Operator Range Diagrams

One approach when considering the logic of a program is to draw an operator range diagram, which helps us to see conditions as a means to include and exclude ranges of numbers. 

For example, if we are checking a water level in a tank is greater than 40m we can show this as:




Alternatively we might be checking if that the water level is less than 30m, which can be shown like this:




Checking if the water level was equal to 20m, would be shown like this:




Finally, checking if the water level was greater than or equal to or less than or equal to would be shown like this:




Returning to the nuclear reactor example of a program to monitor the reactor core temperature, where we asked the question “Is the temperature too high?” would become “Is the temperature greater than 800?” which, assuming the variable used is called reactorTemperature, would be written as:

(reactorTemperature > 800)

This INCLUDES all values greater than 800 and EXCLUDES all values less than or equal to 800.




(reactorTemperature >= 800)

This INCLUDES all values greater than or equal to 800 and EXCLUDES all values less than 800.





Say we compare integer X with – 40 then values greater than -40 include -1 to -39, as the following diagram shows:


[image: ]



In C# we can also check if strings are equal e.g.

string studentName = “John”;
string currentStudent = “Henry”;

(studentName == “Jill”)
(studentName == currentStudent)




Boolean Operators

The operator range diagram for a AND operation is:



The operator range diagram for an OR operation is:
[bookmark: _GoBack]


You can chain the next conditional operator to either INC line, whichever makes the diagram easier to read.


Chaining Operators Together

The operators can be chained so that on check may follow another. We have to perform one check before the other and we have to decide whether to check within the included (INC) range of values or the excluded (EXC) range of values. The diagram is drawn so that the first check to be performed is at the top. Subsequent checks must be drawn in the INC or EXC ranges shown as two vertical lines. Within these ranges, checks are drawn in the order they are performed from top to bottom. 
So the rules are:

1. Each check is performed from top to bottom sequentially i.e. one after the other.



2. 
The first check is placed at the top of the diagram, and each subsequent check is performed on either the INCLUDED values or the EXCLUDED values of the previous check.

3. 
Checks can be placed to the left or the right of the vertical inclusion/exclusion range lines, but it is recommended to place larger numbers to the right.

4. To be valid, the range of values covered by a check must be a subset of the values covered by either the INCLUDED or the EXCLUDED ranges defined by the previous check.




The above diagram shows the reactor temperature being compared with a number of ranges:
If reactorTemperature > 50 THEN			
	IF reactorTemperature > 80 THEN		
		IF reactorTemperature > 90 THEN
		ENDIF
	ELSE
		IF reactorTemperature < 60 THEN
		ENDIF
	ENDIF
ELSE
	IF reactorTemperature > 30 THEN
	ENDIF
ENDIF

5. The actions to be performed by each check can optionally be shown in a column on the right hand side of the diagram.





Mutually Exclusive Ranges

You often want to test a variable against a more than one range of values. For example, if we were monitoring the water level in a water tank we may want to generate a warning when the water level rises above 20m and an alarm when it rises above 80m to prevent it overflowing. We want to perform different actions in both these ranges, not both actions. You might try checking the water level against 20m first as follows:




But this doesn’t work because the range greater than 20m also includes the range greater than 80m, so all that happens is a warning is generated even when the water exceeds 80m. When comparing two ranges using greater than, check the highest value first because those values are then excluded from the next check against the lower value.




A similar situation may arise when using less than operators. For example, if we were monitoring the water level in a water well we may want to generate a warning when the water level falls below 80m and an alarm when it falls below 20m to prevent it running dry. Using the same logic as above, we should check the lowest value first because using less than with the higher value will include the lower values range as well.




Inclusive Ranges

You may want to perform two actions, one if the value exceeds a certain limit and an additional action if it also exceeds a second limit. In this case, the reverse of what was discussed in mutually exclusive ranges should be applied.


Say we need to check if a value is greater than 30 and also check that a value is greater than 50.
	

	1. INCORRECT:
50 falls within the range greater than 30, so values greater than 50 can only be checked for in the INC range

2. CORRECT:
Inclusive Ranges:
50 can be checked within the INC range greater than 30

3. CORRECT:
Mutually Exclusive Ranges:
30 can be checked in the range less than 50

4. INCORRECT:
30 falls within the range less than 50, so values greater than 30 can only be checked for in the EXC range



The correct approaches can be interpreted this way:

	

	


	IF reactorTemperature > 30 THEN
      IF reactorTemperature > 50 THEN
      ENDIF
ENDIF
	IF reactorTemperature > 50 THEN
ELSE
      IF reactorTemperature > 30 THEN
      ENDIF
ENDIF




image3.emf
waterLevel

20


oleObject3.bin
waterLevel


20



image4.emf
waterLevel

waterLevel

20

20


oleObject4.bin
waterLevel


20


waterLevel


20



image5.emf
reactorTemperature

800

EXC

INC

All values 

greater than

All values less 

than or equal to


oleObject5.bin
reactorTemperature


800


EXC


INC


All values greater than


All values less than or equal to



image6.emf
reactorTemperature

EXC

INC

All values greater 

than or equal to

All values less than

800


oleObject6.bin
reactorTemperature


800


EXC


INC


All values greater than or equal to


All values less than



image7.emf
0

-

40

X > 

-

40

(greater than)

