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Abstract

Dynamic optimization scheduling strategy is carried out based on a comprehensive
objective function which is constructed for reservoirs. Corresponding constraints and
conditions are generally designed, and then the solution of the objective f ’N{s
worked out based on those constraints and finally an optimal scheduling schem%(a le
for reservoirs is acquired in combination with actual conditions. FogUs
problems above, this study combines Dijkstra algorithm wj
effectively and makes full use of their advantages. Conse
genetic algorithm (D — GA) is obtained and applied in the i e. First of all,
the thesis preliminarily introduces relevant algori@;
sets up a data model consistent with the actual sit . Secondly,#is work analyzes the

two algorithms, improves the Dijkstra algwm anq lies"D — GA to solution
optimization. Thirdly, this study compa?:@ sults obt&@by using D — GA and GA
c

n the

respectively and finally completes the si n of W ohservancy scheduling system.

Keywords: Dijkstra - geneti éqo thm; %&; conservancy scheduling; genetic

algorithm; Dijkstra algorithm

1. Introduction
Water is a Ilfe,s@g nec s’b'At present, how to efficiently improve the
utilization of Wam\e urce become a livelihood issue and drawn extensive
attention from s and t iety. Generally speaking, the design and construction
of water c' cy engipepring depend on natural environment, but in fact, the flow of
rivers is unegn Warious large and small reservoir nodes [3] are also hubs of
the water conservan ct and whether reservoirs can work normally is decided by the
runoff volume of r reach [4]. To date, a reliable method for effective control of the
runoff volume&t been found although the existing measures have been taken to
monitor the runof volume of reaches and the rule of data has generally grasped. Water
resources e in short supply in the following time if the runoff volume of reaches is
wrongl| @ ed and water is drained excessively as originally planned when there is no
eno ‘13 Vater, thus affecting people’s normal life [5]. Accordingly, a large amount of

per Has to be drained, causing the waste of water resources, if water is stored over
ously in the month of enough water. Under this circumstance, an effective scheduling
scheme is required to reasonably dispatch water resources, so as to use precious water
resources in an efficient and rational way [6-7]. This study explores the optimization of
water conservancy dispatching and realizes the simulation of water conservancy
scheduling system. In the process of optimization, an improved Dijkstra algorithm is used
to set the initial population and then genetic algorithm (GA) is adopted for the
optimization of solutions in combination with the actual situation.
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2. Research Methods

2.1. Basic Approach for Water Conservancy Optimal Optimization

Under normal conditions, water resources can be scheduled periodically. A year is
divided into T periods, t = (1, 2, 3,...T). Water conservancy dispatching involves a variety
of parameters, including state and decision variables, etc. In general, state variables are
uncontrollable, involving water yield V, water volume V1t at time t before water storage,
water volume Vt+1 at time t after water storage. Decision variables refers to variables for
decision description, which is set as Dt if the state variable at time t is Vt, and state
variable is changed as Vt+1 after the decision-making.

Therefore, the state of reservoir can be denoted as:

Dt: \/t _>Vt+1
Besides, there is a state transfer equation:

Ve =+ Q=G Y 2
Where V1 refers to the water volume of the reservoir at time t befor @A ing; Qt
refers to water volume entering the reservoir frog stream t after

),

decision-making; gt refers to water discharge of the rese

Some reservoirs are constructed for specific udy, maximum

generating volume is taken as the ultimate aim an auxm raint functions are
additionally set.
Water levels of the reservoir in flood and n od seas re restralned as follows:
In the non-flood season, d < Ht <n, of t =(1, 2 ), Ht refers to water level
of the reservoir at time t (d ~ n); d r m|n L@alue of water level; n refers to

highest allowed value of water level

In the flood season, d < Ht < h in, Ht ref water level of the reservoir at time t
(d ~ h); d refers to mwmu% water I (lower limit of water level); h refers to
highest allowed value of water tevel (u it of water level).

