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Abstract

The intermediate products in this machinery manufacturing enterprise Input-Output model consist of products, molds and processing time, while in most conditions molds and processing time will not be regarded as intermediate products. This paper analyzes their interaction and relationship in detail while introducing the structure and the nine individual parts of the Input-Output table. 

In order to use the model’s result in the current index system, an approach of conversion is presented in this paper, which can satisfy the requirement of accounting, production controlling, and planning and device arrangement departments. The model provides endogenetic methods to scientifically and automatically allocate the consumptions associated with the devices, such as processing time, tools and molds, energy, to products and thus to reflect their real cost. 

Finally, the paper discusses how to simplify calculation by breaking the Input-Output table down. Because Parts, discreteness, components, and whole machines must be produced in order, their consumption relationship only exists on single direction. This means that when Input-Output table is divided into parts representing the four levels of processing respectively, many zero sub matrixes appears, which are neglectable, and the calculation of model can thus be greatly simplified. 

The data needed for constructing the Input-Output table are easy to collect. The model embodies the characteristics of machinery-manufacturing enterprise’s production process and can satisfy different aspects of management needs. It also suits to computer automatic implementation, which is very important in evaluating a complex machinery manufacturing enterprise’s efficiency precisely and in time. 
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The forms of enterprises vary widely. In order to successfully apply Input-Output analysis in an enterprise, it is critical for it to fit the characters and requirements of an enterprise’s production. Machinery manufacturing enterprises are different from other enterprises in technique, production organizing and management. Systematically and precisely reflecting these characteristics is the prerequisite to get an ideal result from an Input-Output model. This article will discuss the building method of machinery manufacturing enterprise Input-Output models with the consideration for computer automatic realization. 

1. Model’s structure

The products of machinery manufacturing enterprises have an assembling structure. They can be classified into part, discreteness, component, and whole machine. Discreteness and component are called component class and they are different in complexity of structure and function. Generally speaking, discreteness is simpler, directly made of some parts and having basic mechanical function. On the other hand, component made of parts and discreteness, having more complex functions and often regarded as an independent functional subsystem of a machine. There are less kinds of whole machine. Whole machine is a combination of parts, discreteness and components. To make a machine may need thousands of parts. So a machinery manufacturing enterprise may process up to tens of thousands of parts. The amount of discreteness and component depends on the products’ structure and function. Their hierarchy is displayed in chart I. Their manufacture is in an order, and their consumption relationship is single direction, that is, no reverse consumption relationship exists. 

The complexity of machinery products mainly appears as the diversity of the part, discreteness, component and their manufacturing methods. Parts with different structures and functions are made by different process technique. Simple part may be made out after a few steps, while complex part must pass up to tens of machines to be finished.

Another outstanding character of machinery manufacturing is that energy, modules and labor are all cost during the process. The devices can be classified as general and special, according to their function. The amount of kinds and quantity of special devices depends on the enterprise’s specialization extent. Different part needs different process technique and devices to make. The devices have different value and running cost, need different operation and repairs, so their cost per hour and the make-up of cost are also different. Limited by management ability, the common method to calculate the costs except raw material is to allocate them by the devices’ work time, without thinking about the difference among the devices. This way is easy to implement but its result ignores the difference induced by the devices. It is undoubted that this way will influence the results’ precision and its value in evaluation and controlling.

On the other hand, besides the processing time, tools, containers, modules are all necessary in machinery manufacturing enterprises’ process. Many of them are made by enterprises themselves. They are different from materials and products. The process of making them is same with making products, but they are not goods. Once being made out, they are taken as methods of work, abraded during devices’ running, and their value is shifted to products. Among them, high value ones are taken as fixed asset, others are treated as low value. This is another outstanding characteristic of machinery manufacturing enterprises. Because their kinds are many and their relationship is complex, when calculated manually, it is difficult to amortize them to products according to real cost. So we also amortize them according to processing time.

At last, the quantity of calculation of a machinery manufacturing enterprise is very large. From the view of managers, it is necessary to work out the cost of each product, tool or model (all called product in the following text) and their consumption of input materials. But because there are so many kinds of parts needed to make them out, and the consumption relationship is very complex, it is impossible to work out them manually. Even to some products whose cost must be calculated out, we can only use the method of amortizing margins, basing on a fixed quantity of consumption. The result from this method is hard to be taken as reliable.

Solving these problems, completely analyzing characteristic of machinery manufacturing enterprises’ process and management, and precisely describing the relationship of all products and input materials, are the prerequisites of applying Input-Output analysis in machinery manufacturing enterprises.

