So, this is how practically we can or how real life we can have some implementation of
those algorithms into the play right into the play or looking at the things. Even if you
look at that we discussed about the things called connectivity etcetera so, that we can
also find out whether there is a connection between two nodes.

And or what | have time specially in disasters condition like flower etcetera we want to
find out that whether there is a connectivity putting that over a inundation layer and then
whenever the road as submerged then cutting those road and try to find out from a
particular point say rehabilitation center or that is flood management center, disasters
management center to particular village centroid or whether there is a connectivity or not

right.

So, there is analyzing the connectivity of the process. So, these are this is how practically
| can use this and other we are used to with you different type of map services finding
the destination, expected time of arrival which is congestion or not based on different

map services which are available on our mobile devices.



(Refer Slide Time: 19:55)

Example Queries on Spatial Networks

Refer Slide Time: 20:11)

Road {Name, Start-City, End-City, Type, Shape LineString} //Type: NH, SH, ctc
City {Name, District, State, Population, Shape Point}
District {Name, State, HQ, Shape Polygon]  //District HQ is a city in that district

SOL: List the names of all districts in “West Bengal” which are not the neighbours of district “Bankura”

Create VIEW neigh as
(Select D.name from District D, District D1
Where D.State="West Bengal” and D1.Name="Bankura” and
TOUCH (D.shape, D1.shape)=1 and D.Name <> D1.Name);

Select Name from District, Neigh

where State="West Bengal” and

Name NOT IN (Select D.Name from Neigh);

So, next though we have discussed a several queries | thought that will be it will be good
that we can have few more queries so, that we can little bit discuss on that more. So,
some of the queries which we set something that query like we have schema like road
name, start city, end city type, shape and shape is a line string. So, shape is of the line
string. So, | have name, road is a name of the road, from where it is starting where it is

ending type of road shape is line string.



In case of a city name district state population shape is a point. So, city is taken as a point
so, we can take that city centre or the centroid of the city at the point whichever the
things and then it is have a it has belongs to some district, belongs to some state it has a
population and it has a shape that is geometry feature. Now if | have the queries like list
the names of all districts in West Bengal which are not neighbours of the district of
Bankura right. So, in other sense | define that neighbor as that it is touching that Bankura

district.

So, there can be different variation of the solutions, so, one solution like create view
neighbor as select d name from district d and district d 1; where district d state equal to
West Bengal, d 1 name equal to Bankura and touch d 1 d state and d name is not equal to
the d name. So that means, we want to find out those things which are not touching the
thing right. So, this is one consideration we are trying to give.

So, then actually, so | create a view of that things, which is neigh and then we have a
select name from district and neigh right. So, should these two things you can have
ideally the this capital n or this is small n to have that same your referring where state
equal to West Bengal and name not in district name from the neigh. So, all the
neighboring state, neighboring district which are touching and then | have a now
exclusion states. So, we have all which are not in that particular set right. So, this may be

the way of handling.

(Refer Slide Time: 22:32)

Road {Name, Start-City, End-City, Type, Shape LineString] //Type: NH, SH, etc
City {Name, District, State, Population, Shape Point{
District {Name, State, HQ, Shape Polygon}  //District HQ is a city in that district

SOL: Find the cities (and the corresponding district names) which touches national highway NH-2.

(A city touches a highway if it lies within 3km from the city)

Select C.Name, C.District from City C, Road R
where OVERLAP (C.shape, Buffer(R.shape, 3))=1
and R.Type = “"NH” and R.Name = “NH-2";



It this is one maybe one sort of a query, other considering the same type of scenario we
want to find out find the cities and the corresponding district names which touches
national highway NH 2 right. So, a city touches a national highway if it is lies within a 3
kilometers, we say the definition of touch here is it is within a 3 kilometer. So, like select
¢ name c dot district and city c road r where overlap ¢ shape and buffer of 3 kilometer is
1 right; that means, true and r type equal to NH the road type is national highway and r
name NH 2 right these are the thing.

