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/Abstract )
The paper analyzes the rapidly growing popularity and importance of the use of graph and network models and tools in
many areas, like transport, goods distribution, communications, sociology, economy, defense, security, psychology, and
many others. It briefs the developed and patented Spatial Grasp Model and Technology (SGT) which allows for fully
distributed and parallel operations on large networked structures, including general technology issues, basic Spatial
Grasp Language (SGL), and the networked language implementation. Also investigates and classifies different works
on network and graph operations and presents detailed solutions for the most basic network creation, modification,
path finding, spanning and shortest path trees, strong and weak components, finding graph structures with spatial
pattern matching, also flows in networks. The latter includes the well-known Ford Fulkerson method with an effective
solution in SGL, which is much simpler and shorter than traditional implementations in Java and C. The investigated
networks can be physical, virtual or combined, having both addresses and physical coordinates. The shown simple
and compact solutions in SGL can operate on arbitrary large and complex networks in a highly parallel and fully dis-
tributed mode. They were obtained in a direct spatial thinking, spatial pattern recognition and pattern matching mode
cultivated by the Spatial Grasp model and its psychology, rather than under traditional logic-based and algorithmic
philosophy and culture. This may challenge existing opinions that parallel and distributed algorithms are usually more
complex than traditional sequential ones, just proving the opposite, and especially for the network-related applications)

o

Keywords: Basic Network and Graph Operations, Spatial Grasp Technology, Spatial Grasp Language, Spatial Pattern Matching, Par-
allel and Distributed Computing, Strong and Weak Components, Spanning Trees, Maximum Flow

Introduction

Networks as models and operations are widely used in practical-
ly every area of human activity. We have analyzed in detail and
reviewed the following types and areas of networking, with cit-
ed main ideas and methods highlighted in the related numerous
publications, as follows.

Transport Networks: Transport networks Transportation net-
works Multiservice Transport Networks Packet Transport Net-
works Air Transport Networks Geographical routing protocol
for vehicular networks [1-6].

Communication Networks: Communication network, Com-
puting in communication networks Optimization and control of
communication networks [9]; Introduction to wireless commu-
nications and networks Underwater communications and net-
works Network security 6G mobile wireless networks [7-13].

Social Networks: Definition of social network, Social network-
ing, Social network analytics, Most popular social networking
sites, Social and economic networks [14-18].
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Battle and Military Networks: Battle Networks A 21st Century
battle network the outlined new battle network Challenges of

military networks and technological developments the problems
of building a safety net [19-23].

Economic Networks: Economic networks an economic net-
work Networks for innovative and resilient economies Under-
standing economy by networks Cluster networks in economy
Economy in the 21st century [24-29].

Distribution Networks: A distribution network A distribution
network as the flow of goods Types of distribution networks in
supply chain management Benefits of a distribution network Op-
timal operation of active distribution networks [30-34].

Virtual Networks: A virtual network Virtual networking Net-
work virtualization Pluralistic approach to virtual networks Fun-

damentals of virtual networking [35-39].

Neural Networks: A neural network Neural network in machine
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learning Neural network types and applications Artificial neural
network Graph neural networks [40-44].

Psychological Networks: Network analysis in psychological
science Visualization of psychological networks Network analy-
sis in psychology Person-specific networks in psychopathology
Network analysis and its applications in psychology [45-49].

Criminal Networks: Explanation of criminal networks Under-
standing of criminal networks in criminology and justice studies
New forms of organized crime using networks Criminal net-
works and law enforcement Detecting and disrupting criminal
organizations [50-55].

The main goal of this paper is to investigate and analyze poten-
tial and practical suitability and applicability of the developed
and patented Spatial Grasp Technology (SGT) and its basic Spa-
tial Grasp Language (SGL), already tested on numerous appli-
cations, networking including, for expressing and solving the
basic networking problems, especially in large distributed envi-
ronments [56-71]. The rest of the paper is organized as follows.

Section 2 provides a review of publications on main network and
graph operations. Section 3 briefs the developed Spatial Grasp
model and technology, including its general issues, Spatial
Grasp Language, and its distributed networked interpretation.
Section 4 describes elementary networking operations in SGL,
including creating individual nodes and links, network topology
formation, and nodes and links removal. Section 5 is devoted to
paths in networks and describes finding and collecting any and
all paths between certain nodes. Section 6 describes creation of
different types of spanning trees from a node, like breadth-first
and depth-first, also shortest path tree to all other nodes. Sec-
tion 7 describes finding different components in networks, like
strongest sub- networks or cliques and weakest or articulation
points. Section 8 provides finding matching solutions for arbi-
trary patterns based on a path through their all nodes or all links.
Section 9 is devoted to managing flows in networks including
package delivery to the given destinations which may be via ar-
bitrary routes or by using shortest path tree; it also describes
effective and extremely compact implementation in SGL of the
well-known Ford Fulkerson method for finding maximum flow
in a graph and its comparison with existing Java solution. Sec-
tion 10 concludes the paper confirming effectiveness of SGT for
basic network operations, and References cite many publication
sources analyzed in the paper. The Appendix provides updated
Summary on SGL syntax and its main constructs used in all pre-
sented solutions of different tasks.

