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Abstract: This paper introduces the optimization methods and steps of the network 

plan to seek the optimal period in the engineering management. Through the case 

analysis, this paper introduces the specific operation steps of the time cost optimization, 

so as to make use of the network plan to arrange the construction scientifically to 

achieve the purpose of controlling the project cost in a reasonable period of time.The 

cost and duration of the project are interrelated and restricted.Under the condition of 

certain production efficiency, in order to shorten the time limit and improve the 

construction speed, the project must invest more manpower, material and financial 

resources, increase the cost of some aspects of the project, but also reduce the cost of 

management. The application of network plan to optimize the time cost is to consider 

two factors at the same time and seek the best.Combination.The purpose of the time 

cost optimization is to seek the optimal minimum duration of the direct and indirect 

costs, as well as the network plan adapted to this, and to seek the minimum cost that 

corresponds to this and the schedule of the work in the network under the conditions 

stipulated in the period of time. 
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1. Research Background of Network Plan Optimization 

The network planning technology is to optimize the plan through the production of the 

network map, and realize the manager's progress control of the project through its key 

lines. It is a project management tool that has been recognized and gradually 

developed since the 1950s. The network plan consists of network maps and network 

time parameters. It can clearly express the logical relationship between various work 

contents, and it is easy to find the conflicts of time, cost, resources and quality that 

often occur during project implementation. The development of the network map can 

be refined according to the progress of the project. As an important theoretical basis 
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and management tool for the preparation of engineering schedule, resource demand 

planning and organization of construction, network planning technology is of great 

significance in the practice of engineering project construction. It is one of the core 

technologies of project management and has been widely used in modern project 

management. 

With the development of society and the progress of the times, the general 

requirements of the network plan are increasing, no matter the society, the country or 

the enterprise.A network plan for a preliminary project and a rough estimate of the 

duration of the process must be optimized before it is put into practice so that it can 

eventually guide practice.The single objective optimization is to isolate each other, 

such as time, cost, resources and quality, so that the optimized scheme is optimal 

compared with the selected optimization target, but it can not reach the overall 

optimal.In fact, the engineering network plan should take all aspects into 

consideration.Generally speaking, the optimal network plan is considered to be the 

shortest construction period, the lowest cost and the balanced resources when the 

quality of the project is up to standard.However, comprehensive optimization is a 

comprehensive method of network optimization based on the relationship among 

objectives.Therefore, the comprehensive optimization can better reflect the general 

requirements of the social, national and enterprise plans for the project than the single 

objective optimization, and it embodies the overall interests. 

 

2.Network Planning Technology 

Network planning technology is an effective way of project planning management, and 

also an important modern management technology in management system 

engineering.In the long term plan management, especially in the progress of 

production operation plan, the crosswalk map (Gantt chart method) is adopted at 

home and abroad.Because this method can not reflect the interdependence and 

mutual restriction of the production or work tasks, it is difficult to reveal the key factors 

that restrict and influence the whole plan, so it is difficult to adjust and optimize and 

achieve satisfactory economic results. 

At present, CPM (Crit-ical Path Method) and PERT (Program Evaluation and 

Re-viewTechniques) are commonly used in project plan management.CPM uses 

network method to work out the network plan, and then finds out the key route that 

restricts the execution plan, so it is called the critical path method.PERT is a new plan 

management method [1], based on mathematical statistics, based on mathematical 

statistics, based on network technology and using computer as the means to develop 

the "Polaris" missile nuclear submarine in 1958.This method has a very significant 

effect, so that the "Polaris" plan will be completed two years ahead of schedule.Since 
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then, the world has been competing to make PERT an important part of modern 

management science, and has been widely applied and developed.The main difference 

between the plan review technology PERT and the key route method CPM is that the 

former introduces "uncertainty" to the work duration and the engineering period, that 

is to say, the work duration is not the only and affirmative value.In the case of the 

progress plan deviation, the probability theory and mathematical statistics are used to 

measure and predict, and the possibility and the reliability of the final completion plan 

are found out from many non - finalized links.PERT is commonly used as a logical 

relationship affirmative and the working time is not affirmative network planning 

technology. 

Although CPM and PERT differ in details, they are basically the same in principle, and 

the two are very similar.Based on network diagram, network planning and 

implementation management are formulated through network analysis and calculation. 