So, here what we see this is my spatial operation in the previous case this was touch was
my primarily my spatial operations right. So, here we want to create a buffer and see that

it is overlapping or not if it is overlapping then we consider those things right.

(Refer Slide Time: 23:43)

Find the name of the rivers passing through the state ‘Bihar’ and through the
‘Sundarban’ forest.

Select R.name
From RIVER R, STATE S, FOREST F
Where S.name='‘Bihar’ and
F.name=‘Sundarban’ and
CROSS (R.shape, S.shape)=1 and

CROSS (R.shape, F.shape)=1;

Find the name of the river passing through the state Bihar and through the Sundarban
forest right. So, name of the rivers which is passing through a state of Bihar of India and
through some through the Sundarban there is a forest so, Sundarban forest right. So,
select unnamed from river r state s forest f is name equal to Bihar and f name equal to
Sundarban and cross r dot shape r dot shape into s dot shape equal to 1. That means,
particular state and r dot shape and f dot shape equal to 1 right. So, that is that both are

true and type of things right. So, only thing is this cross is again a spatial operations.



(Refer Slide Time: 24:39)

List the name of the roads, in descending order of their length, which are within 10km
distance of the river ‘Ganga’

Select Rd.name, length(Rd.shape) as road length
From ROAD Rd, RIVER Rr
Where OVERLAP (Rd.shape, BUFFER(Rr.shape, 10))=1 and

Rr.name='Ganga’

Order by road length DESC;

Similarly, list the name of the roads in descending order of their length which are within
10 kilometer of the river Ganges. So, if this sort of a things are there, we are doing here
also if you see that there is a overlap operation right, overlap r d dot shape and buffer r r
dot shape 10. So, that these overlap operations of that creating a particular buffer and
seeing that river is overlapping or not right. So, river name equal to Ganga order by road

length equal to descending right. So, this is the thing what we are trying to do.

(Refer Slide Time: 25:14)

For each of the river, find the name of the state through which it traverses maximum of its
course, and also mention the length of that particular river segment.

Select Rl.name, Sl.name, length(Intersection(Rl.shape, S1.shape))
From RIVER R1l, STATE S1
Where LENGTH (INTERSECTION (R1.shape, S1.shape))>
ALL (Select length(Intersection(R2.shape, S2.shape))
From RIVER R2, STATE S2

Where Rl.name = R2.name;



Similarly, for each of river find the name of the state through which it is traverses
maximum of its course and also mention the length of that particular river segment. So,
same type of things so, little complex queries to find out that for each river find the name
of the state through which it traverses. So, taking each river find all the states which is
traverse and it traverses maximum of its course and also mention the length of the

particular river segment.

So, want to find out that how much length of this particular river segment there. So, this
is the way we want to find out the length and then for all those things find the things. So,
we want to find the river name s dot name and length intersection r 1 dot shape 2 s1 dot
shape. This is another finding the largest forest which is the closest to the national

highway of NH 6 you can look at this query.

(Refer Slide Time: 26:08)

Find the area of the largest forest which is closest to the national highway ‘NH6'.

Select Fl.name, Area(Fl.shape) FROM Forest F1
Where Area(F1.shape)>= All(Select Area(F2.shape)
From F2 Where F2.name IN
(Select F3.name From Forest F3, Road R1
Where DISTANCE (F3.shape, R1.shape) <=
All (Select DISTANCE(F4.shape, R2.shape)
From Forest F4, Road R2 Where R2.name='NH6'and

R1.name=R2.name))) ;

(Refer Slide Time: 26:18)



List the name of the states in descending order of number of rivers they have been passed
through.

Select Sl.name, COUNT(R1.name) As riv_count
FROM State S1, River Rl
Where CROSS(R1.shape, S1.shape)=1

Group by S1.name

Order by riv count DESC;

So, find the name of the state in descending order of number of rivers they have been
passed through right so, that the maximum count will be that the top and the minimum
count will be at the bottom. So, this way | want to save the river right. Select s dot name
count r 1 dot name riv underscore count. So, from state s 1 river r 1 where cross r 1 shape

and s 1 shape is equal to 1 group by s 1 name and order by riv count descending.