A Review of Publications on Main Network and Graph
Operations

The following sources were analyzed and investigated in detail
for drafting the repertoire of main networking operations which
may be useful, even critical, for their usage within areas de-
scribed in the previous chapter.

An Introduction to Networks is in [72]. A network is simply a
collection of connected objects. We refer to the objects as nodes
or vertices, and usually draw them as points. We refer to the con-
nections between the nodes as edges, and usually draw them as
lines between points. Networks can represent all sorts of systems
in the real world. For example, one could describe the Internet as
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a network where the nodes are computers or other devices and
the edges are physical (or wireless, even) connections between
the devices. The World Wide Web is a huge network where the
pages are nodes and links is the edges. Other examples include
social networks of acquaintances or other types of interactions,
networks of publications linked by citations, transportation net-
works, metabolic networks, and communication networks. You
can click on the following images for more information about
their respective networks.

The Degree Distribution of a Network is in [73]. A network
can be an exceedingly complex structure, as the connections
among the nodes can exhibit complicated patterns. One chal-
lenge in studying complex networks is to develop simplified
measures that capture some elements of the structure in an un-
derstandable way. One such simplification is to ignore any pat-
terns among different nodes, but just look at each node separate-
ly. If one zooms in onto a node and ignores all other nodes, the
only thing one can see is how many connections the node has,
i.e., the degree of the node. Node.

Random Networks are in [74]. When analyzing a network,
one approach is look at the network as a single fixed entity. But
sometimes, it is useful to think of the edges as random variables.
With this random network perspective, a given network is more
than a single object. Instead, we can view the random network as
a sample from a probability distribution. We can then study the
whole probability distribution to gain insight into the network.
We can view the probability distribution of random networks as
defining a whole ensemble of many different networks, where
the probability of any particular network is determined by the
probability distribution. Rather than looking at the particular
properties of a single network, we can study the properties of the
whole ensemble of networks.

Network Algorithms are in [75]. Network structures character-
ize how networks “look” — large or small diameter, number of
edges, sparse or dense, degree distributions, clustering, etc. The
distance between two vertices is the length of the shortest path
connecting them. This assumes the network has only a single
connected component. If two vertices are in different compo-
nents, their distance is infinite. The diameter of a network is the
maximum distance between a pair of vertices in the network.
Eccentricity as the length of the longest shortest path.

10 Fundamental Network Algorithms are discussed in [76].
This looks at the algorithms used to perform network calcula-
tions. It starts with some simple algorithms for calculating quan-
tities such as degrees, degree distributions, and clustering before
moving on to more sophisticated algorithms for shortest paths,
betweenness, maximum flows, and other non-local quantities.
Exercises are provided at the end of the chapter.

Graph and Network Algorithms are in [77]. Graphs model the
connections in a network and are widely applicable to a variety
of physical, biological, and information systems. You can use
graphs to model the neurons in a brain, the flight patterns of an
airline, and much more. The structure of a graph is comprised of
“nodes” and “edges”. Each node represents an entity, and each
edge represents a connection between two nodes.
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Distributed Network Algorithms are in [78]. Distributed net-
work algorithms play a major role in many networked systems,
ranging from computer networks (such as sensor networks, peer-
to-peer networks, software- defined networks, datacenter net-
works, networks on chip) to social or even biological networks.
The goal of this course is to introduce the fundamental formal
models and methods needed to reason about the correctness and
performance of distributed network algorithms.

Data Structures and Network Algorithms are in [79]. There
has been an explosive growth in the field of combinatorial algo-
rithms. These algorithms depend not only on results in combi-
natorics and especially in graph theory, but also on the develop-
ment of new data structures and new techniques for analyzing
algorithms. Data Structures and Network Algorithms attempts
to provide the reader with both a practical understanding of the
algorithms, described to facilitate their easy implementation,
and an appreciation of the depth and beauty of the field of graph
algorithms.

What is Graph in Data Structure and Types of Graph are
in [80]. Graphs in data structures are non-linear data structures
made up of a finite number of nodes or vertices and the edges
that connect them. Graphs in data structures are used to address
real-world problems in which it represents the problem area as
a network like telephone networks, circuit networks, and social
networks. For example, it can represent a single user as nodes or
vertices in a telephone network, while the link between them via
telephone represents edges.

Graph Operations are discussed in [81]. Graphs are often a
good representation for problems involving objects and their
relationships because there are standard graph operations that
can be used to answer useful questions about those relationships.
Here we discuss two such operations: depth-first search and
breadth-first search, and some of their applications. Both depth-
first and breadth-first search are "orderly" ways to traverse the
nodes and edges of a graph that are reachable from some starting
node. The main difference between depth-first and breadth-first
search is the order in which nodes are visited.

Basic Graph Theory is discussed in [82]. This considers such
features as: undirected and directed graphs, neighborhood and
degree, density and average degree, paths, loops, paths in direct-
ed graphs, length, distance, network structure, connected graphs
and connected components, hubs, clusters, network dynamics,
random graph algorithm, clusters and homophily, triadic closure
algorithm, hubs and cumulative advantage, preferential attach-
ment algorithm, and many others.

