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Abstract – Recently, it’s universal phenomenon that large 

engineering projects like environmental protection projects 

are over budget and late. It puts plan management workers 

into trouble and wastes social resource largely. As a 

management way in modern project management, the 

minimum non-zero total float in CPM network plays an 

important role in time management and cost management. 

Therefore, this paper expounds time parameters and 

relationships between float time and the length of path 

firstly. And then this paper puts forward three kinds of 

calculation methods, which are calculating the total float of 

all the non-critical process, calculating the minimum non-

zero float time of node and calculation method on the basis of 

minimum non-zero total float process distribution theorem. 

The second calculation method of minimum non-zero total 

float is the biggest innovation of this paper. This method 

reduces amount of calculation and improves the 

computational efficiency greatly and proves to be practical.  
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I. INTRODUCTION 
 

In order to strengthen construction management, the 

United States Dupont Chemical Company put forward the 

critical path method (CPM) in 1956
[1]

. Being able to use 

programmed methods to calculate float time of each 

process and find the main contradiction of modern project 

effectively, it provided reliable data for decision-making 

managers and has been widely applied in the project 

management in countries around the world.  

Afterwards, Battersby
[2]

, Tomas
[3]

, Elmaghraby
[4]

 and 

other scholars put forward total float, safe float, free float , 

node float and other useful concepts, which makes the 

study and application of CPM vary widely. We can find 

out critical path and the key working procedure by using 

CPM
[5]&[6]

, which are the main contradictions of modern 

project that decision-making managers need to consider 

carefully.  

However, when the difference between secondary 

critical path and critical path is narrow, the secondary 

critical path will translate into critical path directly. 

Visibly, secondary critical path
[7] 

is related to the safety of 

the project schedule management and it determines the 

time limit for a project of the biggest amount of effective 

compression. As a result, in order to reduce the risk of 

project, managers also need to pay attention to the 

secondary critical path. Because minimum non-zero total 

float in CPM network is equal to the difference between 

the length of secondary critical path and critical path. 

Thus, calculation of minimum non-zero total float is one 

of the ways to find out secondary critical path and it plays 

an important role in time management and cost 

management. 

However, there are few literatures about calculation 

methods of minimum non-zero total float or the 

calculation methods are complex. According to the defects 

of the existing literature, this paper puts forward three 

kinds of calculation methods and the second one of them 

is the biggest innovation of this paper. This method 

reduces amount of calculation and improves the 

computational efficiency greatly and proves to be 

practical. So the research of this paper has important 

meaning in learning value and practice application. 

 

II. TIME PARAMETERS USED COMMONLY IN 

CPM NETWORK 
 

According to literatures [8] and [10], the time 

parameters used commonly in CPM network are as 

follows. 

A. The earliest time parameters 

The earliest start time of process  ij is denoted as
ijES ; 

the earliest finish time of process  ij is denoted as
ijEF ; 

the duration of process  ij is denoted as
ijT ; the earliest 

start time of node  i is denoted as iES .The relations 

between them are as follows.
 

ijES  is equal to the maximum earliest end time of 

immediate front process , that is 

ijES  
1 2

max , , ,
nk k kEF EF EF ;

ijEF =
ijES +

ijT ； 

ijES = iES
.
 

B. The latest time parameters 

The latest start time of process  ij is denoted as
ijLS ; 

the latest finish time of process  ij is denoted as
ijLF ; the 

latest finish time of node  j  is denoted as 
jLF .The 

relations between them are as follows.
 

ijLF  is equal to minimum latest start time that 

immediately after the process,  

that  is  

ijLF  
1 2

min , ,...,
njr jr jrLS LS LS ; ijLS = ijLF -

ijT ； 

ijLF = jLF
.
 

C. The float time parameters 

1) Total float  ijTF  of the process  ij  

Without affecting the total duration of a project, the 

maximum float time that can be used by the process  ij  is 

call total float of the process  ij . It is denoted as 
ijTF , 

and 
ijTF =

ijLS -
ijES =

ijLF -
ijEF . 
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2) Float time of the node  iTF  

The difference between the latest finish time ( iLF ) of 

node  i  and the earliest start time ( iES ) of it is called 

float time of the node. It is denoted as
 iTF  and iTF = iLF -

iES . 

3) Interference floats time of the later process 

The maximum amount the process  ij can make the 

float time of immediate later process reduce when it is 

using float time is equal to the float time (
jTF ) of the end 

node  j . Therefore, interference float time of the later 

process is denoted as
jTF . 

4) Free float  ijFF  of the process  ij  

Without affecting the float time of the immediate later 

process, the maximum amount of the float time that the 

process  ij can use is called free float of the process  ij . 

It is denoted as
ijFF , and

ijFF =
ijTF -

jTF . 

5) Interference floats time of the front process 

The maximum amount the process  ij can make the 

float time of immediate front process reduce when it is 

using float time is equal to the float time ( iTF ) of the start 

node  i . Therefore, interference float time of the front 

process is denoted as iTF . 

6) Safe float (
ijSF ) of the process  ij  

Without affecting the float time of the immediate front 

process, the maximum amount of the float time that the 

process  ij can use is called safe float of the process  ij . 

It is denoted as
ijSF , and

ijSF =
ijTF - iTF . 

D. Node type of the important time parameters
[5]

 

ij j i ijTF LF ES T  
 

ij j i ijFF ES ES T  
 

ij j i ijSF LF LF T                                        (1) 

 

II. RELATIONSHIPS BETWEEN FLOAT TIME AND 

THE LENGTH OF PATH 
 

According to the literature [8] to [11], the professor Qi 

Jianxun studied on the relationships between float time 

and length of the path. The relationships this paper will 

use are as follows. 

(1) The formula for the length of path between any 

node (i) and source point (s) is as follows. 

( ) s i

i s i uv

uv

ES FF









                       (2) 

In the formula, when
( ) s i

uv

uv

FF
 

 decreases, s i  will 

increase. When 
( ) s i

uv

uv

FF
 

 =0, s i   reaches maximum; 

then we can get s i  = s i 

 = iES . It can be seen from the 

above analysis that all the free float of the process on the 

longest path is zero. 

(2) The total amount of the safe float of every process on 

any path  s e   from source point (s) to end point  e is 

equal to the total amount of its free float and the amount is 

equal to the difference between the length of critical path 

(  ) and the length of this path (  ). The formula is as 

follows. 

( ) ( )

=uv uv

uv uv

SF FF
 

 

 

                 (3)                  

(3) The total amount of the safe float of every process on 

the path ( i e  ) from any node  i  to end point  e is equal 

to the difference between the length of critical path (  ) 

and the sum of the latest finish time of the node and the 

length of this path ( i e  ).The formula is as follows. 

   
( )

+
i e

uv i i e

uv

SF LF


 








                    (4)                      

In the formula, when 
( ) i e

uv

uv

SF
 

 decreases, i e  will 

increase. When 
( )

=0
i e

uv

uv

SF
 

 , i e   reaches maximum and 

it is equal to (
iLF  ). 

(4) Total float (
ijTF  ) of any process  ij is equal to the 

difference  s i  

  between the length of critical path 

(  ) and the length of the longest path that goes through 

this process  ij . The formula is as follows. 

 ij s iTF   

                                (5)                          

(5) The relationship between float time of the node ( iTF ) 

and the length of path 

The formula is as follows. 

i iTF                                       (6)                              

In the formula,   means the length of critical path and 

i
 means the length of the longest path that goes through 

this node  i . 

 

III. CALCULATION METHOD OF MINIMUM 

NON-ZERO TOTAL FLOAT IN CPM NETWORK 
 

This paper puts forward three kinds of calculation 

methods, which are calculating the total float of all the 

non-critical process, calculating the minimum non-zero 

float time of node and calculation method on the basis of 

minimum non-zero total float process distribution 

theorem. The solving process and the advantages and 

disadvantages of each method are as follows, and 

calculation example is given to illustrate the correctness of 

each method. 

E. Calculate the total float of all the non-critical 

process 

According to fig.1 and the above formulas of the time 

parameters, this paper calculates the earliest start time and 

the latest finish time of every node. Then, we can get the 

critical path is            1 3 6 8 11 14     . On 

the basis of formula (1), this paper calculates the total float 
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of every non-critical process. Therefore, the minimum 

non-zero total float is six and the process is    8 12 . 

This calculation method of minimum non-zero total float 

is simple and direct, while the processes and nodes of 

project network are too many realistically. Since the 

calculation of this method is complex and it is liable to 

make mistakes, so this calculation method of minimum 

non-zero total float is not practical. 

In the meantime, there are few literatures about simple 

and fast calculation method of minimum non-zero total 

float. However, the secondary critical path that is found 

quickly by calculating the minimum non-zero total float is 

used widely in engineering projects, for example, 

construction optimum management 
[12]

. 

 
Fig.1. CPM network 

 

F. Calculate the minimum non-zero float time of 

node 
On the basis of the relationships between float time and 

the length of path, we can deduce that the minimum non-

zero total float is equal to the difference between the 

length (  ) of critical path and the length (  1 ) of 

secondary critical path. The formula is as follows. 
    1

min /ijTF ij G    
                     

(7) 

It can be seen from the formula that if we find the 

secondary critical path we can calculate the minimum non-

zero total float. According to formula (6), the secondary 

critical path is the longest path that goes through the node 

whose non-zero float time is minimum. What is more, the 

difference length between the longest path and the critical 

path is equal to float time of node.  

Therefore, this paper draws that the minimum non-zero 

float time of node is equal to the minimum non-zero total 

float of process. The formula is as follows. 

     min / min /i ijTF i G TF ij G  
        (8)

 

According to the definition of free float of process, this 

paper concludes the minimum non-zero total float process 

is the immediate front process that is on the longest path 

that goes through the node whose non-zero floats time is 

minimum. This calculation method of minimum non-zero 

total float and conclusion is the biggest innovation of this 

paper. 

On the basis of formula =i i iTF LF ES , we compute the 

float time of non-critical node. Then we get that the 

minimum non-zero float time of node is six and the node 

is (12). Therefore, the minimum non-zero total float is six 

and the result of this method is same with the first method. 

However, compared with other methods, this method 

reduce amount of calculation and improve the 

computational efficiency and effect greatly. 

In order to conduct security management of the project’s 

progress, secondary critical path can be found easily. 

According to relationships between float time and the 

length of path, it can be seen that the length of the longest 

path from node (12) to start point is equal to the earliest 

start time of this node, that is 12 88ES  . The free float of 

all the process on the way of this longest path is zero and 

this longest path is  

         1 3 6 8 12     which is shown in fig.1. 

The length of the longest path from node (12) to end point 

is equal to the difference between the length of critical 

path and the latest finish time of this node, that is 

12 =40LF  . The safe float of all the process on the way 

of this longest path is zero and this longest path is 

   12 14  which is shown in fig.1. Therefore, the 

secondary critical path is  

           1 3 6 8 12 14     and the length of 

it is128 (88+40). What is more, the minimum non-zero 

total float process is the immediate front process of node 

(12), which is    8 12  shown in fig.1. According to 

formula (7), it can be seen the minimum non-zero total 

float is six as well. Thus, it confirms the correctness of the 

conclusion that the minimum non-zero float time of node 

is equal to the minimum non-zero total float. 

G. Calculation method on the basis of minimum 

non-zero total float process distribution theorem 
The literatures [8] and [10] put forward minimum non-

zero total float process distribution theorem: In CPM 

network, all minimum total float non-critical processes 

distribute on the longest path that goes through those 

minimum total float non-critical processes which are 

connected to the key nodes and their total float are all the 

same.  

On the basis of the distribution theorem, the total float 

of minimum total floats non-critical processes which are 

connected to the key nodes is the minimum non-zero total 

float in the network. Therefore, in immediate front 

processes and immediate latter processes of critical nodes 

we can find out minimum total floats non-critical 

processes. And the longest path that goes through this 

minimum total float non-critical process is the secondary 

critical path in the network. In order to find out minimum 

total floats non-critical processes, this paper simplifies the 

network of figure 1. Simplified network is shown in fig.2 

(It’s non-standard network, only for calculating 

conveniently). 

According to fig.2 and the above formulas of the time 

parameters, this paper calculates the total float of 

immediate front processes and immediate latter processes 

of every critical node. Then, we can get the minimum total 

float is six ( 8 12 6TF   ), that is the minimum non-zero total 
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float is six in the network. This calculation method of 

minimum non-zero total float is simple and the amount of 

calculation is small. When the network is too complex and 

the processes are too many, the advantage of this method 

is more prominent. 

The longest path that goes through process    8 12  is 

the secondary critical path in the network. The approach to 

get the path is same with the second method, so it is no 

longer described here. After calculation, this paper obtains 

   8-12 = 12 14  ,        1-8 = 1 3 6 8    and 

             1

8 12= = 1 3 6 8 12 14     ， .  

We calculate the length of secondary critical path is 128 

further.
 

According to formula (7), it can be seen the 

minimum non-zero total float is six as well. Thus, it 

confirms the correctness of this calculation method of 

minimum non-zero total float. 

 
Fig.2. Simplified network 

 

IV. CONCLUSIONS 
 

In order to calculate the minimum non-zero total float, 

this paper puts forward three kinds of calculation methods, 

which are calculating the total float of all the non-critical 

process, calculating the minimum non-zero float time of 

node and calculation method on the basis of minimum 

non-zero total float process distribution theorem. The 

second calculation method of minimum non-zero total 

float is the biggest innovation of this paper. This method 

conclude that the minimum non-zero float time of node is 

equal to the minimum non-zero total float of process and 

minimum non-zero total float process is the immediate 

front process that is on the longest path goes through the 

node whose non-zero floats time is minimum. This method 

reduces amount of calculation and improves the 

computational efficiency greatly and proves to be 

practical.  
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