Design of the 11011 Sequence Detector
A sequence detector accepts as input a string of bits: either 0 or 1. 

Its output goes to 1 when a target sequence has been detected.  
There are two basic types: overlap and non-overlap.  
In an sequence detector that allows overlap, the final bits of one sequence can be the start of another sequence.  

11011 detector with overlap

X
11011011011






Z
00001001001

11011 detector with no overlap

Z
00001000001

Problem: Design a 11011 sequence detector using JK flip-flops.  Allow overlap.

Step 1 – Derive the State Diagram and State Table for the Problem
Step 1a – Determine the Number of States
We are designing a sequence detector for a 5-bit sequence, so we need 5 states.  We label these states A, B, C, D, and E.  State A is the initial state.

Step 1b – Characterize Each State by What has been Input and What is Expected

State
Has
Awaiting

A
--
11011


B
1
1011


C
11
011


D
110
11


E
1101
1

Step 1c – Do the Transitions for the Expected Sequence
Here is a partial drawing of the state diagram.  It has only the sequence expected.  Note that the diagram returns to state C after a successful detection; the final 11 are used again.

[image: image1.png]



Note the labeling of the transitions: X / Z.  Thus the expected transition from A to B has an input of 1 and an output of 0.

The transition from E to C has an output of 1 denoting that the desired sequence has been detected.

The sequence is 1 1 0 1 1.
Step 1d – Insert the Inputs That Break the Sequence
The sequence is 1 1 0 1 1.
[image: image13.png]1011 Sequence Detector
Partial Design - Lacking Final Transition




Each state has two lines out of it – one line for a 1 and another line for a 0.

The notes below explain how to handle the bits that break the sequence.
State A in the 11011 Sequence Detector

[image: image2.png]



A

State A is the initial state.  It is waiting on a 1.  


If it gets a 0, the machine remains in state A and continues to remain 


there while 0’s are input.



If it gets a 1, the machine moves to state B, but with output 0.
State B in the 11011 Sequence Detector

[image: image3.png]



B

If state B gets a 0, the last two bits input were “10”.  


This does not begin the sequence, so the machine goes back to state A 


and waits on the next 1.



If state B gets a 1, the last two bits input were “11”.  Go to state C.

State C in the 11011 Sequence Detector

[image: image4.png]



C

If state C gets a 1, the last three bits input were “111”.  


It can use the last two to be the first two 1’s of the sequence 11011, so the 


machine stays in state C awaiting a 0.  



If state C gets a 0, the last three bits input were “110”.  Move to state D.
State D in the 11011 Sequence Detector

[image: image5.png]



D

If state D gets a 0, the last four bits input were “1100”.  These 4 bits are 


not part of the sequence, so we start over.



If state D gets a 1, the last four bits input were “1101”.  Go to state E.

State E in the 11011 Sequence Detector
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E

If state E gets a 0, the last five bits input were “11010”.  These five bits are 


not part of the sequence, so start over.


If state E gets a 1, the last five bits input were “11011”, the target sequence.


If overlap is allowed, go to state C and reuse the last two “11”.


If overlap is not allowed, go to state A, and start over.
Prefixes and Suffixes: State C
When breaking the input, we look for the largest suffix of the actual input 
that is an equal–length prefix of the desired pattern.

State C, with the last input = 1.

The last three bits input were “111”.


Input
Desired Sequence.

“111”
“11011”

1 bit
“1”
“1”
Good match

111

11011

2 bit
“11”
“11”
Good match

111

11011

3 bit
“111”
“110”
No match.

111

11011
The last two 1’s at this state can form a 2–bit prefix useable at state C.

Prefixes and Suffixes: State E
State E, with last input = 0.

The last five bits were “11010”.  No suffix of this is a prefix of the target.


Input
Desired Sequence.

“11010”
“11011”

1 bit
“0”
“1”
No match.

2 bit
“10”
“11”
No match.

3 bit
“010”
“110”
No match.

4 bit
“1010”
“1101”
No match.

5 bit
“11010”
“11011”
No match.
Step 1e – Generate the State Table with Output

	Present State
	Next State / Output

	
	X = 0
	X = 1

	A
	A / 0
	B / 0

	B
	A / 0
	C / 0

	C
	D / 0
	C / 0

	D
	A / 0
	E / 0

	E
	A / 0
	C / 1


Step 2 – Determine the Number of Flip-Flops Required
We have 5 states, so N = 5.  We solve the equation 2P-1 < 5 ( 2P by inspection, noting that it is solved by P = 3.  So we need three flip-flops.
Step 3 – Assign a unique P-bit binary number (state vector) to each state.

The simplest way is to make the following assignments

A = 000

B = 001

C = 010

D = 011

E = 100

Here is a more interesting assignment.
States A and D are given even numbers.  States B, C, and E are given odd 
numbers.  The assignment is as follows.

A = 000

B = 001

C = 011


States 010, 110, and 111 are not used.

D = 100

E = 101
Step 4 – Generate the Transition Table With Output
	Present State
	Next State / Output

	
	
	X = 0
	X = 1

	
	Y2Y1Y0
	Y2Y1Y0 / Z
	Y2Y1Y0 / Z

	A
	0  0  0
	0 0 0 / 0
	0 0 1 / 0

	B
	0  0  1
	0 0 0 / 0
	0 1 1 / 0

	C
	0  1  1
	1 0 0 / 0
	0 1 1 / 0

	D
	1  0  0
	0 0 0 / 0
	1 0 1 / 0

	E
	1  0  1
	0 0 0 / 0
	0 1 1 / 1


Note that bit 0 can clearly be represented by a D flip–flop with D0 = X.