Graph Data Structure is explained in [83]. Graphs are data
structures that consist of nodes or vertices linked by edges.
Graphs are used to depict relationships and links between di-
verse parts, making it possible to simulate and evaluate compli-
cated systems more efficiently. Data structures are specialized
formats that we use to store, process, and retrieve data according
to our needs. There are several data structures that serve differ-
ent purposes depending on the requirements. Some basic opera-
tions in a graph are considered like: add/remove vertex or edge,
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breadth-first search, and depth-first search. Different types of
graphs also discussed, like: finite, infinite, trivial, simple, multi,
null, complete, pseudo, regular, bipartite, labelled, direct, con-
nected, disconnected, cyclic, and acyclic. Also, representation of
graphs by adjacency matrix or list.

Ford-Fulkerson Algorithm for Maximum flow Problem is
provided in [84]. In Graph Theory, maximum flow is the max-
imum amount of flow that can flow from source node to sink
node in a given flow network. The Ford-Fulkerson algorithm is
used to detect maximum flow from start vertex to sink vertex in
a given graph. In this graph, every edge has the capacity. Flow
can be defined as any physical/virtual thing that we can transmit
between two vertices through an edge in a graph, for example -
water, current, data and in this case "trains". Assuming steady
conditions (Number of trains on a railway track at any instance
of time must not exceeds the

track's capacity), if we need to find what is the maximum number
of trains (maximum flow) that we can send from City A to city
B then the problem is known as the "Maximum Flow Problem".

As the summary on the analyzed various networking sources, we
collected the number of networking features particularly suitable
for the use of SGT and SGL for their expression, analysis and
processing, which include the following: A directed network; An
undirected network; Different types of nodes and edges; Differ-
ent weights of edges and nodes; Degree of the node; Diameter of
anetwork; Eccentricity as the length of the longest shortest path;
Clustering; Betweenness; Breadth-first graph search; Depth-first
graph search; Shortest path between two single nodes; Shortest
path tree from node; All paths between two graph nodes; Maxi-
mum flow in graph; All cycles in graph; Small-world networks;
Network partition; Heaps; Linking and cutting trees; Minimum
spanning trees; Network flows; Matchings; Connected graphs;
Connected components; Hubs [1-84].

A number of these and other issues have been already investigat-
ed and implemented using SGT, which can be found in the exist-
ing publications [56-71]. But some very basic and fundamental
features, including new networking solutions, are provided and
explained in detail in the following chapters.

The Spatial Grasp Model and Technology

Only most general features of the developed paradigm are in-
cluded, with availability of existing extended publications on its
philosophy, features, organization, and numerous applications,
some in [56-71].

*  General issues

Within Spatial Grasp Model and Technology, a high-level oper-
ational scenario expressed in recursive Spatial Grasp Language
(SGL), starting in any world point, as in Fig.1, propagates, cov-
ers, and matches the distributed environment in parallel wave-
like mode. Such propagation can result in echoing of the reached
states and data, which may be arbitrarily remote, to be repre-
sented as the final result, or used for higher level decisions and
launching other waves. These capabilities altogether provide
holistic spatial solutions unachievable by any other models and
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Figure 1: Parallel Recursive Covering, Collecting, Returning, and Analyzing Knowledge with Spatial Grasp Model

This concept is based on quite different philosophy of dealing
with large distributed systems. Instead of representing systems
and solutions in them in the form of communicating parts or
agents, the developed Spatial Grasp paradigm is organizing ev-
erything by the integral, holistic and parallel substance covering
and conquering distributed worlds which may be as follows:

Physical World (PW), considered as continuous and infinite
where each point can be identified and accessed by physical co-
ordinates,

Virtual World (VW), which is discrete and consists of nodes
and semantic links between them,

Executive World (EW), consisting of active “doers”, which
may be humans or robots, with communication possibilities be-
tween them.

Different kinds of combinations of these worlds can also be pos-
sible within the same formalism.

. Spatial Grasp Language (SGL)

The SGL (with many details in) allows for organizing direct
space presence and operations with unlimited powers and par-
allelism. Its universal recursive organization with operational
scenarios called grasp can be expressed just by a single formula
[56-71].

Grasp — Constant | Variable | Rule ({grasp,})

Where SGL rule expresses certain action, control, description or
context accompanied with operands, which can themselves be
any grasps too. Top SGL details can be expressed as:

constant — information | matter | custom | special

variable — global | heritable | frontal | nodal | environmental
rule — type | usage | movement | creation | echoing | verification
assignment | advancement | branching | transference | exchange
timing | qualifying
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The rules, starting in some world points, can organize navi-
gation of the world sequentially, in parallel, or any combina-
tions thereof. They can result in staying in the same application
point or can cause movement to other world points with ob-
tained results to be left there, as in the rule’s final points. Such
results can also be collected, processed, and returned to the
rule’s starting point, the latter serving as the final one on this
rule. The final world points reached after the rule invocation
can themselves become starting ones for other rules. The rules,
due to recursive language organization, can form arbitrary op-
erational and control infrastructures expressing any sequential,
parallel, hierarchical, centralized, localized, mixed and up to
fully decentralized and distributed algorithms. Details of the
latest SGL version are summarized in Appendix.

