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Abstract

A Knowledge Acquisition Method: Transformation of Algorithms

and Programs with infoMaps (TAPi)

Thompson Cummings

This thesis proposes a methodology for the transformation of algorithms
and programs. Conventional programming languages and development tools
do not provide for the proper writing and documentation of algorithms and
programs. Thus, this methodology which is unconventional, yet easy to learn
and efficient in practice, is an attempt to correct such inadequacies of
conventional tools.

A developer or user using this methodology for the transformation of
algorithms and programs would be allowed to make several discoveries. For
example, he/she would be able to find out if the existing algorithms and
programs are built out of reusable components. Apart from the number of
statements in an algorithm or program, other knowledge such as transitions
and states become readily available; in conventional representation they are
not. This methodology allows the user or developer to document various
components of algorithms and programs and helps him/her to communicate
his/her understanding of them. Our methodology works well in practice and

therefore is recommended as a knowledge acquisition tool.
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Chapter 1
Introduction
1.1 Purpose:

This thesis is aimed at providing a methodology for enabling Software
Engineers tc re-engineer software products in general. However, its objective
is to specifically provide for such transformation of algorithms and programs
that is easy to follow, processable and highly expressive. The methodology
proposed in this thesis is named Transformation of Algorithms and Programs
with infoMaps(TAPi).

The purpose of TAPi is threefold. Firstly, by using this methodology the
user would discover if the existing algorithms are built out of reusable
components. In such a case, there is no need to build new algorithm(s) from
scratch. Secondly, TAPi provides the means whereby the algorithm(s) can be
docuinented properly which is crucial for its maintenance - for systems of the
real world do not remain static. Thirdly, it provides users with more
meaningful knowledge about the algorithm(s). This means that one is now able
to look at an algorithm not only as containing a sequence of statements but
also, as a structure built out of reusable components.

The structuring of the knowledge should be consistent and should
capture the crucial aspects of the algorithm or program - data model, data flow

and control flow.



1.2 State of Art:

Most computer languages are poor vehicles for modeling algorithms
because they force the specification of implementation details that are
irrelevant to the algorithm [44]. A model that contains unnecessary details
would limit the choice of design decisions and divert attention from the real

issues.

1.3 TAPi methodology:
TAPi methodology is a model-building process which involves the

recovery of the following:

a) hierarchical model;

b) data model;

c¢) data flow;

d) control flow.
Such models provide the format for representing the knowledge as it is being

recovered.

1.4 Hierarchical model:

In the hierarchical model, modules are identified and then related as a
hierarchy. The hierarchy is referred to as a tree of calls if there exists a
structure in which a main algorithm or program calls other modules which, in

turn, call other modules.




1.5 Data model:

In the data model, attributes (or data-objects) are identified and then
related to the algorithms (or objects). Each attribute type is also identified in

the process [13,23,24].

1.6 Data flow:

In this model, two structures are used for representing data flows. One
structure represents the flow of data-objects amongst the various algorithms
(e.g Fig. 5.3.2.2) and the other the flow of data-objects for each algorithm (e.g

Fig. 5.2.3.3). In the latter, the flow is local to the algorithm [13,23,24,28..31].

1.7 Control flow:

The control flow model represents the temporal, behavioral and "control"
aspects of an algorithm or program. Two structures are presented for the flow.
One structure relates the components of algorithms and would be used to
represent and transform the "control” aspects. The other structure relates

paths to transitions and is to used for verifying the transformed algorithms.

1.8 Inheritance Tracing:

Inheritance may be defined as the sharing of attributes and components
between algorithms. The components of algorithms are examined in order to
trace inheritance. The components are also examined to established their

reusability.



1.9 Reusability:

When code is developed in a conventional fashion, a variety of
requirements and design structures are mixed together, so that their
individual structures may not be at all apparent. Therefore, a representation
of the design must allow the designer to edit individual factors and to combine
several factors, obtaining a new component [5].

For a component to be reusable, it and anything that it relies upon (its
context) must be known. This requires an understanding of what the

component does, and where to find it and its context.

1.10 Expressiveness:

Many computer languages or development tools are not highly
expressive [50] and thus, limit one’s ability to write well documented
algorithms. The development environment used in this research tries to

overcome the problem by providing an effective notational technology.

1.11 Organization of the Thesis:

The thesis consists of seven chapters and five appendices. In chapter 2,
a new notational technology, infoMaps, is introduced and explained with an
example. The TAPi methodology is outlined and discussed in chapter 3.
Chapter 4 deals with program normalization and optimization. The detailed
steps of algorithm processing are demonstrated on several algorithms in

chapter 5.
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The required properties of an enhanced TAPi environment are stated
and discussed in chapter 6. The thesis concludes, in chapter 7, with discussions
on achievements, limitations and future research suggestions. Appendix I
gives the syntax of infoMaps notation. Appendix II shows the normalization
and optimization of the All-zero row program. Appendices III, IV and V give
further transformation of the algorithms from chapter 5.

A graph representing a suggested reading sequence for this thesis is
shown in Fig. 1.11.1 (a). The circles of the graph represent the various
chapters of this thesis. The graph transformation into an infoMap is shown in
Fig. 1.11.1 (b). The infoMap representation is explained in chapter 2. As
shown in the infoMap, a reader who is "New to infoMaps" should read the
chapters in the sequence indicated (the outlined area). A reader who is

"Familiar with infoMaps" would skip chapter 2.

A ([View)

<>

New to infoMaps

Familiar with infoMaps
[Chapter]
Introduction
infoMaps
The TAPi methodology
Program Normalization and Optimization
Application of TAPI
Required Properties of the TAPi Environment
Conclusions

- 0 <l

0,20, 20,20, 2020
s WN.

lﬂmm&@nam.

a) A conventional representation b) infoMap

Fig. 1.11.1 Reading Sequence



Chapter 2
infoMaps
2.1 Introduction:
A spreadsheet-based modeling tool, infoMaps [25,28..31] is used for
representation and rewriting of algorithms and programs . The infoMaps may
be viewed as a collection of sets and their relationships. This modeling tool is

illustrated and explained in sections 2.2 and 2.3.

2.2 infoSchemas:

A library of infoSchemas prescribes the relationships for the generic
objects like control flow graph, data flow graph, data model, sequential
program, object-oriented program and other concepts from software
engineering or other disciplines. For instance, the infoSchema in Fig. 2.2.1

defines the generic structure of any infoMap representing sequential program.

o {Transition)

L {State)

G {preCondition)
) {Action}

G {postCondition)

Copynght © W.M Jaworski 1990

Fig. 2.2.1 Generic infoSchema for a sequential program

The entries "O", "L", "G", "S" and "G" allocate the specific roles

respectively to the sets {Transition}, {State}, {preCondition}, {Action} and




t-rue, f-alse and c-omplementary.

2.3 An infoMap example:

7

{postCondition}. The meaning of the entries is: each transition links states;
each transition is implemented by a sequence of actions guarded by
preconditions and asserted by postconditions. The specific role allocated to a
set prescribes a limited number of roles/entries permitted for the members of

the set. For instance for a set in role G , valid entries for the set members are:

In order to explain infoMaps as an algorithm or program representation

translated "as-is", into an infoMap.

found := false;

while(first <= last)

and not found do begin
1 := (first + last} div 2;
if a[i]<X then first := {+1
elself ali}>X then last := i-1
else found := true

end;

if ali] = X then
Xfound at 1

else
X not found;

a) Pascal-type code

and processing tool, the problem of a binary search in an ordered array (32,35]

is considered. The Pascal-type solution ( see Fig. 2.3.1 ) is normalized, i.e.

-
[~ ]

-
o

% B=Y B
[}
“ .

N
-

N[N

BE|

. -

|

-

]

Wi

- oet

FERFFEEEEE

L

- am .

112i3jalslejris]ofrof1y] 12
0 00 O0O0O0O 0O 0 9 (Transition}
LLLLLULL 6 (State)
voe e e e e 1
s d . d d . 2:
. 8 8 . . . S
. . d 85 8 . 4
d s s 8:.
. . d d @a:.
G G G G @ G G 4 {preCondition)
| B . first<=last and not found
| .o afllX
. t 1 . all>X
R O | alllsX
8 8 88 8 B8 8 7 {Action}
. found:afise
e e e e e Lin{firstelast) div 3
P first:s $41
S last=i-1
P I foupd:+true
R R X found at !
| X not found

b) Pascal code rewritten as infoMap

Fig. 2.3.1 Binary Search program
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Cells in rows 3..8 and columns 1..9 specify cantrol flow graph component
of the normalized solution. Entries in the cells of individual columns specify
individual transitions connecting the rows i.e. states of the graph. The
character "s" means source and "d" destination. The cell entries in rows 10..13
and columns 1..9 specify guard part and the cell entries in rows 15..21 and
columns 1..9 command part of the Guarded Commands [18].

The cell entries in rows 3..8 and column 12 show the states of the

control flow graph to which textual descriptions could be added.



Chapter 3

The TAPi Methodology

3.1 Introduction:

The TAPi methodology is a model-building process which captures the
syntax and semantics of an algorithm or program. A model is an abstraction
of reality for the purpose of understanding it before building it. A model omits
non-essential details, therefore it is easier to manipulate the model than the
original entity [44]. The models built in TAPi use precise notations and are
verified to ensure that the requirements of the algorithms or programs are
satisfied. The four models partition an algorithm into views that can be
represented and manipulated. Each model can be examined and understood
independently.

The hierarchical model represents the hierarchical structure of objects.
The data model represents the static, structural, "data" aspects of an
algorithm. The control flow model represents the temporal, behavioral,
"control" aspects of an algorithm. The data flow model represents the
transformational, “function” aspects of an algorithm. A typical algorithm uses
data structures (data model), sequences actions in time (control flow) and
transforms values (data flow). Each model contains references to components

in other models.
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3.2 Structuring selected views:

The views mentioned above are structured as shown in Fig. 3.2.1. Each
view is represented as a model for transforming algorithms or programs. The
first column is used to list, under the appropriate set, the data-objects and code
used in the algorithm. The second column shows that both the algorithms (i.e
{Algorithm}) and the procedures (i.e (Procedure}) are represented as
hierarchies marked with "H". The "x" indicates the cardinality of the sets,

which is unknown at this stage.

A A A A A A A 4 (View)
Vo o.. e e 1:. Hierarchy
v Vv . .. . 2:. Data Model
v v . . 3:. Data Flow
v Vv 4:. Control Flow
{Algorithm)
{Type)
{Data-object/Attribute)
{Path)
{Transition)
{State)
{preCondition]
{Procedure}
fAction)
{postCondition)

HO . O
{Declarative Statement] . o . .
{Declarative Statement] . M M F O

{Conditional Statement) .
{Procedural Statement) H .
(mperative Statement)
{Conditional Statement] .

W awyty oyt
QLuwoto. . . .
X M M X X X X X X X

© W.M. Jaworski 1990

Fig. 3.2.1 Selected views used by TAPi

The third column shows a O-ne to M-any relationship between algorithm
and data-objects. There is also, shown by fourth column, a O-ne to M-any
relationship between type and data-objects i.e. for a given type there are many
data-objects. "F" entry in fifth column indicates the flow of data-objects to and

from an algorithm.
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The steps used by TAPi for modeling sequential algorithms are

presented in Fig. 3.2.2.

]
-]

P - W B

5 6666 G

l:LL 8 (State)

t 1

O R
G G O

00 0O0O0OO OO O O 0 O 12(Ivansition)

system's overview accepled
system’'s overview rejected
hierarchical mode! accepted
hierarchical model rejected
data mode! accepted

data model rejected

data flow accepted

data flow rejected

control flow accepted
control flow rejected
product accepted

product rejected

:.Start System's overview
:.Bullding Hierarchical Model
:.Building Data Model
:.Building Data Flow model
:.Building Control flow model
:.Testing product

:.Select an appropriate state
.. Exit

PNRARQN

.. d
GGG Gmncondmm)

System's overview specified
Hierarchical model completed
Data Mode! completed

Data flow model completed
Control flow completed
Product test completed

‘sss 6 {Action)

Build infoSchema from the Knowledge source

Build Hierarchical model

Build Data model i.e. identify objects and their attributes
Build a Data flow mudel

Build Control Flow model

Test product i.e Trace control flow

. {postCondition}

Fig. 3.2.2 A knowledge acquisition process

Fig. 3.2.2 shows that at a given state it may be required to select

another state and return afterwards to have it completed.

Some TApi steps are explained and discussed below using a Straight

Forward search algorithm presented in Fig. 3.2.3.
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i. i:=0;

2. while(i<n-m+1) do

3. i:=1i+1

4. ji=tik:=1;

5. while(PAT(k) = TXT(j)) do

6. if(k = m) then

7. return('pattern found at”, i)
else do

8. ji=j+l;

9, k = k+1;
end;

end;
end:
10. return('pattern not found");

Fig. 3.2.3 A Straight Forward search algorithm

3.3 Hierarchical view:

The first step of the methodology is to consider if the hierarchical model
is required. It is easier to understand a program or algorithm if it is broken
into modules. This, in turn, facilitates both debugging and reusability. If there
are many modules then a hierarchical structure of the module dependency
must be explicit, so that whenever one module invokes another, the latter must
be explicitly imported to the former. The infoSchema for this model is

extracted from infoSchema in Fig. 3.2.1 and given in Fig. 3.3.1.

A 4 (View)
v 1:. Hierarchy

H x [Algorithm)
{Procedural Statement) H x (Procedure)

Fig. 3.3.1 Hierarchical view used by TAPi
No decomposition is required for the algorithm in Fig. 3.2.3 and

therefore, a hierarchical model is not needed.
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3.4 Data model view:

The second step in the methodology is to recover the data model. Fig.
3.4.1 gives the infoSchema for such model. Objects, attributes and types of
attributes are identified. It is imperative at this stage to give meaning to
objects and attributes, which would be used when building the data flow and

control flow.

A A 4 MView

v Vv 2:. Data Model

O . x (Algorithm)
{Declarative Statement] . O x (Typel
{Declarative Statement) M M Xx [Data-object/Attribute]

Fig. 3.4.1 Data model view used by TAPi
The data model view for the Straight Forward search is shown in
Fig.3.4.2. In the first column the data-objects are declared and corresponding
textual descriptions are given in column five. The character "a" means

attribute. For instance the data-object "text length" is an attribute and is of

type integer.

0 . . 1 [Algorithm)
o . . . Straight Forward
{Declarative Statement) . 0 O 2 ([Type]
character Y - B character
Integer R integer
(Declarative Statement) M M M 9 (Data-object/Attribute]
| a . v guess ptr. for pat within the text
n a v length of text string
m a . v length of pattern substring
PAT() a v . pattern substring
TXT() av . text string
k a v subscript indicating current pos in pattern
i a v subscript indicating current pos in text
“pattern found at” a v success message
“paftern not found” a v failure message

Fig. 3.4.2 Data model of a Straight Forward search algorithm
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3.5 Data flow view:

Step 3 is to construct the data flow model. Fig. 3.5.1 gives the
infoSchema for building the model. Two structures are used for building the
model. One structure represents the flow of data-objects between modules and

the other the flow of data-objects within each module.

A A 4 [View)

v v 3:. Data Flow

0 . x {Algorithm)
{Declarative Statement] F O x (Data-object/Attribute}

F x (Transition]

. F x (State)
{Conditional Statement)] . F x (preCondition)
{Procedural Statement] . F x {Procedure)
{Imperative Statement] F x ([Action)
{Conditional Statement] . F x (postCondition]

Fig. 3.5.1 Data flow view used by TAPi
The data flow of a module is demonstrated in Fig. 3.5.2. There are 7
data-objects of which 4 flow in, 2 flow out and 1 flows both in and out. These

are indicated by "i", "o" and "b" respectively in the second column.

0 1 (Algorithm]

o . Straight Forward
{Declarative Statement} F 7 (Data-object/Attribute]
i b guess ptr. for pat within the text

n length of text string

]
m i length of pattern substring
PAT]) i pattern substring
TXT] ] text string
*pattern found at" 0 success message
*pattern not found" ) fallure message

Fig. 3.5.2 Data flow of a Straight Forward search algorithm

3.6 Control flow view:
The fourth model to be recovered is the control flow. The infoSchema for
the mecdel is given in Fig. 3.6.1. In this model the "control" aspect of the

algorithms is transformed into infoMaps.
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View)

4:. Control Flow
Path)
{Transition)
{State)
(preCondition)
{Procedure]
{Action]
(postCondition)

. Qe
< >
.S

Qe O.

(Conditional Statement] .
{Procedural Statement)
{Imperative Statement)
{(Conditional Statement] .

o oM MM OX MW

Fig. 3.6.1 Control flow view used by TAPi

This transformation process consists of nine basic steps. These steps are
not illustrated in this section because to fully understand this process the
reader is required to read chapter 4. The steps are illustrated in chapter 5 and
Appendices III-V. In general the steps are as follows:

a) presenting original source code listings of the algorithm;

b) editing source code (listings) of the algorithm by identitying and

adding states i.e. identifying decision points or major activities in an

algorithm/ program,

¢) normalizing the algorithm’s code by transforming it, "as is", into a

normalized infoMap;

d) adding descriptions to the states and transitions of normalized

infoMap produced in c);

e) showing normalized state diagram i.e. infoMap with states and

transitions only;

f) indicating area of normalized infoMap to be optimized i.e. indicating

transitions, states that can be merged and redundant conditions,

procedures and actions that can be eliminated;
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g) Optimizing and documenting infoMap;

h) representing optimized state diagram as Structured English;

i) generating source code.

The transformed algorithm/ program is verified using paths. These paths
are of the control flow model. Fig. 3.6.1 shows that a path is described as a
sequence of transitions. Sometimes, identifying all the paths could be a tedious
process. The verification technique used here is demonstrated in fig. 6.2.1.1 to
Fig. 6.2.1.3.

The structures of the various models provide for both code and

description insertion into their models, which is key to good documentation.



Chapter 4

Program Normalization and Optimization

4.1 Introduction

Programming examples are used in this chapter to further explain and
demonstrate the power and simplicity of infoMaps. Small programs generated
from infoMap based specifications are included. These programs contain
conventional control structures. Properties of elementary control structures are
well researched and discussed in many publications describing alternative
control structures and programming styles [2,18,20,32..35,43).

This chapter comprises of five sections. In Section 4.2 the
representations of control flow graphs and their implementations in Pascal,
Pancode, EPN and infoMaps are compared. Control flow graph of the control
structures discussed in [2,18,20,32..35,43] can be represented with 4
elementary graphs (see Fig. 4.1.2) or their composition. Those generic graphs
namely Sequence, Sequence with assertion or exception, Loop and Loop with
exit were chosen to allow modeling and manipulation of control flow graphs

and programs within the spreadsheet environment of infoMaps.
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In Section 4.3 the various solutions to the all-zero row matrix problem
posed in [43] are modeled and manipulated. Section 4.4 is concerned with the
impact of programming constructs on programming style and documentation.

The chapter concludes with section 4.5.

4.2. Models of Control Flow Structures

Control structures used and/or discussed in [2,20,32..35,43] were
translated into infoMaps and presented with graphical control flow graphs in
Fig. 4.2.1. Control flow component of an infoMap is represented by a set of
nodes {Node) interconnected with characters s, d, 1, a and e. The characters
"s" "d","1", "a"and "e" mean source, destination, loop, assertion and exception
respectively.

By examining control flow components of the infoMaps in Fig. 4.2.1. it is
noticeable that all control flow graphs are build from the four generic graphs
given in Fig. 4.1.2. If .. then .. else constructs (see Fig. 4.2.1 (a)(b) and (c))
show simple tree-like structure with all leaves having a common exit node.
These constructs are represented in the infoMaps by "s" and "d" pairs.
Loop-exit - like structures (i.e. while .. do .., repeat .. until .., for.. do..)
are more complicated (see Fig. 4.2.1 (d)(e)()(g)(hX(i) and (3)). These structures

"1t

are constructed in the infoMaps with "s" and "d" pairs, "1", and "' and "e"

pairs.
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There is a tradeoff between the number of nodes/states and the

complexity of branches/transitions. A transition fork increases the transition
complexity but reduces the number of states (compare Fig. 4.2.1 (j1) with Fig.
4.2.1 (§2)).

A transition with fork is named a guaranteed function . The
guaranted function has a guard and a post-guard (i.e. an assertion or goal).
The guaranted function is represented, at control flow level of infoMap, by "I"
and "a" pair, or "1" and "e" pair, or "s" and "a" and "e" triple. The guaranteed
function is an extension of the Guarded Command construct [18]. It is
suggested that an often needed conditional exit from a loop should be

represented by a guaranteed function nore elegant construct, syntactically

and semantically .

4.3 Programming Style

A simple example used in [43] and discussions in [2] illustrate difficulty
of writing an elementary Pascal program acceptable to a community of
programmers. The same example is used in [35] to compare different
programming constructs offered by Pancode and EPN. This example and
solutions in [2,35,43] are used to illustrate the difficulty of manipulating and
comparing programs build with conventional, string based languages and
conventional programming constructs.

The problem, as stated in [18], is:
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"Let X be a N x N matrix of integers. Write a program that

will print the number of the first all-zero row of X, if any".

A solution from [18] and its control flow graph are given in Fig. 4.3.1 (a) and
(b). The program was translated into infoMap ( see Fig. 4.3.1(c)).

By processing rows and columns of the infoMaps, an optimized infoMap
(Fig. 4.3.1 (d)), optimized control flow ( Fig. 4.3.1 (e)) and optimized source code
(Fig. 4.3.1 () were produced. The solutions in Pancode and EPN taken from
[35] and equivalent infoMaps are given in Appendix II (see Fig. 4.3.2 (a) and
(b), and Fig. 4.3.3 (a)(b)(c)d) and (e)). The infoMap based solutions could be

further processed to obtain satisfactory or optimized infoMap.
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it=l; jiaf;
U jazn and xliji=0 then
Je-job; goto 2;
if ~lgles0 then
jr=bs biziel;
il v>n then goto 3 FITTY
goto 2;
iLy>n then
Print ("The .. row in'y i-1);
gutv 3;

d) optimized infoMap e) control graph f) generated source code

Fig. 4.3.1 All zero row program

4.4. Constructs, Styles and Documentation

A summary of different solutions is given in Fig. 4.4.1.
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Fig. 4.4.1 Program attributes for the all-zero row program
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The Pancode solution for the All-Zero Row problem represented as an
infoMap has 4 nodes/states, 6 branches/transitions, 3 preconditions and 5
actions. The original EPN solution has 5 nodes/states, 6 branches/transitions,
3 preconditions, 5 actions and 1 postcondition. The Shorter EPN solution has
4 nodes/states, 6 branches/transitions, 3 preconditions and 5 actions (see Fig.
4.3.2 (a) and (b), and Fig. 4.3.3 (a)(b)c)(d) and (e) in Appendix 4).

A Pascal solution taken from [43] and represented as an infoMap
(compare Fig 4.3.1 (¢)) has 6 nodes/states, 8 branches/transitions, 4
preconditions and 5 actions. Optimized infoMap solution (see Fig. 4.3.1 (¢)) has
3 documented nodes/states, 4 documented branches/transitions, 2
preconditions, 5 actions and 1 postcondition.

The optimized solution was produced by merging states, transitions and
by eliminating redundant preconditions and actions. The states and transitions
in the optimized solutions are easy to document which might suggest that
semantically meaningful states and transitions are produced by the
optimization process.

First redundant actions and conditions are eliminated, and states and
transitions merged. In the final step, possible tradeoff between complexity of
transitions and number of states and transitions are considered. A transition
fork increases the branch complexity but reduces the number of states and
transitions (co apare Fig. 4.2.1 (i1) with Fig. 4.2.1 (i2), Fig. 4.2.1 (j1) with Fig.