Step 4a – Generate the Output Table and Equation
The output table is generated by copying from the table just completed.

	Present State
	X = 0
	X = 1

	Y2Y1Y0
	0
	0

	0 0 0
	0
	0

	0 0 1
	0
	0

	0 1 1
	0
	0

	1 0 0
	0
	0

	1 0 1
	0
	1


   The output equation can be obtained from inspection.
    As is the case with most sequence detectors, the 
    output Z is 1 for only one combination of present state
    and input.  Thus we get Z = X ( Y2 ( Y1’ ( Y0.

    This can be simplified by noting that the state 111 does
    not occur, so the answer is Z = X ( Y2 ( Y0.

Step 5 – Separate the Transition Table into 3 Tables, One for Each Flip-Flop
We shall generate a present state / next state table for each of the three flip-flops; labeled Y2, Y1, and Y0.  It is important to note that each of the tables must include the complete present state, labeled by the three bit vector Y2Y1Y0.

	Y2
	Y1
	Y0

	PS
	Next State
	PS
	Next State
	PS
	Next State

	Y2Y1Y0
	X = 0
	X = 1
	Y2Y1Y0
	X = 0
	X = 1
	Y2Y1Y0
	X = 0
	X = 1

	0 0 0
	0
	0
	0 0 0
	0
	0
	0 0 0
	0
	1

	0 0 1
	0
	0
	0 0 1
	0
	1
	0 0 1
	0
	1

	0 1 1
	1
	0
	0 1 1
	0
	1
	0 1 1
	0
	1

	1 0 0
	0
	1
	1 0 0
	0
	0
	1 0 0
	0
	1

	1 0 1
	0
	0
	1 0 1
	0
	1
	1 0 1
	0
	1


Match
Y1
Y2(Y0’
0
Y0
0
1


D2
= X’(Y1 + X(Y2(Y0’


D1
= X (Y0

D0
= X

Step 6 – Decide on the type of flip-flops to be used.

The problem stipulates JK flip-flops, so we use them.  

Q(T)
Q(T + 1)
J
K


0
0
0
d



0
1
1
d



1
0
d
1


1
1
d
0
Steps 7 and 8 are skipped in this lecture.

Step 9 – Summarize the Equations
The purpose of this step is to place all of the equations into one location and facilitate grading by the instructor.  Basically we already have all of the answers.

Z = X(Y2(Y0

J2 = X’(Y1 and K2 = X’ + Y0

J1 = X(Y0 and K1 = X’

J0 = X and K0 = X’

Step 10 – Draw the Circuit
[image: image7.png]



Here is the same design implemented with D flip-flops.

[image: image8.png]



More on Overlap – What it is and What it is not

At this point, we need to focus more precisely on the idea of overlap in a sequence detector.  For an extended example here, we shall use a 1011 sequence detector.

The next figure shows a partial state diagram for the sequence detector.  The final transitions from state D are not specified; this is intentional.
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Here we focus on state C and the X=0 transition coming out of state D.  By definition of the system states,

State C – the last two bits were 10

State D – the last three bits were 101.

If the system is in state D and gets a 0 then the last four bits were 1010, not the desired sequence. If the last four bits were 1010, the last two were 10 – go to state C.  The design must reuse as many bits as possible.

Note that this decision to go to state C when given a 0 is state D is totally independent of whether or not we are allowing overlap.  The question of overlap concerns what to do when the sequence is detected, not what to do when we have input that breaks the sequence.

Just to be complete, we give the state diagrams for the two implementations of the sequence detector – one allowing overlap and one not allowing overlap.


[image: image9.png]1011 Sequence Detector 1011 Sequence Detector
With Overlap Without Overlap




The student should note that the decision on overlap does not affect designs for handling partial results – only what to do when the final 1 in the sequence 1011 is detected.
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## Globals Section:



X 168

Y 96

Scale 100

PosterRows 1

PosterCols 1

Color1 255,255,255

Color2 192,192,192

Color3 130,130,130

Color4 0,0,0

Color5 0,255,255

Color6 0,0,255

Color7 0,0,160

Color8 128,0,128

Color9 255,128,0

Color10 255,0,0

Color11 128,0,64

Color12 128,64,0

Color13 0,255,0

Color14 0,128,0

Color15 128,128,255

Color16 205,114,203

GridX 32

GridY 32

SnapX 16

SnapY 16

ShadowColor 130,130,130

ShadowX 5

ShadowY 5

ShowGrid TRUE

AlignToGrid TRUE

SmartConnect TRUE

SBarWidth 108

SBarFigCols 2

SBarLblCols 1

SBarConCols 2

SBarFigHeight 28

SBarLblHeight 32

SBarConHeight 20

Parent ""

TranspBMPs FALSE

TranspColor 255,255,255

LastEnd "null"

LastEndLen 36



## Figure Symbols Section:



FigureSymbol "process"

{

  FixedAspect FALSE

  Height 0

  Width 0

  TextBox >100,>100,<900,<900

  Fill

  {

    Rect 0,0,1000,1000

  }

  Outline

  {

    Rect 0,0,1000,1000

  }

}



FigureSymbol "input/ouput"