2.2. Dijkstra Algorlt
Dijkstra algorit &cla ithm is able to calculate the shortest path from any
one node to othe esina d| d"digraph of nonnegative weights with the method of
% BF h is a single-source shortest path problem (SSSP) [8].
a algorij = (V, E) is used to be on behalf of a directed digraph of
weights; S refers to ectlon of vertices of the shortest paths. Only one original point
SO is contained i @ t the initial time point, the shortest path from SO to other points is

added into set the rest of points are expressed as V-S. After continuous processing
in this way,a shertest path is obtained and corresponding points are deleted from V-S
after beipg d into S. The algorithm comes to an end until all points in the digraph are
adde iS. During the algorithm processing, the shortest distance from the original
in to all points in S is always ensured to be less than or equal to the distance from
%lgmal point SO to each point in V-S.
e process of Dijkstra algorithm can be obtained as shown in Figure 1.
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Select Spand add it into S

Update distance information from S
node to other nodes

v

Update classification of S and V-S set

—Whether all nodes are included inS=

End of the algorithm, go back the
shortest path

*
Figure 1. Process of Dijkstra Algorithm ‘\/

2.3. Genetic Algorithm Q
Genetic algorithm (GA\) is a bionics algorithm put fornvard by an @? professor
ical

A

by the name of J. Holland in 1975, which integrates Dagmin®s biologic utionism and
also reflects the laws of genetics [9]. The specific of G cMescribed below:
it imitating the biological evolutions in the natt ts up | for the unsolved

code populations and confirm the size of pop First of all, a group of

individuals is generated randomly a |tness of individual is calculated

according to the objective function. T vidua good fitness are considered to
al

be optimal. Secondly, the optlmal i i eneration is selected for crossover

problems and regards them as a biological pcl%‘lfmon and Eg es some techniques to

n
and mutation (genetic behavio ) |s way, a generation of individuals which is
more adapt to the environment\is tam ared with parental generation. Thirdly,
the algorithm stops when certaifi*gene a is set or the difference between the two

generations is stipulated e less thﬁ% eset value, and then the latest generation of
individuals is acqu'ung e op& ution [10]. Process of GA is shown in Figure 2.
elect the parents’ generation for

generating new individuals based on | 4

@ fitness function value
Perform Crossover operation based on
Crossover operator

Mutate a certain number of individuals

O based on mutation operator, i.e., form a
@ new generation of population

lati®n size. Randomly generate
initial population

Individual with the maximum fitness

function value in the latest generation

of population is the optimal solution,
and the algorithm comes to end

Figure 2. Process of GA
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3. Application of D-GA Algorithm in Water Conservancy
Scheduling System

3.1. Improvement and Verification of Dijkstra Algorithm

Water conservancy scheduling is costly and usually associated with the location of
reservoir. Therefore, this study adopts the Dijkstra algorithm which is usually used for
processing path problems. This algorithm is improved as follows.

Select initial node Human cost
and classify stages loss

| |
v

Confirm comprehensive cost weight ?\V

Update scheduling information from
the original servitor node to the restofy
the nodes

O
=\
| Update S set and V-S set clakificéion

The algorij somes to e dgo
back to%&z al scheduling scheme
a *
T~y o

Figure 3. Rrocess o a Algorithm Improvement

Normally, the Qﬁanpo nd time from reservoirs A to B is not completely
identical with th e fr eryoirs B to A in the reality. Taking the cost between

the two resepQifnodes as the average cost of the two places, this study assumes the costs
of manpoe ervoé s@‘ud B as C1 and C2, then the average value C is figured out:

C=Cy (4G 1T, (2+C,)
CZ C1

©)
In a genera@a variety of factors should be taken into consideration during the
confirma’gioi of the final cost in the process of water conservancy scheduling, involving

reservoir and the distance between nodes, etc [11]. Assume the distance
reservoirs as S, water wastage of reservoir A and B as W1 and W2, cost of
er in reservoirs A and B as C1 and C2 and other losses as L, the total wastage R
acquired:

the locati
betwee

C C
R=S(W,C, (=2+C,)+W,C, (=2+C,))+L
C2 & Q)
Hence, the overall cost is obtained according to different locations of reservoirs and
human resource expenses in various regions, i.e., the scheduling cost between different
reservoirs.
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Figure 4. A Simple Second-Level Reservoir