*  SGL Interpreter Organization

The interpreter consists of a number of specialized function-
al modules working with specific data structures, both serving
SGL scenarios or their parts which happen to be inside this
interpreter at this moment of time, also organizing exchanges
with other interpreters in case of distributed SGL scenarios.
Each SGL interpreter copy can handle and process multiple
active SGL scenario code propagating in space and between
the interpreters. Communicating interpreters of SGL can be in
arbitrary number of copies, up to millions and billions, which
can be effectively integrated with any existing systems and
communications, and their dynamic networks can represent
powerful spatial engines capable of solving any problems in
terrestrial and celestial environments. Such collective engines
can simultaneously execute different cooperative or competi-
tive scenarios without any central resources or control. Hard-
ware or software SGL interpreters, shown in Fig. 2 as universal
computational, control and management units may be station-
ary or mobile. They can be dynamically installed, and if need-
ed created, in proper physical or virtual world points on the
request of self-evolving SGL scenarios.
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Figure 2: SGL Distributed Networked Interpretation

As both backbone and nerve system of the distributed interpret-
er, its self-optimizing Spatial Track System provides hierar-
chical command and control, as well as remote data and code
access, it also supports spatial

variables and merges distributed control states for decisions at
higher organizational levels. The track infrastructure is auto-
matically distributed between active components (humans, ro-
bots, computers, smart-phones, satellites, etc.) during scenario
self-spreading in distributed environments.

Elementary Networking Operations in SGL
¢ Creating Individual Nodes, Links

Create isolated virtual node with some name a (see Fig, 3, a):
create_node(a)

The physical location, size, and shape of such node can be added
as follows, after hoping into the already created node and stay-
ing in it:

hop node(a); WHERE = X Y, SIZE = big; SHAPE = star

These full details can also be set up during the node creation:
create node(NAME:a, WHERE:X Y; SIZE:big, SHAPE:star)

Adding to the single node a link named r into another node b,
to be created too, will be as (see Fig, 3, b):hop(a); create(link(r),
node(b));

Explicitly adding the created link details, when staying the node,
it leads to, after passing the link, will be as follows:
create(link(r), node(b)); ORIENT =+, WEIGHT = 10; LENTH = 50

Or providing the full link details during its creation from the
starting node:

hop(a); create (link (LINK:r,
LENGTH:50), node(b))

ORIENT:+, WEIGHT:10,

Full details of both nodes and link connecting them can be set up
as follows (see Fig. 3, c¢): create_node (NAME:a, WHERE:X1
Y1, SIZE:big, SHAPE:star); create(link(LINK:r, ORIENT:+,
WEIGHT:10, LENGTH:50),

node (NAME:b, WHERE:X2 Y2, SIZE:small, SHAPE:triangle))

@ @—

a b

A
< V Q X2_Y2

X1_Y1
C

Figure 3: Representation of network nodes and links

e Network Creation

Crating tree-like network, as in Fig. 4, a:
create(node(a);

((link(r), node(b)); (link(r), nodes (d, ¢))),
((link(r), node(c)); (link(r), nodes (f, g))))
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a) b)
Figure 4: Tree-Like and Arbitrary Network Topologies

Creating Arbitrary Network, as in Fig, 4, b:
Top = (a:(b,c), b:(a,c,d,e), c:(a,b.f,g), d:(b,e),

e:(b, d.f), fi(e,c,g), g:(c.1)); )
align (split (Top); frontal (Next) = VAL [2]; create (VAL [1])); hop (Next); NAME > BEFORE; linkup (r, BEFORE)

¢ Nodes and Links Removal
Remove node b of Fig. 4, b, see the result in Fig. 5, a:
remove(hop_node(c))

Remove all links associated with nodes ¢ and d of Fig. 4, b, with the result in Fig. 5, b.
hop_nodes(c, d); remove(all_links)

AN r

© ®

r r"r\ r
9 ©0® ©® 00

Figure 5: Removing nodes and links from the network

@, ©

Finding Paths in Networks

¢ Finding and Collecting any Path Between Certain Nodes

Having created a network infrastructure, like the one as in Fig. 4, b, we may, starting in some node liked, reach any other node like
¢, by the following SGL scenario navigating the network in wavelike mode, i.e. stepwise, in parallel, and without cycles (see Fig. 6
with different solutions for this task).

hopfirst(d); repeat(hopfirst(all _links);

if NAME == ¢, done))

@ @

O-Q 0=
@eer -0 @ @06

Figure 6: Reaching a node from Another Node

We may additionally decide to collect the past path and organize its output at the destination node ¢, as follows.
hopfirst(d); frontal (Path = NAME); repeat(hopfirst(all_links); Path &&= NAME;
if (NAME == ¢, done_output(Path)))
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This will give (d,e,f,c) for Fig, 6,a, and (d,b,c) for Fig. 6,b. Such paths can also be issued in the starting node d by the modified
scenario:

hopfirst(d); frontal (Path = NAME); output_repeat(hopfirst(all_links); Path &&= NAME;

if(NAME == ¢, blind(Path)))