{

  FixedAspect FALSE

  Height 0

  Width 0

  TextBox >200,>100,<800,<900

  Fill

  {

    Polygon 5 >200,0 1000,0 <800,1000 0,1000 >200,0

  }

  Outline

  {

    Polyline 5 >200,0 1000,0 <800,1000 0,1000 >200,0

  }

  Hot 5 >200,0 1000,0 <800,1000 0,1000 >200,0

}



FigureSymbol "decision"

{

  FixedAspect FALSE

  Height 0

  Width 0

  TextBox 275,275,725,725

  Fill

  {

    Polygon 5 500,0 1000,500 500,1000 0,500 500,0

  }

  Outline

  {

    Polyline 5 500,0 1000,500 500,1000 0,500 500,0

  }

  Hot 5 500,0 1000,500 500,1000 0,500 500,0

}



FigureSymbol "sort"

{

  FixedAspect FALSE

  Height 0

  Width 0

  Fill

  {

    Polygon 5 500,0 1000,500 500,1000 0,500 500,0

  }

  Outline

  {

    Polyline 5 500,0 1000,500 500,1000 0,500 500,0

    Line 0,500 1000,500

  }

  Hot 5 500,0 1000,500 500,1000 0,500 500,0

}



FigureSymbol "auxiliary"

{

  FixedAspect FALSE

  Height 0

  Width 0

  TextBox >100,>100,<900,<900

  Fill

  {

    Rect 0,0,1000,1000

  }

  Outline

  {

    Rect 0,0,1000,1000

  }

}



FigureSymbol "core"

{

  FixedAspect FALSE

  Height 0

  Width 0

  TextBox >200,>200,<900,<900

  Fill

  {

    Rect 0,0,1000,1000

  }

  Outline

  {

    Rect 0,0,1000,1000

    Line >100,0 >100,1000

    Line 0,>100 1000,>100

  }

  MiniOutline

  {

    Rect 0,0,1000,1000

    Line >250,0 >250,1000

    Line 0,>250 1000,>250

  }

}



FigureSymbol "merge"

{

  FixedAspect FALSE

  Height 0

  Width 0

  TextBox 250,100,750,600

  Fill

  {

    Polygon 4 0,0 1000,0 500,1000 0,0

  }

  Outline

  {

    Polyline 4 0,0 1000,0 500,1000 0,0

  }

  Hot 4 0,0 1000,0 500,1000 0,0

}



FigureSymbol "extract"

{

  FixedAspect FALSE

  Height 0

  Width 0

  TextBox 250,400,750,900

  Fill

  {

    Polygon 4 0,1000 500,0 1000,1000 0,1000

  }

  Outline

  {

    Polyline 4 0,1000 500,0 1000,1000 0,1000

  }

  Hot 4 0,1000 500,0 1000,1000 0,1000

}



FigureSymbol "collate"

{

  FixedAspect FALSE

  Height 0

  Width 0

  Fill

  {

    Polygon 4 0,0 1000,0 500,500 0,0

    Polygon 4 0,1000 1000,1000 500,500 0,1000

  }

  Outline

  {

    Polyline 4 0,0 1000,0 500,500 0,0

    Polyline 4 0,1000 1000,1000 500,500 0,1000

  }

  Hot 7 500,500 0,0 1000,0 500,500 0,1000 1000,1000 500,500

}



FigureSymbol "predefined"

{

  FixedAspect FALSE

  Height 0

  Width 0

  TextBox >200,>100,<800,<900

  Fill

  {

    Rect 0,0,1000,1000

  }

  Outline

  {

    Rect 0,0,1000,1000

    Line >100,0 >100,1000

    Line <900,0 <900,1000

  }

  MiniOutline

  {

    Rect 0,0,1000,1000

    Line 100,0 100,1000

    Line 880,0 880,1000

  }

}



FigureSymbol "preparation"

{

  FixedAspect FALSE

  Height 0

  Width 0

  TextBox >150,>100,<850,<900

  Fill

  {

    Polygon 7 >200,0 <800,0 1000,500 <800,1000 >200,1000 0,500 >200,0

  }

  Outline

  {

    Polyline 7 >200,0 <800,0 1000,500 <800,1000 >200,1000 0,500 >200,0

  }

  Hot 7 >200,0 <800,0 1000,500 <800,1000 >200,1000 0,500 >200,0

}



FigureSymbol "manual operation"

{

  FixedAspect FALSE

  Height 0

  Width 0

  TextBox >150,>100,<850,<900

  Fill

  {

    Polygon 5 0,0 1000,0 <800,1000 >200,1000 0,0

  }

  Outline

  {

    Polyline 5 0,0 1000,0 <800,1000 >200,1000 0,0

  }

  Hot 5 0,0 1000,0 <800,1000 >200,1000 0,0

}



FigureSymbol "connector"

{

  FixedAspect FALSE

  Height 0

  Width 0

  TextBox 100,100,900,900

  Fill

  {

    Ellipse 0,0,1000,1000

  }

  Outline

  {

    Ellipse 0,0,1000,1000

  }

  Hot 17 599,1000 783,924 924,783 1000,599 1000,402 924,218 783,77 599,1-

   402,1 218,77 77,218 1,402 1,599 77,783 218,924 402,1000-

   599,1000

}



FigureSymbol "terminal"