To prove the correctness and superiority of the improved Dijkstra algorithm in
managing specific problems, this study takes a simple second-level reservoir scheduling
as an example (Figure 4). Besides ensuring small water resource loss, maxiwizin
generating capacity is also considered as the final goal of water scheduling. In vi V
scheduling results of various reservoirs, this study compares the result@%& by

S

applying the improved Dijkstra algorithm and  the original algorithm (T and 3)

*

Table 1. Comparison of Scheduli&e ults (1
Reservoif A KN V'

ImprovethRijkstra edditional Dijkstra
algopithm o~ algorithm

- TIT - A J v
Input yield (hundred million cubic . N\ \"O 472
meters/year)

Output yield (hundred million cubic %3\ ,\@
.75 3.18
meters/year) & s\\

Generating capacity (hundred mi ic@ 7 794
kilowatt hours) LN '
Water utilization ratio 84%

v

Ta ompal ';}of Scheduling Results (2

\Q@% p g )
N\ Va) Reservoir B

Q‘ \

Improved Dijkstra Traditional Dijkstra

Q e @ algorithm algorithm
Input yield (htndred mil ubic 546 532
meters/year) @

Output yield (h@ illion cubic

4.46 3.97
meters/year)
Generan!%);u y (hundred million 742 6.79

kilowat
Wat ation ratio 91% 83%
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Table 3. Comparison of Scheduling Results (3)

Reservoir C
Improved Dijkstra Traditional Dijkstra
algorithm algorithm
Input yield (hundred million cubic 565 531
meters/year)
Output yield (hundred million cubic 472 496
meters/year)
Generating capacity (hundred million 8.84 8.06
kilowatt hours) ' '
Water utilization ratio 96% 87%
3.2. Overview of D-GA Algorithm .
The scheduling system is concerned about minimum cost, instead of minimu 7In
the process of the applicaiotn of GA, the original GA selects individuals r while
D-GA algorithm confirms the initial population by usmg the § prove ij gorlthm
which gives full play to the advantages of Dijkstra algorl 0Cess proved GA

is displayed in Figure 5. \/
Generate initial populatlonw \\/

Dijkstra algorit

A N

End

C)\' . Selection
72}6@ ¢

N Adaptive crossover
N\ v

\ l Mutation (genetic behavior)
O '

@O Figure 5. Process of the Improved GA

3.3. Confirmation of the Initial Population

A very important work in the application of GA is to confirm the size and content of
the initial population. The central idea of Dijkstra algorithm lies in finding out the
least-cost path and the next node that completes the shortest path, i.e., the population of
minimum cost in water conservancy scheduling. In addition, after the confirmaiton of the
gerenration of the initial populaiton, one of the most important problems is how to
determine the size of the initial population. The quality of the confimaiton of population
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size directly affects the effectiveness of GA. Too small population size is likely to cause
big changes in the process of GA optimization and search termination in the immature
stage, thus producing premature convergence. Too large populaiton size can increase
calcualtion amount although it ensures the diversity of population, avoids premature
convergence and reduces the probability of producing local solution. Hence, an excess of
individuals increases the time of calcualting fitness function value and affects the
computational efficiency.

3.4. Confirmation of Fitness Function

A dynamic optimization scheduling strategy is performed based on a comprehensive
objective function which is constructed for reservoirs. Corresponding constraints and
conditions are generally designed, and then the solution of the objective function is
worked out based on those constraints and finally an optimal scheduling scheme smtable
for reservoirs is acquired in combination with actual conditions [12]. Individu
population can be confirmed by a fitness function which is mentioned in GA
words, it can flgure out which |nd|V|duaIs have better adaptablllty and whi

generating capacity of the known reservoir. After anakysi hé obj i nction can
meet the requirements of the fitness function and ca jtness function
directly without any revision.