4.2.1 (j2)) and Fig. 4.3.1 (b) with Fig. 4.3.1 (d)). This optimization process is
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driven by a goal of creating an elegant solution from the semantically
meaningful components. Therefore, it has to be driven by a human.

The analysis does not support superiority of EPN over Pancode claimed
in [35]. The analysis of different Pascal solutions proposed in [2,35,43] shows
that the programs are not built from semantically meaningful components and
contain control flow graphs with redundant states and transitions.
Conventional programming languages (f.ex. FORTRAN, Pascal, C, Pancode,
EPN, etc) are not appropriate tools for the specification and processing of

program structures.

4.5. Conclusion

The usefulness of infoMap as a tool for analysis of programs written in
programming languages with different constructs has been demonstrated. Its
modeling and processing power is evident in the representations of various
constructs and styles. Most of our arguments related to programming
constructs are also valid for system specification and design constructs. The
system development processes transform initial objects into intermediate and
final system products. The high degree of processability of the created objects
is needed to assure high productivity and system products with high quality
[50]. The infoMap notalion is based on the fundamental notions of re.ations,
graphs and functions. The infoMaps notational technology exploits the popular,

simple and standardized spreadsheet environments. The infoMaps objects are
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processable.

The analysis and development of programs in this chapter is limited to
control flow issues. Definition of data flow and data structures by source code
might be satisfactory for simple programs. For larger programs it is necessary
to model, analyze and optimize data flow graph and data structures. Tradeoffs
between control flow, data flow and data model are necessary at the structural
and conceptual level. To perform this task more sophisticated infoSchemas are
needed (see Fig. 3.2.1 of chapter 3). For object oriented programs other
infoSchemas are used [30].

Programming activities and objects are influenced by other phases of
system life cycle. A notational technology should support system developers
and managers during the whole system life cycle by providing System
Information Space [50). The infoMaps technology is a step in this direction

[25,28..31].



Chapter 5

Application of TAPi to Algorithms

In this chapter the transformation of three sets of algorithms are shown
using the TAPi methodology. This transformation is presented in three sections
as follows:

5.1 String Search algorithms - this includes five algorithms and four

procedures. The transformation of one algorithm is presented in this

section; the others in Appendix IIL

5.2 Degree-Constrained Minimum Spanning Tree algorithms - this

includes three algorithms and one procedure. One transformed algorithm

is shown in this section; the others in Appendix IV.

5.3 Skeletonization of Binary patterns algorithm - this includes two

procedures and two functions. The transformation of one procedure is

presented in this section; the other procedure and two functions are

shown in Appendix V.

5.1 String Search algorithms

5.1.1. Introduction

The algorithms described in [48,49] are solutions to the string searching

problem. The problem is:
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"Given an input text of length n and a pattern of length m representing
the pattern to be sought, find the (non-) occurrence of the pattern in the
text".
The problem statement may be represented as an infoMap shown in Fig.
5.1.1.1.
A C {Problem])
v searching for the occurrence(s) of a pattern within a text
S 3 (Sentence}
1 Given an input text of length n and a pattern of
2 length m representing the pattern to be sought,
3 find the (non-) occurrence of the pattern in the text.

Fig. 5.1.1.1 String Search Problem Statement (Narrative)

The purpose here is not to describe these algorithms in detail but to
attempt to transform them using TAPi. In so doing, a user would not only
discover if inheritance does exist but also, if components are reusable. The
process involves the building of the various models mentioned in chapter 3.
Therefore, the structures represented in Figures 3.3.1, 3.4.1, 3.5.1 and 3.6.1
would be used in this modeling process.

The TAPi methodology emphasizes the need to consider not only the
control flow but also the hierarchical model, the data model and data flow
model-building aspects. The last three modeling aspects are demonstrated in
section 5.1.2.

The control flow aspect of string search algorithms and their

transformations into infoMaps are presented and discussed in section 5.1.3.
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The main deliverable from the process is an optimized and well-documented
search algorithm. The intermediate steps should not be neglected since they
are crucial to the achievement of this deliverable. Section 5.1.4 summarizes
and presents statistics on the various components of the algorithms, both of

section 5.1 and appendix III.

5.1.2. Hierarchy, Data Model and data flow

The hierarchical model for string search algorithms are shown in Fig.
5.1.2.1. The Straight Forward algorithm does not call any procedure; the others
do. This is indicated by "p" in column 1. The KMP algorithm needs one
procedure - computing table for KMP pattern matching; whereas Substring

Search needs two - computing table TD1[] and computing table TD2[].

H HHH H 5 (Algorithm]
P . « .« . . Straight Forward (SF)
£ Knuth-Morris-Pratt (KMP)
h . . . Boyer-Moore (BM)
h . . A Substring Search (SS)

. . . . h . Quick Search (QS)
{Provedural Statement} . . . . . 4 {Procedure)

1. .. computing table for KMP pattern matching
1 . . computing DELTA1 and DELTA2
11 computing table TD1[]
2 . computing table TDZ2[]

Fig. 5.1.2.1 Hierarchical view of string search algorithms

The next step in TAPi is to attempt to recover the data model. The
transformed data model for the algorithms is presented in Fig. 5.1.2.2. It is
apparent that many attributes/data-objects are common amongst the

algorithms; thus indicating that inheritance does exist.
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Fig. 5.1.2.2 Data Model for string search algorithms

In Fig. 5.1.2.3 the data flow within a Straight Forward search algorithm

(see Fig. 3.2.3) is shown. This model shows the data-objects as they flow in

and/ or out of conditions and actions. The "i", "0" and "b" mean input, output

and both input and output respectively. For example, in the statement "i:=

i+1", i is both input and output, hence the "b".
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A A A AA A A A A 1 [Algorithm)
VVV VYV YV VYyvw Straight Forward
{Declarative Statement) 00 O 00 0 0 0 0 g [Attribute/data-object)
1 0« . v v e e guess ptr. for pat within the text
n .0 ., length of text siring
m . o, length of pattern substring
PATY Y pattern substring
TXT) o . text string
k A subscript indicating current pos in pal.
. 0 . subscript indicating current pos in fext
"pattern found at” o . SUCCOSS Massage
' "pattern not found” Y failure message
' (Conditfonal Statement} FFFr rrFr rrr 3 preCondition)
f<n-m+1 S T location within text
. PAT(k) = TXT{j) N T T I | pal elem equals text elem
. k=m R N sll pat chars compared
{Imperative Statement) FFPrPFrrrrrr sAon)
1:=0; 0 sot guess plr. 1o zero
{:=141 b incrament guess ptr. by 1
Ji=1 f .0 . . sel text pir. lo guess ptr. value
k:=1; . o . . . sol pat pir. to 1
return("pattern foundat", f) 1+ . . . . . . o paltern found at guess plr. value
Ji=g+] e ) increment text pir. by 1
ki=kel; A - increment pat ptr. by 1
return("pattern not found") P - pattern not found
{Conditional Statement} FFF Frrrrrr . (postCondition)

Fig. 5.1.2.3 Data flow within a Straight Forward search algorithm

: 5.1.3 Control flow

] The main goal in transforming the "control” aspect of the algorithms is

ean

) not only to produce optimized and documented versions but also to trace

Y

inheritance amongst them. By adding the cardinality of each set of the

oo e

3 infoSchema of Fig. 3.6.1, the resulting infoSchema is given in Fig. 5.1.3.1. This
infoSchema would be used to normalize, optimize, document and trace

inheritance amongst the algorithms.

e e e e
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4 {Algorithmy
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Boyer-Moore
Substring Search
Quick scarch
fPath)
{Transition}
{State)
(preCondition)
{Procedure)
{Action)
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{Conditional Statement] .
{Procedural Statement}
mperative Statement]
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QmeQto.
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Fig. 5.1.3.1 An infoSchema of the control flow of string search
algorithms
The algorithms as they go through the different stages of transformation
are shown below in Fig. 5.1.3.2 and also in Fig. 5.1.3.3 to Fig. 5.1.3.10 of
Appendix III.

The optimized representations are produced by merging of states,
transitions and by eliminating redundant preconditions and actions. First,
redundant actions and conditions are eliminated and states and transitions
merged. In the final step, possible tradeoff between complexity of transitions
and the number of states and transitions are considered. The optimization
process is driven by a goal of creating an elegant solution from sematically
meaningful components.

A Straight Forward search algorithm is presented below to demonstrate

the methodology’s control flow modeling aspect (Fig. 5.1.3.2). The steps of this
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transformation process presented and discussed in chapter 3 are followed. The
control flows for the rest of the algorithms are shown in Fig.5.1.3.3 t0 5.1.3.10

of Appendix III.

1. i:=0;
2. while(i<n-m+1) do
3. i =i+l
4, Ji=h k=1
5. while(PAT(k) = TXT()) do
6. if(k = m) then
7. return('pattern found at", i)
else do
8. Ji=j+1;
9, k = k+l;
end;
end;
end;

10. return('pattern not found");

a) source code: original

1: i:=0
2 - while(icn-m+1) do
i:=i+l
ji=i k=1,
3: while(PAT (k) = TXT{(j)) do
4: if(k = m) then
return ("pattern found at", i)
else do
j=ir
k = k+1;
end;
end;
end;
5: return('pattern not found”);

b) edited source code: line nos removed, states 1..5 identified



{Conditional Statement)
jen-me1
PAT(k) = TXT(j)
Kmm
{Imperative Statement)
| =0
iomiet
jimi;
k= 1;
return("pattern not found®);
return("pattern found at®, i)
IR 3N
K m kel;
(Conditional Statement}

{Conditional Statement)
ien-m+1
PAT(k) = TXT(j)
kmsm
(Imperative Statement)
j:= 0,
RN
IRL N
K= ¥;
return{“pattern not found");
return(“pattern found at®, i)
j - "01;
Kim kel
{Cond{itional Statement)

® 0

@0

a e
o .
»
a

. . lacation within text
t f . . pat elem equals text elem
. e . all pat chars compared
8 8 8 88 8 8 8 {Actlon)
1 . . ... set guess pir. to zero
) I increment guess pir. by 1
2 . . . . . sot text ptr. to guess ptr. value
3 . .. .. set pat ptr. to 1
) I pattern not found
1 . pattern found at guess ptr. value
1 increment text ptr. by 1
e e e . 2 increment pat ptr. by 1
G G G G G G G . (postCondition)

-
—

¢) Normalized infoMap: shaded areas to be filled in

e e v e e e . X (Path)
O 0 O 0 0 O O 7 (Tvansition)

. initinlidh quiss plr. For pat wi!bin !ha Ioxt

o . . . . . loguton within the et - -
P . Mcn oulside the hext
L0 . . . put slem matchex with text elom -
R T pat it doss rot malch with toxt alem
. o . ‘ot pot chars malched -
. . . . . . o ‘Gdculate haw pat and ext pirs,
LLLLLL L 5 (Stte

s . A8t C
d s s . d . . 2:.9valuating rmaininp ms
d s s . d s».mnmg phat elem with {ext sfor
. d s s wasting For pﬂm occurente
d d - ’Q .Xﬂ K
6 6 G oG G 3 lpnCaul!tlon)
| S location withir. text
t .. pat elem equals text elem

A all pat chars compared
8 8 B 88 8 8 8 {Actiony
set guess plr. to zero
increment guass ptr. by 1
set text ptr. to guess pir. value
e e sat pat ptr. to 1
T . . .. pattern not found
. pattern found at guess ptr. value
1 increment text ptr. by 1
e e e s . 2 increment pat ptr. by 1
G G G G G G G . (postCondition)

—_

WN -

d) Normalized infoMap: states and transitions added (shaded areas)
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7 (Transition)

HIERENRN o . ~

initialize guess ptr. for pat within the text
location within the text

location outside the text

pat elem matches with text eiem

pat elem does not match with text elem

all pat chars matched

calculate new pat and text pirs.

5 (State)

3

1:.Start

2:.evaluating remaining text
3:.matching pat elem with text elem
4:.testing for pattern occurrence
5:.exit

{preCondition)

Jocations within text
pat alay wquals text viem
ali pat chars compared

8 {Aotion]

+

a0l guesy pY, g Zar0
Incremar: guess pi, by 1
sot tox} pir, 10 guess pbr, value
sl pit ple, o %
pattern hot found
pattarn found af guess pir. value
incremaent. text p, by 1
intremant pat pie. by 1

iiony

¢) Normalized infoMup: state dlagram (unshaded area)

T B
‘#f# 00 00O

D

.1, o .

¥ o
ca o .
. [
JLLLLL
. 8 . .
. ds s . d
v d s 8

» .d

e . . d
{Canditional Statement} .00 6 6 06
" jenamat ' A I
PA’O‘) bod TXTﬂ) voe o« > f
kwm o e e e
(imperative Blatemant .8 8 8 88
om0 : D T
}re (Y y o+ ¥ [ ]
Jomd; O - S
R o= 13 - «
return{"pattaen not found”); . . . 1 . .
rowm(‘paﬁem found at, l) [ S S
} w41 P S S S
ko= ket e e x
{Conditional Btatement) , 8 6 6 8 G
0o PO
8 00 O G D
o . fa.
o . Y
0.:
° *
. O
LLL LY
s . e .
d s &« . &
d K I )
.
e . d oy
{Conditional Statement) .06 GO0
ien-m+1 N
PAT(K) = TXT() 1 f
k=m . . . . » .
{Imperative Statement) .88 8 8 4
i = 0; o1 . - .
jomist . | + .
jr=i: .. 2 .
K= 1; P
return(“pattern not found®); O
return(*pattern found at", i) I
j = jet; +
K o= ket v e e e A e
{Conditional Statement) .06 6 0608 G

Q.

EO I R

Q¢

™,

o.»+h*‘,+bﬁ‘)04

°

Mo -

-

- .

x {Path)
7 (Transition)

Initalize guess pir. for pat within the text
location within the text

location outside the text

pat elem matches with text elem

pat elem does not match with text elem

all pat chars matched

calculate new pat and text pirs.

5 (State)

3

1:.Start

2:.ovaluating remaining text
3:.matching pat elem with text elem
4:.testing for pattern occurrence
5:.exit

location within text
pat elem equals text elem
alt pat chars compared

8 {Action)

set guess plr. to zero

increment guess ptr. by 1

set text ptr. to guess pir. value
set pat ptr. to 1

pattern not found

pattern found at guess ptr. value
increment text ptr. by 1
increment pat ptr. by 1

. (postCondition)

Jf1 Normalized irifoMap to be optimized: shaded area




{Conditional Statement)
len-m+1
PAT(k) = TXT(j)
k=m

{Imperative Statement)
i:=0;
10!
ji=§
k= 1;
return("pattern not found®);
return(“pattern found at®, 1)
} = |+1;
k= Ke1;

{Conditional Statement)

®wo
. 00.

[- W

. . e . . X [Path)
0 0 0 0 O 6 (Transition)
c e e e . initialize guess ptr. for pat within the text
o . . . . location within the text

o . . . location outside the text

o . . all pat chars matched
o . match at current text location

A | pat elem does no! maich with text elem
L L L L L 4 [State)

. . 1:.Stan

s 8 . . d 2:.evaluating remaining text

d . s 1 s 3:.matching pat elem with text elem
. d d . . 4:;.0xit

G 6 G G G 3 (preCondition)

t . location within text

L pat elem equals text elem
.. . all pat chars compared
8 8 8 8 8 8 [Action)
set guess pir. 10 zero
L T increment guess pir. by 1
2 . . . . set text pir. 1o guess ptir. value
3 . . . . set pat pir. to 1
1T . . . pattern not found
t . . pattern found at guess pir. value

1 . increment text ptr. by 1
L. . 2 incroment pat pir. by 1
G G G G G . {postCondition)

-

@ Optimized and documented infoMap
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;. Start

initialize guess ptr. for pat within the text, CONTINUE AT 2 42

'. evaluating remaining text
location within the text, CONTINUE AT 3
location outside the text, CONTINUE AT 4

*. matching pat elem with text elem

all pat chars matched, CONTINUE AT 4
match at current text location, CONTINUE AT 3
pat elem does not match with text elem, CONTINUE AT 2

;ooexit

h) Optimized State diagram as Structured English (generated)

;. Start

initialize guess ptr. for pat within the text, CONTINUE AT 2
1:=0; goto 2

'. evaluating remaining text

location within the text, CONTINUE AT 3
1<n-m+l ->i:=1+1; j:=1; k:=1; goto 3

location outside the text, CONTINUE AT 4
i>= n-m+1 -> return("pattern not found"); goto 4

*. matching pat elem with text elem
all pat chars matched, CONTINUE AT 4
PAT(k) = TXT(j) and k=m -> return("pattern found at", i); goto 4

match at current text location, CONTINUE AT 3
PAT(k) = TXT(j) and k<>m -> j:= j+1; k:= k+1; goto 3

pat elem does not match with text elem, CONTINUE AT 2
PAT(k) <> TXT(j) -> goto 2

:.oexit

1) source code (generated)

Fig. 5.1.3.2 Control flow for a Straight Forward search algorithm
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A comparison of the control flows for string search optimized algorithms
is given in Fig.5.1.3.11. Fig. 5.1.3.11 shows that algorithms share common
components such as transitions, states and conditions. These algorithms have
identical control flow and guards. The algorithms differ in procedures and

actions; however, they do share some of these.

B A A A A AA A AAAAAAALALAAAAAAMAADMAMAAGCGAAL A AL S Ngortthm)
B L e StraightForeard (8F)
F 2 Knuth-Morrie-Pratt (KMP)
O 2 Boyer-Moore (BM)
P 2 2 2 e Substiing Search (88)
.. . vVY VvV Vv VY QuickSesrch (Q8)
000 O0O00OO0OO0O0O0OO0DO0CODODOODO O OOOOOOOOO 0 0 & [Transition}
. 2 2 T T TN pos i text to begin
P 2 T T O - 2 T jocation within the text
L O 2 T T T S - T . S location outskie the text
0o . . . . .0 . L. .. .0 . . . . .0, O N match at current text locatlon
TS - T - 2 - T Y all pat chare matched
o , ° o . [ - . .0 calculate new text location
LLLLLLLULLLLLLZLLLLLLLLLLULLLLULILIL 4 State
s . P D s ., U TN . s . . . 1:.8tart
d s 8 . dd s 8 . . dds s . dd s s . . dds s . d 2.Evalusting remaining text
.8 . 1 s 8 d . |l s 8 .d . 1 88 . d .1 s s . d 1 s 3:Matching pat elem with text slem
. . d d . . d . d .. d d . . d . d .. d d . 4.Exit
0 6 000G6GGGGGGO0GO0DOGO0O0GGGGGGGOGOG G 0 GC 3 (preCendition)
S B | . t ot . LI RO I T I e location within text
oLt P A | R I O O B I T B A | pat olom squals text elem
t v, | t ot R I | [N B S all pet chars compared
8 5 885888 S S S S S SAD S BB S SS8S S S s s 8 88 4 Frecedun
. 1 . . e e e e e e e e e e e e e e e compuis FAIL table
. L compute DELTA1 & DELTA2
. . 1 1 . . . . compute table TD1
. 2 . computs table TD2
8 89 8 888 S S8588 88 8588888898 S 8 S8 8 S8 885 8 8 817 (Action
T - T .20 0 L oot text ptr. to zer0
S ast guess pir. to 2010
T e set scan pointer to zero
L T oot pat ptr. t0 1
. . eoe w0 s e d e e e e e e e e e e e oot tori ptr. to m
S T oot pat pir. to m
e C e e e e e e e e e e e increment guess pir, by 1
F T e e e e e e e e e e e sot text ptr. to guess pir. value
L L N oot toxt pir. to 1
L T T T e e return fallure message
[ T N T T return SUCCSSR Message
T O increment text pir. by 1
T 2 increment pat pir. by 1
. E L e increment scan pointer by 1
L T T | cslculale new locstion
T decrement pat ptr.
T decrement text ptr.
1T . ¢ . .. calculaie amount of shift p 1o the right

S - I calculste pos where mismaich 1st occur
. 006 6000GGGGGGoOooOLoODWAOo GGGGG GooOo oo tion)

Fig. 5.1.3.11 Control flows (code column hidden) for string search
optimized algorithms



5.1.4 Summary and Conclusions

A comparison of the data flows for string search algorithms is given in Fig.
5.1.4.1. Many common preconditions and actions are noticeable. Even though
it may be claimed that the algorithms were built from scratch, the results of

this transformation prove otherwise.
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vy ve vy v B . 1 Btralght Forwesd
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Fig. 5.1.4.1 Data flows for string search algorithms
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A comparison of the control flows of string search algorithms is given in

Fig. 5.1.4.2. Each algorithm is cptimized and in some cases very much

significant. For example the number of transitions for the Knuth-Moore-Pratt

process has been reduced from a total of 14 to 11. The complexity of the

procedures is also shown in this figure. For instance, the procedure - BM

DELTA1 & DELTA2 - has 16 transitions reduced to 13. Procedures and

algorithms with cardinality greater than nine is considered not simple.

[View) [AJA[A AJA AJA A]a AfA A]a AJA A AJA A A
Straight Forward piocess viv N I B RN R
Knuth-Morns-Prait process | . vV viv v .. < - .o N
Boyer-Moore process . v viv v R R .

Quick Search process . . . . W]V viv v .

Search process b . v v oviv v v
{Procedure) AlA|A AlA A|A A]JA AJA AjJA AlA A AjA A A
KMP Failure Table v v .o PR
BM DELTA1 & DALTA2 . v v RN .
Compuling table TD1(] R . Y ¥ v v .
Compuling table TDZ2[] B B IR A 0. 1 e e v e ¥
{Algorithm] AJA]A A|{A A|A A|A AJA A}A AJA A AjlA A A
Straight Forward vivi . .. . P . . . AN
Knuth Mornis-Pratt (KMP) . Y v]. .. . .
Boyer-Moore (BM) B .ol vEL oY 1. .
Quick Search - N N I BN vi. v R .
Substring Seaich . ] .o .o .ovE . v

{Version) A|JAJA AlA AlA A]A A A AlA A A A A
Normalzed v v v v Vv v vi}. v v vi. .o,
Optimized v v v v v v v vV VvV V

{Attribute) viviv v|v v]v vjv V|V VIV ViV V V|V Vv V
branch 71516 6|6 5|126|6 5]2 8. 5i2 108 9 6
branch with tork . . . .
loop 111 1 114 146 112 1 112 1 1 1 1
loop with exit L B 2 2
transition 71617 7|5 6|16 7|13 6{4 9|2 6{4 119]|2 108
state 514]5 5!4 49 57 4{3 6|3 4|3 6 6|3 8 4
preCondilion 313)4 4{3 3)8 417 812 51. 312 6 5. & 3
action s|8|8 7|8 7|14 7|14 7|2 8}2 6|2 9 10{2 9 8
posiCondition L1 - . 1 . 2 2 .

Legend: [ | Normalized optimized

Fig. 5.1.4.2 Attributes of String Search algorithms
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Optimization of the string search algorithms reduces their complexity
which is one of the principal goals of research in Knowledge Engineering
[11,19].

Fig.5.1.4.3 shows that the algorithms were built from reusable
components; thus illustrating that inheritance does exist. The infoMaps show
that the "Transition” and "State" sets for the algorithms are identical which
suggest that the environments are the same. This also suggests that the
algorithms were not built from scratch but modifications were made to already
existing ones. It should be noted that in the figure each procedure is treated
as an attribute of the algorithms and not as comprising of a set of attributes

as is the case in Fig. 5.1.4.2.

{Algorithm) A|lA[AJA|A A
Straight Forward vi. v
Knuth-Morris-Pratt (KMP) v ] v
Boyer-Moore (BM) v v
Quick Search I A v
Substring Search . viv

{Version) AlAJA|AIA A
Optimized viviviv]vi.
Common . . v

{Attribute] viviviviviv
branch 515|5|5]51}158
branch with fork .
loop IEREEEEEENE
loop with exit .
transition 6{6|6|6]6}]6
s.ate 414144144
preCondition 3|13|3|3]3¢3
procedure NEREERREEE BN
action Bl|7|716|8;:2
postCondition N I I .