{

  FixedAspect FALSE

  Height 0

  Width 0

  TextBox >200,>100,<800,<900

  Fill

  {

    Rect >500,0,<500,1000

    Ellipse 0,0,>999,1000

    Ellipse <1,0,1000,1000

  }

  Outline

  {

    Line >500,0 <500,0

    Line >500,1000 <500,1000

    Arc 0,0,>999,1000 >500,0 >500,1000

    Arc <1,0,1000,1000 <500,1000 <500,0

  }

  Hot 17 >401,1 >217,77 >77,218 >1,402 >1,599 >77,783 >217,924 >401,1000-

   <599,1000 <783,924 <923,783 <999,599 <999,402 <923,218 <783,77 <599,1-

   >401,1

}



FigureSymbol "punched card"

{

  FixedAspect FALSE

  Height 0

  Width 0

  TextBox >100,>100,<900,<900

  Fill

  {

    Polygon 6 >250,0 1000,0 1000,1000 0,1000 0,>250 >250,0

  }

  Outline

  {

    Polyline 6 >250,0 1000,0 1000,1000 0,1000 0,>250 >250,0

  }

  MiniOutline

  {

    Polyline 6 250,0 1000,0 1000,1000 0,1000 0,400 250,0

  }

  Hot 6 >250,0 1000,0 1000,1000 0,1000 0,>250 >250,0

}



FigureSymbol "card file"

{

  FixedAspect FALSE

  Height 0

  Width 0

  TextBox >200,>250,<775,<850

  Fill

  {

    Polygon 6 >300,>75 <900,>75 <900,1000 0,1000 0,>375 >300,>75

  }

  Outline

  {

    Polyline 6 >300,>75 <900,>75 <900,1000 0,1000 0,>375 >300,>75

    Polyline 3 <700,0 1000,0 1000,>250

  }

  MiniOutline

  {

    Polyline 6 250,150 900,150 900,1000 0,1000 0,500 250,150

    Polyline 3 700,0 1000,0 1000,500

  }

  Hot 6 >300,>75 <900,>75 <900,1000 0,1000 0,>375 >300,>75

}



FigureSymbol "card deck"

{

  FixedAspect FALSE

  Height 0

  Width 0

  TextBox >200,>250,<775,<850

  Fill

  {

    Polygon 8 1000,1000 1000,>75 <925,0 >300,0 0,>300 0,<925 >75,1000 1000,1000

  }

  Outline

  {

    Polyline 8 1000,1000 1000,>75 <925,0 >300,0 0,>300 0,<925 >75,1000 1000,1000

    Polyline 4 >75,1000 >75,>375 >375,>75 1000,>75

    Line 0,>300 >75,>375

    Line >300,0 >375,>75

  }

  MiniOutline

  {

    Polyline 8 1000,1000 1000,150 900,0 250,0 0,250 0,900 100,1000 1000,1000

    Polyline 4 100,1000 100,400 400,150 1000,150

    Line 0,250 100,400

    Line 250,0 400,150

  }

  Hot 7 >375,0 1000,0 1000,<925 <900,1000 0,1000 0,>375 >375,0

}



FigureSymbol "document"

{

  FixedAspect FALSE

  Height 0

  Width 0

  TextBox >100,>100,<900,<750

  Fill

  {

    Rect 0,0,1000,<900

    Ellipse 0,<800,500,1000

    Chord 500,<800,1000,1000 1000,<900 500,<900

  }

  Outline

  {

    Polyline 4 0,<900 0,0 1000,0 1000,<900

    Arc 0,<800,500,1000 0,<900 500,<900

    Arc 500,<800,1000,1000 1000,<900 500,<900

  }

  MiniOutline

  {

    Polyline 4 0,900 0,0 1000,0 1000,900

    Arc 0,600,550,1000 0,750 550,750

    Arc 480,700,1000,1000 1000,850 480,850

  }

  Hot 11 1,<941 147,<1000 354,<1000 500,<941 501,<860 647,<801 854,<801 1000,<860-

   1000,0 0,0 1,<941

}



FigureSymbol "punched tape"

{

  FixedAspect FALSE

  Height 0

  Width 0

  TextBox >100,>250,<900,<750

  Fill

  {

    Rect 0,>100,1000,<900

    Ellipse 0,<800,500,1000

    Chord 500,<800,1000,1000 1000,<900 500,<900

    Chord 0,>200,500,0 0,>100 500,>100

    Ellipse 500,>200,1000,0

  }

  Outline

  {

    Line 0,>100 0,<900

    Line 1000,>100 1000,<900

    Arc 0,<800,500,1000 0,<900 500,<900

    Arc 500,<800,1000,1000 1000,<900 500,<900

    Arc 0,>200,500,0 0,>100 500,>100

    Arc 500,>200,1000,0 1000,>100 500,>100

  }

  MiniOutline

  {

    Line 0,200 0,850

    Line 1000,200 1000,850

    Arc 0,600,550,1000 0,750 550,750

    Arc 480,700,1000,1000 1000,850 480,850

    Arc 0,0,550,350 0,100 550,100

    Arc 480,50,1000,350 1000,200 480,200

  }

  Hot 17 1,<941 147,<1000 354,<1000 500,<941 501,<860 647,<801 854,<801 1000,<860-

   1000,>60 854,>1 647,>1 501,>60 500,>141 354,>200 147,>200 1,>141-

   1,<941

}



FigureSymbol "manual input"

{

  FixedAspect FALSE

  Height 0

  Width 0

  TextBox >100,>250,<900,<900

  Fill

  {

    Polygon 5 0,>250 1000,0 1000,1000 0,1000 0,>250

  }

  Outline

  {

    Polyline 5 0,>250 1000,0 1000,1000 0,1000 0,>250

  }

  Hot 5 0,>250 1000,0 1000,1000 0,1000 0,>250

}



FigureSymbol "drum"