They are generally referred to as network planning technology (PERT).Network 

planning technology is widely used in some large and medium scale projects in 

China.For example, in the two phase of Gezhouba Dam project, due to the use of this 

technology for progress control, the completion time of some projects has been 

reduced from scheduled 195 days to 110 days [2].The practice has proved that the 

network planning technology not only makes up for the deficiency of the plan method 

of the horizontal road map, but also has many advantages, especially it can make the 

planning work achieve the overall consideration, the comprehensive arrangement and 

the emphasis, and can carry out the quantitative analysis, adjust the optimization, and 

thus realize the economy of manpower, material and financial resources.This 

technology is especially suitable for the planning management of large complex 

engineering projects, and can also be used for long-term planning, material supply and 

enterprise management. 

 

3. Content of Network Planning Technology 

The content of the network plan can be divided into two points: 

(1) plan the project in the form of systematic view and network diagram. 

Network planning technology is a method of engineering management. Whether it is 

industrial production, construction or new product development, all of them belong to 

the scope of engineering, and network planning technology can be used.The network 

plan regards engineering as a system, and in method it can reflect the planning of the 

project in a systematic way, such as an organism that is composed of people, materials, 

machinery, methods and environment with certain function for the completion of a 

production task. In the process of production, the parts of each part only coordinate 

and cooperate with each other.A function can be done to complete the assigned 
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task.The collection of the process is a system.Network planning technology plans in the 

form of network diagrams.First, the whole project should be decomposed into a 

number of specific tasks, which are called activities, processes, operations, etc.On the 

basis of the decomposition of the engineering tasks, the network plans can be drawn 

by the network diagram in the form of the interdependent logical relations between 

them.The network plan can scientifically arrange the logical relationship and progress 

of each work, and can display the total time, key work and key lines, and complete the 

time arrangement of non critical work, so as to facilitate, adjust and control the plan 

and ensure the completion of the work. 

(2) network planning optimization 

After making a good network plan, through continuous improvement of the network 

plan, in the case of satisfying certain constraints, according to one or several indicators, 

such as time, cost, resources, and so on, the optimal plan is sought. 

 

4. Network Planning Optimization 

The optimization of the network plan is to make use of the time difference to adjust and 

improve the planned network plan under the established conditions and make it 

achieve the goal of the shortest time, the lowest cost and the best resource.It is 

necessary to evaluate the technical and economic indicators such as time, cost and 

resource consumption, but there is not a mathematical model that can fully reflect 

these indicators.Therefore, we can only measure the optimal plan according to 

different set conditions according to a desired goal.In general project construction to 

speed up a certain job, usually need to increase labor, material supply, machinery and 

equipment, and these increases will cause the increase of cost, so the cost of the 

project is closely related to the construction period [3].For a project, it can not simply 

think that shortening the time limit will increase the cost, nor can it be considered that 

the extension of the time limit will reduce the cost. There is a time and cost 

optimization problem in the location, that is, the optimization of the time and cost of 

the network plan. 

 

5. Network Construction Time Cost Optimization Principle 

5.1 Optimization Analysis 

The critical path method (CPM:CritiealPathMethod) in network planning is to define the 

relationship between operating time and cost.Time cost optimization is based on the 

period stipulated in the plan to plan the minimum cost, or to seek the best time limit 

according to the requirements of the minimum cost, that is, the network time limit can 

be completed on time, and the cost is reduced. 
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Engineering cost can be divided into two types: direct cost and indirect cost.Indirect 

costs are directly related to all operations in the production process, such as wages, 

materials, tools, equipment and so on.Direct cost is composed of normal cost and rush 

cost.Normal cost refers to the cost of directly applying each job to production without 

rush.The rush time refers to the working time of a certain work, which can be 

shortened gradually from the normal state.The cost required for this time is the cost of 

labor.The longer the working time is, the greater the cost.The relationship between 

cost and duration is shown in Figure 1. 

When the cost is increased to a certain extent (M point in Figure 1), the operation time 

can not be shortened any more. The duration is MT .The cost corresponding to the limit 

period is the limit cost MC .When the operation time is extended to a certain extent (N 

point in Figure 1) and the direct cost can not be reduced, the cost is the normal cost 

NC .The period corresponding to the normal cost is the normal duration of NT .The 

approximate formula of cost slope K is that the relationship between time limit and cost 

is linear. 

M N

N M

C -C
K=-

T -T
 

Indirect costs are not directly related to the operations in the production process, such 

as wages, office fees, bank interest and so on.It is determined on the basis of relevant 

statistics, cost quota and working time budget.The cost characteristics are shown in 

Figure 1 "OQ" line. 