Q= maxAtD% (tQ

e &Q’

Where T refers to the toh%%)er %es (t=1, 2, 3,...T). Assume there are i
reservoirs, each reservoir can b rega‘&a power station (i=1, 2, 3,...I) and every
small power station is bered. IS used for representing the maximum power
generation of the rese . N (t) reférs to the total power generation of i reservoirs (power

stations) within t cycl (i, t) refers to the generating capacity of the ith
reservoir in the le.

Herein,

3.5. Impro nt of @er Operator

Crossover opera an important step in GA. In crossover operation, crossover

are exchange rding to certain rules, thus obtaining two new individuals [13]
Besides over algorithm, crossover modes should also be confirmed during crossover
operati crossover positions of two non-crossed individuals are preset in advance.

variety of crossover modes and their qualities need to be evaluated before
rossover operation, so as to select a suitable crossover method for water
rvancy scheduling.
1)Single-point crossover

Single-point crossover, the simplest and most convenient operation method among
various crossover modes, refers to selecting two points with the same relative position as
crossover points for two individual sequences. Only genes of the two positions are
exchanged and two new individuals then come into being. In the actual crossover
operation, the location of crossover points can be changeable. A gene sequence has N
genes, so there are N possibilities for the selection of crossover point.

(2)Two-point crossover

Two-point crossover refers that two individuals participating in crossover operation
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cross at two crossover points and the position of each point crosses at one single point,
thus a filial generation is acquired. In the actual crossover operation, the location of
two-point crossover is also not fixed. A gene sequence has N genes, then there are N
(N-1)/2 kinds of positions.

(3)Multi-point crossover

Multi-point crossover is derived from single-point crossover and two-point crossover.
In N-point crossover operation, multi-point crossover degenerates into a single-point
crossover if N is equal to 1; another special situation happens when N is equal to 2, i.e.,
two-point crossover. In other words, multi-point crossover is a universal crossover
behavior. We recommend that N value should not be too big in an actual genetic
operation as too big N value is easy to result in fast population change and large
difference in characteristics of two generations of species although it can ensure the
diversity of species, thus an optimal solution cannot be avaliable.

(4)Uniform crossover S

Uniform crossover refers to confirming which one is going to cross based \ét
shielding information. For example, two non-crossed gene sequence e and
shielding information is 10110, which indicate that a crossover operatlon |@r ed on
the 1st, 3rd and 4th genes of the two non-crossed gene se

After comparing various crossover modes above, two ossover opted in this
study, which is simply operated and able to mcr |ver ity cies as well as

gurantee slow evolution of species. Crossover opg is co Irst. Pre-set values
are mostly taken as crossover operators in actualapplicationlzwhich rarely change
during the whole genetic operation. Adaptive %\over ope% is adopted in this study.

ation as ax is used for expressing
function value of the individual withsng in the current population, g0
represents average value of the fit nctlo of all individuals in the current

population, so g0=(gl+g2+. c refers ssover operator and g refers to the
fitness of the individual nglgej ely.la itness function value in two individuals
participating in the crossover e fogog mputatronal formula is obtained:

9200

\\o RS

9o (7)
In this e valu 0 sover operator can be adjusted adaptively in the process of
genetic operatfon so as o Quarantee the diversity of species, avoid algorithm stagnation or

prematuration and o ze the performance of the original algorithm.

3.6. Confirmation“f Terminal Conditions

From rspective of setup of genetic algorithm, it is very important to design
terminal conditions. The confirmation of terminal conditions of GA will affect its
effi y as well as the quality of results to a large extent. The delicately designed
ﬂ% operation is unable to be embodied if termination conditions are set conforming

tual situation.

Therefore, the rate of change of individuals can be obtained and used for determining
whether the algorithm should be terminated. In other words, the fitness of population
tends to be steady if the rate of change of fitness is lower than a given value z within n
generations; otherwise, the population changes a lot and is unstable. That is to say, the
current population is not an approximately optimal solution and can still be optimized.
Besides the two conditions above, there is another special case. However, the rate of
change of fitness of population is still not small enough, which means that the population
is unstable. At this moment, there is no way to operate it endlessly considering the price
and expense of algorithm operation, so the algorithm should be terminated and the
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obtained population is taken as the approximately optimal solution of problem domain.