{

  FixedAspect FALSE

  Height 0

  Width 0

  TextBox >300,>100,<850,<900

  Fill

  {

    Rect >100,0,<900,1000

    Ellipse 0,0,>200,1000

    Ellipse <800,0,1000,1000

  }

  Outline

  {

    Line >100,0 <900,0

    Line >100,1000 <900,1000

    Ellipse 0,0,>200,1000

    Arc <800,0,1000,1000 <900,1000 <900,0

  }

  MiniOutline

  {

    Line 100,0 950,0

    Line 100,1000 900,1000

    Ellipse 0,0,200,1000

    Arc 800,0,1000,1000 900,1000 900,0

  }

  Hot 17 >81,1 >44,77 >16,218 >1,402 >1,599 >16,783 >44,924 >81,1000-

   <920,1000 <957,924 <985,783 <1000,599 <1000,402 <985,218 <957,77 <920,1-

   >81,1

}



FigureSymbol "disk"

{

  FixedAspect FALSE

  Height 0

  Width 0

  TextBox >100,>350,<900,<900

  Fill

  {

    Rect 0,>100,1000,<900

    Ellipse 0,0,1000,>200

    Ellipse 0,<800,1000,1000

  }

  Outline

  {

    Line 0,>100 0,<900

    Line 1000,>100 1000,<900

    Ellipse 0,0,1000,>200

    Arc 0,<800,1000,1000 0,<900 1000,<900

    Arc 0,>50,1000,>250 0,>150 1000,>150

    Arc 0,>100,1000,>300 0,>200 1000,>200

  }

  MiniOutline

  {

    Line 0,200 0,800

    Line 1000,100 1000,900

    Ellipse 0,0,1000,400

    Arc 0,600,1000,1000 0,800 1000,800

  }

  Hot 17 1,>81 77,>44 218,>16 402,>1 599,>1 783,>16 924,>44 1000,>81-

   1000,<920 924,<957 783,<985 599,<1000 402,<1000 218,<985 77,<957 1,<920-

   1,>81

}



FigureSymbol "magtape"

{

  FixedAspect FALSE

  Height 0

  Width 0

  TextBox >150,>150,<850,<850

  Fill

  {

    Ellipse 0,0,1000,1000

  }

  Outline

  {

    Ellipse 0,0,1000,1000

    Line 500,1000 1000,1000

  }

  Hot 17 599,1000 783,924 924,783 1000,599 1000,402 924,218 783,77 599,1-

   402,1 218,77 77,218 1,402 1,599 77,783 218,924 402,1000-

   599,1000

}



FigureSymbol "offline storage"

{

  FixedAspect FALSE

  Height 0

  Width 0

  TextBox 250,100,750,600

  Fill

  {

    Polygon 4 0,0 1000,0 500,1000 0,0

  }

  Outline

  {

    Polyline 4 0,0 1000,0 500,1000 0,0

    Line 375,750 625,750

  }

  Hot 4 0,0 1000,0 500,1000 0,0

}



FigureSymbol "online storage"

{

  FixedAspect FALSE

  Height 0

  Width 0

  TextBox >100,>100,<650,<900

  Fill

  {

    Rect >150,0,1000,1000

    Ellipse 0,0,>300,1000

  }

  Outline

  {

    Line >150,0 <850,0

    Line >150,1000 <850,1000

    Arc 0,0,>300,1000 >150,0 >150,1000

    Arc <700,0,1000,1000 <850,0 <850,1000

  }

  MiniOutline

  {

    Line 150,0 850,0

    Line 150,1000 850,1000

    Arc 0,0,300,1000 150,0 150,1000

    Arc 700,0,1000,1000 850,0 850,1000

  }

  Hot 17 >121,1 >66,77 >24,218 >1,402 >1,599 >24,783 >66,924 >121,1000-

   <821,1000 <766,924 <724,783 <701,599 <701,402 <724,218 <766,77 <821,1-

   >121,1

}



FigureSymbol "display"

{

  FixedAspect FALSE

  Height 0

  Width 0

  TextBox >300,>100,<900,<900

  Fill

  {

    Ellipse <800,0,1000,1000

    Polygon 6 0,500 >400,0 <900,0 <900,1000 >400,1000 0,500

  }

  Outline

  {

    Polyline 5 <900,1000 >400,1000 0,500 >400,0 <900,0

    Arc <800,0,1000,1000 <900,1000 <900,0

  }

  Hot 12 <920,1000 <957,924 <985,783 <1000,599 <1000,402 <985,218 <957,77 <920,0-

   >400,0 0,500 >400,1000 <920,1000

}



FigureSymbol "comment"

{

  FixedAspect FALSE

  Height 0

  Width 0

  TextBox >100,>100,1000,<900

  Outline

  {

    Polyline 4 1000,0 0,0 0,1000 1000,1000

  }

}



## End Symbols Section:



EndSymbol "block"

{

  LineTo 100

  Fill

  {

    Polygon 4 500,500 1000,300 1000,700 500,500

  }

  Outline

  {

    Polyline 4 500,500 1000,300 1000,700 500,500

  }

}



EndSymbol "stick"

{

  Outline

  {

    Line 500,500 1000,300

    Line 500,500 1000,700

  }

}



## Figure Styles Section:



FigureStyle "Label"

{

  Label TRUE

  Height 64

  Width 128

  Description "An annotation or comment"