2. Input-Output table of machinery manufacturing enterprise

In the following paragraphs we analyze the characteristic of Input-Output table of machinery manufacturing enterprise, using on real material table. The table’s form is like table 1.
2.1 Consumption relationship matrix of intermediate products.

In most models tools and device time are not included in consumption relationship matrix of intermediate products. But here they are treated as self-made products, the same as products in process. This is because tools and device time are important in machinery manufacturing, are the main step of many input materials’ shifting, an important part of products’ value, and are urgent to be improved in an enterprise’s management. To precisely describe the process of products value’s making up and interrelationship of materials, using this method is necessary. We use n1, n2, n3 to denote products in process, tools and device time’s quantity of types respectively. These tools are self-made, and all tools bought from outside are described in other matrixes. Device time is classified by device’s type. So consumption relationship matrix of intermediate products is a (n1+n2+n3) ranked square matrix and is divided into 9 sub matrixes.

They are:

	
	Intermediate usage
	Final products
	Total output

	
	Product in process
	Module and tools
	Device time
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1) Consumption relationship sub matrix of products in process-products in process

This is an n1 ranked matrix, describing interrelationship of consumption among products in process. It is the kernel part of Input-Output table. The process of making products, the order of processing, value’s making up and shifting and their interrelationship of technique are all described by this part. If we use 
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 to denote the consumption of product i in process by product j in process, then its matrix form is 
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i,j=1,2, ...,n1
2) Consumption relationship sub matrix of products in process-tools and modules 

This is an n1 x n2 ranked matrix, describing the consumption of products in process by tools. Because there’s no such consumption, it is a zero matrix.

3) Consumption relationship sub matrix of products in process-device time 

This is an n1 x n3 ranked matrix, describing the consumption of products in process by device time. Because there’s no such consumption, it is a zero matrix.

4) Consumption relationship sub matrix of tools and modules-products in process

This is an n2 x n1 ranked matrix, describing the consumption of self-made tools and modules by products in process. It only refers to the consumption occurred in manual operation. The consumption of tools during devices running is described in others matrixes. If we use 
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 to denote the consumption of tool i when manually processing product j, then its matrix form is 
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5) Consumption relationship sub matrix of tools and modules- tools and modules

This is a n2 ranked square matrix, describing the interrelationship of consumption and form changing of tools and modules (including parts for making them). If we use 
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 to denote the consumption of tool i by tool j, then its matrix form is 
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6) Consumption relationship sub matrix of tools and modules- device time

This is a n2 x n3 ranked matrix, describing the consumption of tools and modules by device time. All tools and modules consumed and installed in devices are described by this matrix. This is an important sub matrix. If we use 
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 to denote the consumption of tools and modules i by device j’s working time, then its matrix form is 
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7) Consumption relationship sub matrix of device time-products in process

This is an n3 x n1 ranked matrix, describing the consumption of device time by products. It describes the method and quantity of the value of devices, tools, modules, energy and labor force shifting to products. It is the base to calculate products in process’ cost and an important part of Input-Output table. If we use 
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 to denote the consumption of device i’s working time by product j, then its matrix form is 
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8) Consumption relationship sub matrix of device time-tools and modules

This is a n3 x n2 ranked matrix similar to
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. It describes the consumption of device time by tools and module. It is the base to calculate the consumption of energy, labor, tools and modules themselves by tools and modules. If we use 
[image: image32.wmf]32

~

ij

q

 to denote the consumption of device i’s working time by tool j, then its matrix form is 
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9) Consumption relationship sub matrix of device time - device time

This is an n3-ranked square matrix, describing the consumption relationship of device time. Because there’s no such consumption relationship, it is a zero matrix.

2.2 Consumption relationship matrix of materials-self-made products.

According to the classification of self-made products, this matrix is divided into 3 sub matrixes:

1) Consumption relationship sub matrix of materials – products in process

This is an m1 x n1 ranked matrix, describing the consumption of materials by products in process. It describes the process and quantity of how the materials’ value shifting to products during the products being worked on. If we use 
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 to denote the consumption of material i by product j, then its matrix form is 
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2) Consumption relationship sub matrix of materials – tools and modules

This is an m1 x n2 ranked matrix, describing the consumption of materials by tools and modules. It can be explained in the same way as
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 to denote the consumption of material i by product j, then its matrix form is 
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3) Consumption relationship sub matrix of materials - device time

This is an m1 x n3 ranked matrix, describing the consumption of materials by device time. Because there’s no such consumption relationship, it is a zero matrix.