The time cost optimization method starts from the normal construction period, 

gradually reduces the operation time, and finally achieves the shortest working 

time.The compression requirement of each time is realized by increasing the least 

cost.Since the total duration of a network plan is determined by the operation time on 

the critical path, it is necessary to shorten the whole project period and start from the 

key operation.Starting from the purpose of minimum cost, the shortest operation time 

is achieved by selectively shortening the key operation time.It is generally hoped that 

when the construction period is OT , the total cost is the lowest and the economic benefit 

is the highest. 
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Fig 1. Relation diagram of cost and time limit 

 

5.2 Optimization Steps 

(1) compile the network plan according to the normal construction period, calculate the 

duration of the plan and the direct cost of completing the plan. 

(2) to list the direct costs of the work that constitute the whole plan at the normal time 

and the shortest time, as well as the cost of shortening the unit time, that is, the rate 

of change in unit time and cost. 

(3) according to the principle of minimum cost, the process of minimizing the change 

rate of unit time cost in key work is first compressed.This makes the direct fee increase 

at least. 

(4) calculate the total duration and direct cost of the project after the key work is 

accelerated, and re determine the critical lines. 

(5) repeat the contents of (3) and (4) until the shortest path duration on the critical 

path in the network plan can not be recompressed. 

(6) a direct charge curve can be obtained on the basis of the above calculation. If the 

indirect cost curve is known, the total cost curve is obtained by superposing the direct 

fee and the indirect fee curve. 

(7) the construction period corresponding to the lowest point on the total cost curve is 

the optimal duration of the whole project. 

 

5.3 Conditions of Cyclic Compression Work Duration 

From the principle of the optimization period and the cost optimization, the length of 

the key line must be shortened in the compression period, and the length of the key 

line must be shortened by the duration of the key work, so the following conditions 

should be met. 

(1) Must be the work on the critical line;. 

(2) The duration of the work is not shorter than its shortest duration; 



Volume 5 Issue 8 2018 

   79 

(3) Its cost slope is the lowest in compressible work on key circuits. 

The duration of a critical work is shortened and the new planning period and the 

corresponding direct cost, indirect cost, and total cost of the project are obtained, 

which is a cycle until the duration of the critical work reaches its minimum period of [4]. 

 

6. Application Examples 

There is a network plan for a hydropower project, as shown in Figure 2, the duration of 

each work, the direct cost as shown in Table 1, and the indirect cost, as shown in Table 

2, for time - cost optimization. 

 

Fig 2.Network plan of hydropower project 

  

Table 1. duration of work and direct cost table 

Tighten 

work 
work 

Post 

work 

Duration of work Direct cost 

normal 
Catch up with 

work 
normal 

Catch up with 

work 

- A C, D 6 4 1500 2000 

- B E, F 30 20 9000 10000 

A C G, H 12 8 4000 4500 

A D E, F 18 10 5000 6000 

B, D E G, H 36 22 12000 14000 

B, D F H 30 18 8500 9200 

C, E G - 30 16 9500 10300 

C, E, F H - 18 10 4500 5000 

Source: Yang Ying. Optimization of multi-objective network plan [J]. Acta hydrology, 

1991, 12:5-6; 
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Table 2. Relationship between total duration and indirect cost 

Total 

project 

duration 
(day) 

55 60 65 70 75 80 85 90 95 100 

Indirect 

cost 

(yuan) 

14640 15240 15840 16440 17040 17640 18240 18840 19440 20040 

Source: Yang Ying. Optimization of multi-objective network plan [J]. Acta hydrology, 

1991, 12:6; 

 

Table 3. The calculation results of the examples on the table 

work 

Working 

hours 

T (I, J) 

The 

earliest 

start 

TES (I, 

J) 

The earliest 

completion 

TEF (I, J) 

The 

latest 

start 

TLS 

(I, J) 

Completion 

at the latest 

TLF (I, J) 

Total time 

difference 

R (I, J) 

Single time 

difference 

R (I, J) 

Key 

work 
Tail 

I 

head 

J 

① ② 6 0 6 6 12 6 0 
 

① ③ 30 0 30 0 30 0 0 
①-

③ 

② ③ 18 6 24 12 30 6 6 
 

② ④ 12 6 18 54 66 48 48 
 

③ ④ 36 30 66 30 66 0 0 
③-

④ 

③ ⑤ 30 30 60 48 78 18 6 
 

④ ⑤ 0 66 66 78 78 12 0 
 

④ ⑥ 30 66 96 66 96 0 0 
④-

⑥ 

⑤ ⑥ 18 66 84 78 96 12 0 
 

The critical route from above is (1) – (3)- (4) – (6), and the time is 96 hours. 