  TextFormat 0x0044

  Behavior 0x000241E1

  Symbol "lbl"

  TypeSize 10

  TypeWeight 400

}



FigureStyle "Title"

{

  Label TRUE

  Height 64

  Width 128

  Description "A heading or title"

  TextFormat 0x0044

  Behavior 0x000241E1

  Symbol "lbl"

  TypeSize 18

  TypeWeight 700

}



FigureStyle "Process"

{

  HasButton TRUE

  Height 224

  Width 352

  Description "A process, operation, or function"

  BorderWidth 3

  TextFormat 0x0022

  Behavior 0x00024E12

  Symbol "process"

  TypeSize 10

  TypeWeight 400

}



FigureStyle "Input/Output"

{

  HasButton TRUE

  Height 224

  Width 352

  Description "An input or output operation"

  BorderWidth 3

  TextFormat 0x0022

  Behavior 0x00024E12

  Symbol "input/ouput"

  TypeSize 10

  TypeWeight 400

}



FigureStyle "Decision"

{

  HasButton TRUE

  Height 224

  Width 352

  Description "A branch of control based on a conditional expression"

  BorderWidth 3

  TextFormat 0x0022

  Behavior 0x00024E12

  Symbol "decision"

  TypeSize 10

  TypeWeight 400

}



FigureStyle "Auxiliary Operation"

{

  HasButton TRUE

  Height 224

  Width 225

  Description "An operation carried out offline"

  BorderWidth 3

  TextFormat 0x0022

  Behavior 0x00024E12

  Symbol "auxiliary"

  TypeSize 10

  TypeWeight 400

}



FigureStyle "Preparation"

{

  HasButton TRUE

  Height 224

  Width 352

  BorderWidth 3

  TextFormat 0x0022

  Behavior 0x00024E12

  Symbol "preparation"

  TypeSize 10

  TypeWeight 400

}



FigureStyle "Predefined Process"

{

  HasButton TRUE

  Height 224

  Width 352

  Description "A process (such as a subroutine) that has been defined elsewhere"

  BorderWidth 3

  TextFormat 0x0022

  Behavior 0x00024E12

  Symbol "predefined"

  TypeSize 10

  TypeWeight 400

}



FigureStyle "Manual Operation"

{

  HasButton TRUE

  Height 224

  Width 352

  Description "An operation performed offline by hand"

  BorderWidth 3

  TextFormat 0x0022

  Behavior 0x00024E12

  Symbol "manual operation"

  TypeSize 10

  TypeWeight 400

}



FigureStyle "Merge"

{

  Height 224

  Width 352

  Description "Two or more files to be merged together"

  BorderWidth 3

  TextFormat 0x0022

  Behavior 0x00024E12

  Symbol "merge"

  TypeSize 10

  TypeWeight 400

}



FigureStyle "Extract"

{

  Height 224

  Width 352

  Description "Data removed from (a file)"

  BorderWidth 3

  TextFormat 0x0022

  Behavior 0x00024E12

  Symbol "extract"

  TypeSize 10

  TypeWeight 400

}



FigureStyle "Connector"

{

  HasButton TRUE

  Height 64

  Width 64

  Description "A symbol for connecting two separate parts of the flowchart"

  BorderWidth 3

  TextFormat 0x0022

  Behavior 0x00024E12

  Symbol "connector"

  TypeSize 10

  TypeWeight 400

}



FigureStyle "Terminal"

{

  HasButton TRUE

  Height 64

  Width 352

  Description "A beginning, end, or interruption point"

  BorderWidth 3

  TextFormat 0x0022

  Behavior 0x00024E12

  Symbol "terminal"

  TypeSize 10

  TypeWeight 400

}



FigureStyle "Manual Input"

{

  HasButton TRUE

  Height 224

  Width 352

  BorderWidth 3

  TextFormat 0x0022

  Behavior 0x00024E12

  Symbol "manual input"

  TypeSize 10

  TypeWeight 400

}



FigureStyle "Document"

{

  HasButton TRUE

  Height 224

  Width 352

  Description "Data output in the form of a document"

  BorderWidth 3

  TextFormat 0x0022

  Behavior 0x00024E12

  Symbol "document"

  TypeSize 10

  TypeWeight 400

}



FigureStyle "Disk"

{

  HasButton TRUE

  Height 224

  Width 352

  BorderWidth 3

  TextFormat 0x0022

  Behavior 0x00024E12

  Symbol "disk"

  TypeSize 10

  TypeWeight 400

}



FigureStyle "Display"

{

  Height 224

  Width 352

  Description "Output to a display device"

  BorderWidth 3

  TextFormat 0x0022

  Behavior 0x00024E12

  Symbol "display"

  TypeSize 10

  TypeWeight 400

}



FigureStyle "Sort"

{

  Height 128

  Width 128

  BorderWidth 3

  TextFormat 0x0022

  Behavior 0x00024E12

  Symbol "sort"

  TypeSize 10

  TypeWeight 400

}



FigureStyle "Collate"

{

  Height 128

  Width 128

  BorderWidth 3

  TextFormat 0x0022

  Behavior 0x00024E12

  Symbol "collate"

  TypeSize 10

  TypeWeight 400

}



FigureStyle "Punched Card"

{

  Height 224

  Width 352

  BorderWidth 3

  TextFormat 0x0022

  Behavior 0x00024E12

  Symbol "punched card"

  TypeSize 10

  TypeWeight 400

}



FigureStyle "Card Deck"