Legend: D optimized common

Fig. 5.1.4.3 Common attributes of String Search algorithms
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Based on the foregoing analysis, it is apparent that the key difference

amongst the algorithms is that some matches the pattern in the reverse
direction from the direction in which the pattern is shifted. Others matches the
pattern in a left to right direction. In other words they differ in procedures and
actions.

The methodology employed here demonstrates that existing components

or codes are reusable, thus reducing development time and cost.



5.2 Degree-Constrained Minimum Spanning Tree algorithms

5.2.1 Introduction:

In this section the TAPi methodology is used once more to transform
algorithms. The algorithms under consideration are those offering solutions to
the Degree-Constrained Minimum Spanning Tree (DCMST) problem. The
problem [39] can be stated as follows:

"Given a non-directional complete graph G(V,E), with cost(length, time)

Cij associated with the edge e;; for every e;; element of E; construct a

minimum cost spanning tree that the degree d; at a node i for every i

element of V, is less than or equal to b;".

The problem statement can be transformed and represented as an
infoMap as shown in Fig. 5.2.1.1

A C {Problem]

\4 of constructing a degree-constrained minimum cost

spanning tree

S 6 ({Sentence])

Given a non-directional complete graph G(V,E),

with cost{length, time) C; i associated with the

edge e for every ey element of E;

Construct a minimum cost spanning tree that the degree

d, at a node i for every i element of V, is less than
or equal to b;.

G W —

Fig. 5.2.1.1 DCMST Problem Statement (Narrative)

Unlike the modeling in Section 5.1, a data flow is given for each
algorithm. The notion is not to repeat the process but with each transformation

of an algorithm emphasize various aspects of the methodology. Three
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algorithms and one procedure offered as solutions to the problem are
considered. The various views for the Degree-Constrained Minimum Spanning
Tree (DCMST) algorithms are presented in sections 5.2.2t0 5.2.4 and Appendix
IV. These algorithms are opportune for the data flow transformation aspect of

the methodology.

5.2.2 Data model

A data model for the Degree-Constrained Minimum Spanning Tree
(DCMST) algorithms is presented in Fig. 5.2.2.1. Apart from identifying the
attributes/ data-objects and their type for each object, the means whereby each
attribute can be documented properly is provided. Thus at the very beginning,
meaning is given to the coded attributes. At times, it may be difficult to give
meaning to the coded attributes/ data-objects, therefore, one may have to
consult the author of the algorithm or other appropriate sources. Gaps in
giving meaning at this stage would most likely results in gaps when giving

meaning to the various set members of the data flow and control flow models.
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O O O O O O 4 (Object/Algorithm}
o . . R DCST
o . .o Primatl
0 Dual
. R < Anneal
{Declarative Statement} . . . . O O 2 ({dataTYPE )
integer B« integer
real . . . . . 0 real number
{Declarative Statement] M 34 {Attribute/data-object}
v L the set of nodes
a v . 1, ..., n; nodes of V
.. Function; a node corresponding 10 |
a v . anode inV
. an array of weights
a . . 2-dimensional matrix ol weights
. a subset of nodes
a . . a subset of edges 1n a graph
a . . an edge
v a node notin P
max. edges connected to a node
a node ot P
. anode notin P
a a v summation of weights In a tree
no. of nodes in the graph
two nodes with no edges between them
a a . a set of edges
a subset of the nodes in a graph
anodeof T
anodeol T
degree of node
a node of T
anodeotT
a matnx of nodes from Ti and T)
Degree-Constrained Spanning Tree
final matnx
v a random number between 0 nad 1
a temperature
a reducer
beta, a constant use in temp calculation
v a difference between two weights
queue with edges already in S
queue with edge not yet in S

2
2
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Fig. 5.2.2.1 Data model for DCMST algorithms

5.2.3 Data flow:

The algorithm to be transformed is given in Fig. 5.2.3.1.




Inputs: G=(V,E),V={1,2,...,n},b>0. 51
Vi,j € V, w;; is the weight between ¢ and j.

Definitions: P : set of nodes already in DCST. P C V.
S : set of edges already in DCST. § C E.
Vi € V, degree[i] is the current degree of i in DCST.
Vi € V, assume wy, = MiNkep Wk, let ufi] = wp, ini[7] = k.

Algorithm: (1) Let P={1},S=0.
Vj € V, let ini[j] = 1, u[j] = wy;.
(2) Let u[k] = min,ev_p u[j].
(3) If degree[ini[k]] > b, then
begin
VieV —P,let Winik),j = Wy,inifk] = -
Vj € V — P, assume wy; = mingep Wg;, let ulj] = wy;, ini[j] = ¢'.
goto (2).
end
(4) Let P =PU {k}, S = SU{(ini[k], k), (k, ini[k])}.
(5) If PV, then
begin
Vj € V — P, if wy, < ulj], then let ufj] = wyy, inilj] = k.
goto (2).
end
(6) Return S and its cost.

Fig. 5.2.3.1 gen_dcst algorithm
The infoSchema of Fig. 3.5.1 is used in this section to transform the data
flow aspect of the gen_dcst algorithm. However, not all of it is needed. The bold
area of Fig. 5.2.3.2 gives the relevant part. The infoMap which gives a
transformed data flow is shown in Fig. 5.2.3.3.

A A 4 {(View}
0 . x {Algorithm}
{Declarative Statement] F O 14 (Data-object/Attribute)

{Conditional Statement} . F 5 (preCondition]
{Imperative Statement} . F 15 {Action)
{Procedural Statement) F x {Procedure}
{Conditional Statement} F x {postCondition)

Fig. 5.2.3.2 infoSchema of the data flow for the gen_dcst a algorithm:
bold area



{Declarstive Statement}
v

n
Inif)

CooxnvEST

cost of S

{Conditional Statement} F

dogree(inifk]] >« b

Pe>»V
WX} < U[j)

{imperative Statement)} F

P=1

S=0

Iniff) = 1

ug) = Wi

ULk} = min U[J);

W(ini[k]j} = =

W(. inifk]) = e

Wg'j:= min(g elem. of P Wgj)
U{j] .~ Wgi

inif}) = @'

P:=PU{K

8§ = S U {(Ini{k],k),(k.Ini{K])}
Ul = Wi

inifj) = k

o

(Conditional Statement) FFF

Fig. 5.2.3.3

5.2.4 Control flow:
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o
b |
|
|

FFFFFF
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O O 0 O O 14 (Attribute/ dele-object)
. the set of nodes
no. of nodes in the graph
Function; & node corresponding 1 |
a node in V
an array of weights
2-dimensional matrix of weights
a subset of nodes
a subset of adges in a graph
coe e e a node not In P
c . . . . max. edges connecied 10 & node
o . . . a node of P
o . . & node not in P
o . summation of weights in & tree
o two nodes with no edges betwaan them

'?érrrslmcwmon)

.o j an element of V
I degree of initial node >« b
PN j an slement of V-P
nodes in DCST not squal 10 V
. wt. of current edge < wi. of edge ||
F F F F F 15 (Aotion}
co set nodes already in DCST 0 1
se! edges aready In DCST 0 0
let Initia! node corresponding to | be 1
let U(j] be the weight of adge 1)
. st weight of k to the min of ufj)
[ lot matrix wis. of nodes not In P be =
e | lot matrix wis. of nodes not in P be =
[ IR I let wi. of edpe not in P be min of corresp edge in P
| ot U{j] be that wt. not In P
[ let node corresponding 10 | be not in P
update set of nodes In DCST
update sat of edges In DCST
lat U{j} be wt. of current edge k|
ot node corresponding 10 | be k
N - Retum S and #s coet
F F F F F . {poetCondiion)

Data flow for gen_dcst algorithm

The steps required for the transformation of the "control” aspect of the

algorithms are followed. However, steps (h) and (i) are carried out only for the

gen_dcst algorithm but not for the others since these two steps are

demonstrated in full in section 5.1 and appendix III. Fig. 5.2.4.1 gives the

control flow for the gen_dcst algorithm.
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Inputs: G=(WVE),V={1,2...,n},b>0.
Vi, j € V, w;; is the weight between ¢ and j.

Definitions: P : set of nodes already in DCST. P C V.
S : set of edges already in DCST. § C E.
Vi € V, degree]i] is the current degree of i in DCST.
Vi € V, assume wy; = Mingep Wy, let ufi] = wyy, inifé] = &',

Algorithm: (1) Let P = {1}, S =0.
Vi € V, let ini[j] = 1, u[j] = wy;.
(2) Let u{k] = minjev-p u{j].
(3) If degreeini[k]] > b, then
begin
Vj €V — P, let wipipy, = w,iniy = 0.
Vj € V — P, assume wy, = mingep wyj, let u[j] = wy, inifj] = ¢'.
goto (2).
end
(4) Let P =PU{k}, S = SU{(ini[k], k), (,ini[k])}.
(5) P #YV,then
begin
Vj € V — P, if wy; < ufj], then let u[j] = wy;, ini[j] = k.
goto (2).
end
(6) Return S and its cost.

a) source code: original
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Inputs: G=(V,E),V=1{1,2..,n},b>0.
Vi,j € V, w;, is the weight between 1 and j.

Definitions: P : set of nodes already in DCST. P C V.

S : set of edges aiready in DCST. § C E.

Vi € V, degreeli] is the current degree of ¢ in DCST.

Vi € V, assume wy; = Mingep Wi, let uft] = wp, inif7] = &,
Algorithm: 1: Let P={1},S=0.
2: VjeV,letini[j] =1, u[j] = wy,.
3: Let u[k} = min,ev—_p ulj].
4: I degree[ini[k]] > b, then

begin
o VieV —P,let Winifk],; = Wy,ini[k] = O°-
6: Vj € V — P, assume wg, = mingep wy,, let ufj] = wy,, inily] = ¢".
goto 3.
end

Let P = P U {k}, S = SU {(ini[k], k), (k,ini[k])}.
7: If P#£V, then
begin
Vj € V — P,if wy, < ulj], then let uj] = wy,, inilj] = k.
goto 3.
end
9: Return S and its cost.

o

b) edited source code: line nos removed, states 1..9 identified




{Conditional Staternent)
degresfinik]] >= b

P<>V

WK| < ufl}

{imperative Statement}

Pl

S0

iniff] = 1

UL} = Wij

ULK] := min U[D;

Winik]}) = =

W, Inl[k])) = e

Wg'j= min(g slem. of P Wgj)
Ul = Wgj

inif} = @'

P e PU (K

S = S U {(ini[k], %], (k,ini{k]}}
Uu] - qu

Wifl} - &

{Conditional Statement)
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»...
| an element of V

degree of inkial node >« b

{ an element of V-P

nodes In DCST not equal to V

wi. of clrment edge < wt. of edge i

15 (Action}

set nodes already in DCST to 1

oot odget already in DCST to 0

lot initial node corresponding to ) be 1

fot Uf]) b the weight of edge 1]

set wt, of o!c k to the min of U[]

lot matrix wi. of edge not In P be Infinity

lot transposed matrix wi. of that edge not in P be Infinity
Jot wt. of edge not in P be min of corresp edge In P
lot U[]] be that wt. not in P

lot node corresponding to j be not in P

update set of nodes In DCST

update set of edges In DCST

ot U bs wt. of cument edge kj

fet node corresponding to | be k

Retum S and its cost

G G . {posiCondition}

¢) Normalized infoMap: shaded areas to be filled in
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degrea(inifk]] >= b N |
Pe>V FR R S BN
W] < u[j) S |
{imperative Statement) . 888888888888 S8
Pim . .

Se0 . 2
!nlﬁ] - 1 . e
ull) = Wij L. 2 ..
U] := min U[); |
W(nI[kLj} = o e e e e e
W(j, ini[k]) := o Do e e e e 2
Wgj:= min(g elem. of P Wgj}

un) .= Wo'j

Iniff] = @' Coe e e e e
P:=PU{K P

S S U {{ini[k),k),(K,ini[k]}} D
U = WK S |
Iniff} = & . 4
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. . X (Path)
oaooooooooooooo1s(rmamn)
° .

nkiaize nodes and eiiges T |
Svitlatize  waighte : " :
/0 Mo Wi, 19 Inialize .
“M mmum mo
dagtae oF ] »w &
dogree oF Il < B, .

A%, 0ol ‘considerad - .
”MM’&!V‘ o '
!fadmhwwudgclmmP:o‘«“ .
.aﬁlmntmtaPmVPmm{m '

¥ notdes sxathined .

not all nodes wxamined

Wt of cumrenl adge < Wi, of woﬂ] R
mdcummm»ﬂ.wa
-NMMQVWW

z..mmwm uuqm B
%.Fnding K R

“Relegting dog mdmdq o
Lt comideting weighis sty mort

Sieniauiating new minimum waight

Fienting e P <> V
Hnoomparing w-}ghu

il
5 lpn(.‘ondmon)

| an elament of V

degree of inktial node >« b

} an element of V-P

nodes in DCST not equal to V

wi. of current edge < wi. of edge ]

15 {Action)

sot nodes already In DCST to 1

set edges already in DCST 10 0

let Initial node corresponding to | be 1

fet U[] be the weight of edge 1}

sot Wi, of slem k to the min of U[])

te! matrix wi. of edge not in P be infinity

let transposed matrix wi. of that edge not In P be Infinity
lot wi. of edge not In P be min of corresp edge in P
tet U[]) be that wi. not In P

fet node corresponding to | be not in P

update set of nodes In DCST

update set of edges In DCST

let U[] be wi. of current edge K

let node corresponding fo | be k

Return S and its cost

. {postConditlon)

d) Normalized infoMap: states and transitions added (shaded area)
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inttialize weights

no mors wis. to Initlalize
compute minimum wt.

degree of inik] >= b

degree of ini[k] < b

wt. not considered

no more nodes in V-P
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sl edges from P to V-P examined
all nodes examined

not ail nodes examined

wi. of curment adge < wt. of edge |
wi. of current edge >= wi. edge |
no more nodes of V -P left

l. 9 (State)
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1:.Stant

2:inltialization of weightr

3:.Finding k

4.testing degres of node

g.not considering weights any more
8:.calculating new minimum weight
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a .comparing weights
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e) Normalized infokiap: state diagram (unshaded area)
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{Conditions! Statement}
degree(inik] >= b
P>V

<uf}
{impecative Statement}
Py
Si=sy
inlff) =1
ugl) = Wi
UK) :e min UL
W(ini[k),)) = o
W{, InijK]) = =
Wg}= minig slam. of P wol
U = Wy
iniff) = ¢
P:= PU(K
S :a S U {(ini[x).K).{k.Ini[K]})
Ul = WK
iniff] = Kk

{Conditional Statement}
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&3 x (Peth)
.2, 16 (Transkion)

inRislize nodes and edges
initlalize  walghts
no more wis. to inltlalize
compute minimum wi.
degree of ini(k] >=
degree of ini{k] < b
wt. not considered
no more nodes In V-P
tind min wt. of edge trom @ to V-P
all edges from P to V-P sxamined
all nocles examined
not ak nodes examined
wi. 0f curremt sdge < wi. of edge |
wi. Of current edge >= wi. adge §
no more nodes of V -P left
¢ (Staie)
1.8an
2:.inkialization of weights
3:.Finding k
4:1e81ing degree of node
6:.n01 considering weights any mors
6:.calculating now mini~um weight
7:1esting for P <> V
8:.comparing weights
9:.Exk
5 {preCondition)
jan slement of V
degree of inkial node >= b
§ an slement of v.p
nodes In DCST not equal to V
Wi, of current adge < wi. of sdge |
15 {Action)}
se! nodes already In DCST to 1
se! edges aiready In DCST to &
‘! Initia! node corresponding to | be 1
tet UQ)) be the weight ol edge 1)
sat wt. of slsm Kk 1o the min of Ul
tel mairix wi. of edge not In F be Infinty

P
>

s ¥y e P8 YL

.

tel wi. of edge not in P bs min ol corresp odge
let U[f] be that wi. not In P
et nade corresponding to | be not In P
update set of nodes in DCST
update set of edges in pCsT
ta1 UJJ) be wt. of current sdge L]
tot node corresponding 1o | be k
Retum S and tts cost
. ({poeiCondition}

InP

e ¢+ >t v

f) Normalized infoMap to be optimized: shaded arcas

tel transposed matrix wi. of that edge nol in P be infinlty



{Conditional Statement}
| an element ot V
degreefini(k]] >= b
Pe>V

| an element of V-P
Wj < uf]

{imperative Statement}
Inifj] = 1

Ulj] = W1

Pwi

S=0

Uik} = min U[l;
P:=PU (K

S = 5 U {(inlfk],k),.{k,Ini{k]}
WI{inifk],]} = e

W(, ini(k]) = e
Wg'j'= min{g elem. of P Wgj)
Um - WQ‘ ]

inif)] = @'

U[)) = WK

Iﬂlm - R

{Conditional Statement}
j an elemert of V-P
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g) Optimized and documented infoMap

x {Peih}

O © 11 (Traneltion)

.

-~
P - Y

. Da®. - . .

« B, -
.

R - X S A R

Initlalize weights

Initlalize nodes and edges

compute minimum wai.

degres of inifk] >= b

degres of Inifk] < b

wi. not consideted

find min wi. of udge from P to V-P
weight of currert edge < wi. of edge ||
weight of cumerd edge >= wiol edge ||
no more nodes of V-P left

sll nodes in V examined

7 (State)

1:.5tart inhialization of weights
2.Finding k

3.testing degree of node

4:.not considering weights any more
5:calculating new minimum weight
8:.comparing weights

7.Extt

& (preCondition}

| an element of V

degree of intial node >= b

nodes in DCST not equal to V

| an slement of V-P

wi. of current edge < Wi, of edge |

15 {Action)

lat Initial node corresponding to | be 1
lot U[[} be the weight of edge 1)

set nodes already In DCST 10 1

sei edges already In DCST to 0

sst wi. of elem k to the min of U[f]
update sat of nodes In DCST

update sat of edges in DCST

let matrix wt, of edge not in P be inlinity

lst transposed matrix wi. of that edge not in P be Inlinkty

59

jot wt. of edge not in P be min of coresp edge in P

tet U[j] be that wt. not In P

let node corresponding to | be not in P
lst U} be wi. of current edge k|

lot node cormesponding 10 | be k
Retum S and its cost

1 (postCondiltion)

j an slsment of V-P



:. Start initialization of weights

(nitialize weights, CONTINUE AT 1
tnitialize nodes and edges, CONTINUE AT 2

.. Finding k

compute minimum wt., CONTINUE AT 3

;. testing degree of node

degree of inilk] >= b, CONTINUE AT 4
degree of tnifk] < b, CONTINUE AT 6

:. not considering weights any more

wt. not considered, CONTINUE AT 4
exit, CONTINUE AT 5

;. calculating new minimum weight

Jind min wt. of edge from P to V-P, CONTINUE AT 5
exit, CONTINUE AT 2

;. comparing weights

weight of current edge < wt. of edge i, CONTINUE AT 6
weight of current edge >= wt. of edge {j, CONTINUE AT 6
no more nodes of V-P left, CONTINUE AT 2

all nodes in V examined, CONTINUE AT 7

;. Exdit

h) Optimized state diagram as Structured English (generated)

. Start initialization of weights
initialize weights, CONTINUE AT 1
J elem. of V -> inifj] := 1; U]j] := Wij; goto 1

initialize nodes and edges, CONTINUE AT 2
} not elem. of V -> P:= 1; S:= 0; goto 2

. Finding k

compute minimum wt., CONTINUE AT 3
Ulk] := min U[j]; goto 3

;. testing degree of node

degree of in{lk] >= b, CONTINUE AT 4
degreelini[k]] >= b -> goto 4

degree of inifk] < b, CONTINUE AT 6
degreelinilk]] <b -> P := P U [k}; § := S U {(inik],k]),(k,ini[k])); goto 6

:. not considering weights any more

wt. not conslidered, CONTINUE AT 4
J elem. of V-P -> W(ini[k],j) := ; W(},ini[k]) := «; goto 4

exit, CONTINUE AT 5
j oot elem. of V-P -> goto 5

;. calculating new minimum welight

Jind min wt. of edge from P to V-P, CONTINUE AT 5
J elem. of V-P -> Wg'j:= min(g elem. of P Wgj); Uljl:= Wg'j; ini[j}:= g'; goto 5

60




exit, CONTINUE AT 2
] not elem. of V-P -> goto 2 61

comparing weights
weight of current edge < wt. of edge {f, CONTINUE AT 6
P < V and j elem. of V-P and Wkj < U[j] -> U[j] := Wkij; ini(j] := k; goto 6

weight of current edge >= wt. of edge {j, CONTINUE AT 6
P < V and j elem. of V-P and Wkj >= U[j] -> goto 6

no more nodes of V-P left, CONTINUE AT 2
P <>V and j not elem. of V-P -> goto 2

all nodes in V examined, CONTINUE AT 7
P=YV ->Return S and its cost; goto 7

. Exit

1) source code (generated)

Fig.5.2.4.1 Control flow for GEN_DCST algorithm
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: 5.2.5 Summary
The algorithm used in section 5.2 shows a reduction in the number of
transactions (from 15 to 11) and the number of states (from 9 to 7). These

demonstrate the effectiveness of TAPi in reducing complexity.

e, W £ S O G a3
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5.3 Skeletonization of Binary patterns algorithm

5.3.1 Introducticn

The TAPi methodology is used once more for the transformation of the
Skeletonization of Binary patterns algorithm. The algorithm consists of two
procedures and two functions. A detailed description of these is given in [4].
However, a narrative problem statement is presented below and reads as
follows:

"Given an original pattern, change dark points along its edges to white
points until the pattern is thinned to a line drawing. Retain connectedness and
shape of the original pattern".

This problem statement is represented in infoMap as shown in Fig.
5.3.1.1.

A C (Problemj

v of skeletonizing binary patterns

S 4 {Sentence})

Given an original pattern; change dark points along
its edges to white points until the pattern is thinned

to a line drawing. Retain connectedness and shape of
the original pattern.

> W

Fig. 5.3.1.1 Skeletonization of Binary patterns Problem Statement
(Narrative)

The infoSchema for the skeletonization algorithm is given in Fig. 5.3.1.2.
The area shaded indicates the additions to Fig. 3.2.1. The infoSchema in the
hierarchical view of Fig. 5.3.1.2 represents a tree of calls, in that the SPTA
procedure invokes SKELETONIZE() which in turn invokes functions

EDGEPOINT and SAFEPOINT.
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A A A AAAAA 4 (View)
VvV ... 1:. Data Model
v v . . . . 2:. Hierarchy
N 2 A 3.. Data Flow
. . . . vV v 4. Contol Flow
{Procedural Ststement} O . H H O . . . 4 (Procedure/Function}
ONEPROCESSORSPTA} . . h .- . . « ONE_PHOCESSOR_SPTA
SKE(EYONRE() - y ' Fh o SKELETONRE
EDGEF’ONTQ : ¢ . « < 1 > » +* » WNT
SAFEPOINTO . .. ».» .2 .+ o « . SAFEPOINT
.0 . . . . . . A (Type}
{Declarstive Statement} M M . . F O . . 18 {Attribute)
. . . 0 . % (Path)}
F 8 O 20{Transition}
. F . L 11 (State}
{Conditional Statement} . F G .14 {preCondition}
{Imperative Statement) F S 8 {Action}
{Conditional Statement} . F G x {postCondition}

Fig. 5.3.1.2 infoSchema for the Skeletonization of binary patterns

5.3.2 Data model and data flow

A data model is built for the procedures and functions in the
skeletonization algorithm. This is shown in Fig. 5.3.2.1. The data flow for this

algorithm is presented in Fig. 5.3.2.2.