¢ Finding and Collecting all Paths Between Certain Nodes in the Network

It is easy to find any paths in networks in SGL. For example, all simple paths from node d to node c (i.e. with non-repeating nodes)
can be easily found from Fig. 4, b by:

frontal (Path); hop(d);

repeat (append (Path, NAME); if (NAME == c, done output(Path)); hop(all links); notbelong(NAME, Path))

If we apply this scenario to the network of Fig. 4, b, will receive the following paths:
(dﬂblc)ﬂ (d,b7a7c)’ (d’e’b’a,C)’ (d’e’bQC)’ (dﬂe’fﬂc)ﬂ (d’e’f;g’c)

Spanning Trees

¢ Breadth-First Spanning tree (BST) from a Node to all other Nodes

In one of the previous examples, we have found a possible path from a node to some particular node, which was then issued outside
the network within the network asynchronous wavelike navigation. In a similar network navigation, we may create a Breadth-first
Spanning Tree (BST) starting in the same start node and covering the whole network, thus explicitly showing possible paths to all
other nodes. This can be easily done with registering this BST directly in the distributed network structure, by remembering prede-
cessor node names in a special variable Up associated with each node, as follows, see also Fig. 7, a,b for possible BST solutions:

nodal (Up); hopfirst(d);
repeat(hopfirst(links_all)); Up = BACK)

@ @
@-*@
@-*®'> *@ @-* —O

Figure 7: Creating any Spanning tree from Start d to all other nodes

Such a tree Can Directly Guide Movement from any Node, like c, to the Starting Node d:
hop(c); repeat (hop (Up))

We may also collect this passed path as follows.

hop(c); Path = NAME;

repeat (hop (Up); Path = NAME && Path); output (Path)
Results: (d,e,f,c) for Fig. 7,a and(d,b,c) for Fig. 7,b.

*  Depth-first Spanning tree (DST) from a Node to all Other Nodes
See Fig. 8, a,b for possible DST solutions, with starting from node d:

DST = {sequence(hopfirst(links_all); Up = BACK; run (DST))}; hopfirst(d); run (DST)

(a) (a)

@)ﬂ) f \
/| 1
@—@4— -»@ e -

Figure 8: Possible Depth-first Spanning trees from Start d to all Other Nodes
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Collecting path from Start d to any Other Node, Say, e:
hop(e); Path = NAME;
repeat (hop (Up); Path = NAME && Path); output (Path)

Result: (d,b,a,c,f,e) for Fig. 8,a, or(d,b,a,c,g,f,e) for Fig. 8,b.

e Shortest Path tree (SPT) from a Node to all Other Nodes
With some modification, we may create and register instead of any spanning tree, a Shortest Path Tree (SPT) from a node to all other
nodes (which, in general, may have more than a single solution, as shown in Fig. 9, a,b)

(2)

2N A
~®
1%:’20 OACNGE

Figure 9: Creating Shortest Path Tree from Start d to all Other Nodes

The following scenario can accomplish this with registering the resultant SPT in the network structure similarly to the spanning tree
scenario before. The main difference will be with re-registering the SPT predecessor nodes in variables Up if shorter solutions from
the start to these nodes appear available.

nodal (Dist, Up); hop(d); Dist = 0; frontal (Far); repeat (

hop(links_all); Far +=1;

or (Dist == nil, Dist > Far); Dist = Far; Up = BACK)

SPT will be embedded into the network structure with Dist and Up in all nodes. Starting in any node, say c, and following Up you
can easily receive SP to it from the head of the SPT, similar to BST above:

hop(c); Spath = NAME;

repeat (hop (Up); Path = NAME && Path); output (Spath)

Result of SP from d to c: (d,b,c) for both SPT in Fig. 9.

Finding Different Components in Networks

¢ Finding Strongest Sub-Networks, or Cliques

We present here a universal solution in SGL for finding all cliques in a network (i.e. maximum possible full subgraphs), assuming
their number of nodes should correspond to some threshold. The following scenario is finding all cliques in parallel in the network
of Fig. 10 with the number of nodes not less than three (only one clique, with four nodes, is highlighted in the figure).

rB

Figure 10: Finding Strongest Parts, or Cliques, in the Network

hop_nodes(all); frontal (Clique) = NAME; repeat (

hop_links(all); not_belong(NAME, Clique); yes(and_parallel(hop(links_any, nodes(Clique)))); iff PREDECESSOR > NAME, ap-
pend(Clique, NAME), blind));

count (Clique) >= 3; output (Clique)
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This scenario, starting in all nodes and following their links to other nodes in parallel, is collecting node names in new individual
hops which have links with all previously collected nodes unless such nodes cannot be found, declaring the collected set of node
names in the frontal variable Clique as a new clique. As the same clique can be collected in such a way when started from all nodes
of the same clique, the duplicates are blocked by allowing inclusion of any new node into the clique’s list only if the value of its
name is lower than of the previous one. The obtained full results for Fig. 10 will be as:

(A,B,C,D), (A, C,K),(B,D,E), (E,G,J)

If names of links in cliques are of interest too, the modified scenario will look like: hop nodes(all); frontal (Clique = NAME, Links);
repeat (

hop_links(all); not _belong(NAME, Clique); yes(and_parallel(hop(links(any), nodes(Clique)))); ifPREDECESSOR > NAME,
(append (Clique, NAME);

append (Links, (hop (links any, nodes (Clique)); LINK)), blind));

count (Clique) >= 3; output (unit (Clique, Links))

The obtained results will be as follows:
(A,B,C,D, 18,13, 13,15,17,19), (A, C, K, 13, 12, r1),
(B, D, E, 19,17, 16), (E, G, J, r5, 16, r1)

¢ Discovering Weakest, or Articulation Points
Weakest or articulation points when removed split the network into disjoint parts, like node E in Fig. 11.

Figure 11: Weakest or Articulation Points of the Network

Next is parallel and fully distributed solution for finding all articulation points in the network, by which each network node, first
selecting one neighbor randomly, tries to navigate and mark the whole network from it while excluding itself from this process. Af-
ter termination, if the node discovers still unmarked neighbors, it declares itself articulation point and outputs its name, as follows:
hop_nodes(all); IDENTITY = NAME; hopfirst node(current); stay(hopfirst random(links_all);

repeat(hopfirst(links_all))); if(hopfirst(links_all), output (NAME))

The answer will be E, as the only point of such type in the network of Fig. 11.

Pattern Matching

e Arbitrary Network Matching Patterns

In distributed networks, like shown in Fig. 12, a, any graph structures can be found with the use of SGT, for example, as the one

shown in Fig. 12, b. Applied in parallel from all network nodes, it can then self-evolve from them in parallel matching mode with
finding meanings of variables N1 to N4. There may be different possibilities of how to represent arbitrary search patterns as match-

ing templates in SGL.
(A)——(8
% O @ i
~~

(©) x

Figure 12: A Network and its Search Pattern
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e  Template Representation Based on a Path Through all Nodes

Among simplest matching template representations may be the one based on a path through all pattern’s nodes, as shown in Fig. 13,
b (for more complex cases such a path may have to include some nodes more than once). The SGL self-matching scenario based on
the oriented path of Fig. 13, b will be as follows.

hop_nodes(all); frontal (Nodes) = NAME;

three repeat(hop_link(all); notbelong(NAME, Nodes); Nodes && = NAME); true(andparallel(link(any), Nodes[1,2]));

yd
el ®<I

Figure 13: Matching with Template Based on a path Through all Nodes

The nodes of found substructures corresponding to variables N1 to N4 will be as follows (also considering that the pattern may start
from different nodes of the same network structures, with only two solutions highlighted in Fig. 13, a):

(Nl! N2) N39 N4) _)(K’ A) D) C)’ (B) J) Gﬂ E)’ (A) B’ E’ D)’ (C’ B’ E) D)’ A

The output of contents of variables found will be accomplished in nodes corresponding to variable N4, which will be C, E, D, D and
others, in another matching.

¢ Template Representation Based on a Path Through all Links

Another simple template representation in SGL, fully universal too, can be based on a path through all template links, as in Fig. 14, b
(with numbers of variables on links corresponding to the order of their passing), where in general some links may have to be passed
more than once. Such template representation is especially convenient for the joint collection of the matched node and link names, as
shown in Fig. 14, a,b, with variables Ni for nodes, and Li for links. The corresponding SGL scenario for finding and issuing values
of all these variables in the successful matches will be as follows.

A

rs
a) b)

Figure 14: Matching with Template Based on a Path Through all Links

hop_nodes(all); frontal (Nodes = NAME, Links); three repeat(hop_link(all); notbelong(NAME, Nodes);
Links &&= LINK; Nodes &&= NAME); hop(link(all), Nodes [2]) Links &&= LINK; hop (Links [1], Nodes [1]);
hop(link(any), Nodes [4]); Links &&= LINK; output (Nodes, “:”, Links)

Some of the solutions with variables at both nodes and links will be as follows (issued in nodes corresponding to variable N4, same
as in previous example of Fig. 13):

(N1, N2, N3, N4) :(L1,L2,L3, L4, L5) —

(K, A, D, C):(rl,17,15,13,12), (B, J, G, E) :(r7, 16, 15, 11, 16), ...