{

  Height 224

  Width 352

  BorderWidth 3

  TextFormat 0x0022

  Behavior 0x00024E12

  Symbol "card deck"

  TypeSize 10

  TypeWeight 400

}



FigureStyle "Card File"

{

  Height 224

  Width 352

  BorderWidth 3

  TextFormat 0x0022

  Behavior 0x00024E12

  Symbol "card file"

  TypeSize 10

  TypeWeight 400

}



FigureStyle "Online Storage"

{

  Height 224

  Width 352

  BorderWidth 3

  TextFormat 0x0022

  Behavior 0x00024E12

  Symbol "online storage"

  TypeSize 10

  TypeWeight 400

}



FigureStyle "Magnetic Tape"

{

  Height 224

  Width 225

  BorderWidth 3

  TextFormat 0x0022

  Behavior 0x00024E12

  Symbol "magtape"

  TypeSize 10

  TypeWeight 400

}



FigureStyle "Core"

{

  Height 224

  Width 225

  Description "I/O operation using primary storage"

  BorderWidth 3

  TextFormat 0x0022

  Behavior 0x00024E12

  Symbol "core"

  TypeSize 10

  TypeWeight 400

}



FigureStyle "Offline Storage"

{

  Height 224

  Width 352

  BorderWidth 3

  TextFormat 0x0022

  Behavior 0x00024E12

  Symbol "offline storage"

  TypeSize 10

  TypeWeight 400

}



FigureStyle "Punched Tape"

{

  Height 224

  Width 352

  BorderWidth 3

  TextFormat 0x0022

  Behavior 0x00024E12

  Symbol "punched tape"

  TypeSize 10

  TypeWeight 400

}



FigureStyle "Magnetic Drum"

{

  Height 224

  Width 352

  BorderWidth 3

  TextFormat 0x0022

  Behavior 0x00024E12

  Symbol "drum"

  TypeSize 10

  TypeWeight 400

}



FigureStyle "Comment"

{

  Height 224

  Width 352

  Description "Explanatory notes"

  BorderWidth 3

  TextFormat 0x0022

  Behavior 0x00024E12

  Symbol "comment"

  TypeSize 10

  TypeWeight 400

}



## Connector Styles Section:



ConnectorStyle "No Arrow"

{

  HasButton TRUE

  End1 "null"

  End2 "null"

  End1Length 28

  End2Length 28

  LineWidth 3

  EndBorderWidth 3

  Behavior 0x00000000

}



ConnectorStyle "No Arrow - Dashed"

{

  HasButton TRUE

  End1 "null"

  End2 "null"

  End1Length 28

  End2Length 28

  PenStyle 12

  LineWidth 3

  EndBorderWidth 3

  Behavior 0x00000000

}



ConnectorStyle "Stick Arrow"

{

  HasButton TRUE

  End1 "null"

  End2 "stick"

  End1Length 28

  End2Length 28

  LineWidth 3

  EndBorderWidth 3

  Behavior 0x00000000

}



ConnectorStyle "Stick Arrow - Dashed"

{

  HasButton TRUE

  End1 "null"

  End2 "stick"

  End1Length 28

  End2Length 28

  PenStyle 12

  LineWidth 3

  EndBorderWidth 3

  Behavior 0x00000000

}



ConnectorStyle "Solid Arrow"

{

  HasButton TRUE

  End1 "null"

  End2 "block"

  End1Length 28

  End2Length 28

  LineWidth 3

  EndBorderWidth 3

  Behavior 0x00000000

}



ConnectorStyle "Solid Arrow - Dashed"

{

  HasButton TRUE

  End1 "null"

  End2 "block"

  End1Length 28

  End2Length 28

  PenStyle 12

  LineWidth 3

  EndBorderWidth 3

  Behavior 0x00000000

}



ConnectorStyle "Outline Arrow"

{

  HasButton TRUE

  End1 "null"

  End2 "block"

  End1Length 28

  End2Length 28

  LineWidth 3

  EndBorderWidth 3

  End2FillColor 255,255,255

  Behavior 0x00000000

}



ConnectorStyle "Outline Arrow - Dashed"

{

  HasButton TRUE

  End1 "null"

  End2 "block"

  End1Length 28

  End2Length 28

  PenStyle 12

  LineWidth 3

  EndBorderWidth 3

  End2FillColor 255,255,255

  Behavior 0x00000000

}



ConnectorStyle "No Arrow - Dashed Rnd"

{

  End1 "null"

  End2 "null"

  End1Length 28

  End2Length 28

  PenStyle 12

  LineWidth 3

  EndBorderWidth 3

  Behavior 0x00000010

}



ConnectorStyle "No Arrow - Rnd"

{

  End1 "null"

  End2 "null"

  End1Length 28

  End2Length 28

  LineWidth 3

  EndBorderWidth 3

  Behavior 0x00000010

}



ConnectorStyle "Solid Arrow - Rnd"

{

  End1 "null"

  End2 "block"

  End1Length 28

  End2Length 28

  LineWidth 3

  EndBorderWidth 3

  Behavior 0x00000010

}



ConnectorStyle "Solid Arrow - Dashed Rnd"

{

  End1 "null"

  End2 "block"

  End1Length 28

  End2Length 28

  PenStyle 12

  LineWidth 3

  EndBorderWidth 3

  Behavior 0x00000010

}



## Figures & Connectors Section:



Figure 1

{

  Style "Connector"

  Text "\fs28 B"