{Declarative Statement)
Integer
count-type
pat-type
border-type

{Declarative Statement)
i

pattern;

MAXROW
row;

column;

P

n,

border;
first-row;
last-row;
EDGEPOINT()
SAFEPOINT()
ADJUST()
MAXINT

0oL DN m.

o.

< € €« €CCCC <.

< € € € € € < .

o

o

4 [Procedure/Function)
ONE_PROCESSOR_SPTA
Sketletonization
Edgepoint
Safepoint

(DataType]
integer

e count-type

o . . pat-type

o . border-type
o array

000 5

M M M M 18 {Attribute/data-object)

v

. pass no. or iteration number
v array containing the no. of dark points
scan number
Coe scan type
v . . pattern
maximum scan number
tota! no. of rows in pattern
row
column
. point co-ordinates
.V array [0 .. 7] ot pointers
v . border
first row
last row
EDGEPOINT function
SAFEPOINT function
ADJUST function
a white point

Fig. 5.3.2.1 Data model for the skeletonization of binary patterns algorithm

(Declarative Statement]
M

pattern;
MAXSCAN
MAXROW
row;
column;

P

n;

border;
first-row;
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SPTA
Skeletonization
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pattern

maximum scan number
total no. of rows in pattern
row
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point co-ordinates

array [0 .. 7] of pointers
border

tirs} row

last row

EDGEPOINT function
SAFEPOINT function
ADJUST function

a white point

Fig. 5.9.2.2 Data flow for the skeletonization of binary patterns algorithm
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5.3.3 Recreating ONE_PROCESSOR_SPTA procedure using
comments only

Conventional programming languages or development tools are not
highly expressive [50] and thus, limit one’s ability to document algorithms
properly. To demonstrate this, an attempt is made to recreate the
ONE_PROCESSOR_SPTA procedure using only its comments. This recreation
process is illustrated in Fig. 5.3.3.1.

Fig. 5.3.3.1 (a) shows the comments in a sequential order. States are
identified in (b). It is noticeable that states of Fig. 5.3.3.1 (b) does not match
those of Fig. 5.3.4.1 (b). In the normalized infoMap, Fig. 5.3.3.1 (¢), it 1s
difficult to determine where to continue the repeat. However, using the
comments in conjunction with the code, Fig. 5.3.4.1 (b), there appears to be no
difficulty in determining where to continue the repeat.

S {Comment)

Initialize the pass number

Initialize d to ZERO for each scan

Initialize the scan number

Increment the pass number by one

Set scan type to left/right edgepoints

Increment the scan number by one

Execute the kth scan on the entire paitern

If criterion1 and criterion2 are FALSE

then prepare for the next scan

9 Set scan type to top/bottom edgepoints

10 Increment the scan number by one

11 Execute the kth scan on the entire pattern

12 Repeat executing passes on the entire pattern
until criterionl or criterion2 is TRUE

0= Ot O

a) comments of procedure: original
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1: Initialize the pass number

2: Initialize d to ZERO for each scan
Initialize the scan number
Increment the pass number by one
Set scan type to left/right edgepcints
Increment the scan number by one
Execute the kth scan on the entire pattern

3: If criterionl and criterion2 are FALSE
then prepare for the next scan
Set scan type to top/bottom edgepoints
Increment the scan number by one
Execute the kth scan on the entire pattern

4: Repeat executing passes on the entire pattern
until criterionl or criterion2 is TRUE

b) edited comments of procedure: states 1 .. 5 identified

e
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. 4, .. .
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d s s d . 3.
d d s s 42,
P k- - .
{Conditional Statement) . G G G G G G @ 2 (preCondition)
| S criterion1 and criterion2
e e f t criterioni or criterion2
ImperativeStatement) . 8 8 8 8 8 8 8 9 {Action)
1 . . ... initialize the pass number
2 T initialize d to ZERO
1 . ... initialize the scan number
1 . .. sot scan type to top/botiom edgepoints
R I praepare for the next scan
2 2 . . . increment the pass number by one
3 set scan type to leftright edgepoints
4 . . . . increment the scan number by one
5 3 . . . execute the kth scan on the entire pattern

fConditional Statement) . G 6 G G G G G . {postCondition)

c) Normalized infoMap: shaded area to be filled in

Fig. 5.3.3.1 Recreating ONE_PROCESSOR _SPTA using comments only
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5.3.4 Control flow:

Using both comments and code of the skeletonization algorithm, its
"control” aspect is transformed by following the steps stated in chapter 3. Each
step - (a) to (i) -is carried out for the ONE_PROCESSOR_SPTA procedure; but
for the other procedure and two functions, steps (h) and (i) are omitted. These
are crucial steps and therefore, should not be omitted. Since these nine steps
have been demonstrated in Fig. 5.3.4.1 and elsewhere in this thesis, therefore,
there is no need for repetitions.

The transformed control flow for the procedure mentioned above is
shown in Fig. 5.3.4.1 of this section; the other procedure and two functions are

shown in Fig. 5.3.4.2 to Fig. 5.3.4.4 of appendix V.

procedure ONE_PROCESSOR_SPTA(var PATTERN : pat_type);

var

j : integer; {indicates the type of scan,
j =0 for LR-scan, and
j =2 for TB-scan.}

k : integer; {contains the scan number.}

d: count_type; {an array containing the number of dark
points which have neither been flagged nor
declared to be safepoints, remaining in the
pattern upon the completion of a scan.}

begin

i:=0; {Initialize the pass number.}

for k := -1 to MAXSCAN do
d(k] :=0; ({Initialize d to ZERO for each scan.}

k :=0; {Initialize the scan number.)
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i+1; {Increment the pass number by one.}
0; {Set scan type to left/right edgepoints.}
:=k +1; {Increment the scan number by one.}

1:
j:
k

SKELETONIZE(PATTERN,j,1, MAXROW,d[k]);
{Execute the kth scan on the entire pattern.}

if (d[k] <> 0) and (d[k] <> d[k-2]) then
{If criterionl and criterion2 are FALSE,
then prepare for the next scan.}
begin
ji=2 {Set scan type to top/bottom edgepoints.}
k := k+1; {Increment the scan number by one.}

SKELETONIZE(PATTERN,j,1, MAXROW,d[k]);
{Execute the kth scan on the entire pattern.}
end;

until (d[k] = 0) or (d[k] = d[k-2});

{Repeat executing passes on the entire pattern
until criterionl or criterion2 is TRUE.}

a) source code for procedure ONE_PROCESSOR_SPTA: original

procedure ONE_PROCESSOR_SPTA(var PATTERN : pat_type);

var

j : integer; {indicates the type of scan,
j=0 for LR-scan, and
j=2 for TB-scan.)

k : integer; {contains the scan number.}

d: count_type; {an array containing the number of dark
points which have neither been flagged nor
declared to be safepoints, remaining in the
pattern upon the completion of a scan.}

begin

i:=0; {Initialize the pass number.}

for k := -1 to MAXSCAN do

d{k] := 0; {Initialize d to ZERO for each scan.}
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k:=0; {Initialize the scan number.}

repeat
i:=i+ 1; {Increment the pass number by one.}
j:=0; (Set scan type to left/right edgepoints.}
k:=k +1; {Increment the scan number by one.)

SKELETONIZE(PATTERN,j,1, MAXROW,d[k]);
(Execute the kth scar on the entire pattern.)

if (d[k] <> 0) and (d[Kk] <> d|k-2]) then
(If criterionl and criterion2 are FALSE,
then prepare for the next scan.}
begin
) = 2; {Set scan type to top/bottom edgepoints.}
k := k+1; {Increment the scan number by one.}

SKELETONIZE(PATTERN,j,1, MAXROW,d[k]);
(Execute the kth scan on the entire pattern.}
end;

until (d[k] = 0) or (d[k] = d[k-2]);
{Repeat executing passes on the entire pattern
until criteriunl or criterion2 is TRUE.}
end;

b) edited source code: states 1 .. 6 identified



{Conditional Statement)
k := -1 to MAXSCAN
dfk]<>0
dkj<>d[k-2]
d[k]=0
dik]=d[k-2]

{Procedural Statement}
SKELETONIZE(PATTERNj,1,MAXROW d[K});

{Imperative Statement}
1= 0;
¢ [k] =0;

k :=0;
[ICEERH
i =0
kmke 1;
j=2
{Conditional Statement)
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Patly
(rransition)

@ x

6 (State)
1.
%.
&
&
B
8.,
3 (preCondltion)
scan permissible
dark pt. k © 2ero
uark pt. k <> dark pt. (k-2)
dark pl. k = zero
dark pt. k = dark pt. (k-2)
1 {Procedure]
execute the kth scan on the entire pat
7 (Action)
‘nitialize the pass number
initialize d to ZERO
initialize the scan number
increment the pass number by one
set scan type to laiVnght edgepoints
increment the scan number by one
set scan type to top/bottom edgepoints
. (postCondition)

c) Normalized infoMap: shaded areas to be filled in



(Conditional Statement)
Kk = -1 to MAXSCAN
dik}<>0
dik}<>k-2)
d[k]=0
d[k]=d{k-2]

{Procadural Statement]
SKELETONIZE(PATTERN .1 JMAXROW d[Kl}:

{Imperative Statement)

j =0

d(k] = 0;

K:=0,

Pimb+
j -0

kimk+1;
y-2

{Condisional Statement)

G G
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. x (Path
0 00 O 0 O B8 (Transitlon)
jriialize pass . - ’
e e e Wore dark points
0 . . . e s ‘po. FMOte Bark poinu
o . . . - by leturight ¥can
L0 . . . fry top/botiom AN
.0 . . Juspand scan | -

o . rontinve soanning S
N Mop SORDNNG . . e e <
L L L LLL G (8tag

L8 -

. L - nflietization ot dark pdints . -

ds . . d . Hletright wan :
.ds 8 . . ¥ top/botiam tean :
. . d d s 8 wtesting Tor end of sean | e
. ... d Bt . v
e 060G 6603 itlon)
f . . « « - scan permissible
. t ¢ . . dark pt. k < 260
. tc . . dark pt. k <> dark pt. (k-2}
AU I - dark pt. k = 2e/0
.. . . te dark pt. k = dark pt. (k-2)
g8 88 88 81 {Procedure)
.43 . . . execule the kih scan on the entire pat.
8 88 8887 {Action)
.. ininalize the pass number
s e e e jnitialize d to ZERO
1T . . . initialize the scan number
R T Increment the pass number by one
L2 .. sat scan type to lefvright edgepoints
3 2 . . - increment the scan number by one

R T set scan type 1o lop/boliom edgepoinis
660G G600 . {postCondition)

d) Normalized infoMap: states and transitions added (shaded area)

{Conditional Bratement)
k tw 1 to MAXSCAN
dlkj>0
dik]<dfi-2]
d{kj=0

dik}ed{k-2} .
Staturent}

SKELETONIZE(PATTERN) MAXROW, AR
{Imperative Statemant)

10, .

dlk] = 0; ,

Kl

i 1)

jim 0,

[1.X2H

Jim&
{Conditional Btatem mt}

O L DTSRI o PN R
#§ 00 0000 o 0 3 {Transition)
L . . initialize pass no.
D - S more dark points
e o . . . . no more dark points
» 0 . . . . try leftrright scan
S o . . - try top/bottom scan
- o . . suspend scan
. . o . continue scanning
. . s e .. ® stop scanning
“w.L L L L L LLL S {Stats}
8 . e 1:.S1art
wod Los . .o 2: ininalization of dark points
Tl d s .od . 3:.left/right scan
PR , d s 8 . . 4: top/bottom scan
e e e d d s 38 :1esting for end of scan
N d _Brexit
Lo G0o 6 GE&D 3 ttien]
. v [ I O B = ] wwiﬂibh
. &‘ « Trioe | 2% - S Mp&kﬁ?ﬂm L
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N EEEEREEI Procmturel ' . :
T B N oxawteﬁwmmcnwamnwm,
.88 9 Ah S B8 H G T (At S
* 1 4 “ » K ‘e » - lwhﬁlllﬁ W m”‘numﬂ
JURE SN S iritudae d o ZERO
R I inialize the soan number.
P S nttemont the pais numbibr by 1@
P S se) scan type 1 Jelvright adgoepoints
L. .82 e Icrement the stah pusrbar by éns
A B &t scan type fo top/botiom edgepoints
LB 6680 60D . (estndiin

¢) Normaiized infoMap: state diagram (unshaded area)
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Path)
{Transition)
intialize pass no.
more dark points
no more dark points
try lelt/right scan
try top/bottom scan
suspend scan
continue scanning
stop scanning
{8tats)
1:.Start
2.initalization of dark points
J..left/right scan
4:lop/bottom scan
5:.testing for end of scan
6:.exit
3 (preCondition)
scan permissible
dark pt. k < 2010
dark pt. k <> dark pt (k-2)
dark pl. kK = 2010
dark pt k = dark pt (k-2)
1 (Procedurs)
execute the kth scan on the entire pat.
{Action]}
initahze the pass number
initahze d to ZERO
initialize the scan number

- increment the pass number by one
R sot scan lype lo lefUnght edgepoints

increment the scan number by one
set acan type {o top/bottom edgepoints

G G [postCondition)

»

(Path)
{Transition)
more dark points
no more dark points
try fleft/right scan
try top/bottom scan
stop scanning
{State)
1:.start initialization ot dark points
2:.leturight scan
3:.lop/bottom scan
4:.oxit
3 (preCondition}
scan permiss‘ble
dark pt. k <> zero
dark pt. k <> dark pt (k-2)
{Lrocedure)
execute the kth scan on the entire pat.
{Actlon)
initialize d to ZERO
initialize the scan number
initialize the pass number
increment the pass number by one
set scan type to leltright edgepoints
increment the scan number by one
set scan type to top/bottom edgepoints

(4]
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A I
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{Conditional Statement) & 6 6 oo
k ;= -1 to MAXSCAN A .
d[k]<>0 + ¢ . A
d[k]<>d[k-2) e e t
d[k]-O ‘ » - »
¢[k]md[k-2) e e e
{Procedural Statement} 8 &8 8 8 8
SKELETONIZE(PATTERN,j,1, MAXROW,d[K)); s . ., 4 38
{Imperative Statemant) B & 8 88
= 0; 1T 0. .
d[k] = O; . . .
k:=0; PR BN
fimie1; PR P | .
j - o: + . . 2 4
Kmks+t; . . < 3 2
] - 2; . » * . 1
{Conditional Statement) 8 G G G G
f) Normalized infoMap to be optimized: shaded areas
o . .
8 O 0O
o .
o .
[¢]
L L L
Il s .
d s
d
{Condltional Statement) G G G
K = -1 1o MAXSCAN t f
d[k]<>0
dlk]<>d[k-2] . .
{Procedural Statement) 8 8 8
SKELETONIZE(PATTERN,j,1, MAXROW.,d[k]); . 4
{Imperative Statement) 8 8 8
dfk] ;= 0; 1 .
i =0, 1
k ;= 0; 2 .
i =i+ 1
j =0 2
Kmk+1; 3
j=2; PR
{Conditional Statement) G G G

G G

{postCondition)

g Optimized and documented infoMap



l:.start initialization of dark points
more dark points, CONTINUE AT 1 75

no more dark points, CONTINUE AT 2

2:.left/right scan
try left/right scan, CONTINUE AT 3

3:.top/bottom scan
try top/bottorn scan, CONTINUE AT 2
stop scanning, CONTINUE AT 4

4:.exit
h) Optimized state diagram as Structured English (generated)

1:.start initialization of dark points
more dark points, CONTINUE AT 1
-1 =< MAXSCAN =< k -> d[k] := O; goto 1

no more dark points, CONTINUE AT 2
-1 > MAXSCAN > k -> 1:=0; k:= O; goto 2

2:.lefi/right scan
try left/right scan, CONTINUE AT 3
i=1+1;j:=0;k:=k + 1;
SKELETONIZE(PATTERN ,j, 1, MAXROW, dik]);

3:.top/bottom scan
try top/bottom scan, CONTINUE AT 2
dlk] <> O and dlk] <> d[k-2] -> ji=2; k:= k+1;
SKELETONIZE(PATTERYN, j, 1, MAXROW, d[k]); goto 2

stop scanning, CONTINUE AT 4
dik]= O or dk]= d[k-2] -> goto 4

4:.exit

i) source code (generated)

Fig 5.3.4.1 Control flow for ONE_PROCESSOR_SPTA procedure



Chapter 6

Required Properties of TAPi Environment

6.1 Productivity of Knowledge Acquisition

The best way to enhance the productivity of creating an algorithm is to
avoid building it from scratch. Part of the time spend in writing it should be
replaced by time spend to find, understand, modify and compose reusable
parts. The TAPi methodology is a step in that direction. The data model is a
clear example in which such parts can be reused as algorithms are extended

and maintained.

6.2 Quality of TAPi Products:

During modeling, consideration must be given to characteristics which
have to do with the quality and performance of algorithms and that are
directed toward user satisfaction. To ensure such quality, verification should
be carried out at various stages of the modeling process. Results from

procedures and processes should be validated.

6.2.1 Verification:

It is fairly simple to verify that the code implements the design at the
most detailed level. One can take each design document (flowchart symbol,
design language statement, and so on) for a given procedure and find its

counterpart in the code. Depending on how detailed the detailed design gets,
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these specifications are for either individual procedures or collections of
procedures identified as a single module in the overall design structure. In
either case, it is adviseable to determine if the code will perform the role
explicitly assigned to it.

One systematic way to accomplished this is to perform an inspection on
a statement-by-statement level. This procedure may be painstaking. If the
overall design has poor structure, this may be impractical to accomplish within
a reasonable time. With a design that has good structure, one can select a
usefully representative set of test cases.

When manually stepping through &n algorithm, it is difficult to
remember the state of the several data-objects at each point. The TAPi
methodology provides an efficient and effective trace facility which is aimed at
correcting the problem. The trace records and displays the state of the
algorithm at critical times. Fig. 6.2.1.1 demonstrates how the TAPi trace
works, using as an example, a Straight Forward search algorithm. In Fig.
6.2.1.2 a search is made for the occurrence of the pattern substring "in" in the
string "infoMap". Two paths are executed for this search - path 1 contains
three transitions which are fired in sequence and path 2, two transitions. The
right hand side of the infoMap records the values of the data-objects before and
after transitions are fired. The transitions are sequenced in time. In Fig.
6.2.1.3 the search is made for the occurrence of the pattern substring "Map"

in the string "infoMap".
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{Path)
{Transition)
inhialize guess pir. for pat within the text
tocation within the text
localion outside the text
all pat chars matched
malch at current text location
pal elem does not match with texi elem
{State)
1.Stan
2..evaluating remaining lext
3:matching pat olem with text elem
4:.exit
(preCondition)
location within text
pat elem equals text alem
all pat chars compared
{Action)
8@l guess pir. 10 2010
increment guess pir. by 1
sel text pir to guess pir. value
sel pat ptr. to ¥
pattern not found
panern found at guess pir. value
increment text pir. by 1
increment pat pir by 1
{postCondition)

a) Optimized and documented infoMap: shaded area hidden in remaining figures of section 6.2.1
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b) Paths for patterns execution of the SF algorithm: unshaded area

Fig. 6.2.1.1 Ver{fication of the Straight Forward search algorithm

79



O.

O O 2 [Path)
1 2 path id.
A A 1 [Runj
. v Vv pattern “in" run
O O 0 0O 0 8 8 6 (Tvansition)
. 1 initialize guess ptr. for pat within the text
o . . . . 2 location within the text
o . . . . . location outside the text
o . . . 2 all pat chars matched
o 3 1 match at current text location

- pat elem does not match with text elem
S 8 88 S . . 8 [Action
set guess ptr. to zero
. . increment guess ptr. by 1
2 . . . . .. set text pir. to guess ptr. vaiue
3 . . . . .. set pat ptr. to 1
S T pattern not found
T ... pattern found at guess ptr. value
N increment text ptr. by 1
2 . . . increment pat ptr. by 1
. 5 (data-object - INPUT)
pattern; "in"
text: “infoMap”
length of pattern substring
length of text string
guess ptr. for pat within the text
text ptr.
pat ptr.
5 (data-object - OUTPUT}
. length of pattern substring
. tength of text string
guass ptr. for pat within the text
text ptr.
pat ptr.

P

-

Fig. 6.2.1.2 path verification for SF algorithm: pattern "in” in text "infoMap”
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. A A A A A ' DRun A A A A
. v VvV VY v patiern "Map®” run v Vv v v
O 0 0O 8 88 8 8 8 TTTT
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. 2 11 . . location within the text 2 4 8 8
Ce e e e e e location oulside the text . .
o . . . . . . 2 all pat chars maiched P
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. .06 3 2 . . . pat elem does not maich with text e'em 3 5 7
s 88 . . . . . 8 [Action) 8 8 8 8
e e e 86t guess pir. to 26r0 T . ..
e e e Incrament guess ptr. by 1 21 1 1
e e 8ot taxt pur, 10 guess pir. value I 2 2 2
co. so1 pat pir, 10 1 4 3 3 3
P pattern not found Coe e
T pattern found at guess ptr. value e e
L Incrament text ptr. by 1 Coe e
2 . . . . Increment pat ptr. by 1 e .
. .« . 8 [data-object - INPUT} vVVvVVvy
e e e e e e pattem: “Map® .
e e e e e e text: “infoMap® ce e
e e length of pattern substring 3 3 3 3
e e length of lext string 77 7 7
e e e e initialize guess plr. for pat within the lext 3 2 3
e e e e e e, text ptr. .1 2 3
e e e e e pat pir, O R I |
« « + .+« + . § (data-object - OUTPUT) vVVvVvvy
Ce e e e length of pattarn substring 3 3 3 2
. fength of text siring 77 7 7
Ce e e e e Initialize guess ptr. for pat within the toxt 1 2 3 4
e e e e e, text pir. 12 3 4
pat ptr. 11t 1

Fig. 6.2.1.3 Path verification for SF algorithm: pattern "Map" in text "infoMap"
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6.2.2 Validation:

Validation may be defined as checks which are performed at each stage
or phase of the development process in order to determine the satisfaction of
the requirements specification. The auditor needs reassurance that the
algorithm does what it is supposed to do.

One would look for inconsistencies within the specifications and
deviations from any standards of documentation. Design documentation at all
levels would have to be closely examined. Since TAPi provides for documenting
and coding within its models, the problem of inconsistencies is thus eliminated.
For instance, in a conventional environment, modification(s) carried out at the
code level may not necessarily update the counterpart(s) at the design level.
This leads to inconsistencies. However, in TAPi the changes takes place at the
model level and thus, no inconsistencies should arise.

Very often it is not easy to communicate with others through code or
pseudocode. The TAPi methodology provides the means for the user to record
the code and give meaning to it. This allows the user to validate his or her

understanding of the code with the appropriate authority.

6.3 Interface
This section considers and proposes required properties for two
interfaces. They are Graphic User Interface and Dynamic infoMap (Animation).

These are dicussed below.
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6.3.1 Graphic User Interface:

In the development of the understanding of complex phenomena, the
most powerful tool available to the human intellect is abstraction. - C.A.R.
Hoare, Notes on Data Structuring, 1972 [51]. For example, a functional
abstraction may be specified by an input-output relation. The user is aware
only of the input-output specification and not of the way the function is
implemented. The specification constitutes the interface to the user. The
implementation is hidden from the user.

TAPi models are in the form of infoMaps. Each infoMap is constructed
using a spreadsheet or at least a block oriented editor. Such interfaces would
allow the user to manipulate the spreadsheet-based infoMap efficiently and

effectively.

6.3.2 Dynamic infoMap (Animation):

The provision for feedback during the modeling process would be of
tremendous benefit to a developer or user. Therefore, actions should be
recorded and displayed in windows on the screen or provision be made for the
option of instant replay(s) of the actions. The purpose is to allow the user to
meticulously examine the actions so as to eliminate unnecessary and
redundant ones in order to improve subsequent modeling attempts.