4. Design of Water Conservancy System and Model Realization

4.1. Design of Functional Diagram of Water Conservancy System

D-GA algorithm is obtained by improving Dijkstra algorithm and GA and the
relevant data of the reservoir are collected. After verification, D-GA algorithm being
capable of optimizing complex water conservancy scheduling problems is believed to
have obvious advantages over traditional GA.

Firstly, plenty of elements of the reservoir should be considered during the design
of water conservancy scheduling system (Figure 6) [14]. Requirements for water
level in different periods are diverse [15]. Moreover, the system is supposed to store
annual scheduling and water level information, so as to guide work in the future.

Next, demands for water conservancy scheduling system are analyzed and cleaé\/’
up so as to confirm function module of simulated scheduling system. And finall
system is confirmed to be made up of three stages, including co iqnal
dispatching, dynamic optimal dispatching and manual dispatc ing [16].

Reservoir status Reservoir da
data input input

O S

y c'\ _ @)od prevention
Water conservan 3& 0D \& project
scheduling S(S® 3 Generating goal

Wate servanc Qg

eme o %[lg&'
Figu@ S|gnb®\a\r Conservancy Scheduling System
s selected and applied to develop a simulated scheduling

group consisting of 5 reservoirs is adopted for verification and
tion is displayed in Tables 4, 5 and 6 below.

4.2. Instance Analy!

A reservoir
system. A res

their basig ilfor
O Table. 4. Water Supply of the Reservoir Group

@ - Water supply (ten thousand cubic meters)

ervoirs Residential water Industrial water Agricultural
consumption consumption irrigation
Number 1 0.37 0.29 7.25
Number 2 0.39 0.35 8.42
Number 3 0.48 0.21 9.31
Number 4 0.29 0.27 7.21
Number5 2.02 2.54 9.19
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Table. 5. Water Level Limit of the Reservoir Group

Water level limit (meter)

Reservoir
Lower limit Normal average water level Upper limit (flood prevention)
Number 1 91 113 124
Number 2 111 121 132
Number 3 136 147 136
Number 4 95 106 117
Number 5 109 122 133

Table. 6. Generating Capacity and Reliability of the Reservoir Group

Water supply (ten thousand cubic meters)

*
Generating capacity (ten thousand kilowatt hours) Reliability ?y

Reservoir

Number 1 84 0.92 O
Number 2 111 0.

Number 3 134 \% OQ
Number 4 107 Q W
Number 5 124 O %)97

Water conservancy scheduling results of servdf@acquired after system
optimization. The responsibility on Y ir nu is heavier in water
conservancy scheduling. Comparl obtair eduling results with the
scheduling results of reservoir numb recer‘&; the following conclusion can
be drawn (Table 7):

Table. 7. Comparlson on th&*Obtaj eduling Results and the Results in

n Years

Year \\\ (thtaI PO ?)T]erke:::)c\)/catt Satisfaction degree  Times of V\_/ater
(\ houw of water supply level warning

2010 ( )‘ 76.98% 16

2011 . 79.62% 14

2012 @ 1.64 82.31% 15

2013 33.12 87.64% 13

2014 @ 34.06 91.25% 16

Scheduling rgsults

obtaine n\%ﬂg the 36.24 94.56% 12

syste

@ analyzing and comparing the results, D-GA algorithm has obvious advantages in
optimal dispatching, which can meet the requirements of water conservancy scheduling
from the perspective of satisfaction degree of water supply and maximize economic
benefits as well.
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5. Conclusion

This study first introduces relevant water conservancy scheduling algorithms,
summarizes the generation of the concept of water conservancy scheduling as well as its
development history, and then analyzes the existing problems in water conservancy
scheduling and provides some optimization measures. Moreover, this thesis also
constructs a mathematical model, optimizes Dijkstra algorithm combining the advantages
of Dijkstra algorithm and GA, then applies D-GA in optimizing scheduling schemes and
finally develops a simulated water conservancy scheduling system. Thus, it can be
concluded that the improved D-GA is proved to be superior to the original algorithm in
optimizing water conservancy scheduling.
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