Deliveries and Flows in Networks

¢ Package Delivery to the Given Destinations

Reaching from Start node the set of particular Fin nodes (using any simple casual paths to them, i.e. without loops) and delivering a
sort of Pack to them (like attaching it to their CONTENT), may be expressed as follows, see also Fig. 15.

frontal (Pack = ..., Fin = (E, G, N, O, P)); nodal (Start = K);

hopfirst(Start);

repeat (if (belong (NAME, Fin), CONTENT &&= Pack); hopfirst(links_any))
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Figure 15: Possible Delivery Paths from Start to Certain Destinations

With not optimal casual delivery paths of this case, there may be inefficiency and redundancy of the network usage, also delays with
deliveries.

e Optimal Package Delivery Using SPT
We may first find shortest path tree of this network, as in Fig 16, a, originating from Start, and then use only paths in it leading to
the Fin nodes (as in Fig. 16, b), altogether forming the best delivery infrastructure from Start to Fin (some of its nodes may happen
to be on the same shortest paths from Start). The related delivery scenario may be as follows.
nodal (Dist, Up, Up2, Fin = (E, G, N, O, P)); frontal (Far);
nodal (Start) = K; hop (Start);
sequence (repeat(hop(links(all)); Far += 1;
or (Dist == nil, Dist > Far); Dist = Far; Up = BACK),
(hop (Fin); repeat (Up2 = Up; hop (Up))),
(frontal (Pack = delivery);
repeat(hop(all links); Up2 == BACK;
if (belong (NAME, Fin), append (Pack, CONTENT)))))

b)

Figure 16: Forming Shortest Path Delivery Infrastructure to Certain Destinations

¢ Maximum Flow in a Graph

In graph theory, maximum flow is the maximum amount that
can flow from source node to sink node in a given flow network.
The Ford-Fulkerson algorithm [13]. is used to detect maximum
flow from start vertex to sink vertex in a given graph, where
every edge has certain capacity, as in Fig. 17 (with initial flow
shown as zeros). In simple terms, Ford-Fulkerson Algorithm is:
As long as there is a path from source A to sink F with available
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capacity on all its edges, we may send the possible flow from
that path and find another path, and so on. Flow in the network
has the following restrictions: Input flow must match to output
flow for each node in the graph, except the source and sink node;
Flow out from source node must match with the flow in to sink
node. Flow from each edge should not exceed the capacity of
that node. The following SGL solution is based on the algorithm
described in [13].
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Figure 17: Initial Network State for Finding Maximum Flow

We start with creation of the network of Fig. 17:

Top = (A:(9: B,4:C), B:(6:D,5: E), C:(3: B,4:D,2: E), D:(10: F), E:(3:D,6: F), F);

align (split (Top); frontal (Next) = VAL [2]; create (VAL [1])); split (Next); linkup (+VAL [1], VAL [2]); THRU =0

/b
610

0/4
JO

: 02

° 610
@ o

@—»@

Figure 18: Intermediate and Final Maximum Flow Processing

The following scenario is incrementally finding maximum flow
in the network of Fig. 17, each time selecting a single path from
starting node A to final one F (from all possible paths traversed
in parallel) through which the flow can still be increased, like the
one in Fig. 18, a, with amendment the flow through this path, un-
til this remains possible. One of possible final solutions is shown
in Fig. 18, b.
frontal (Flow =
{repeat (
hop(+all_links); notbelong (NAME, Path);
Flow = min (LINK - THRU, Flow); Flow!
Path); if (NAME ==

infin, Path); Proc =

= 0; append (NAME,
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done_global (Result += Flow;

repeat (move (-link, withdraw (Path)); THRU += Flow))))};
hop(A);

repeat (if (run (Proc), stay, done(hop(T); output (Result))))

This maximum flow implementation in SGL is much clearer and
more compact than in Java (its solution copied in Fig. 19) or
different versions of C [13], as fundamentally based on direct
spatial presence, thinking, and pattern matching provided by
Spatial Grasp Model and Technology, see for example [56, 59,
60, 62, 71].
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class MaxFlow |
M Ingahizing V=6 because
/f number of vertices 15 6.
static final it V=6;

A wvrsated array wall keep rack
' of all the visited vertices

boolean visited[J=new mi[V]:

i Qauene to keep vernces in Queise
/f for domg BFS

I Add souree 1 q and mark it visited.
. add{s):

vasiteds]=true;

/f Make parent of source -1
parent[s]=-1:

/ Srandard BFS loop
while(q. isEmpry()) |
it w=g pall();
for(mt v=0v=Vv+=){
of{ Pvrsated [v]deferesadual_ glu][+]=00{

visited[v]=wue;
oy v
parent[v]=u:

I wee found a connection 16 sunk

i wrue e augmenting path exists.
off vt

refurn true;
H

}

I 1If we can't reach 1o smk node then

/ perurm false which will mndicane

/I thar there is no avgmentng path lefi.
return false;

}

i Creanng a resadual graph wath resadual
mt residual  g[][J=new me[V][V]:

' pesadual _g[i][j] indicares residual cxpacity
" of edge from 1 1o ). If resadual_g[1][]==0
' at means oo edge exasis
for{umt =0=Y 1++)
fori(nt j=0=V3++)
residual_gla)h =gl

public boolean bfsme ressdual_g[][].ane st tant pas

CQueue<Integer genew Lmkedl st Integer=-{};

i from any of the nodes. We wall return

public ut Ford_Fulkerson(int graph[][] .t s oo )]