X <

-

40

(less than)

X

 

=

=

 

-

4

0

(

e

q

u

a

l

 

t

o

)

….  -3  -2  -1

+1  +2  +3  ….


oleObject7.bin
0


-40


X > -40
(greater than)


X < -40
(less than)


X == -40
(equal to)


….  -3  -2  -1


+1  +2  +3  ….



image8.png
EXC INC

All values
greater than

Values for integer x

Condition | _etc S—42—J—4+— 40 30 T3 et

(x>-40) false false false false true true true

EXCLUDE range INCLUDE range





image9.emf
studentName

“Jill”


oleObject8.bin
studentName


“Jill”



image10.emf
X

100

10

EXC INC


oleObject9.bin
X


100


10


EXC


INC



image11.emf
3 22

EXC INC INC


oleObject10.bin
3


22


EXC


INC


INC



image12.emf
First Check

Second Check

Third Check


oleObject11.bin
First Check


Second Check


Third Check



image13.emf
EXC

INC

EXC

EXC INC

INC

EXC

INC

EXC

INC

EXC

INC


oleObject12.bin
EXC


INC


EXC


EXC


INC


INC


EXC


INC


EXC


INC


EXC


INC



image14.emf
EXC

4

6

EXC

6

4

INC

8

6

INC

2

4

a) b)

c) d)

a) Test for > 4 when not > 6 

c) Test for > 8 when > 6

b) Test for < 6 when not < 4 

d) Test for < 2 when < 4


oleObject13.bin
EXC


6


EXC


4


6


4


INC


8


6


INC


2


4


a)


b)


c)


d)


a) Test for > 4 when not > 6 
c) Test for > 8 when > 6


b) Test for < 6 when not < 4 
d) Test for < 2 when < 4



image15.emf
reactorTemperature

50

EXC INC

30

First Check

Second Check

EXC: Perform second 

check on values 

excluded by first check

INC: Perform second 

check on values included 

in the range specified by 

the first check

80

60

EXC INC

90 Third Check

EXC INC

EXC INC EXC INC


oleObject14.bin
reactorTemperature


50


EXC


INC


30


First Check


Second Check


EXC: Perform second check on values excluded by first check


INC: Perform second check on values included in the range specified by the first check


80


60


EXC


INC


90


Third Check


EXC


INC


EXC


INC


EXC


INC



image16.emf
reactorTemperature

50

EXC

INC

30

Shutdown reactor

Set off alarm to warn operator


oleObject15.bin
reactorTemperature


50


EXC


INC


30


Shutdown reactor


Set off alarm to warn operator



image17.emf
80

20

2

0

w

a

t

e

r

L

e

v

e

l

8

0

w

a

t

e

r

L

e

v

e

l

A

B

waterLevel

waterLevel

20

EXC

INC

80

Notice greater 

than 20 also 

includes the 

range greater 

than 80 i.e. the 

first check covers 

both ranges A 

and B


oleObject16.bin
80


20


20



image18.emf
80

20

8

0

w

a

t

e

r

L

e

v

e

l

2

0

w

a

t

e

r

L

e

v

e

l

A

B

waterLevel

waterLevel

80

EXC

INC

20

Notice values 

greater than 80 

have been 

processed before 

the check for 

greater than 20 

i.e. the first check 

covers range A 

and second check 

covers range B


oleObject17.bin
80


20



image19.emf
80

20

2

0

w

a

t

e

r

L

e

v

e

l

8

0

w

a

t

e

r

L

e

v

e

l

A

B

waterLevel

Notice values less 

than20 have 

been processed 

before the check 

for less than 80 

i.e. the first check 

covers range A 

and second check 

covers range B

waterLevel

20

EXC

80


oleObject18.bin
waterLevel


20


EXC


80


80


20



image20.emf
80

20

2

0

w

a

t

e

r

L

e

v

e

l

8

0

w

a

t

e

r

L

e

v

e

l

A

B

waterLevel

waterLevel

20

EXC INC

80

Notice greater 

than 20 also 

includes the 

range greater 

than 80 i.e. a 

value greater 

than 80 will fall 

within both 

ranges


oleObject19.bin
80


20


20



image21.emf
reactorTemperature

30

EXC INC

50

reactorTemperature

30

EXC INC

50

reactorTemperature

50

EXC

INC

30

reactorTemperature

50

EXC

INC

30

1

2

3

4


oleObject20.bin
reactorTemperature


30


EXC


INC


50


reactorTemperature


30


EXC


INC


50


reactorTemperature


50


EXC


INC


30


reactorTemperature


50


EXC


INC


30


1


2


3


4



image22.emf
reactorTemperature

30

EXC

INC

50


oleObject21.bin
reactorTemperature


30


EXC


INC


50



image23.emf
reactorTemperature

50

EXC

INC

30


oleObject22.bin
reactorTemperature


50


EXC


INC


30



image1.emf
waterLevel

40


oleObject1.bin
40


waterLevel



image2.emf
waterLevel

30


oleObject2.bin
30


waterLevel