(Refer Slide Time: 26:55)

Relational Schema

Road (rld, rName , rlength, speedLimit, shape:Polyline),

Facilities (fId, fType, fName, openinqgTime, c¢losingTime, rating, connectingRid,
shape: Polygon)

AcademicBuilding(bld, bName, nameOfDept ,shape:Polyqon)
ResidentialBuilding(rbld, rbName, rbType, messAvailability, connectingRid,
shape: Polygon)

Gate(gld, typeOfVehicle, openingTime, closingTime, trafficDirection, shape:Point)

Facilities include: Bank, ATM, Hospital, Market, Library, Swimming pool, Gymkhana,
Auditorium, Food corners/Restaurant/Cafeteria etc.

rbType can be *staff” or "UG" or “PG". rbName is the name of the residential building (e.5, *A-
type” quarter or *B-type” quarter or “LBS” hostel, "VSRC" hostel etc.)

So, and so, these are different type of example which we see that the spatial operations
are there right. These are some where other we did different example we thought of
giving few discuss few more example to make that how these all are spatial networks
type of things. This is another schema where we have a road, road ID road name, road



length, speed limit and shape is polyline facility so, facility ID, facility type, facility

name, opening time particular facility closing time, rating, connecting roads.

And shape is polygon a particular facility right eye camp etcetera. What we have seen
and academic buildings, building ID, f name; name of the buildings shape polyline
etcetera things are there, residential building similarly and there can be a gate, gate ID
where we are type of vehicle opening time, closing time traffic direction and its a gate is

a point and its look at the thing.

So, facility may includes bank, ATM, hospital market swimming pool etcetera, r type
can be r b type can be r b type can be staff u g, p g where we have different type of types
of a quarters and that like we can have a type quarter, b type quarter, |1 b s hall and this
different type of things are there like here residential building what we say like r b type it
can be staff or u g building and type of things and r b name can be different type of a

quarter right. So, this these are the different consideration.

(Refer Slide Time: 28:41)

List the names of roads, in descending order of their length, having atleast one restaurant
within 50 meters distance with rating greater than 4 and remains open at 11pm.

CREATE VIEW Restaurant AS
(SELECT F.fId, F.fName, F.shape
FROM Facilities F
WHERE F.Rating > 4 and F.closingTime >=23);

SELECT R.rName FROM Road R, Restaurant Re
WHERE Overlap (Re. shag?, Buffer (R.shape,50))=1
ORDER BY (Length(R.shape)) DESC;

e/l
’IIA ¥ 1 m.x’

So, if we tried queries like list the names of roads in descending order of their length
having at least one restaurant within 50 meters distance with rating greater than 4 and
remain opens up to 11 p m. So, | want to find out a restaurant with rating greater than 4
and remains open at 11 p m with within 50 meter distance from the at least 1 restaurant

within 50 meter distance with rating etcetera.



So, given a name of the which are the roads etcetera. So, create restaurant a so, | create a
view we have create a view of restaurant as select f dot f i d f dot name and f dot shape
from facility f and what we see that f dot rating is greater than four f dot closing time is
greater than 20 open till. So, it should be closing time should be less than equal to 23

hours.

So, there is a small typo, so, it should be less than equal to 23 open till remains open at
11 p m oh remains open | mean at 11 also it is open. So, at least eleven it is open or 11
pass it is open right. So, | do not know that we cannot say that it is up to 11 p m or 11
plus p m. If it is open till 11 p m that can be less than equal to right it depends on that
what type of queries | have. Now, select r name from road name etcetera where overlap r
dot shape buffer r shape 50 equal to one that is within the 50 meters and type of things
order by length r shape descending. So, order by the length of the road in a descending

fashion.