2.3 Consumption relationship matrix of energy-self-made products.

This matrix also is divided into 3 sub matrixes:

1) Consumption relationship sub matrix of materials - products in process

This is an m2 x n1 ranked matrix, describing the consumption of energy by products in process. But it only refers to energy cost in manual operation, a small part of total energy cost. If we use 
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 to denote the consumption of energy i by product j, then its matrix form is 
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2) Consumption relationship sub matrix of materials - tools and modules

This is an m2 x n2 ranked matrix, describing the consumption of energy tools and modules. It can be explained in the same way as
[image: image41.wmf]21

~

G

, so the consumption by machines is also not included. If we use 
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 to denote the consumption of energy i by tool j, then its matrix form is 
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3) Consumption relationship sub matrix of materials - device time

This is an m2 x n3 ranked matrix, describing the consumption of energy by devices. Because most energy is cost by working devices, most energy consumption is inside this matrix. The further extent mechanization and automatization reach, the higher the weight of energy cost by devices is. If we use 
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 to denote the consumption of energy i by device j, then its matrix form is 
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2.4 Consumption relationship matrix of labor time-self-made products.

We classify labor into m3 kinds. The standard of classification depends on requirement of management and some indices of labor classification( such as education, skill, ranking). This matrix also is divided into 3 sub matrixes.

1) Consumption relationship sub matrix of labor time- products in process.

This is an m3 x n1 ranked matrix, describing the consumption of labor time by products in process, which is similar to the consumption relationship between energy and products in process. Here the consumption of labor time by running devices is also not included. It is only a part of product’s consumption of labor time. If we use 
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 to denote the consumption of labor time i by product j, then its matrix form is 
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2) Consumption relationship sub matrix of labor time- tools and modules

This is an m3 x n1 ranked matrix, describing the consumption of labor time by tools and modules. It can be explained in the same way as 
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 to denote the consumption of labor time i by tool j, then its matrix form is 
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3) Consumption relationship sub matrix of labor time- device time

This is an m3 x n1 ranked matrix, describing the consumption of labor time by device time. In fact, in process line, most consumption of labor time is occurred along with the running of devices and in the way of inputting device time. If we use 
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 to denote the consumption of labor time i by device j, then its matrix form is 
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Among the matrix of self-made products to materials, energy and labor time, the most important is
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. They describe the main method, way and character of these 3 factors’ shifting.

All the above only listed material, energy and labor time, 3 input factors. In real world application, according to need of enterprise’s management, we can add or delete some factors of the model. The model itself does not limit these.

2.5 Vector of final products

Final products include sold-out products, inventory increase, statistics surplus, discard. Products, tools and modules, devices working time’s final quantity is denoted by vector 
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. Final device time is made up of statistics surplus and sold-out working time.

2.6 Vector of total output

It uses vector
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to denote products in process when counting, total output of tools and modules, and total running time of devices respectively.

3. The conversion of Input-Output table.

With table 1 and the model base on it, we can implement the evaluation of devices, but can not directly analyze products’ consumption of energy, labor time and tools, for these consumptions occur mainly in the way of inputting into device time. But in management, an enterprise must evaluate devices’ consumption of energy, labor time and tools and the utilized ratio of devices. At the same time, according the indexes’ requirement, it must evaluate its performance by products, so it has to amortize the costs of devices to the products. If we want get same result from Input-Output table and management indexes, we need to amortize the consumption in table 1 into products. This is the conversion of table 1.

3.1 direct consumption coefficient of device time

1) Direct consumption coefficient to tools and modules

If using 
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to denote the direct consumption coefficient of device j’s working time to tool i, then 
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 is product j’s total process time when counting. If we use dialogue matrix 
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 to denote total process time, then this direct consumption coefficient can be written in matrix form
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2) Direct consumption coefficient to energy

If using 
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to denote the direct consumption coefficient of device j’s working time to energy i, then 
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3) Direct consumption coefficient to labor time

Same to above discussion, device time’s direct consumption coefficient to labor time, 
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Under most conditions device time does not cost products, materials and device time itself, so it is an important step to amortize device time into products. The principle is to amortize according to the type of devices that are used in production and the time length, that is, amortizing to user. What must be amortized are
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3.2 amortization of device time

1) Amortization of tools and modules

(1) Amortize consumption of tools and modules to products in process

From table we know that consumption of device k by product j is 
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 of tool i to product j during using device k, and we should amortize the sum of these consumption of tool i, 
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Its matrix form is 


[image: image82.wmf]31

23

21

~

~

~

Q

A

Q

=


(2) Amortize tools and modules to themselves

The quantity of tool j’s consumption amortized to tool j, 
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2) Amortization of energy

(1) Amortize consumption of energy to products in process.