During the processing of the optimized infoMap, the various paths taken

should be displayed. The sequencing of the transitions as they are fired should
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also be displayed together with their guards, actions and so on. Some
transitions may or may not be guarded. Such displays can be shown in

windows and serve the purpose of motivating a developer or user.




Chapter 7
Conclusions

It is evident from the infoMap illustraiions in this thesis thai ithe
proposed methodology (TAPi) is an excellent methodology fur the
transformation of algorithms and programs. It needs to be emphasized that the
steps of the methodology must be followed in order to guarantee successful
transformation. For instance, if a data model is not built or it the attributes or
data- objects built are not given proper meaning then at a later stage it would
become difficult to attach meaning to transitions, states, conditions, actions
and so on.

Itis also apparent from the foregoing analysis, that many algorithms are
not built from scratch but are only modified versions of what already exists.
They inherit attributes from their predecessers. Do not 're-invent the wheel’
if parts can be reused.

It was discovered that the number of lines in an algorithm is not the
only metric to determine its complexity. By transforming the algorithm into
infoMaps, other metrics such as transitions and states could give a better
measure of their complexity.

Another striking discovery made was that conventional programming
environments do not allow one to document algorithm(s) properly. The TAPi
methodology, right from the beginning is providing the means for documenting
algorithms - the result being well documented algorithms that can be easily

understood.
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The research was limited to only the transformation of algorithms.
However, such a methodology may be applied to systems comprising many
modules and procedures. The modules can be treated as chunk of knowledge
or algorithms and thus, the steps outlined and discussed in this thesis can be
followed.

Future research in the area of infoMaps should focus on the following:

i) formalization of the transformation process described in chapter
3 and illustrated in chapter 5. The use of infoSchema as a structure and
generated infoF'rames as a repository are aimed at forcing the user or
developer to fill in textual descriptions communicating his or her
understanding of the problem. The process could be formalized and is
suggested as a topic for further research.
i) interface issues (see section 6.3) such as:
a) graphical windows displaying transitions as they are
fired and the statements executed.
b) automating infoMaps structures i.e. these should be

generated from parameters supplied by the developer or user.
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Appendix I

Syntax of infoMaps notation

This appendix contains one infoMap which gives the syntax of the
infoMap notation. For instance, Set_Role "A" which means Associative
structures, can have Set_member_Roles "v", "0,0", "m" and "m;n". Considering

another example, Set_Role "O" which means Dominant set can have

Set_member_Role "o" which means dominant set member.

1o L {1 Lo o [a 10 0 [0 |(set_rote)

p A::=_Associative structure (ol structures)

p M::= Hierarchical structure
] O::x Dominant set
P F::= Flow definition

p I::= _Inheritance structure

-] L::= directed graph with cycles and forks
p G::= Guard or post-Guard

p S::= Sequence

P R::= Run structure

] V::« Value or instance

FHE LW i1t |l i{Set_member Role}

v::=_column marker.

0,0::=_relatlonship cardinslity definition: “"one to .. ", "One to ..."

m::=_relationship cardinality definition: "many to ...

o |o o |0 |~

m;n::=_range definltion: “st lsast m; at most n”

v::x= coll marker.

h::s_root_of a hierarchical structure

1 .. n:= element Identification

c o0::=_dominant set member
[ ho,b::« fiow direction: "in™ "out”, “In/out”

[ p,c.e::x inheritance flow: “parent”,"child"”,"extends"”

c s,d,/,ae::= “source”, "destination”,"loop"”,"assertion”, “eaxception”

[ thc T F.a"truve”, "false”, "complementary” “asserted " “asserted 1"

[ [] 1..n::= “place in sequence”
c @, dl::="enabled","dissbled"”
c Integer, real, char

Copyright © W.M. Jaworsk| 1900
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Appendix II

Program Normalization and Optimization
This appendix consists of two figures. The first, Fig. 4.3.2, shows the
transformation of the All-zero row program (in Pascal and Pancode) into
infoMaps. The second, Fig. 4.3.3, shows the transformation of the program (in

EPN style) into infoMaps. Statistics from these infoMaps are summarized in

Chapter 4, section 4.4.

Loy L Ll L L [Nade)

[N s I
d s d 2
2 repeat d 1 s 3
1= 1 d s s 4
v whilen es d s s 5
winlel) ' n 4 d 6
and (i, j] = 0) do GG LG GGG G (preConduton)
Jizye kg v f J<=n and afrgj a0
- ‘- 1 [EINTSE
el v f Pn
4 ounnl (0> n) or (> n); VY S N S S S S fActon Matomeni]
Sy i 1 =)
\ | y=1
then wnitidn 1 JEel,
("Ihe .. cou Wiy } ] 1 =ye),
“ Prt (lhe som v 1 )
(») Pascal-type cods (b) Pascul code rewritten as infoMap
LLLLLL (N
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=1 4 . d
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Jizisl {1 Xisgle>n
repeat chedknumber } LI T T {Action Statemeni]
[TETRY | t=l
1 j =1
epeal checkrow i IR
print{'Row’, i) i 1w el
B printCRow, 1)
(1) Pancode (d) Pancode rewritten as infoMap

Fig. 4.3.2 All-zero row Program
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iftrue then
i= 1o N
for 3:= 1
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next j
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lotr 1 gg N
for 1
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TSy 3]
ll\\[ t

) shortor FPN ol
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Fig. 4.3.3 All-zero row Program in EPN Style
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String Search algorithms

This appendix contains the transformation of four string search
algorithms and procedures. The procedure(s) corresponding to an algorithm has
to be executed before the execution of the algorithm. The scatistics obtained
from these transformed algorithms and procedures are summarized in chapter

5, section 5.1.4.
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J = 1;1:= FAIL(1) := O; 95
while(j < m) do
/* FAIL(1) ... FAIL(j) is known - compute FAIL(j+1) */
while(i > 0 and PAT(j} <> PAT(i)) do
i := FAIL({); end;
fi=1+1; § :=§+1;
if(PAT(j) = PAT({)) then
FAIL(j) := FAIL(l)
else
FAIL(j) :={;
end;

a) source code: original

J = 1;1:= FAIL(1) := O;
while(j < m) do
/* FAIL(1) ... FAIL(j) is known - compute FAIL{j+1) */
while(i > 0 and PAT(j)) <> PAT(i)) do
{ := FAIL(); end;
f:=1+1; § = j+1;
if(PAT(j) = PAT(i)) then
FAIL{j) := FAIL{l)
else
FAIL()) := {;
end;

b) edited source code: line nos removed, states 1. .5 identified

Note: Nos. 1 .. 8 in a) are line nos. of original algorithm and should not be

confused with states 1..5 in b)
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. (postCondition)

c) Normalized infoMap: shaded areas to be filled in
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d} Normalized infoMap: states and transitions added (shaded areas)
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x {Path)
7 {transition)
inltialize pointers
more elements left
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no update to pointers
update pointers
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5:.exit
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8 {Actlon)
set right pointer 1o 1
set left pointer to zero
sal first element of Fail to zero
calculate naw left pointer
increment leit pointer by 1
increment right poinicr by 1
sel | elem. of Fail to | elem ol Fail
sel | elem. of Fail 1o left pointer
. (postCondition)

J) Normalized infoMap to be optimized: shaded area
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4.

0O . . . . . . X {Path
8 0 0 0 0 O O 6 ([transition)

o . . . . . initialize pointers

o . . . . no more elements left
o . . . adjacent characters are different
o . . update pointers
o . element | equals element |

T eloment | not equal to element |

LLLLL L 4 (Stats

8 .o . 1..start initialization of pointers
d s s s d d 2:.evaluation of remaining elements
. . dd s s 3:.updating Fall array
o.od o0 4:.exit
{Conditional Statement) . G 6 G G G G 3 [preCondition}
fem N A R | more elements left
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{fImperative Statement) 8 8 8 8 8 8 8 ([Action)
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FAIL(1) := O; .3 .. 83t first eloment of Fall 1o zero
i = FAIL(]); A caliulate new left pointer
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j o= jot; e .. 2 increment right pointer by 1
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FAIL{j) = |; R | set | elem. of Fall to left pointer
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© Optimized and documented infoMap

., start initialization of pointers

initialize pointers, CONTINUE AT 2

evaluation of Remaining elememts
no more elements left, CONTINUE AT 4
adjacent characters are different, CONTINUE AT 3
update pointers, CONTINUE AT 3

'. updating Fail array

element j equals element i, CONTINUE AT 2
element j not equal to element i, CONTINUE AT 2

Exit

h) Optimized State diagram as Structured English (generated)
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b~

:. start initialization of pointers

initialize pointers, CONTINUE AT 2
J:=1; {:= O; FAIL(1):= O; goto 2

2:. evaluation of Remaining elememts
no more elements left, CONTINUE AT 4
Jj>= m -> goto 4

adjacent characters are different, CONTINUE AT 3
< m and i>0 and PAT(j) <> PAT({) -> {:= FAIL({); goto 3

update pointers, CONTINUE AT 3
J< m and (i<0 or PAT(j) = PAT(i)) -> i:= i+1; j:= j+1; goto 8

3.. updating Fail array
element j equals element i, CONTINUE AT 2
PAT(j) = PAT({) -> FAIL(j) := FAIL{{); goto 2

element j not equal to element i, CONTINUE AT 2
PAT(j) <> PAT(}) -> FAIL(j) := i; goto 2

4:. Exit

i) source code (generated)

Fig. 5.1.12 Control flow of Computing table for KMP pattern
matching
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Note:

=k:=1;
{vhlle(k <= n) do 100
while(j > 0 and TXT(k) <> PAT(})) do
j := FAIL(j);
end;
if§j = m) then
return('pattern found at", k - m)
else do
k = k+1;
j=§+1;
end;
end;
return('pattern not found");

a) source code: original

Ji=k:==1;
while(k <= n) do
while(j > 0 and TXT(k) <> PAT(})) do
§ := FAIL();
end;
if(j = m) then
return('pattern found at", k - m)
else do
k := k+1;
J =3+
end;
end;
return("pattern not found");

b) edited source code: line nos removed, states 1 .. 5 identified

Nos. 1 .. 9 in a) are line numbers of original algorithm and should not be
confused with states 1..5 in b).
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o . X (Path)
8 0 0 00 O O 0 7 (Transitien)
o . ‘ FU LR S LN e
o . . . ol SN
o . was oo Lo . h
N \."“.‘ N .
o . . K . : N )
. o . . ’ K
. 0 o .
L LLLL L L 5 (St '
8 . S :
d s s ..o d . :
d . 1 8 .. 3. »
.o d 8 8 4.
..o d .. d &.
{Conditional Statement) .G G G G G G G 4 ([preCondition)
Ke=n A enough text left
>0 A pat pointer > zero
TXT(k) <> PAT()) A - text elem. not equal to pat aelem.
j=m A all pat chars compared
(Procedural Statement) 8 S 88 8 88 1 [Procsdure]
1 e e e compute table for KMP pat matching
{Imperative Statement} S 8S 88 8 8 8 7 ({Action)
ji= 1 2 e e e pat pointer get to 1
k:=1; FR < S text pointer set 10 1
return(*paitern not found®); T return failure message
] := FAIL{) J e obtain value of shift
return(*pattern found at®, k-m); S return success message
k = kel; . ] increment text peinter
j = j+ts e e e e . 2 increment pat pointer
{Conditional Statement] .G GGG G G G . (postCondition]

¢} Normalized infoMap: shaded areas to be filled in

Nole: "c and c* means all other conditions besides *f and 1*

0 . .. . . . . x (Path
S 0 000 O 0 O 7 (Transition) ‘
o . . . . . - gompite thie and inltlelize pointers
o . . . . - 4npiigh text lelt
Y TP ot anotigh text Jefi
- T pal wiam not wqual 1 ted slem
.0 . . pal lem pquals text elm
.0 . i pxt chars matched
e e e e . . 0 a0 ol pus ohere compared
L LLL LLL 5 (Stat] '
8 . . . .. 1880
d ss . . . d 2 Evaluming remalning text
d . I s . . #:Maiching text alem with pal elem
. d s 8 4:Tanting for patiern ooouranod
.. .d . . d . B . ,
{Conditional Statement] 6 6G G G G G 4 [preCondition}
k<=n T T onough text left
j>0 c pal pointer > zero
TXT(K) <> PAT(j) c . text elem not equal to pat elem
j=m S all pat chars compared
{Procedural Statcment} 8 S8 8 8 8 8 1 (Proocedurs)
1 .o compute table for KMP pat matching
{Imperative Statement) 8 888 88 8 7 (Action)
=1 2 AN pat pointer set 1o 1
k=1 JE-< S text polnter set to 1
return(*pattern not found®); T reurn fallure message
j = FAIL(). R obtain vaiue of shik
roturn("pattern found at®, km) . . . . . . 1 . return success message
Kk := ke1; 1 increment text pointer
} = j+ts e e s 2 increment patl pointer
{Conditional Statement] .6 066GGGG . {postCondition)

d) Normalized infoMap: states and transitions added (shaded area)
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<X Pty T T T U
7 {Transition)
T T compute table and Initialize pointers
o . . . . . enough text left
o . . . . not enough text left
o . . . text elem not equal to pat elem
o . . pat elem equals text elem
o . all pat chars matched

. . . . .0 not all pal chars compared
L L L L L L 5 (Stats
e e 1:.Start
s . . . d 2:.Evaluating remaining text
. 3:.Matching text elem with pat elem
s 4:.Testing for pattern occumence

>
*
-
-
a

<

e e ST ITL L ay
A
. am- (-]

°
- ©
[
°
°

£
o .
Dae.

fCondittonat Statement)
K o 18 . .

1»0

TXT(&) «» PAT()) ’

| = .
a’rocedxw Mmut} v
fimperative Statemant)

‘ K3 1: »

kit .

reum{™paiterm At tound");

| = FAILQ);

reumpatiern found at®, k-mj;

k 54 k*‘;

.
.
= i+1: .
-»

{Canditional Statement)

L]
pal polnter > zare '
o mﬁomdmwmmwﬂhmdm
L]
8

v v wQa
. aw

M -
oo..

) alf pat thare cotmpared

1 {Procedure}
. compmae sable for XMP pat mmehlng
8 7 {Action}
. PAL pointer ot 10 1
v -1oxL pointar st 15 ¥
. woturn falluce modsage ¢
N oblaln value uf shitt
o Gl SUCCass HeBsage
1 inrement text pointer -
2 Ihcromant pat pointet
8 . {postCondition] .

¢) Normalized {nfoMap: state diagram funshaded area)

w. - -
OO O
A o~ OFZ
»-.
“‘4& * 4

- .

-
-

N 2 8 L NI
PN » L O'Q'Q
e v 4 v o O,

&

<
4
PR
.
R I AR Y

®
8
o
.
5
o

x  [Path)

7 {Transition) ) i

.o sompite table and inftlatize polnters
enough text left
not enough text left
toxt elem not equal to pat elem
text elem equals pat alem
all pat chars matched
not all pat chars compared

5 (State)
1:.Start
2:.Evaluating remaining taxt
3:..Matching text elem with pat elem
4..Testing for pattern occurrence
5:.Exit

4 [preCondition}
enough text left
pat pointer > zero
taxt elem not equal to pat elem
all pat chars compared

1 {Procedure)

compute table for KMP pat matching

@0
0 0.
[~
Q
S .
(- 3%

~69+AQ‘~_

B T
t"°0¢4—4\

- am
aw
w . . .
ﬁ,-., . . M, L
. B

{Conditional Statement) . 6 60
Kezn R A )
>0 .
TXT(k) <> PAT(j)
j=m

{Procedural Statement)

-

Woee o « BB, + » B0 o « « .
.

% 00- V. aw.
“‘.o s+ °4

®.
-~

{Imperative Statement)
’ =1,
K = 1; . . .
return(*pattern not found®); A
j = FAIL():
return(*patiern found at®, k-m);
K = ket;
' = '01; .
{Conditional Statement) . G G G -]

pat pointar get to 1
text pointer set to 1
return failure message
obtain value of shift
relurn success massage
increment text pointer
increment pat pointer
. [postCondition)

Nl ®. . .
[ ] ']
.. m. ..
NEREE N PRPN
e v v .. O

s v v b

&.
K - T - 3%
ﬂ»g-.’ LI IR N

J1 Normalized infoMap to be optimized: shadsd area
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o . X fPath)
S 0 6 0 0 0 O 6 [Transition)
o . . . . . compute Fail table and initialize ptrs.
o . . . . enough text left
o . . . not enough left
o . . match at current text location
.0 . all pat chars matched
. o calculate shift for new text location
L L L L L L 4 (State)
s . . 1:.Start
d s s . d 2:.Evaluating remaining text
d Il s s 3:.Matching text elam with pat elem
. d . d . 4. Exit
{Conditional Statement) . G G G G 6 G 3 {[preCondition)
k<=n Lttt ... enough text left
TXT(k) <> PAT(j} f t text elem not equal to pat elem
j=m A | . all pat chars compared
{Procedural Statement) S 8 8 88 8 1 [Procedure]
FAIL() 1 . . compute fable for KMP pat maiching
{Imperative Statement) S 8 8 88 8 7 [Action)
ji=1,; 2 . pat pointer set to 1
Ki=1; 3 . . text pointer set to 1
return("pattern not found"); I return failure message
K = k+1; 1 increment text pointer
j o=+ 2 . increment pat pointer
return("pattern found at”, k-m); 1 . return success message
i := FAIL(); P | obtain value of shift
{Conditional Statement) G G G G G G . [postCondition)

& vptimized and documented infoMap
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i. Start
compute Fail table and initialize ptrs., CONTINUE a: 2

2. Evaluating remaining text
enough text left, CONTINUE at 3
not enough text left, CONTINUE at 4

3. Matching text elem with pat elem
match at current text location, CONTINUE at 3
all pat chars matched, CONTINUE at 4
calculate shift for new text location, CONTINUE at 2

4. Exit
h) Optimized State diagram as Structured English (generated)

1. Start
compute Fail table and initialize ptrs., CONTINUE at 2
FAIL(); j:= 1; k:= 1; goto 2

2. Evaluating remaining text
enough text left, CONTINUE at 3
k<=n -> goto 3

not enough text left, CONTINUE at 4
k > n -> return('pattern not found"); goto 4

3. Matching text elem with pat elem
match at current text location, CONTINUE at 3
TXT(k) = PAT(J) and j<> m -> k:= k+1; J:= j+1; goto 3

all pat chars matched, CONTINUE at 4
j= m and TXT(k) = PAT(j) -> Return ('pattern found at', k-m);
goto 4

calculate shift for new text location, CONTINUE at 2
TXT(k) <> PAT(j) -> j:= FAIL(j); goto 2

4. Exit
i) source code (generated)

Fig. 5.1.13 Control flow for Knuth-Morris-Pratt string search
algorithm
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13.

14.
15,
16.
17.
18.

19.

for every character c¢ in the input alphabet do DELTA1(c) := m;
for j :=mto 1 by -1 do /* compute DELTAI, initialize DELTA2 */
If(DELTA1(PAT(j)) = m) then DELTA1(PAT(j))) = m-J;

DELTAZ2() := 2*m-j;
end;
/* compute DELTA2 */

Ji=m t = m+l;

while(j > 0) do
fg) = t;
while(t <= m and PAT(j) <> PAT(tj) do
DEL’%\)Z(t) := min(DELTAZ2(t), m-§);
t = {{t);

end;
for k:=1 to t do DELTA2(k) := min(DELTA2(k), m+t-k);
/* The following steps were added by Mehlhorn [4] to ensure */
/* correct values for DELTAZ2 in all cases */
tp := f(t):
while(t <= m) do
while(t <= tp) do
DELTA2(t) := min(DELTAZ2(t), tp-t+m);
t = t+l;
end;
tp := fltp);
end;

a) source code: original

105

Note: Nos 1 .. 19 in a) are line numbers and should not be confused with states

1..90fb)
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for every character c in the input alphabet do DELTAIl(c) := m;
for § :=m to 1 by -1 do /* ¢ssnpute DELTA1, initlalize DELTA2 */
if(DELTA1(PAT())) = m) themn DELTA1(PAT(j)) = m-j;
DELTA2(j)) := 2*m-f;
end;
/* compute DELTA2 */
Ji=mpt = m+l;
while(j > 0) do
f§ :=t;
while(t <= m and PAT(j) <> PAT(!)) do
DEL’{A2(1) := min(DELTA2(t), m-j);
t = (t);

end;
for k:=1 to tdo DELTA2(k) := min(DELTA2(k), m+t-k);
/* The following steps were added by Mehlhorn (4] to ensure */
/* correct values for DELTAZ2 in all cases */
tp := {lt);
while(t <= m) do
while(t <= tp) do
DELTA2(t) := min(DELTA2(t), tp-t+my);
t:=t+1;
end;
tp := fltp):
end;

b) edited source code: ine nos removed, states 1 .. 9 identified

R T S I T -

mﬁmmmmswms e 2
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{Conditional Statement)

ji= mtotby-1
DELTAN(PAT()) = m
>0
{xam’
PAT(j) <> PAT(})
K 110t
1 <= tp

Imperative Statement|
DELTA1(c) '« m;

DELTAY(PAT()) = m|;

DELTA2() = 2°'m-};
} - m;

1= met;

Q) = t;

DELTA2(Y) .= min(DELTA2()

t e f(1);
| =
t =t

DELTA2(k) :» min(DELTA2(k) met-k);

Pt 1)

o

[}

-

DELTAZ() := min(DELTA2{) 1p-tem); .

t = e,
p = fip),
{Conditional Statement)
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8 (preQondition)
for every characier ¢ In the input alphabel
Tex olom <= pattern lenpth
elem. of DELTA! equals pattern length
elom, » 2810
slem <= pattern length
pat elem. | not equal 0 pat slem t
. 1 =< current elom, <=t
| right pir. <=~ restan plir.
8 15 {Actien)
. sot DELTA1 elem. to pat length
ocompute DELTA1
inltialize DELTA2
set pat ptr lo rightmos! elem.
increment mismatch pir
caiculste restart ptr.
calculate minimum DELTAZ shh
caicuiste next ¢
decrsment left pir |
decrement right ptr
caiculate new min DELTA2 shit
caicuiste new restart pir
verity minimum DELTA2 shift
. increment right ptr, 1
1 calculate new restant pir.
. (peetOmdition)

o Nermallsed InfoMap: shaded areas te ba fllled In




Conditional Statement)

J=mto1by-t
DELTAI{PAT()) = m
]>0
t<cem
PAT(j) <> PAT(t)
Kaltot
te=ip

dmperative Statement)
DELTAY{c) = m,
DELTA1(PAT()) = m-j;
DELTAZ()) = 2°m-|;
l - m,
timmel;
1) = 1
DELTA2() :« min(DELTA2(1) mj);
t = (1)
‘ - }-’.
1 e t-1;
DELTA2(k) :» min{DELTA2(k) ms1K);
tp = 1(1);
DELTA2{1) :» min{DELTA2(1} tptem),
1 e tel;
tp = Kip),

fCenditional Statement]
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x  Path]

oooooooumu-m‘n)

Sialle  DELIA nmuf RO i s
20 wonk degul aghabet. ; :
. ssenpnriing DREVTAS & inlm!e 1)8&3‘& .
R i of amad ;
mnnmm wn e

wmmmamuww” C
ot vocicuion. o W

cami
1am Fislaipation B BECTRY & A
mmmu’bsm\n nmy ~ :’ "
2. bompiting DELTAS o
umwmumwwm
B Sompesing adacin sy Ve, .
tdaknum yaNe o DECTAL
w.mwmdbtem&umm ’
a..mnmmm

L RS
. . N."ﬂv B e n e

v e

for svery character ¢ in the Input alphabet
1m< slom <= pattern jength

olen. of DELTA1 equals pattern length
olom, > Zero

slem <= patiern length

pat siem. | not equal %o pat elem 1

1 =< cUrTENt olom. <=t

right ptr. <= resiart ptr,

8 15 (Actien]

sol DELTA1 elem. 10 pat length
compute DELTA!

intialize DELTA2

sot pat pir (o rightrnost elem.
Increament mismatch pir
calcuiate restarnt ptr.

caiculate minimumn DELTA2 shift
calculate next t

decrement left ptr §
decrement right ptr t

caiculate new min DELTA2 shift
calculate new resian pir

vertly minimum DELTA2 shift
Incrament right ptr, t

calculate new restart ptr,

. (pestCondition)

@ Nermalised (nfelMap: stutes and transitisns added fehaded area)
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[Transition)

Intialize DELTAY aray

70 More Input aliphabe!

ond computing DELTA1 & Initlalizing DELTA2
more elem. to proosss

compite DELTAY

infiinlize DELTA2

ond NELTA2 computation
calcu'ute restart pir

calkcu s> min DELTA2 shit

ond ciculating DELTA2 shift
cakulating new DELTA2 shitt
ond calculating ne DELTA2 shit
and verNication of shift

more shitt slem. to verity

varily minimum shift

calculate new restart ptr

0 Mtas

1. san inklalization of DELTA1 array
2. inkiatization of DELTA2 array

3. computing DELTA

.. testing for end of DELTA2 computation
. comparing adjacent array elema.