I capaciry as the capacity of the original graph

!/ Parent array will store the augmenting
/f path found durmng the BFS.
it parent[]=new mi[V];

Y Immahzing max flow as 0 12, there
i 15 no flow matally
mt max_flow=0,

! Tterating 1n breadth-first manmer nill there
15 augmentmg path from source 1o sank
while{bfs(residual_g 5.1))

{
i Imtahizng flow of the current path
I with a very big value.
it flow=Integer MAX_VALUE;

f Finding summum resadual capacity of the
I edges i augmentng path 1€, AN
I flow through that path.
for(int vetvi=g vsparentv])
{

int u=parent[v];

flow=7ath meniflow, ressdual_glu][v]);
H
ff Adding maximum flow of this path
[ 1o the overall flow.
max_flow-+=flow;

f Updatng residual capacities of edges
I} and the back edges along the path.
for(nt v=t.v!=¢v=parent{v])
i
it u=parent]v];
/I Decreasmg capacaty of the forward edg(
ressdual_glu][v]-=flow;
/! Increasing capacity of the backward edy
resadual_g[v][u]+=flow;
1
}

! Remarning our answer
i Le. Maxsmum flow through
/I the nerwork.
return mac_flow;
i

Figure 19: Java Version of Ford-Fulkerson Method

Conclusions

The results of this work confirm availability and efficiency of us-
ing SGT and SGL for investigating, expressing, and implement-
ing most basic network and graph creation and management
issues. SGL allows us to provide detailed, very clear and ex-
tremely compact solutions for the network problems which can
operate on arbitrary large and complex networks, and in highly
parallel and fully distributed mode. The solutions provided and
discussed in this paper were obtained in a direct spatial thinking,
spatial pattern recognition, and spatial pattern matching mode,
rather than under traditional logic-based and algorithmic phi-
losophy and culture. Being highly parallel and fully distributed,
they may challenge existing opinions that parallel and distrib-
uted algorithms are usually much more complex than tradition-
al sequential ones for solving same problems, just proving the
opposite, and especially for the network-related problems. The
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latest version of SGL can be quickly implemented by a group
of system programmers in standard environments, as was done
for the previous versions in different countries with the author’s
supervision. Forthcoming plans of this work include preparation
of the new book on “Spatial Networking in the United Physical,
Virtual, and Mental Worlds”, which can use the material and re-
sults of this paper.
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Appendix: Updated Summary on SGL Syntax and Main
Constructs

Syntactic categories are shown below in italics, vertical bar sep-
arates alternatives, parts in braces indicate zero or more repeti-
tions with a delimiter at the right, and constructs in brackets are
optional. The remaining characters and words are the language
symbols (including boldfaced braces).
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grasp — constant | variable | [ rule] [({grasp,})]

constant — information | matter | special | custom | grasp
information — string | scenario | number

string — ‘{character}’

scenario — {{character}}

number — [sign]{digit} [. {digit}[e[sign]{digit}]]

matter — “{character}”

special — thru | done | fail | fatal | infinite | nil | any | all |
other | allother | current | passed | existing | neighbors | direct
| forward | backward | synchronous | asynchronous | virtual
| physical | executive | engaged | vacant | firstcome | unique
variable — global | heritable | frontal | nodal | environ-
mental global — G{alphameric}

heritable — H {alphameric}

frontal - F{alphameric}

nodal — N{alphameric}

environmental — TYPE | NAME | CONTENT | ADDRESS
| QUALITIES | WHERE | BACK | PREVIOUS | PREDE-
CESSOR | DOER | RESOURCES | LINK | DIRECTION |
THRU | WHEN | TIME | STATE | VALUE | IDENTITY | IN
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| OUT | STATUS

e rule — type | usage | movement | creation | echoing | verifi-
cation | assignment | advancement | branching | ransference
| exchange | timing | qualifying | grasp

* type — global | heritable | frontal | nodal | environmental |
matter | number |

e string | scenario | constant | custom

e usage — address | coordinate | content | index | time | speed
| name | place | center |

* range | doer | node | link | unit

e movement — hop | hopfirst | hopforth | move | shift | follow

»  creation — create | linkup | delete | unlink

* echoing — state | rake | order | unit | unique | sum | count |
first | last | min | max | random | average | sortup | sortdown |
reverse | element | position | fromto | add | subtract | multiply
| divide | degree | separate | unite | attach | append | common
| withdraw | increment | decrement | access | invert | apply |
location | distance

» verification — equal | nonequal | less | lessorequal | more
| moreorequal | bigger | smaller | heavier | lighter | longer |
shorter | empty | nonempty | belong | notbelong | intersect |
notintersect | yes | no

e assignment —assign | assignpeers

» advancement — advance | slide | repeat | align | fringe

e branching — branch | sequence | parallel | if | or | and | orse-
quence | orparallel | andsequence | andparallel | choose |
quickest | cycle | loop | sling | whirl | split | replicate

» transference — run | call

* exchange — input | output | send | receive | emit | get

e timing — sleep | allowed

* qualification — contain | release | trackless | free | blind |
quit | abort | stay | lift | seize | exit
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