There are 8 routes in this subject: 

①-②-④-⑥                6+12+30=48 

①-②-④-⑤-⑥           6+12+18=36 

①-②-③-④-⑥           6+18+36+30=90 

①-②-③-④-⑤-⑥      6+18+36+18=78 

①-②-③-⑤-⑥            6+18+30+18=72 

①-③-④-⑥                 30+36+30=96   

①-③-④-⑤-⑥            30+36+18=84 

① -②-⑤-⑥                 30+30+18=78 

The increase rate of calculation work cost is like table 4: 
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Table 4. increase in work costs 

work 
Duration of work Direct cost 

Cost rate 
normal Catch up with work normal Catch up with work 

A 6 4 1500 2000 250 

B 30 20 9000 10000 100 

C 12 8 4000 4500 125 

D 18 10 5000 6000 125 

E 36 22 12000 14000 142.8 

F 30 18 8500 9200 58.3 

G 30 16 9500 10300 57.1 

H 18 10 4500 5000 62.5 

The key route of water conservancy project is①-③-④-⑥, the normal period of the 

project is 96 days, the direct cost is 54000 yuan, the indirect cost is 120+19440=19560 

yuan, and the total cost is 30500+2064=73560 yuan. 

(1) the first compression 

In Table 4, the key route of the minimum cost rate is ④-⑥, the cost rate is =57.1 yuan 

/ day, the duration of work ④-⑥can be compressed for 30-16=14 days, but⑤-⑥ the 

total time difference is 12 days, so it can only be reduced by 12 days.The key routes at 

this time are ①-③-④-⑥and ①-③-④-⑤-⑥, with a duration of 84 days.The direct cost 

is 54000+57.1*12=54685.2 yuan, the indirect cost is 17640+120*4=18120 yuan, and 

the total cost is 54685.2+18120=72805.2 yuan. 

(2) second compression 

The key routes are ①-③-④-⑥ and ①-③-④-⑤-⑥. 

(1) shorten①-③ a day, the cost is 100 yuan . 

(2) shorten③-④a day, the cost is 142.8 yuan . 

(3) Shorten④-⑥and⑤-⑥ a day, the cost is 119.6 yuan. 

So it can be compressed①-③, it can be compressed for 30-20=10 days, but the total 

time difference between two and three is 6 days, so it can only be reduced by 6 

days.The key routes at this time are ①-③-④-⑥ 、①-③-④-⑤-⑥、①-②-③-④-⑤-

⑥、① -② -③ -④ -⑥ ,the period of construction is 78 days.The direct cost is 

54685.2+100*6=55285.2 yuan, the indirect cost is 17040+120*3=17400 yuan, and 

the total cost is 55285.2+17400=72685.2 yuan. 

(3) third compression 

The key route is: ①-③-④-⑥ 、①-③-④-⑤-⑥、①-②-③-④-⑤-⑥、①-②-③-④-⑥. In 

all the compression schemes, ④-⑥、⑤-⑥the minimum cost for a day is 119.6 yuan, 

so it is compressed for two days at ④-⑥、⑤-⑥, and the key route is ①-③-④-⑥ 、

①-③-④-⑤-⑥、①-②-③-④-⑤-⑥、①-②-③-④-⑥,the total duration is 76 days.The 

direct cost is 55285.2+239.2=55524.4 yuan, the indirect cost is 17040+120=17160 

yuan, and the total cost is 55524.4+17160=72684.4 yuan. 
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As a result of a critical path ①-③-④-⑥, the work on the above will not be shortened, 

and the calculation is over. 

The total time limit is 76 days. The direct cost is 55285.2+239.2=55524.4 yuan, the 

indirect cost is 17040+120=17160 yuan, and the total cost is 

55524.4+17160=72684.4 yuan. 

 

7. Conclusion 

The network planning method can make all the relevant work in the construction 

process an organic whole, and reflect the interdependence and restriction of the main 

work in a more comprehensive way.It can not only reflect the whole picture, key 

processes, but also show the maneuvering time, and facilitate resource adjustment 

and construction period optimization.It is a simple and feasible method to apply the 

cost - cost curve to the network plan to find the optimal period. At the same time, it can 

effectively reduce the time of work, reduce the cost and improve the construction 

efficiency, which is of great significance in the project management. 
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