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Abtruct

Network theory is an important content of graph theory, which
is one of the branches of topology. Network theory is an old as well
as young discipline and its research can trace back to Euler and
Konisberg bridge of century 17. But until today when science is de-
veloped, whether the research of the discipline or its application do-
main is still in development. Network theory and its methods have
widely permeated into the domains of physics, biology, operational
research, information theory, cybernetics , management science and
computer science, etc. , which have most extensive applications in
the aspects of engineering technique, economy, military affairs and
so on. Speaking from macro view , modern society is a huge and com-
plicated system composed of communication network ,transportation
network ,energy resources and material distribution network ,talents
and capital flow direction network. In actual life, we can find innu-
merable networks, such as circuit board network, central air-condi-
tioning network, urban water supply, air supply, heat supply net-
work and mine ventilation system. In micro world, moreover, there
are neural network of animal, brain model network, blood circula-
tion network, nutrient absorption and transportation network of
plant, etc. Among the numerous network world, water supply, air
supply and ventilation network, namely so-called fluid network,
comparing with other networks, has extensive representation and
complexity of itself. In the book, fluid network is considered as the
discussing target, combined with the universality of graph theory
and the particularity of fluid network, discussion is performed.

Set theory is a guidance of the book, a complete set of symbol
system to describe fluid network, such as incident branch of node,
adjacent node, in-degree and out-degree, in branch and out branch,
source node and sink node of network, branch coloration, push and
pop of search branch and so on, are established firstly. In addition,
some concepts are redefined. For example, the concept of route and
path between any two nodes are redefined and differentiated. If the
two endpoints of a route are the same node, the route is a circuit;
if the two endpoints of a path are the same node, the path is a unidi
rectional circuit . When unidirectional circuits exist in a network ,



the matrix algorithm for paths and the search in a directed graph will fail, for-
mula for computing path number doesn’t fit too. Moreover the network with un
idirectional circuits is prevalent in the problem of actual engineering prac-
tice. The establishment of symbol system and the definition of some concepts,
not only make the narration brief, but also settle foundations for a more scien-
tific description of the topology relation of network and their algorithms.

Sort and search are the basics of non-matrix algorithms for fluid network,
depth-fist search algorithm and breadth-first search algorithm for directed and
non-directed graph and the algorithm for the determination of all paths of net-
work by using depth-first search algorithm are discussed in the book. Search
technique based algorithms for tree, circuit, path and path number are more
effective than those based on matrix. Furthermore , matrix based Dijkstra algo-
rithm for minimum tree is proved to be wrong through a counter example in the
book.

The concept of independent path is one of the important concepts in the
book. What is called independent path namely in the process of finding paths,
posterior paths at least include one branch not including in anterior
paths. Independent paths is a concept 'referring to “the process of finding
paths”, rather than in a path set, “every path has at least one branch not in-
cluding in the other paths”, namely independent path is a method, although it
also has a corresponding path set. The idea of independent path set up the ba-
sics of extremal flow and the plotting of equilibrium diagram. Network flow is
one of the important contents of graph theory. The complexity of independent
path based determination of extremal flow is O((n—m+2) X Gn—1)), which
is one order of magnitude less than the complexity of Dinic algorithm, which is
considered to be excellent and its complexity is O(m?n).

Equilibrium diagram is a scientific, directed-viewing and quantitative ex-
pression method to describe topology relation of fluid network and its pro-
perties. In the book, in addition to the concept of equilibrium diagram and its
properties are introduced systematically ,the mathematical models of plotting of
equilibrium graph and its algorithm are discussed emphatically, the plotting
principle of equilibrium diagram of cylinder network is brought forward too.

Diagonal structure is a sort of particular topology relation of network, and
its properties are also complicated. Diagonal branch itself has instability, but
the existence of diagonal structure is favorable for improving the integral sta-
bility and reliability of network. Some problems may try to avoid the existence
of diagonal structure, while other problems may try to create diagonal struc-
ture. Mathematical model and algorithm (namely seven-element group) {or de-
termining diagonal branch and its adjacent branch are advanced systematically



in the book, and why non-directed graph rather than directed graph is used to
determine diagonal structure is discussed and proved.

In the aspect of network flow distribution, based on the detailed introduc-
tion of algorithms for flow distribution, some specific problems and estimation
of algorithms for flow distribution especially the convergence of algorithms are
discussed. Quintic equation rather than quadrartic equation is used to fit charac-
teristic curves of fluid power machine, which is an efficient means to avoid false
convergence of algorithms.

Manual simplification of fluid network is an easy job,but the algorithm for
computer-based simplification is very complicated, and the algorithm is put for-
ward in the book, which is significant for network analysis and algorithms rela-
tive to network.

Reliability of fluid network has some particularities comparing with relia-
bility of general systems, mainly embody in “system itself is network” . Sensi-
tivity of branch and reliability of fluid network are discussed systematically.

The research fruits of author in the domain are introduced emphatical-
ly. For the sake of the systematicness and integrality of the book, at the same
time considering the need of teaching material for correlative undergraduate
course and master speciality of university, some contents on graph theory, hy-
dromechanics and aerodynamics are referred. The book can be used as teaching
material and teaching reference book for safety,environment ,mining ,communt-
cation, traffic and transportation, water supply, heat supply and management
and so on engineering domain and correlative speciality of university. The book
can also be used as reference book for engineers and technicians of scientific re-

search, engineering design and management domain.
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