;. computing minlmum values for DELTA2
.. testing for end of DELTA2 verlication
.. voritying minimum DELTAR2 elem.

L oxR

LXK BB A

{pratiomtitloc}
100 wemry phascter ¢ ) ihe kgt alphebet

Tud @O «w pattom longth

om. of DELTAY aquale patiein length
ohat, > anra

om o puiesn Sangh

£t elei. § nol wqual 1 pal siem ¢

1 we Guroneh Mort, «w t

M ptr, e touing pir,

18 jaction)

.

o Nermallsed infedMap: state diagram fnshadod area)

ol DELTAT wlen. fo pat tangth
ompins DELYAT

biialize DELTAL

sof et Pt to Iighimost aiem,
ncremant mismatch pir
otloutate resiact pir,

oaicutals mintmum DELTAZ shift
caltulats next ¢

dociarmpnt Wit pte }

oalculate tew vesiart ptr
varily miniowm DELTAZ shin
incretnent Hght pir, t
oaicuinte naw restart pir.

{pesiCendition}




{Conditional Statement)

j=mto1by-t
DELTAT(PAT(j)} = m
|>0
t<com
PATY) <> PAT(1)
kntitot
tentp

{Imperative Statement)
DELTA1(c) = m;
DELTAYV(PAT())) = m|,
DELTAZ2()) := 2°m-};
| = m;
1=mel;
1) = t;

DELTA2(1) :« min(DELTA2(t) m-);

1= (1)
I N2 H
t = (-1

DELTA2(K) := min{DELTA2(k) me1-k);

1P = 1Y;

DELTA2(1) := min(DELTA2(1)

1 =1s1;
tp = H{tp):
{Condltional Siatement)
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11 Normalised infeMap te be sptimized: shaded areas
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initialize DELTA1 array

no more input aiphabet

ond computing DELTAY & Initializing DELTA2
more elem. 10 process

compute DELTAY

initinlize DELTA2

ond DELTA2 computation
cakkulate restart ptr

calcuiate min DELTA2 shift

ond calculating DELTA2 shift
calculating new DELTA2 shift
ond caiculating new DELTA2 shit
end veriication of shift

more shiit elem. 10 verify

verify minimum shift

calculate new restant ptr

0 tate)

1. start inkialization of DELTAt array
2:. inklailzation of DELTA2 array

3. computing DELTA1

4:, testing for end of DELTA2 computation
. comparing adjacent array slems,

. computing minimum values for DELTA2
.. testing for end of DELTA2 verication
.. vorifying minimum DELTA2 elem.

. oxt

pENen

8 loreConditien)

for every character ¢ in the Input alphabet
1=< sloMm <= pattern length

slem. of DELTA! squals patiern longth
elem, » zer0

olem <= patiern length

pat slem. | not squal 10 pat elem t

1 =< current elem. <= t

right ptr. <= restart pir.

16 (Actien]

sat DELTA1 slem. 1o pat length
compute DELTA1

initialize DELTA2

set pat pir to rightmost slem.
increment mismatch ptr
caicuiate restant ptr.

calculate minimum DELTA2 shift
calcuiate next t

decrement left ptr |
decrement right ptr t

cakculate new min DELTA2 shift
calculate new restart pir
verlly minimum DELTA2 shift
Increment right ptr, 1
calculate new restart ptr.

ey |
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{Conditional Stasement)
jlmmto1by-t
DELTA1(PAT({})) = m
I»0
PAT() <> PAT(1)
te=m
k=1tot

OELTAl{c) = m;
DELTAY(PAT(})) := m-j;
DELTA2()) = 2°m-j;
j=m;
tie mel;
1) = t;
DELTA2{1) := min(DELTA2{t) m-});
1= 1)
l - l-‘;
1= t-1;
DELTA2(k) := min{DELTA2(k) mst-k);
p = 11);
DELTA2(1) := min(DELTA2(t) tp-tem);
|BCRIS H
tp = 1(tp);
{Conditional Statement)
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t e . .ttt

S -
L]
. o.
-]

-]

-

[

infilalize DELTAY amay

end computing DELTA1 & Intiallzing DELTA2
compute DELTAY

intialize DELTA2

ond DELTA2 computation
calculate restart ptr

calculate min DELTA2 shift

ond caiculating new DELTA2 shit
calculating new DELTA2 shit
caiculate new restan ptr

end veritication of ehift

verily shift and Iincrement ptr
calculate new restan pir

7 iState

1:. stant initialization of DELTAY amay

2. computing DELTA1 & initlalizing DELTA2
3. testing for end of DELTA2 computation
4:. comparing adjacent array elems

5. computing minimum vatues for DELTA2
6:. verifying DELTAZ minimum valuss

7. oxh

7 (preCondition)

1=« olem <= pattern jength

olem. of DELTAY equals patiern lengih
elem. » zero

olem «<= patiern length

pat slem. | not equal 10 pal slem 1t

1 mc CUITO™ oloMm. <w t

right ptr. <= restart ptr.

8858658886888 8 15Atien)

. -
- ..
. .

- .
.

.
- .

G06GGGOGGOGGGO

o Optimized and &

tod infoMap

Note: Steps - optimized state diagram as Structured English (generated)
and source code (genera:ed) - are to be done as in Fig. 5.1.12 or Fig. 5.1.13,

sot DELTAS slom. %o pat length
compute DELTAY

Initlatize DELTA2

set pat ptr to rightmost efem.
increment mismatch ptr
calculate restart ptr,

calculate minimum DELTA2 shit
calculate next t

decrement lsft pir,|
decremen right pirt

cakculate new min DELTA2 shift
calculate new restart pir
verly minimum DELTA2 shitt
increment right ptr, t

calculate new restan pir.

for every character ¢ In the input aiphabel

Fig. 5.1.14 Cuntrol flow for Computing DELTAl and DELTA3
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k:=m; 112
while(k <= n) do
J :=m; /* § indexes the pattern and k the text */

while(j > 0 and TXT(k) <> PA1(j)) do

Ji=3-1;
k := k-1;
end;
if(j = 0) then

return(’pattern found at", k+1)
else /* shift the pattern */
k := k+max(DELTA1(TXT(k)), DELTAZ2(}));

end;
return("pattern not found");

a) source code: original

k:=m;

while(k <= n) do
J :=m; /* j indexes the pattern and k the text */
while(j > 0 and TXT(k) <> PAT(j)) do

Ji=J-1
k := k-1;
end;
if(j = 0) then

return('pattern found at", k+1)
else /* shift the pattern */
k := k+max(DELTA1(TXT(k)), DELTA2(j));
end;
return(’pattern not found");

b) edited source code: line nos removed, states 1 .. 5 identified

Note: Nos. 1 .. 10 in a) are line numbers and should not be confused with states

1..5inb)
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Path)

@0

[ . B 1A
d s s . d -
d . 1 s . . 3
. d s 8 N8
... d d . &
{Conditional Statement) .G G 06 G G G G 4 (preCondition)
Kk <= n R T R, enough text left
>0 .. . .t e Index to pattern > zero
TXT(k) = PAT(j) T A . text elem equals pat elem
j=0 . .o all pat chars compared
{Procedural Statement) 8 8 8 8 8 8 8 1 (Procedure)
P compute DELTA1 & DELTA2 table
{Imperative Statement) .8 8 88 8 8 8 7 (Action)
Kk :=m L2 . . . . sel text pointer 10 m
] mm; T gel pat pointer to m
return("pattern not found™); R return failure message
)= P dacrrment pat pointer
K = k-1; e . s 2 0 decrement text pointer
return(“pattern found at’, k+1) A T return success message
k ‘= kemax{DELTA1(TXT(k)), DELTA2(j)); e e e e calculate new location
{Conditional Statement) .G G G G G 606 G . (postCondition)
¢) Normalized infoMap: shaded areas to be filled in
o . . . . . . . x {(PaN
8 O 0 0 O 0 0 O 7 (Iansition)
B - compute shifi table and initiafize text ptr.
o . . . .. Yocation within the text
.0 . ... focatian oulside thp text
o . . . tonlinue matching &t cucrent 1ext docation
.0 . . matching suspended
. o0 . @ pal chars matched
. . . . . . 0 calculate shiff for new text {ocation
L LLL L L L 5 (State
s . {..Start
d s 8 . . . d 2 Evatuating romaining Jext
d . I s . . A Matching loxt elem with pat elem
. d s s 4. Tenling for pattern vecurrencs
. . . d oL d . §.Exg
{Conditional Statement} . G 6 G G G G G 4 (preCondition}
Ke=n P O | . enough text left
>0 t ¢ index to pattern > zero
TXT(k) = PAT() L. . .t e o text elem equals pat elem
j=0 R S | all pat chars compared
{Procedural Statement) . 8 8 8 8 8 8 8 1 (PFrocedure}
R e compute DELTA1 & DELTA2 table
{Imperative Statement} . 8 88 8 88 8 7 (Actlon)
K:=m; L2 . . .. set text ponter to m
jmm; P a6t pat pointer to m
return{"pattern not found"); P return failure message
jmiet; PO decrement pat pointer
K= k-1; Lol . e 2, .. decrement text pointer
return(“pattern found at®, k+1) P return success message
k := k+max(DELTA1(TXT(k)), DELTA2()); B | calculate new location
{Conditional Statement) . G GG G G 6 G . (postCondition)

d) Normalized infoMap: states and transitions added (shaded area)
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PR R A R T -
# 00 O 0 O O O 7 (Transition)
.0 . . compute shift table and initialize text ptr,
LT T location within the text
Lo o . . . . location outside the text
o o . . . continue matching at current text location
T o . . matching suspended
« . o . all pat chars matched
s e P calculate shift for new text location
‘3L L L L L L L 5 {State)
B 1:.Start
c,,d 8 8 . . . d 2:.Evaluating remaining text
T d [ 3:.Matching text elem with pat elem
o . d s 8 4:.Testing for pattern occurrence
. d . d S.Exit
{Conditional Biatemeni) BB OG0 O G 4 pratondiion)
" Remn N T U snough text eft
po . N 2 - index v paltem » 2o
IXT(Kk) w AT N taxt slem equals pat efem
fud N B | aif pat chars compared
{Procedural Stutement} « B 5 8 88 B8 8§ 1 Procedury . X
' T sampute DELTAT & DELTAR ladle
{Imparative Statemenst 8 8 S 8 8 8 8 7 st}
Ko mi; N st lont pointer i m
Jmmg S 2, ot pat painiar to m
relurn{*patiorn not found); NN rotum fulure massage
i, ; N degrement gat polntey
kom k-1, s v . R Ooe ., decrertent loxt pointer
relurn{*patter found ay”, k+Y) N RGN BUCCAST MPssNge
K ‘o k+max(OELTAS{TXT{K)), DELTA24)): U caligiate nave focation
[Condidionial Stntesiens) >, 66 6D 4 £ 0
¢) Normalized infoMap: state diagram (unshaded ares)
o . i v e . X Paty
8 00 0O G O O 7 (Transition}
[ compute shift table and initialize text ptr.
- location within the text
.0 . e e location outside the text
A continue matching at current text location
R - BTN matching suspended
e . B all pat chars matched
P caiculate shift for new text location
LLL % LL L 5 (State
s . - A 1:.Start
d s & , , . & 2:.Evaluating remaining text
d b ¢ . 3:.Malching text elem with pat elem
o d o8 8 4:.Testing for pattern occurrence
N P - 5:.Exit
{conditional Statement) .G G G G 6 B G 4 (preCondition)
k<= n P S enough text leit
0 N I index to pattern > zero
TXT(k) = PAT(j) JEE SEE - RN text elem equals pat elem
j= 0 .o U I | all pat chars compared
{Procedural Stat t) 8 8 8 $ 8 8 8 | {(Procedure)
1 PR compute DELTA1 & DELTA2 tabls
{Imperative Statement) 8 8 888 88 7 (Action)
K= m; . 2 e sel text poirter to m
jimm; B set pal pointer to m
return(“pattern not found®); P roturn failure message
Jomje1; T T decrement pat pointer
K im k-1; .o 2 . . decrement text pointer
return(“pattern found ar’, k+1) s + 1 raturn success message
Kk 'm kemax(DELTA1(TXT(k})), DELTA2()): R | calculate new location
{Conditional Statement) .G G G U G & B . (postCondition}

f) Normalired infoMap to be optimized: shaded ares
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{Path)
{Transition)
. Ce compute shift table and Initialize text pir

o . . . . location within the text

o . . . location outside the text
o . . mailch at currant text location
o . all pat chars maiched

B calculate shift for new text location
L L LL L L 4 (State)

[N}
o O
©
. Q.
(-}
-]
-]
o x

s . Coe 1:.Stan
d s s . . d 2:.Evaluating remalning text
d I 8 8 3:.Maiching text elam with pat elem
... d ood o 4. Extt
{Conditional Statement) .G 6 6 G G G 3 [preCondition)
Ke=n L S enough toxt left
TXT(k) = PAT{j) . t vt text elem equals pat elem
j=0 .. f t all pat chars maiched
{Procedural Statement) . 8 88 8 8 8 1 )
R compute DELTAY & DELTA2 1able
{Imperative Statement) . 8 8 8 8 8 8 7 {Action)
k:=m; R S sal text pointer to m
ji=m; R set pat pointer to m
retumn("pattern not found®); T return failure message
j=j1; P decrement pat pointer
K = k-1; o s 2L decrement text pointer
retumn(*pattemn found at®, k+1) A return success message
k := kemax(DELTA1(TXT(k)) DELTA2()): P | calculate new location
{Conditional Stat:ment) .G G G G G G . (postCondition]

£ Optimized and documented infoMap
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Start
compute shift table and initialize text ptr., CONTINUE at 2

Evaluating remaining text
location within the text, CONTINUE at 3
location outside the text, CONTINUE at 4

Matching text elem with pat elem
match at current text location, CONTINUE at 3
all pat chars matched, CONTINUE at 4
calculate shift for new text location, CONTINUE at 2

Exit
h) Optimized State diagram as Structured English (generated)

. Start

compute shift table and initialize text ptr., CONTINUE at 2
DELTAI1&DELTAZ2(; k:= m; goto 2

Evaluating remaining text

location within the text, CONTINUE at 3
k<= n -> j:=m; goto 3

location outside the text, CONTINUE at 4
k > n -> return('pattern not found"); goto 4

. Matching text elem with pat elem

match at current text location, CONTINUE at 3
TXT(k) = PAT(]) and j<> O -> }:= §-1; k:= k-1; goto 3

all pat chars matched, CONTINUE at 4
TXT(k} = PAT(J) and j= O -> Return (‘pattern found at', k+1); goto 4

calculate shift for new text location, CONTINUE at 2
TXT{k) <> PAT() -> k:= k+max{DELTA1(TXT(k)), DELTA2(})); goto 2

Exit
i) source code (generated)

Fig. 5.1.15 Control flow for Boyer-Moore string search
algorithm
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/* build_TD10: constructs the delta 1 shift table from a pattern string */

int TDI1|ASIZE]; /* output: table for delta 1 shift index */
build_TD1{( pstr) /* input: the pattern string*/
{char *pstr;
int {;
char *p;
for ( 1=0; 1<ASIZE; 1++) /* initialize the TD1{] table */
TD1[i} = Plen + 1;
for (p=pstr; *p: p++) /* fill in values from pattern string */
TD1[*p] = Plen - (p - pstr);
}
a) source code: original
/* build_TD1(: constructs the delta 1 shift table from a pattern string */
int TDI1[ASIZE]; /* output: table for delta 1 shift index */
build_TD1( pstr) /* input: the pattern string®/
char *pstr;
int {;
char *p:
1 for ( 1=0; 1<ASIZE; 1++) /* initialize the TD1{] table */
TDI1[i] = Plen + 1;
g 2 for (p=pstr: *p; p++) /* fill in values from pattern string */
. } TD1[*p] = Plen - (p - pstr);
: K
b) edited source code: states 1 .. 3 identified

AT o LTSI A s An B A Yo rhn W w7 8T




N
o0 O.

[Conditional Statment)

i= 010 ASIZE

p:=pstr; *p; p++
{Imperative Statment]

TD1[}] := Plen+1;

TD1[*p] := Plen - (p - pstr);
{Conditional Statment]

- . ~0Q.

Q.

-,

Qaw. Mo,

G

o
,.,.'::; g
g,

3 fstate) T L
eg:’/ f EEEY I e
™oL
{preCondition)
elem, within range
pointer within range
{Action)
initialize TD1[] table elem
fill in values from pattern string
. {postCondition)

n

N

¢) Normalized infoMap: shaded area to be fill in

{Conditional Statment)

I:= 0 to ASIZE

p:=pslr; ‘p; p++
{Imperative Statment]

TD1{}} := Plen+1;

TD1{’p]) = Plen - (p - pstr);
{Conditior...! Statment]

o O.

- Q.
-0.

- .
@-~.

Q.

® . oo b,

Q.

-y

Rae. Mo .

@ —-.

G

Path}

{Transition)
dnitialize tabie = {
o mora elems. o intlalize -
Hll in values o
ond Hil in of values

3 (State]

oo

2:Filling In of values int table
J:.Exit -
2 {preCondition)
elem. within range
pointer within range
{Action)
initialize TD1]] table elem
fill in values from pattern string
. {postCondition]

L]

d) Normalized infoMap: states and transitions added (shaded areas)
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~s

FOU GIVIE TR Pathd ST e
8§ 0 0 0 O 4 (Transition)
x 0 . initialize table
. o . . no more elems. to intialize
e o . fill in values
. . o end fill in of values
. L L L L 3 (State)
PO D 1:.Stant initialization of table
x d | s 2. Filling in of values into table
. Tl L. d 3..Exit
{Conditional Statment) . B & @ G 2 [preCondition}
I O to ASIZE st slem, within range
Pi=psin Py por - R O | painter within range
Imperative Statment} = . 8 8 § § 2 {Action]
. IO} 2= Plensl; . R IO inlviafiza TDIJ] table ejem
™Opl = Plen-p-pstr) , . . 1 , fill In values from pattern string
{Conditional Statment] L. 000 . {postCondition}

o) Normalized infoMap: state diagram (unshaded area)

o . ’ 3 y X ﬂ’ath)
S @ 0O O 0 4 (Transition)
N initialize table

S0 . no more elems. to intialize
; [ 2N fill In values
e ] end fill in of values
. L L L L 3 [State]
A I TS 1:.Start initialization of table
R I 2:.Filling In of valuses into table
- | 3:.Exit
{Conditional Statment) G 6 6 6 2 (preCondition)
i:= 0to ASIZE RS T elem. within range
p:=pstir; *p; p++ A pointer within range
{Imperative Statment) 8 8 8 8 2 (Action)
TD1[i] := Plen+1; N initialize the TD1(] table
TO1[’p] := Plen - (p - pstr); 1 fill In values from pattern string
{Conditional Statment) Q@ 6 G G . ([postCondition)

f) Normatized infoMap to be optimized: shaded area




{Condlitional Statment}
{Imperative Statment;

TO1i] := Plens+1;

TD1[*p] := Plen - {p - pstr);
{Conditional Statment)

i:= 0 to ASIZE

p:=pstr; °p; p++

-MNQ. o—-~™. 00O.

-~ 0.

R ~- o . Q.

Q.