  Bounds 752,144,1008,368

  BorderWidth 3

  TextFormat 0x0022

  Behavior 0x00024E12

  Symbol "connector"

  TypeSize 10

  TypeWeight 400

}



Figure 2

{

  Style "Connector"

  Text "\fs28 C"

  Bounds 1184,368,1440,592

  BorderWidth 3

  TextFormat 0x0022

  Behavior 0x00024E12

  Symbol "connector"

  TypeSize 10

  TypeWeight 400

}



Figure 3

{

  Style "Connector"

  Text "\fs28 E"

  Bounds 544,720,800,944

  BorderWidth 3

  TextFormat 0x0022

  Behavior 0x00024E12

  Symbol "connector"

  TypeSize 10

  TypeWeight 400

}



Figure 4

{

  Text ""

  Bounds 537,393,552,408

  FillColor 0,0,0

  BorderWidth 0

  BindToStyle FALSE

  TextFormat 0x0000

  Behavior 0x00327A12

  Symbol "null"

}



Connector 5

{

  Style "Solid Arrow"

  Figure1 16

  Figure2 4

  EndPoint1 540,403

  EndPoint2 544,400

  SuppressEnd1 FALSE

  SuppressEnd2 TRUE

  End1 "null"

  End2 "block"

  End1Length 28

  End2Length 28

  LineWidth 3

  EndBorderWidth 3

  Behavior 0x00000000

}



Connector 6

{

  Style "Solid Arrow"

  Figure1 4

  Figure2 1

  EndPoint1 544,400

  EndPoint2 765,305

  SuppressEnd1 TRUE

  SuppressEnd2 FALSE

  End1 "null"

  End2 "block"

  End1Length 28

  End2Length 28

  LineWidth 3

  EndBorderWidth 3

  Behavior 0x00000000

}



Connector 7

{

  Style "Solid Arrow"

  Figure1 1

  Figure2 2

  EndPoint1 990,313

  EndPoint2 1201,422

  SuppressEnd1 FALSE

  SuppressEnd2 FALSE

  End1 "null"

  End2 "block"

  End1Length 28

  End2Length 28

  LineWidth 3

  EndBorderWidth 3

  Behavior 0x00000000

}



Connector 8

{

  Style "Solid Arrow"

  Figure1 2

  Figure2 17

  EndPoint1 1257,580

  EndPoint2 1175,730

  SuppressEnd1 FALSE

  SuppressEnd2 FALSE

  End1 "null"

  End2 "block"

  End1Length 28

  End2Length 28

  LineWidth 3

  EndBorderWidth 3

  Behavior 0x00000000

}



Connector 9

{

  Style "Solid Arrow"

  Figure1 17

  Figure2 3

  EndPoint1 992,832

  EndPoint2 799,832

  SuppressEnd1 FALSE

  SuppressEnd2 FALSE

  End1 "null"

  End2 "block"

  End1Length 28

  End2Length 28

  LineWidth 3

  EndBorderWidth 3

  Behavior 0x00000000

}



Connector 10

{

  Style "Solid Arrow"

  Figure1 3

  Figure2 2

  EndPoint1 781,771

  EndPoint2 1202,540

  SuppressEnd1 FALSE

  SuppressEnd2 FALSE

  End1 "null"

  End2 "block"

  End1Length 28

  End2Length 28

  LineWidth 3

  EndBorderWidth 3

  Behavior 0x00000000

}



Figure 11

{

  Label TRUE

  Style "Label"

  Text "1/0"

  Bounds 1076,271,1137,321

  BindToStyle FALSE

  TextFormat 0x0044

  Behavior 0x000241E1

  Symbol "lbl"

  TypeSize 14

  TypeWeight 400

}



Figure 12

{

  Label TRUE

  Style "Label"

  Text "1 / 0"

  Bounds 581,295,666,345

  BindToStyle FALSE

  TextFormat 0x0044

  Behavior 0x000241E1

  Symbol "lbl"

  TypeSize 14

  TypeWeight 400

}



Figure 13

{

  Label TRUE

  Style "Label"

  Text "0 / 0"

  Bounds 1249,633,1334,683

  BindToStyle FALSE

  TextFormat 0x0044

  Behavior 0x000241E1

  Symbol "lbl"

  TypeSize 14

  TypeWeight 400

}



Figure 14

{

  Label TRUE

  Style "Label"

  Text "1 / 0"

  Bounds 889,848,974,898

  BindToStyle FALSE

  TextFormat 0x0044

  Behavior 0x000241E1

  Symbol "lbl"

  TypeSize 14

  TypeWeight 400

}



Figure 15

{

  Label TRUE

  Style "Label"

  Text "1 / 1"

  Bounds 917,610,1002,660

  BindToStyle FALSE

  TextFormat 0x0044

  Behavior 0x000241E1

  Symbol "lbl"

  TypeSize 14

  TypeWeight 400

}



Figure 16

{

  Style "Connector"

  Text "\fs28 A"

  Bounds 320,368,576,592

  BorderWidth 3

  TextFormat 0x0022

  Behavior 0x00024E12

  Symbol "connector"

  TypeSize 10

  TypeWeight 400

}



Figure 17

{

  Style "Connector"

  Text "\fs28 D"

  Bounds 992,720,1248,944

  BorderWidth 3

  TextFormat 0x0022

  Behavior 0x00024E12

  Symbol "connector"

  TypeSize 10

  TypeWeight 400

}



## Staples Section:




