Laboratory Work №1
Development and researching of the diagnostic tests
The purpose of the work:

1. To build the common diagnostic test for the functional-logical model.

2. To define a quotient minimal diagnostic test by the way of construction


  minimization of the Boolean matrixes
3. To build the scheme of the apparatus, that investigates information logically.

4. To assemble the scheme on the laboratory table and to investigate it.
The brief theoretical information:
1. Construction of the functional-logical model of the diagnosing object.

1.1 By the structural or principal scheme of the object to build the functional-logical model (FLM) in such way, that every functional element has only one exit. The quantities of the exit signals are not limited. If diagnostic object has blocks, which has K exits, you have to divide them on the K blocks with the only one exit, and to keep only that entrance, that depend on exit of this block (Fig.1). 
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Fig.1.  Example of breaking up of function box with two exits on the elements of functionally-logical model
1.2. To mark external exit influences and stimulate signals with the X1, X2… Xn symbols, which are given in the diagnostic of the system. To mark the exit signals of the blocks FLM by the Y1, Y2…Yn symbols.
1.3. To define the fields of the permissible and not permissible meanings for external influence and exit signals. To mark the permissible meaning with the symbol “1”, and the not permissible meaning with the symbol “0”. The not permission meanings of the exit signals lead to appearance of the not permissible signal on the exit of the element.

1.4. To consider, that the joins between the functional elements are reliable, it means, that the rejection of the system appear after the rejection of the functional elements. There is an example on the fig. 2.2. 
1.5. FLM is given by the teacher.

2. Construction of the matrix of condition.
For the construction of the diagnostic tests FLM can be shown by the way of matrix, which arranged connections the between the quality of conditions S and the quality of possible checking Y and quality of results of this checking’s.
The lines of the matrix mean the condition of the system Si, I = 0,n, and the columns – exit signals of the functional elements Yj, j = 0,n.
Such kinds of matrix are matrix of the condition of the object of diagnostic. The rules of construction the matrix of condition are:
1) in the case of efficient condition of the system So are all exit signals, that have permissible meanings, Yj = 1, where j = 1,n.
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Fig.2. The functionally-logical model of the object of the diagnostic

2) if the element E1 refuse, the exit signal of the element Ek – Yk  has  permissible meaning, you have to write in the check on crossing Ek and Yk  symbol “1”, if it has not- permissible meaning – “0”.
In such case when all exits signals have permissible meanings, so Xi = 1, I = 1,n.

In the table 1 you can see the matrix of condition FLM, from the Fig.2.

Table 1
	Si
	Y1
	Y2
	Y3
	Y4
	Y5
	Y6

	So
	1
	1
	1
	1
	1
	1

	S1
	0
	0
	0
	0
	0
	1

	S2
	1
	0
	0
	1
	0
	1

	S3
	1
	1
	0
	1
	0
	1

	S4
	1
	1
	1
	0
	0
	1

	S5
	1
	1
	1
	1
	0
	1

	S6
	1
	1
	0
	1
	0
	0


We can admit, that there is refuse of the first function element E1 (S1). In such case all exit signals of the E1, 2, 3, 4, 5 will have  not- permissible meaning, so Y1 = Y2 = Y3 = Y4 = Y5 = 0. Condition of the element E6 doesn’t depend on condition of  E1, because Y6  = 1. Assume, that element E2 refused we find out, that all exit signals of the E 2, 3, 5, will have not-permissible meanings, soY2 = Y3 = Y5 = 0, but Y1= Y4 = Y5 = 1.
This matrix of the condition you can use for analyse of the object of the diagnostic, that have equal characteristics of probability of refuses Q (S1) and equal values of checking exits Cyj.

3. Construction of the common diagnostic test Td.

Totality of checking, necessary for revelation of all conditions, which were given beforehand, is called diagnostic test (Td). With the other words, to make a diagnostic of object, is necessary to product checkings, which has the test.
For the construction of the common diagnostic test you must include neither branched exits of functional elements FLM, nor brunched external exits of the model.

Exit Ei is not-brunched, if it is joining with the only one entrance of other functional elements of model. 
If exit of functional elements is not-brunched, than its condition is impossible to reveal by the meanings of the signals of other elements.  Not-brunched exits (on Fig.2) are  Y2, Y4, Y5, in the matrix they are Yj.
After checking of not-brunched exits it is necessary to make comparison in pairs of the lines of matrix of condition Tab. 1 on the admission of the necessary for checking exits Yj.
If in result of such comparison we find out, that all conditions have no difference in pair, the checking of such totality of exits will make the common diagnostic test – Td.

In the result of comparison of the lines of the tab. 1 we can see, that Y2, Y4, Y5 and conditions S3 and S5, S3 and S6 have the same meanings.

When we have no differences in conditions the task of finding the common diagnostic test goes to define the minimal quantity of exits Yj, and when we’ll add them to the necessary for checking exits, that can help us to differ all conditions of the system necessary for checking exits

Now, we’ll build a table, on which all lines are labelled of not-different meanings, and columns are exit signals, which are not in the totality of necessary for checking exits.
      Table 2.
	Si Sk
	Y1
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	S3 S5
	0
	1
	0

	S3 S6
	0
	0
	1

	S5 S6
	0
	1
	1


 If  conditions, which are under comparison S and S at  the exit are not the same, (1-0) or (0-1)  we’ll write “1”,  if they have the same meanings (0-0) or (1-1), than we’ll write “0”.

Result 1. If in this matrix is a column that has no “1”, (tab. 2.2 – columnY1) it can be delete.

Result 2. If there is a column that only one “1”,  these column (columns) cannot be delete, The exit Yj,  will enter into the common diagnostic test.

The rule.  The column (columns) of a matrix can be delete only when the matrix after deleting such columns will have one “1” in the each line.
From the matrix (tab.2) follows , that you can differ this conditions, only when you add in this test Y3 and Y6. Admit them the symbols of уj**.

So, the  matrix of conditions  for this case will be shown at the left part of the tab.3, and the common diagnostic test will contain: 

Td = { Y1, Y2,  Y3,  Y4,  Y5, Y6}

Table 3.
	Si
	У2
	Уз
	У4
	У5
	У6
	S i(Tg)

	 So
	1
	1
	1
	1
	1
	
[image: image4.wmf]6

5

4

3

2

Y

Y

Y

Y

Y

L

L

L

L



	S1
	0
	0
	0
	0
	1
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	S2
	0
	0
	1
	0
	1
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	S3
	1
	0
	1
	0
	1
	
[image: image7.wmf]6

5

4

3

2

Y

Y

Y

Y

Y

L

L

L

L



	S4
	1
	1
	0
	0
	1
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	S5
	1
	1
	1
	0
	1
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	S6
	1
	0
	1
	0
	0
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Tasks:

1. To build the matrix of conditions for teacher given FLM. (tab. 1) 

2. To make FLM on the stand and to research it.

3. To definite  the common diagnostic test and to write down all переключательные functions for all conditions Si, I = 0,n (tab. 3)  
4. To define local miasmal diagnostic tests for all conditions Ti  min and comparison to it Si  (Ti  min), (tab. 4).
The operation procedure:

1. For the researching of the FLM you have to:

-make  the model  on the stand,

-join all exits of functional elements with  entrances of comparators,
-switch “on”,

· enter, with the help of  switchers of the functional elements of model “1” – “0” refuses, to define on the display of  block of comparators the meanings of the exit signals,

-check comparison of meanings of the exit results, what we have defined theoretically and been written down into the matrix of conditions.
Table 4.
	SiSk
	Yy2
	Yy3
	Yy4
	Yy5
	Yy6

	S0S1
	11
	11
	11
	11
	10

	S0S2
	01
	01
	00
	01
	00

	S0 S3
	10
	01
	00
	11
	00

	S0 S4
	10
	10
	01
	11
	00

	S0 S5
	10
	10
	10
	01
	00

	S0 S6
	10
	11
	10
	11
	01


2. For the defining  of the common diagnostic test of the local minimal diagnostic tests and comporting switching functions to build:

-    the minimal matrix of conditions

-    the common diagnostic test and the comporting  переключательные functions Si, (Td), I = 0,n (tab. 3)

      -   the matrixes for all Si, includes S0, and made it minimal, to define the local minimal diagnostic tests Ti  min and comparison to it Si  (Ti  min) (tab. 4)
3. For the construction and researching the logical devise, what makes the algorithm of diagnostic you have to:

-   based on the switching functions of conditions Si(Ti  min)  to build the scheme of final automat (pic.3), what have been realising the results of functions, what had been given

-    make the scheme on the stand,

-    turn on power,

-    research the work of the logical devise, entering, with the help of the switchers “1” and  “0” refusals into the functional elements of system.

All results write down at the tab. 5:
Table 5

	The number of the element, that refuses 
	The signal on the display of the block of indication

	E1
	S1

	E2
	S2

	E3
	S3

	E4
	S4

	E5
	S5

	E6
	S6


Control questions

1.Explain principles of construction of ФЛМ of object of diagnostics.
2.Name the rules of construction of matrix of the states of object of diagnostics.

3.Explain the rules of minimization of matrix of the states and being of general minimum diagnostic dough.
4.Name rules and consequence/pls of minimization of boole matrices.

5.Explain methodology of construction and work of logical device for determination of capacity and searching for of disrepairs.
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