-,

Path] 120

{Transition)
initialize table
fill in values
3 {state]
1:.Start initialization of table
2:Filling in of values into table
3:.Exit
. {preCondition)
2 (Action}
initialize TD1]] table elem
fil in values from pattern string
2 (postCondition)
elem. within range
pointer within range

N »x

g) Optimized and documented InfoMap

Note: Steps - Optimized state diagram as Structured English (generated) and source
code (generated) are to be done as in Fig. 5.1.12 or Fig. 5.1.13

Fig. 5.1.16 Control flow for computing table TD1[]



{first initialize TD2[] for the minimum matching shift)
TD2[0] := 1; {no match) 121
Ishift := 1;
for j:=1 to (m-1)
do begin {scan further leftward for first matching shift }
Ishift := matchshifi(j.Ishift);
TD2[j] := 1shift;
end:
{next get correct shift with current char mismatch)
for j:= O to (m-1)
do begin
gotshift := false:
Ishift := TD2[j]: {get initial matching shifi}
while(gotshift = false) and (Ishift < m)
do begin {already have a matching shift}
{also require current char must not matchj
i := (I[j]-Ishift);
if(i<0) or (plIfjll <> pliD
then gotshift := true
else begin {get next matching shift)
Ishift := Ishift + 1:
Ishift := matchshift(f.Ishift)
erd;
end;
TD2[j] := 1shift; {set final shift}
end;

8) source code: original

1: ({first initlalize TD2|] for the minimum matching shifl}
TD2[0} := 1; {no match)
Ishift := 1;
2: for j:i=1 to (m-1)
do begin {scan further leftward for first matching shift }
Ishift := matchshift(j,1shift);
TD2|j] := Ishift;
end;
{next get correct shift with current char mismatch}
3: for §:= O to (m-1)
do begin
gotshift := false;
Ishift := TD2[j]; (get initial matching shift}
4: while(gotshift = false) and (Ishift < m)
do begin {already have a matching shift}
{also require current char must not match}
{ := (I]j]-1shift);
5: ifli<0) or (plI{j)) <> pliD
then gotshift := true
else begin {get next matching shift}
ishift := Ishift + 1;
Ishift := matchshifi(j.lshift)
end;
end;
TD2[j) := Ishifi: {set final shift}
end;

b) edited source code: states 1. . 6 identified
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o x {Path)
s 000 0 0 0 O O 0 O O 11 (Transition)
[
o
[
o
]
(]
[}
[
[
0
o
L L L 1L L L L L L L L 6 {(stute)
5 1
a | s 2.
s S d 3:.
d s s d d d d 4.
d s 8 § S 8:.
g €.
{Conditional Statement) ¢ 6 € € 6 G € 6 G ¢ G 6 (preCondition)
jolto(m-1) 1ot scan elem. >= | and less than m
j= 0to{m-1) [ | scan elem. >= 0 and less than m
gotshift = false t ¢ gotshift equals false
ishift <m t ¢ teftward shift less than m
<0 v pointer to zcan ordering index less than zero
1)) <> plit tot scan ordering elem. not equal pat elem.
(Imperative Statement) §$ § § § 5§ 8 8 S 8 S 8 9 ({Action)
TD2{0} = 1; 1 let leftward shift be 1
Ishift := : 2 calculate next lefiward shift
lshift :« matchshift(]. 1shif): 1 2 2 set first elem. of TD2to 1
TD2(j) := IshiR; 2 1 set leftward shift to elem. j in table
gotshift := false; 1 set gotshift to fslse
Ishift *= TD2|jl: 2 get initial matching shift
1:= (1§)-1shin); 1 calculate ptr. to ordering index
gotshift = true 1 ! set gotahift to true
Ishift := Ishift + 1: 1 1 {ncrement leftward shift by 1
{Conditional Statement) ¢ ¢ 6 6 6 6 ¢ G G ¢ {postCondition}

¢) Normalized infoMap: shaded areas to be fiiled in

o x {Path}
$§ 0 0 0 0 0 0 ©0 O O 0 0 11 (Transition)
o initialize TD2{) for min matehing shift
[4 continue scanning leftward for first matching shift
0 get correct shift with current char mismatch
o continue matching at current pattern location
o Jocstion outside the pattern {fallure)
0 update subseript |
] set final shift and continue st new text location
[} set gotshift to true
[} increment leftward pointer
o set gotshift to true
0 jncrement Jeftward pointer
L L L L L &L L L L L L 6 (8tate)
s liStart
g I s 2:.8canning
d s s d 3:.8hifting
d s s d d d d 4:.Pattern testing
d s § 5 S S:.next matching shift
d 6:. Exit
{Conditional Statement} ¢ € ¢ ¢ ¢ 6 &€ ¢ ¢ ¢ G 6 (precondition)
J=1 to(m-1} [ . scan elem, >= 1 and less than m
Ji=0to(m 1) t scan elem. >= 0 and less than m
gotshift = fajse t ¢ . gotshift equals false
Ishit <m t ¢ leftward shift less than m
i<0 [ B pointer to scan ordering index less than zero
plN <> plil tof scan ordering elem. not equsl pat elem.
{Imperat {ve Statement) 8§ 5§ 8 8 8 5 8 8 8 8 8 (Action)
TD2{0) = 1 let leftward shift be 1
Ishift := 1; calculate next leftward shift
tshift -= matchshifi(, Ishift); ' 2 2 set first elem. of TD2 to 1
TD2{ = Ishif: sct leftward shift to elem. j in table
gotshift = false, 1 set gotshift to false
ishift .= TD2Y: 2 get initial matching shift
i = (1§l Ishin): \ calculate ptr. to ordering index
gotshift *= truc 1 ' set gotshift to true
1shift '= Ishift 4 1: 1 1 increment lefiward shift by 1
{Conditional Statement) ¢ 6 6 ¢ ¢ ¢ ¢ ¢ ¢ ¢ {postCondition)

r) -

-3

d} Normalized infoMap. states and transitions added (shaded areas)
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& 0 0 0 ©
[
°
[}
<]
L L L L
s
a i s
d s
o

{Conditional Etatemant) 6 6 ¢ ¢
J:=1 to (m-1) [ S
J:= 0 to (m-1) . t
gotshift = false
Ishift < m .
i<0
piI{jl] <> pii]

{Imperative Statement) y§ 8§ 8 =
TD2(0} := 1; t o, .
Ishift :x 1 2
Ishift := matchshift(y, lshift); 1
TD2[) = Ishift; . 2
gotshift := false; N
ishift :x TO2{) 2
1 2o (Hj1-1shift):
gotshift :« true
1shift := 1shift + 1}

{Condit{onal Statement) ¢ € ¢

o 0
<}
[
L b
s
S
d
a
¢ ¢
f
1
'
s 8
1
¢ ¢

¢} Normalized infoMap. state

-]
& 0 0 ¢ ¢
[
o
<]
0
L L L L
H
d 1 s
d s
{Conditional Statement) G ¢ G G
J:=1 to (m-1) t ot
}=0to(m-}) 1
gotshift = false
Ishift < m
i<0
plIll <> pli]
{Imperative Statement) 8 8 s 8
TD2{0) = 1; *
Ishift = 1; 2
Ishift := matchshift(j. Ishif): *
TD2({j} := Ishift; 2
gotshift := false; 1
Ishift := TD2({}; 2
i = (1(j)-Ishift):
gotshift '= true
Ishift := Ishift + 1:
{Conditional Statement) G

o 0 0 0 0
[
o
°
o
o]
L Lt L L
o
s d d o @
s § § S
¢ ¢ ¢ ¢ ¢
[
c . .
t
t !
s 2 8 8 3
2 2
1 1
. 1 1
¢ 6 6 ¢ ¢

X {Path}
11 {Transition)

initialize TD2() for min matching shift

continue scanning leNward for first matching shin
get correct shift with current char mismateh
continue matching at current pattern location
location outside the pattern (failure]

update subseript {

set final shift and continue at new text locstion
set gotshift to true

increment lefiward pointer

set gotshift to true

increment leftward pointer

6 (state)

1:.Start

2:.Scanning
3:.8hifting

4-.Pattern testing
5'.0ext matching shift
6. Extt

6 {preCondition)

scan elem. >= | and leas than m

scan elem. >« O and leas than m

gotahift equals false

tefiward shift less than m

pointer to scan ordering index less than zero
scan ordering elem. not equal pat elem.

9 (action)

let leftward shift de 1

calculate next leltward shift

set first elem. of TD2 to 1

set leNtward shift to elom. | (o table

set gotahift to false

gt 1nitis) matching shift

calculate ptr. to ordering index

set gotshift to true

increment lefiward shift by 1
{postCondition]

diagram (unshaded area)

¢ © 0 0 0 0o o

[+]
(4]
L L
S
S
d
d
G ¢
!
1
t
s s

0
[}
[
L Lt
s d d
s s
G G G
4
[4
[
s 8 s
2

1

¢ &6 6 6 ¢ ¢ ¢

[

b

Q

{Path)

11 (Transition)

initialize TD2(] for min matching shift

contianue scanning leNtward for first matching shift
get correct shift with curreat char mismatich
continue matching at current pattern location
location outside the pattern {fallure)

update subscript {

set final shift and continue st new text locution
set gotshift to true

increment leftward pointer

set gotshift to true

{ncrement leftward pointer

6 (State)

1:.8tarn

2:.8canning
3:.8hifting

4:.Pattern testing
8:.next matching shift
6:.Exit

6 {preCondition)

scan elem. >s 1 and less then m

scan clem. >= O and lcss than m

gotshift equals false

leNward shift less than m

pointer to scan ordering index less than zero
scan ordering elem. not equal pat rlem.

9 (Action)

let leRward shift be

calculate next leftward shift

set first elem. of TDH2to 1

set leftward shift to elem. § in table

set gotshift to false

get injtisl matching shift

calculate ptr. to ordering index

set gotshift to true

increment leftward shift by §
{postCondition)

f) Normalized infoMap to be optimized: shaded area
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{Conditional Statemant)
J:al to (m-1)
J= 0 %20 (m-1)
gotshift = false
Ishiii < m
1«0
PN <> pll)
{Inperative Statemant)
71D210) := 1;
‘shift := 1;

Ishift := matchshift(), ishift); .

TD2[)] := lshift;

gotshift := false;

1shift := TD2[}}:

1 := (1}j)-1shift);

gotshift := true

Ishift := Ishift + 1;
{Conditional Statement)

o .
o .
o .
o .
) .
o 0o .
. ]
L L L L ! L L L L L
s .
d | s . .
d s 8 d .
d s s d d d
d [ T T

-
-

N ==
-,
-

—_
N .
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X (Path)

6 {sState)

© 10 [fransition)

initialize TD2[] for min matching shift

continue scanning leftward for first matching shift
get correct shift with current char mismatch
continue matching at current pattern location
location outside the pattern (fallure)

calculate pointer to scan ordering array

aet final shift and continue at new text location
set gotshift to true

increment leftward shift

1:.8tart

2:.8cannisy

3:.8hifting

4:.Testing for Pattern occurrence
8:.Calculating next matching shift
6:.Exit

6 (preCondition)

LI}

scan elem. >= 1 and less than m

scan elem, >= 0 and less than m

gotshift equals false

leftward shift less than m

pointer to scan ordering index less than gzero

scan ordering elem. not equal pat elem.
Action)

set first elem. of TD2to 1

let leftward shift be 1

calculate next leftward shift

set leftward shift to ciem. ] in table

set gotshift to false

get initial matching shift

calculate ptr. to ordering index

set gotshift to true

increment leftward shift by 1

{postCondition}

£) Optimized and documented infoMap

Note: Steps - Optimized state diagram as Structured English (generated) and source code (generated) -
are to be done as in Fig. 5.1.12 or Fig. 5.1.13

Fig. 6.1.17 Control flow for computing table TD2]]

R .~ |
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{Search for a pattern in text}
gotmatch := false;

k:=0;
while(gotmatch = false) and (k+m<=n) ({enough text is still left}
do begin
Ji=0; {i scans the ordered pattern)
while(j<m) and (plI{jl] = textlk+I[ji])
do j:= j+1;
if(j=m) {all pattern chars matched}
then gotmatch := true
else begin {shift pattern}
deltal := TDl1[text[k+m]];
delta2 := TD2|j];
k = k + max(deltal, delta2);
end;
end;
if(gotmatch = true)
then Search := k (pattern match found at text location k)
else Search := (-1) {no pattern match found in text)

a) source code: original

1: (Search for a pattern in text}
gotmatch := false;
k:=0;
2: while(gotmatch = false) and (k+m<=n) (enough text is still left)
do begin
=0 {j scans the ordered pattern)
3: while(j<m) and (plIjl] = textlk+I[i]})
do j:= j+1;
4: if(j=m) {all pattern chars matched}
then gotmatch := true
else begin {shift pattern]}
deltal := TD1ltext[k+m]];
delta?2 := TD2[j];
k := k + max(deltal, delta2);
end:
end;
5: if(gotmatch = true)
then Search := k {pattern match found at text location kj
else Search := (-1) {no pattern match found in text}

b) edited source code: ntates 1. . 6 identified
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(] .
8 0 00 0 00 0 00OC L i
o . .
o . ’
o . . .
o . .
.0 .
o .
o .
o .
. 0
L L L L L L L L 6 {Statg .
s . '.’ o
d 8 8 . d d :
d | s .
. d s s . ’ !
d s s ’
B |
{Conditional Statement) . 6 6 6 6 G 6 G G ¢
gotmaich = talse N -
Kem <=n O L location within text
Pl = text[k+![j) T A pat elem equals text elem
<m t e . . .. more pat elem left
j=m I all pat chars compared
{Procedural Statement) 8 8 8 8 8 8 8 8 8 2 (procedure)
1. compute table TD1[}
2 . compute table TD2[}
{Imperative Statement) £ 8 8 8§ 8 8 8 8 $ 10 {Acton)
gotmaich = false 3 . set gotmatch to false
k:=0; o4 s set text pointer to zero
j=0; B set scan pointer 1o zero
QSearch:=(-1) e no substring match found in text
jom je1 S increment scan pointer by 1
QSearch:=k P substring match found ar text[k]
goimatch = true B set gotmaich to true
deltal := TD1ftext{kem]); 1 calculate amount of shift p to the right
detta2 := TOD2([j): e e e 2 calculate pos in pat whare mismatch 1st occur
k := k + max{deital, delta2); B calculate new location
{Conditional Statement) . 6 6 6 G 6 G ¢ ¢ ¢ . (postCondition)

c) Normalized infoMap: shaded arcas to be filled in



{Conditional Statement)
gotmailch = false
k+m <=n

Pllhﬂ toxt[k+1i]}

|=m
{Procedural Statement]

{Imperative Statement)
gotmaich .= false
k:=0;
ji=0;

QSearch:=(-1)

] = et

QSearch:=k

gotmatch := true
deltat := TO1[textk+m]);
delta2 := TD2(j};

k := k + max(deltai, delta2);

{Conditional Statement)

s .
d s 8 . . d
d . 1 s
. . d s
d .
¢ 6 6 6 6 ¢
t ¢
t ¢ ..
. . e .
. t ¢ .
. R |
8 8 8 8 8 8
1
2
8§ 8 8 5 8 8
3
4

- aw. . .
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x fPath)
9 ﬂhmddon)
mmputa shift wable "arid Inidalizé text’ pzr
Jocation -within the oxt
ocation  oulsida the text °
Hiakch at cutrent tex! facdlion
‘alehing sugpended
‘all pal thas wmpared
caleulate naw 1oxr ocation
patiomn maich ovcur
Ao pattern match noour. . L
6 fs‘ﬂ“’ . . Ce e
xmm romalnig .
FMaching pi elem with tex) Olem
5 Toung &‘““&é“‘“""
B pu occunance .
5 anondldon)
no match
location within text
pat elem equals text elem
more pat elem left
all pat chars compared
2 [procedurs)
compute 1able TD1[)
compute table TD2(]
10 [Action)
sot gotmatch to faise
setl taxt pointer to zero
8ol scan pointer 1o zero
no substring match found in text
Increment scan pointer by 1
substring match found at texilk}
se1l golmaich 1o true
calculate amount of shift p to the right
calculaie pos In pat where mismaich 1st occur
calculate new location
. (postCondition)

d) Normalized infoMap: states and transitions added (shaded areas)
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ICAREERDP I RN B SEEIRN P S
‘# 00 0000 o o 0o 9 munduau
L - T compute shift table and initialize text ptr.
.- - location within the text
ey o . . ... location outside the text
(o o . . . . . match al current text location
- o . . . . matching suspended
e I all pat chars compared
Y °o . . calculato new text location
S o . pattern maich occur
R no pattern match occur
“, L L L L L L L L L 6 {Stats]
.08 L0 0 o0 1..Stant
ie:d 8 8 . . dd . . 2:.Evaluating remaining text
e d . | s .o 3:.Matching pat elem with text elem
Y. .. d s 8 . . 4:.End of patiern testing
. d . s 8 5..Testing for pattem occurrence
Wi e e s o 8 A BLEX
{comxmmzsmmw L 8 & 8 4.6 8¢°8 & § lprecondition
gomch=talge - . Lt © ., o+ o081 - 15 salel g
Kot et - S L e e e s, o lovation within !sxt
pllm] atexdkﬂm] TR I 2P pR elem equals text slem
L e e s L8 L s o pat dletn dolt
i . > . » L ] - ‘ f v » w‘ w Bﬁm mwed
n’moadwplm:-mﬂ ¢sts.a.astg_.ﬁseamudw
' N ' ‘ v 1 ’ > » » 4“ . € .‘r .b mm ’a‘n
‘ . \ . 2 > > y“ + + < .\ > mm 702[]
{Imperative Statement) -8 K 8 2380 F 3 * Ulﬂcﬂonmnd
goimaich '« {alse - 2 ST T " a6 gowmalch to talse
kiaO: . ] ‘) PO L M ax W’M ©® %0
}1m O N T . sal st poidtor to zero , .
QSearchis{} P BT M 0 Substrng malch found in toxi -
IRI:] : e e e Y . e e nereman sean poimar by 3 ‘
QSaarchisk . PV S substring mateh found at ek
gomatch i= trye N “ sot gotmatch W tug
deliat '» TOHtextjkemy); . . . T N salcufate amount of shilt p 1 1he right
dolla2 = TO2fj); - - - 2 . caloisate pos (o pat where mismatch 18t oocur
K= k¢ maxidottat, deka2y;, . . . . ., .+ ..§ . caltulate now localion
{Canditional Statement LGB E T E CE R . fpoatonditton}

¢) Normalized infoMap: state diagram (unshaded area)
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>
2
-
2,

I

0 L IINEINTNN L L x ath)
£0 .00 0D ¢ 0 6 9 (Transition)
PR nL e e 4 e v et compute shift table and initialize text pir.
TPV - S S location within the text
REGE N location outside the text
T e 0 e e v maich at current text location
O - matching suspended
e 6 T e B all pat chars compared
AU - PR calculate new text location
NP O - pattern match occur
N no pattern match occur
L & & L L & L & 6 (State
N e 4w s e e 1.Stan
488 o cFd . 2. Evaluating remaining text
ted oo Bl . . 3:.Matching pal elem with texi elem
e . o H 88, 4.End of pattern tesling
P . ISP I | 5..Testing for paltem occurrence
PR » I o‘ PR d 6:.Exit
(Conditional Statement) ‘¢ 4 #. 8¢ 8 ¢ ¢ 6 5 [preCondition)
goimaich = false U B tt no match
kem <=n PO S - location within text
PN = textik+[j]] A T 2 ) pat elem equals text elem
jem v o B . s more pat elem loft
‘ j=m R 2 all pat chars compared
{Procedural Statement) . & £ 3 3 8 58 &8 & £ 2 {(procedure]
A compute 1able TD1[)
SR s s e e sy compute table TD2[}
{Imperative Statement} . & £ %8 3 38 &8 & £ 8 10 {Action Statement]
gotmalch := false . sel gotmatch to false
ki=0; R NN sel text pointer to zero
ji=0; S S sat scan pointer 1o zero
QSearch:=(-1) R N no substring maich found In taxt
| = et R S U inctement scan pointer by 1
QSearch:=k T N R substring maich found at text[k)
gotmatch := true A set golmaich to true
deltal := TO1[textfk+m]]; . e e S S cafculate amount of shift p to the right
deha2 := TD2[j}; - caiculate pos in pat where mismatch st occur
k = k + max{deltal, delia2); P < calculate new location
(Conditional Statement) ‘@ B ¢ € ¢ ¢ & ¢ & . (postCondition)

f) Normalized infoMap to be optimized: shaded area
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{Conditional Statement)
k+m <=n
r[l[j]] = texi{k+[jj]
=M
{Procedural Statement)
TD1Q)
TD2f)
{Imperative Statement)
k:=0;
Ji=0;
QSearch:=(-1)
j = a1
QSearch:=k
deltat := TO1{text{k+m]):
delta2 ;= TD2{j);
k := k + max(deltai, delta2);
{Conditional Statement]

- am . 0 0.

e« o W=, .

. G

ke
L]
. ..
]
o0

L J . d
d . | s &8
. d d .
¢ 6 ¢ 6 ¢

f .

1
2
<
G 6 6 6 &

Path)
{Transition)
compute shift table and Initialize text ptr.
location within the text
location outside the text
maich at current text location
all pat chars matched
. calcutate new text location
4 {State)
1:Stan
2. Evaluating remaining text
3:Maiching pat elem with text elem
. 4.Exit
3 [preCondition)
location within text
pat elem equals toxt elem
. all pat chars compared
2 (procedure]
compute fable TO1(]
compute table TD2[)
{Action)
sel toxt pointer o z2ero
sel scan pointer to zero
no substring match found in text
increment scan pointer by 1
substring match found at text{k]
calculate amount of shift p to the right
calculate pos where mismatch 1st occur
. calculate new location
. (postCondition}

- O x

@ Optimized and documented infoMap

1:. Start

compute shift table and

initialize text ptr., CONTINUE AT 2

2:. Evaluating remaining text
location within the text, CONTINUE At 3
location outside the text, CONTINUE AT 4

3:. Matching pat elem with text elem
match at current text location, CONTINUE AT 3
all pat chars matched, CONTINUE AT 4
calculate new text location, CONTINUE AT 2

4:. Exit

h) Optimized State diagram as Structured English (generated)
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1:. Start

compute shift table and initialize text ptr., CONTINUE AT 2
TD1[]; TD2[]; k := 0;

2:. Evaluating remaining text
location within the text, CONTINUE At 3
k+m <=n -> j:= 0; goto 3

location outside the text, CONTINUE AT 4
k+m > n -> @Search:= (-1); goto 4

3:. Matching pat elem with text elem
match at current text location, CONTINUE AT 3
plIll] = textlk+I[j]] and j<>m -> j:= j+1; goto 3

all pat chars matched, CONTINUE AT 4
plI[j]] = text[k+Ifj]] and j=m -> QSearch:= k; goto 4

calculate new text location, CONTINUE AT 2
plIll <> text[k+I[j]] -> deltal:= TD1[text[k+m]];
delta2:= TD2[j]; k:= k+max(deltal, delta2); goto 2

4:. Exit

i) source code (generated)

Fig. 5.1.18 Control flow for a Substring Search algorithm
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{Quick Search for a string in text)
gotmatch:=false;

k:=0;
while(gotmatch = false) and (k+m <=n)
do begin
{:=0; {i scans the pattern string}
while{i<m) and (pli] = text[k+i])
do 1:=i+1;
if(i=m) {all pattern chars matched)

then gotmatch := true
else k := k+TDl[text[k+m]]{shift pattern}

end;

if(gotmatch = true)

then QSearch:=k {substring match found at text{k]}
else QSearch:=(-1) {no substring match found in text}

8) source code: original

1: {Quick Search for a string in text}
gotmatch:=false;

k:=0;
2: while(gotmatch = false) and (k+m <=n)
do begin
1:=0; {i scans the pattern string}
3: while(i<m) and (pli} = text[k+i])
do i:=i+1;
4: if(i=m) {all pattern chars matched}

then gotmatch := true
else k := k+TD1[text|k+m]](shift pattern}

end;

5: if(gotmatch = true)
then QSearch:=k (substring match found at text[k]}
else QSearch:=(-1) {no substring match found in text}

b) edited source code: states 1. . 6 identified



{Conditional Statement)
gotmatch = false
k+m <=n
pli] = texifk+i}
fem
fmm
{Procedural Statement}

{Imperative Statemnent)
gotmatch := false
K:=0;

i =0

gotmatch = true

i it

QSearchix(-1)

QSearchisk

K := k+TD1textlk+m])
{Condltional Statement)

@0

Q »
]
- .
Q
Q

d I s .
. d s s
d
6 6 6 G GGG GO
t ¢
c .
t ¢
t ¢ .
. . t f
8 8 8 8 88 8
1 .
8 8 8 8 88 8
2 .
3 .

1

-QOne.

1

o .

~0aew.

G GGG GG GGG

6 (state)
A

2

A

&

8- o

4 . .
§ (preCondition)
no match
location within text
pat elem equals text elem
location outside text
all pat chars compared
1 {Procedure}
compute table TD1[]
8 {Action)
sel goimatch to false
sel fext pointer to zero
set scan pointer to zero
set gotmatch to true
increment scan pointer by 1
no substring match found in text
substinng match found at textfk]
calculate new location
{postCondition)

¢) Normalized infoMap: shaded areas to be filled in
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Path) 134

o . O
80 0000 00O O 9 (Trangltlon)
6 . . . .. ‘Sompite hiRt ‘table and’ !nzwm fak pta
- Jocation Wil 3he lext
F - T foqdtion autside the tex)
L0 . . . Malch o tureent Wit leation
o . . . . ‘thaatching suspernded
.0 . .. Al pat chaes vompant
A ‘Galcuigle new text kcaton
.0 . Satiorn maleh oecu
D I N pater mmteh oot L. L
. L L LLL LL L L ¢ fState]
L tigtet - I~ 7 e
d s s . . dd . . 25 Evaloning remaining laxt
.od s ... A Mahng pat alem with text chm
. d s 8 . . WoEnd of patte tesling
d . . . 8 8 ;. Tastng bor pattent occurpnice
e e e .., d d BLER o
{Conditional Statement}] . G G 0 6 G 6 6 G G § (pvrcondulon)
gotmatch = false L.t e oo .ot no maich
k+m <mn P location within text
pli] » textksi AN . .t e . pat elem equals text eiem
iem I I - tacation outside text
=M R T all pat chars compared
{Procedural Statement) & 8 §8 8 88 8 8 1 [Procedurs)
. .o e e compute lable TD1]}
{imperativeStatement} . 8 8 8 8 8 8 8 8 8 8 [Action)
gotmatch = lalse . 2 . set gotmatch to faise
kiwD; B seot toxt pointar to zero
=0, R set scan pointer to zero
goimatch « true P set goimaich to true
jimie P L increment scan pointor by 1
QSearch:a(-1) P | no substring rnatch found in text
QOSearch:=k D T substring match found at text{k]
k = k+TD1{text[k+m]] P caiculate new location

{ConditionalStatement} . G G G G G G @ G G . (postCondition)
d) Normalized infoMap: states and transitions added (shaded axeas)

-

~

o + L - - < + 4 x
4 O 000 O 0O O 0 9 {TIransition)
P compute shift table and initialize text ptr.
» [ location within the text
R o . . . . .o focation outside the text
‘ o . . . . . malch at current text location
P - TP matching suspendod
P all pat chars compared
. . o . . calculate new text location
PO . o . pattern match occur
« . . ] no pattern match occur
L LLL LLL L . 6 (State
PEEEE T . e e . 1:.Stant
, d s 8 . . dd . | 2:.Evaluating remaining text
. d . I a . . 3:.Matching pat elem with text elem
‘ . d s 8 . 4:End of pattern testing
. d .. . 8 8 5:.Testing for patiern occurrence
yoe ... d d 6:.Exit
{Conditlonal Statement) . @ G 0 O G ¢ G G ¢ 35 [preCondition)
gotmaich « {alye N B YU I 7o maich
Ksm <ot ] ~ vt 5 . PO “ Facalion Mu‘liﬁ “xi
pli} = toxtke] D . pal clem soiaals toxt slam
lem O PR -jocstion oulside text
m T I R A pat chars compared
{ProceduralBiatementl . & 8 8 &% 8 8 & & 8 | {Proodured
R compute 3able TD
mparatieStatementt . & 8 8§ & 8 8 8 $ 8 5 fAction
golmatch i» false - wal gotnalsch te fafee
kinD; T T T PN 9t 1 posnler 1o g |
jte P Kt acan Poinier 10 26t
gotmatch j« tue N U U T a4t poimatch o fue
Lom Bt . T Faemeit scan pointer by 4
GSearchs(-1} P | o subsirirsg malch found in fex
QSearth=k P aubsting srtateh found wt toxifk}
Ko RoTDfloxtlern . . . . . . % . . calculate new Tocation
{Condittonal Statement} . @ G 6 G Q ¢ U © a .