(Refer Slide Time: 30:25)

Find the details of the student hall which is farthest from any academic building

SELECT B.rbName, A.bName
FROM ResidentialBuilding B, AcademicBuilding A
WHERE DISTANCE (B.shape, A.shape) >=
ALL (SELECT DISTANCE (B1.shape, A.shape)
FROM ResidentialBuilding Bl

WHERE Bl.rbName < > B.rbName) ;

So, find details of the student hall which is farthest from the academic building, want to
given a student hall in a typical academic institute, | want to find out that which of the
which halls or which are the halls with farthest from the academic building right. So, we
academic building we considered as a point feature and also as a point feature that may

be the centroid of that particular thing all the type.



So, b dot r name a dot b name and then from residential building b academic building a.
So, student will be hall will be residential building distance B dot shape and a dot shape
greater than equal to, so these two distance between them two is greater than equal to
select all distances B1 shape a shape from residential building B 1; where B1 r name is
not there B dot r b name right.

So, we want to find out all those buildings which are which is not all those building
which are the farthest by considering this particular query. So, similarly find the details
of the largest p g hall and distance between within the swimming pool, but different type
of queries are there.

(Refer Slide Time: 31:40)

Find the road(s) [road-name] with maximum facilities. [Don’t use shape/geometry attribute
for this query)

CREATE VIEW CountF AS
(SELECT R.rId AS id, count(F.connectingRid) AS count F
FROM Road R, Facilities F
WHERE R.rId=F.connectingRid);

SELECT TOP 1 CF.id FROM CountF CF ORDER BY CF.count F DESC;

(Refer Slide Time: 31:49)



Given a polygonal map of political boundaries of the states of India, write SQL3/ Recursive queries
for:  Find all states with land based route to Orissa.

WITH RECURSIVE X(State_name, state_reachable) AS

(Select sl.atate_nama!,} S2.state name from State S1, State S2

Where TOUCH (S1.shape, S2.shape)= 1 and

Sl.state_name <> S2.state_name)

UNION

Select X.state name, S2.state name from

State S1, State S2, X

Where TOUCH(S1.shape, S2.shape)=1 and S1.state name <> S2.state name

Sl.state name = X.state reachable and X.state name <> S2.state_name

Maximum facility find the roads rode name with maximum facilities this another type of
queries there and there is a another things what we have seen is recursive query. Find a
given a poly poly map of political boundaries of the states of West Bengal write
recursive queries find all states with land based route to Orissa right. So, all states which

has the land based route to Orissa.

While recursive; while recursive x state name and state reachable as select we want to do
s dot state, name s dot state name from the state s 1 and s 2 which touches this right. So, |
can if it is touching then it is directly it can there is a possibility that if the road is there
on the if it is touching then it is going through the it is connected right. And the s dot
state name is not equal to s 2 dot state name right. So, that those state we considered

which has a touching the thing.

And select x dot state name s dot form state s 1 and s 2 and x where touch r dot shape
and equal to 1 and it is not that s dot state name not equal to s dot s 2 dot state name and
s two state name equal to x state reachable, like x state reachable we have their x dot
reachability state and x dot state name is not only. So, what we are trying to see that we
if I want to have a land based road either it should be touching, or it will be touching
someone or recursively touching someone which has recursively touches and goes to

Orissa right. So, this type of things will be there.

Like typically if i see in for our country other than from Andaman Nicobar or some other

islands so, all other all other things I can have this will return those things are which are



touching right. So, this is a recursive queries we are having few more will share with
you. So, what we try to see in spatial networks is that how it differ from the things where

the proximity mostly dictates over sorry connectivity dictates over proximity.

So, they requires a separate dealing and also these as a void spread application is spatial
data basis or special database related applications right and the other advantage is there
or other between is there it is as it is a we can deal with as a graph theoretic approach so,
all those graph theory or graph algorithms can be put into play have to find out the things
right. So, with this let us conclude our discussion on spatial networks, will be continuing

with our discussion on other aspects of spatial informatics in our subsequent lecture ok.

Thank you.