Device time’s direct consumption coefficient to energy is 
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 of energy i when worked on device k. We amortize 
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Its matrix form is 
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(2) Amortize consumption of energy to tools and modules

We amortize 
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Its matrix form is 
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3) Amortization of labor time

(1) Amortize consumption of labor time to products in process

We amortize 
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of labor time i to product j, 
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Its matrix form is 
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(2) Amortize consumption of labor time to tools and modules

We amortize 
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of labor time i to tool j, 
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Its matrix form is 
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3.3 Conversion of Input-Output table

In the above steps the consumption of devices are amortized into products. If we add these amortizations to products’ original cost, then we get the converted quantity of consumption and Input-Output table (table 2). Because table 2 does not include consumption of device time, its structure is different from table, but it is still a part of input, to completely reflect the products’ consumption and its making-up. Because device time does not consume products in process, materials and device time directly or indirectly, after conversion their relationship matrix does not change.

	
	Intermediate usage
	Final products
	Total output

	
	Products in process
	Tools and modules
	
	

	
	1,2,…,n1
	1,2,…,n2
	
	

	Intermediate Input
	Self-made products
	Products in process
	1
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…
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Table2 is converted from table1, so table 1 is called transition table. But table 1 has many functions that table 2 has not. For example, we can only analyze the management problems about devices in table 1. When concerning about the consumption structure of products, table 2 ‘s description is same as indexes of management, so it more meets the requirement of management. According to different management’s need, combining these two tables will get better result.

4. Applying the model by breaking it down

Machinery manufacturing enterprises’ products, from part, discreteness, component, and whole machine, may totally have tens of thousands types. The type and size of materials also vary. These facts lead to a too large table and bring trouble to table’s making out, model’s calculation, and real world application. In order to apply Input-Output method in machinery manufacturing enterprise successfully, we must give out a simple and practical method.

Na matter products in process or tools and modules, all are classified into part, discreteness, component, and whole machine. How they are dealt in model only have little difference. Only the tools and modules are simpler in structure. Here we only discuss the methods with the example of products in process.

Products classification of this model reflects the products’ structure and character of production organizing. Production starts from producing parts, ends at assembling and storing whole machines. Parts are basic units of machinery manufacturing. Making them only needs input materials and device time but not any products. Components only consume parts, materials and device time. If we classify products into part, discreteness, component, and whole machine, we can divide the matrix of their consumption relationship into 4 x 4 little matrixes, describing the consumption relationship of different product levels. Among them there are many zero matrixes, such as parts’ consumption of all products, all products’ consumption of whole machines and components’ consumption of all products except parts. Even concerning complete consumption, we get same result. In this way, we can use the method of combining sub matrixes, ignoring zero matrixes and making out Input-Output table. The size of table is greatly reduced and the calculation is simplified.

	
	Intermediate Usage

	
	part
	discreteness
	component
	whole machine

	Material consumption
	part
	
	
	
	

	
	discreteness
	
	
	
	

	
	component
	
	
	
	

	
	whole machine
	
	
	
	

	
	tools
	
	
	
	

	
	material
	
	
	
	

	energy
	
	
	
	

	Time consumption
	Device time
	
	
	
	

	
	Labor time
	
	
	
	


The shaded area is none zero sub matrix.

On the other hand, most products in process are parts. The other three kinds are only a small part of total quantity. Parts do not consume any other products. So after dividing, the matrixes of products’ consumption relationship are simplified to 3x3 matrixes. Though only 7 matrixes are deleted, the size of relationship matrix is greatly reduced. Concerning that there are still some zero matrixes inside it, this matrix’s size is rather small, and the relationship it repents is further simplified.

Only the parts’ consumption of tools and modules, materials, energy, and labor time needs to be described. Although there are many types of parts, they are made in different workshops. If we classify parts by where it is made and only list relative consumption, such as parts’ consumption of device time, only this workshop’s devices need to be listed. This can apply to modules and tools, materials, so the table is made simpler and it is more convenient to make a table. We can deal with discreteness, component in same way. So the table is more reduced in size and more convenient to be applied in department’s everyday management.

The above principles of dividing table should reflect characters of products’ structure and production’s organizing, and can be handled easily( to make table and calculate) and meet the requirement to be used.

Generally speaking, the whole work of making table, converting, calculation and analyzing is very complex. No matter how to simplify the table, it is still hard to be implemented by hand. At the same time, management need the time cycle of making table be same with counting, which is one month under most conditions. This is why applying Input-Output method so difficult. We can only solve this problem with modern electrical computing technique,--- the application of computer. The most difficult step is automatic implementation by computers, which can significantly reduce the time length of making table and is critical to realize Input-Output model’s intelligentization. So from the beginning of model’s design, we should seek how to apply it by computers automatically, fully use the functions of computer and combine the technique of computer and model building. From structure design to model’s building and calculation, this model is trying to meet the requirement of automatically implementation by computer. Also many other requirement are thought over, such as whole structure, joint of statistics data and data in table, products classification by order, model’s dividing and reduction, table conversion. This model not only have full functions, but also has clear and simple logical structure between its parts, which well meets character of computer and the need of automatically making table, calculating and analyzing. This is an intelligent enterprise Input-Output table model. In real world application, from data processing and table making and conversion to model’s calculation and application, all can be done by computer automatically.

5 some character of machinery manufacturing enterprise’s Input-Output table

1) Precisely reflecting character of machinery manufacturing enterprise’s production and management.

Machinery manufacturing enterprises produce products as well as some self-made tools and modules. This table takes self-made tools and modules as a kind of self-made product, so as to reflect products in process and tools’ importance in production and management. Second, because the consumption of energy, labor and tools and modules mainly occurred along with devices’ running, device is an important transition consumption hoop of many factors. So we also take device time as a part of self-made products, in order to precisely describe different devices’ running cost, their usage and allocation, and through it build up the relation between products and input factors. On the other hand, according to character of machinery manufacturing enterprise’s production and management, classifying products in process and tools into part, discreteness, component, and whole machine, not only reflects the character of machinery manufacturing enterprise’s production management, but also helps table’s application.

2) Systematically describing different factors’ importance in machinery manufacturing

As above paragraph mentioned, the consumption of energy, labor and tools and modules mainly occurred along with devices’ running. With different kinds of production, products need different devices and working time to be made out, and in unit time different devices need input factors, which vary in quantity and structure. This is the character of machinery manufacturing enterprise and also is a difficulty in management. It limits the management from reaching a better condition. This model systematically describes all factors, especially consumption, which occurs through devices, reflects the technique relationship between all products and factors, and shows the ways and characters of different factors shifting. With it we can completely analyze, calculate and evaluate the rationality of factors’ utilizing, and production and devices’ management, which can help to manage the enterprise better.


3) The data for making table is easy to get

Conveniently getting precise data is also critical to make table. Because we have rationally classified products and factors and described their relationship and importance, statistic data and data in table are almost same, and most can be get from statistics, which ensures the table’s making. Most important data for making table is shown in graph 2. Each curve represents a consumption relationship matrix, and basic statistics data on the other end.

4) Amortized data is given by model itself, so they are precise and suits to inner counting of enterprises.

In machinery manufacturing enterprises, the cost of running devices is an important part of cost of products. When operation is done by hand, the costs of devices running can only be roughly amortized to products according to their consumption of device time, so amortization and real cost differs much. This model solves the problem successfully. All cost’s occurrence, usage and approach are described in different matrixes. The difference of device’s consumption, the difference of devices’ type and working time are all calculated by the model. It can completely reflect products’ value added and process, method and quantity of factors’ value shift to products. The scientific nature and precision of the result are impossible in manual operation. This also leads to that the results are usable and cannot be substituted in improving enterprise’s management.

5) The model meets many kinds of management’s requirement. 

This table systematically describes enterprises’ production process and different input factors’ effects and their relation, completely reflects different products’ consumption of resources. So it can be used not only in analysis of fixed quantity management, energy management, products and devices time consumption, but also in simulating products price, cost calculation and analysis, production, devices running, energy cost, labor force, and material supply’s plan making. These all have important meaning to realize resources’ rational allocation.

6) This is an intelligentized model that can be implemented by computer automatically

From table’s making, converting to calculating and analyzing the whole process, automatic implementation by computer is critical for extending the application of Input-Output analysis to enterprises’ management. This model ensures this by whole structure and many methods of dealing with data, also it creates good condition in which Input-Output technique can be applied in enterprises’ every day management. The thoughts and methods brought by this model are good references for consummating, rebuilding and improving enterprises’ information management system.
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