¢) Normalized infoMap: state diagram (unshaded area)
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Path)
{Transition)
compule shitt table and initialize text pir,
location within the text
location outside the text
malch at current lext location
matching suspended
all pal chars compared
caiculate new text cation
pattern matzh occur
no pattern match occur
6 fState
1:.Start
2:.Evaluating remaining text
d:Malching pat elem with text elem
4:End of pattern testing
5:.Testing for patiern occurrence
6:.Exit
5 {preCondition)
no match
location within text
pat slem equals text elem
focation outside text
all pat chars compared
1 {Procedure}
compute table TD1])
8 {Action)
[ sot gotmatch to false
. sat lext pointer to zero
sef scan pointer to zero
set goimatch to true
. increment scan pointer by 1
no substring match found in text
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{Imperative Statement)
gotmatch '« false
k.=0;

t:m O

gotmaich := true .

Pom et . . 3

QSearch:s=(-1) e e e

QSearch;=k v s e . 1, substing match found at text(k]

k .= k+TD1[text{k+m]] e N calculate new location
(Conditional Strr2=ment)] . 6 G G &G & C O 7 @ . {postCondition)
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f) Normalized infoMap to be optimized: shaded srea

O . . . . . . X [Path)
& 00 O 0 0 O 8§ {Transition)
o . . . . . compute shift table and initialize text ptr,
o . ., . . location within the ftext
o . . . location outside the text
o . . match al current text location
o . ali pat chars matched
P - } calculate new text location
LL L L L L 4 (State)
s . . . . . 1. Start

d s s d 2..Evalualing remaining lext
d . | s s 3:.Matching pat elem with text elem
. . . d d . 4. Exit
(Conditional Statement}] . 6 G G G G G 3 [preCondition)
k+m <=n R location within text
pli] = text{k+i] A A | pat elem equals tex! elem
imm A N all pat chars compared
{Procedural Statement) S 8 8 88 8 1| [Procedurs)
1 . Coe computing table TD1]}
{Imperative Statement) 8 8 8 8 8 6 (Action)
k:=0; .2 . PN set lex! pointer to zero
=0 R set scan pointer fo zero
QSearch:=(-1) R no subsling match found in text
i isl A incroment scan pointer by 1
QSearch:=k S substring match found at textlk]
k := k+TD1[textk+m]] 1 calculale new Jocation

{Conditional Staeement) . G G G G G G . (postCondition

® Optimized and documented infoMap
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1:. Start
compute shift table and initialize text ptr., CONTINUE AT 2

2:. Evaluating remaining text
location within the text, CONTINUE AT 3
location outside the text, CONTINUE AT 4

3:. Matching pat elem with text elem
match at current text location, CONTINUE AT 3

all pat chars matched, CONTINUE AT 4
calculate new text location, CONTINUE AT 2

4:. Exit
h) Optimized State diagram as Structured English (generated)

1:. Start
compute shift table and initialize text ptr., CONTINUE AT 2
TD1[}; k:= O; goto 2

2:. Evaluating remaining text
location within the text, CONTINUE AT 3
k+m <=n ->{:= 0; goto 3

location outside the text, CONTINUE AT 4
k+m > n -> goto 4

3:. Matching pat elem with text elem
match at current text location, CONTINUE AT 3
i< m and p[i] = text[k+1] -> i:= i+1; goto 3

all pat chars matched, CONTINUE AT 4
f= m and pli] = text[k+1] -> Return ("substring found at",text[k]);
goto 4

calculate new text location, CONTINUE AT 2
pli] = text[k+1] -> k:= k+TD1[text[k+m]]; goto 2

4:. Exit
i) source code (generated)

Fig. 5.1.19 Control flow for a Quick Search algorithm
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Appendix IV

Degree-Constrained Minimum Spanning Tree algorithms

This appendix includes the transformation of three algorithms - Primal,
Dual and Anneal. The transformed algorithm Dual has been split into two
infoMaps because it was too large to fit on a page. States 9..13 of Fig. 5.2.4.3

are grouped together and treated as a procedure which is transformed into an

infoMap (see Fig. 5.2.4.4).

Algorithm Primal:

Inputs: G=(VE),V={,2,...,n},6>0.
Ve € E, wle] is the weight for edge e.

Definitions: S : set of edges already in DCST. S C £.
Vi € V, degreeli] is the current degree of 7 in DCST.

Algorithm: (1) Use gen_dcst() to generate S for a DCST.
(2) loop n times

begin
(3) Let ¢;; be a random edge in S.
(4) Let T; and T, be the subtrees reachable from
¢ and j if e;; is removed.
(8) If =3Je € E s.t. e # e, and e connects

T, and T,, goto (10).
(6) loop 20 times

begin
(7) Let e,, be a random edge in E and ey, # e,,.
(8) If wleww) < wles,] and degreefv] < b and degree[w] < b
then S = S — {e;,} U {ew}, goto (10).
(9) If degree{[v] < b and degreefw] < b then goto (10).

end {loop (6)}
(10) end {loop (2)}
(11) Return S and its cost.
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{Conditional Statement) F
loop <= n

loop <= 20
Wievw] < W(eij] i
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{Procedural Statement} r

{Imperative Statement) !‘
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O O 0 O O O 14 (dats-obfect/Attribute)

Y. -
N, N——.

.
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r

o . . .« . .

Y- . . .

& node corresponding to |
anodein V

2-dimensional matrix of weights
a subset of edges in a graph

an edge

max. sdges connecied o & node
summation of weights in a tree
no, of nodes in the graph

a set of edges

a subset of the nodes in & graph
anodeol T

anodeof T

degres of node

Degrea-constrained Spanning Tree

7 preCondition?

1

loop n times

¢ij removed

@ <> ¢ij and e connects TI & Tj
foop 20 times

wi. of random edge vw < edge i
degree of node v less than b
degres of node w less than b

Procedure}

generate DCST

5 {Action)

- lpos

Retum S and its cost

lst off be a random edge in S

lst TI & Tj be the subtrees

reacheable from i and j

lot evw be a random & not equal to eif

update set of edges in DCST
tCondition)

Fig. 5.2.3.4 Data flow for Primal algorithm
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a) source code: original (see page 137)

Inputs: G=(V,E),V={1,2,...,n},b>0.
Ve € E, wle] is the weight for edge e.

Definitions: S : set of edges already in DCST. S C E.
Vi € V, degree[] is the current degree of 7 in DCST.

Algorithm: 1: Use gen-dcst() to generate S for a DCST.
2: loop n times

begin
Let ¢;, be a random edge in S.

3: Let T; and T} be the subtrees reachable from

i and j if e;; is removed.
4: If -3e € E s.t. e # e;, and e connects

T, and T}, goto 2.
5: loop 20 times

begin

Let e,, be a random edge in E and e,,, # ¢,.

h: If wleyw] < wle;;] and degree[v] < b and degree[w] < b
then S = S - {e,;} U {eyw}, goto 2.

T: If degree|[v] < b and degree[w] < b then goto 2.

end {loop 5}
end {loop 2}
8: Return S and its cost.

b) edited source code: line nos removed, states 1..8 identified




{Concitional Statement)
loop <= n

loop <= 20
Wievw] < Wleij}
divl<b
diw] < b
divl<b
diwj<b
{Procedural Statement)

{imperative Statement)

S e S - [eij} U {evw)
{Condilional Statement}
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x {Path)
13 {Tcansition}

.

8 {Sta‘lo)“
/O
2 ’
3 ' ‘
45,
£
oA
|
8 {preCondition}
loop n times
¢f removed
¢ < elj and e connects Ti & Tj
{oop 20 times
wi. of random edge vw < edge j
degree of node v less than b
degree of node w less than b
degree of node v less than b
degree of node w less than b
1 {Procedure}
generate DCST
5 {Action}
Raturn S and its cost
let oij be a random edge in S
let Ti & Tj be the subtreas
reacheable from i and j
lot evw be & random & not equal to &ij
update subset of edges
. {postCondition}

¢) Normalizea uyoMap: shaded area to be fliled (n
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e e e e e e e e . . x {Path)
ooooooooooooom(rm:m:m)
o . . . .. DCST gerrared =~ 1. e
0 . v e e e e e mmaronodntunmm
P more ndges 1o amine
O . . . L. e odoe  remoyed -
R 24gv § not emoyed ‘
0 . . . . .. # diterant wdge rom e axists
o .. ... 1o diferent adge ram e exist
P T a0 more random sdge to generate
o . . . . mote Fandom stige W generate
o . . . Jpdste 90t of pdges In DCSY
N ‘#a tpdate to et o) adges in DCST
. .0 . degrow of nodos v & w loss than b
S gdogree of v & w not Jass than b
LLL L L L L L L L L L L 8 (St
. . e 1:.5tart pengralion of DCBT
Luretumn of S and ity cost
$ldentityng subtress
. 4.testing of edpes
d §..salectimg & random sdge i
. G.updating sel of edgsa In DCST
s s 1:4e88ng degroa of nodb
BExit X

a o
)
L)
o
- e . .
®». a.
o
a
(-3
[- 9

. ™.
-
-

{Conditional Statement)} . GGG GGGGEGGGG GGG {pnCondmon)
loop <=n D loop n times
R S oij removed
B ¢ o eij and o connecta Ti & Tj
loop <= 20 e A foop 20 times
Wievw) < Wleij P T - wi, of random edge vw < edge |j
divl <b P | .o degree of node v less than b
diwj<b T B degree of node w less than b
divj <b degree of node v less than b
diwl<b e e e e e e e e e degree of node w fess than b
{Procedural Statement} . S § 8§ 8§ 8§ § 8 § § § S 1 {Procedure}
generate DCST
5 (Aclion)
. . Retvrn S and its cost
2 lot #ij be & random edge in S
O lot Ti & Tj be the sublrees
reacheable from i and |
B lst avw be a random & not equal 1o eij
S = S- (o) U {evw)} B update set of edges in DCST
{Conditional Statement) . GGG G GGG GGG G G G . (postCondition]

[2]

-

{Imparative Statermnent) . §8 8 8§ 88585 s8 8§ S§

0. 0~ ~
.. Wo o

-

d} Normalized infoMap: states and transitions added {shaded area)
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R T
0 O O O 13 {Transition}
. e e DCST generated
O . . . e e e e e e no more nodes to examine
0 . . . e e e e e more nodes to examine
e e e e e e e edge ij removed
- 2 edge ij not removed
0 . . .. .. a different edge from eij exists
o . . ... no dilerent edge from elj exist
S R no more random edge to generate
P T maore random edge to generate
P update set of edges in DCST
O - no update o set of edges in DCST
N - B degree of nodes v & w less than b
degree of v & w not less than b
8 (State)
. 1:.Start generation of DCST
d . 2..retun of S and its cost
3..idenlifying subtrees
. 4:.tesling of edges
d 5:.s0lectimg a random edge
6:.updating set of edges In DCST
7:.%esting degree of node
8Exit
$ {preCondition}
oop 4 ey
w4 ramoved.
8 <> o] 5d @ connpets & T}
$nap 20 timeg )
. . Wt of randem adge vw « Bdge §
, dograe ol node viless than §
degrae of node w lsss thai b
£ degrop of node viess than b
¢ degren of node w leds than b
§ 1 {Procedure}
8
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{Condjtlonat State nent)
60 <= N \

-

PR
y +-¢ 63

loop <= 20 +
Wiovw] < Wisij}
dvi<b
dwj<b
dvied

dwj«<b
{Procedura! Sistemant}
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mb¢i..~l-.-
w.
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tionprale DCST
5 {Avton) .
Batlrn S and {ts cost
%1 o ke a random adge in S
st ¥i 8 7] be the subtress
souchonbie om i and
. . e} avw bo a random & nps equal to eff
e« 1 . update sot ot pdgos in DCST
8 GG GGG O G . fpostConditionf

W, ®».

S N
b#Qm‘ ml
N

{imperative Statement}

AR P

PR T T P,
ta.

« .. B

PR

«

~
a .

S= S - {oi}} U [ovw) . .
{Conditional Statsment}) , G © &

0.
.

e} Normalized infoMap: state dlagram (unshaded areq)




{Conditional Statement}
loop <= n

loop <= 20
Wieww] < Wlei])
divj<b
diwj<b
divl<b
diw]<b
{Procedural Statement)

{Imperative Statement}

S:=S- {ey) U {evw}
{Conditional Statement}
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J) Normalized infoMap to be optimized: shaded area
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x (Path)
13 (Transition)

DCST ganerated

no more nodes (0 examine

more nodes to examine

edge |f removed

edge Jj not removed

a different edge from eij exists
no different edge from eij exist
no mors random edge to generate
more random edge to generale
update set of edges in DCST

no update 1o set of edges in DCST
degree of nodes v & w less than b
degree of v & w not less than b

8 (State)

1:.Start generavon of DCST
2:.return of S and its cost
3:.identifying subtrees

4:.testing of edges

5:.selectimg a random edge
6:.updating set of edges in DCST
7:.%esting degree of node

8:.Exit

9 (preCondition)

loop n times

@ij removed

o < eijand @ connects Ti & T)
foop 20 times

wi. of random edge vw < edge |
degres of node v less than b
degree of node w less than b
degree of node v less than b
degree of nade w fess than b

1 (Procedurs}

generate DCST

5 (Action}

Return S and its cost

let eif be a random edge in S

let Ti & Tj be the sublreus

reacheable from | and |

let evw be a random & not equal 10 @)}
update set of edges in DCST
ostCondition}
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o . . o e e e+« « o+ x {Path)
8 O 00 O O 0O O O 0O O O 12 (Transition}
O . .+ . e e e e . DCST generated
- no more nodes to examine
- more nodes to examine
O . . . ... edge ij removed
0 . . . . .. edge i} not removed
P - a different edge from ei} exists
P - no different edge from eij exist
c . . . . no more random edge to generate
o . . . more random edge o generate
o . . update set of edges in DCST
.0, end selection of random edge
e e e e e e e e . .0 continue selection of random edge
L L L L L L L L L L L L 7 (State}
s Coe e e e e e e e 1..Stant generation of DCST
d s 3 d . d . d d . 2:.examining all nodes of graph
d s 8 . . . . . . . 3..identifying subtrees
d d s 8 . . . . . 4:.testing of edges
d ¢ 8 . . d 5:.selechmg a random edge
d s s 8 6:.updating set of edges in DCST
Lood s s 7:.Exit
{Conditional Statement) . GG GG GGG G GG G G 7 ({preCondition)
loop <= n loop n times
t ot . .. eij removed
o @ <> eij and e connects Ti & Tj
loop <= 20 B T loop 20 times
Wievw] < Weij) t . wt, of random edge vw < edge ij
dvj<b t t ¢ degree of node v less than b
diw] <b T A Y - degree of node w less than b
{Procedural Statement}] . S § $§$ 8 8§ 8§ 8§ 8§ § 8§ 8 8§ 1 (Procedurs)
PO T . generate DCST
{Imperative Statement} . 88 8 8 $ 8 8 8 8 8 8 8 5 {[Action)
L Return S and its cost
O let oij be a random edge in S
1T ... let Ti & Tj be the subtrees
reacheable from i and j
D let evw be random & not equal to eij
S = S - {aij) U {evw) B update set of edges in DCST
{Conditional Statementf . G G G G G G G @ G G G G . {poatCondition)

g} Optimized and documented {nfoMap

Note: Steps - Optimized state diagram as Structured English (generated)
and source code (generated) - are to be done as in Fig. 5.2.4.1

Fig. 5.2.4.2 Control flow for Primal algorithm
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Inputs: G=(V,E),V={L,2,...,n},b>0.
Vi,j € V, w,, is the weight between 7 and j.

Definitions: P : set of nodes already in DCST. P C V.
S : set of edges already in DCST. S C E.
Vi € V, degree[i] is the current degree of 7 in DCST.
Vi € V, assume wy; = mingep wi,, let uft] = wp,, inili] = &

Algorithm: (1) Let P ={1},S=40.
Vj e V,let ini[j] = 1, ufj] = wy,.
While P#£ V do

(2)

(3)
(4)
(5)

(13)

(14)
(15)
(16)
(17)

begin

Let u[k] = min,ev_p ufj].
P =PuU{k}, S=SU {(ini[k], k), (k,ini[k]))}.
If PV then
Vj eV —P,ifuy, <ulj], let ulj] = wy,, ini[j] = k.

end

For each 7 € V s.t. degreefi] > b do
While degree[i] > b do
begin
For each j € V do

end

If e;; € S then f[j] = o0
else begin
Let T, and 7, are the two subtrees reachable
from 7 and j if e,, is removed from 5.
If =3¢ € E s.t. e # €, and ¢ connects T, and 7,
then f[j] = oo.
Let D = {(z.y) |z €T, and y € T} and
{ degree[z]) > b—1 and x # 4, or
degreelj] > b—- 1 and y # j, or
degree[j] = 1 and j # y, or
ery € Eyore,y € S,ori=r}
If D=T, x7, then f[j] = cc
else f[j] = max(z,y)e(T,x7,)~D Wiy — Way.
end.
IfVj € V, flj] = oo, then error(“No feasible solution™).
Let flk] = max,ev p)<o0 f1)-
Let z and y be the nodes defining f[k].
Let S =5 - {e,} U {es}-

(18) Return S and its cost.
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Fig. 5.2.3.5 Dats fiow for Dus! aigorithm

{Declurative Statement) 00 00O0COO0OCOOOGOOO 0 0 0 O 18 jArbute/datashject]
v 0 . . . . e e e e e e the se? of nodes
i 0 « e e e e e e e e e e 1, «.s N; NOdOS Of V
inif} o . Coe e e e . e Function; a node corresponding 1o |
} .0 C e e e e e .. anode inV
ug P - T S e e . an amay of weights
w 0 . . . . v .o 2.dimensional matrix of weights
P PR - T .. a subset of nodes
8 PR - P & subsat of edges in a graph
° R - N an edge
k . I .o a node not in P
b N I . max. edges connected 10 a node
€ . R T a set of edges
T - .0 . . & subset of the nodes In a graph
df] . . N R degres ofnade
x . .0 . a node of T)
Y . . .0 . a node of Ti
D . . . 0 . & matrix of nodes from Ti and T)
1] . . . .0 fine) mairix
{Conditional Btatement) F F FF F FF FF F F F F F F F F F 17 {preCondition}
[ | . N . .o | slem of V
P>V i, [ B . . . nodes in DCST not equal 1o V
WA < Uf) . L T SO Coe . wt. of cument edge < wt.of egde I}
degreef] » b | . | | I . degres of | 8. b
i | | I I Coe . oij not an element of S
1 [ ] I . so#i] and e connects Ti and T}
i 1 . [ [ x and y are siements of Tl and T) resp.
degres(x] > b-1 . . ] P T degres of x gt. > b-1
xol i . | node x not equal node |
degres(]] » b-t . i . [ I degres of ] gt. b-1
yol | R Lo node y not equal node |
degres(|] = 1 i . [ degree of | equals 1
. [ i | exy not an element of E
. I T [ axy an element of §
lax | . N | . node | equals node x
DaTi'Y} i i . i i D equals product of subtress T & T]
) = o t . . . final wis. not considersd any more
(Imperative Statement) F F FF FFF FF FFF F F F F F F 17 [Aclion}
P = {1) . . o . . . lot nodes in DCST be 1
Sw{) . . . o Lo e lot edges in DCST be 0
inilf) = 1 o J . . [ lot node corresp. 10 | be 1
ull] = Wt R T - T R e e assign current wt. 1o corresp. U] elem,
Ulk) := min(U]} [ ] . . ) e e . assigh min of U[i] to U[k]
S = S U{(Ini[k).k), (kInik}}} ! . . b | e e produce new DCST
P = PU (K} . . [ 2N P produce new edge subset
Ul = WK R T T A | Coe e update U[i]
Inif) = &k o t . . . . I Ce e update Inij)
P .0 Coe e Ratum S and its cost
() = - i . .. .0 do not consider final wis. any more
D = {(xy) . . e . vpdate product matrix, D
flj] » wij -wxy ] i [ - f 1 . o update final weights
Coe e ofror(*No feasible solution®)
1{x]:=max 5] o . i . . ® update final weights
o . | [ TN let x & y be nodes defining 1[k]
S = S-{sljjU{oxy) f I I T update eet of edges in DCST
{Conditional Stat F F FF FFF FFFFFFFFFFF {postCondition}
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a) source code: original (see page 145)

N =

13:

14:

Let P={1},5=0.
Vj € V, let ini[j] = 1, u[j] = wn,.
While P #V do
begin
Let u[k] = min,ev_pu[j).
P = PuU {k}, S = SU{(ini[k], k), (k,ini[k])}.
If P# YV then
Vj eV — P,if wy, < ulj], let ulj] = wy,, inifj] = k.
end
For each i € V s.t. degreefi] > b do
While degree[t] > # do
begin
For each j € V do
If e, S then f{j] = c0
els: begin
Let T, and T, are the two subtrees reachable
from ¢ and j if ¢,; is removed from S.
If ~3e € E s.t. e # ¢, and ¢ connects T, and 7}
then f[j] = oo.
Let D={(r,y) |z €T, and y € T, and
{ degree[z] > b—1and « # ¢, or
degree[j] > b—1and y # j, or
degree[y] = 1 and j # y, or
ey  E,or ¢y €S, 0ri =}
fD=T xT, ther fj]=oc
clse f[j] = max(zy)e(T, x7;)-D Wiy — Way.
end.
If Vj € V, flj] = oo, then error! “No feasible solution™).
Let f[k] = maX,;ev, f[;]<~ fl5)-
Let z aad y be the nodes defining f{£].
Let =85 —{e,;} U{esy}

end

15: Return S and its cost.

b) edited source code: line nos removed, states 1..15 identified
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2 O (]
8§ 000000000000 O0O0O0O OO O O19/Transition}
S T . .
. o . . .. . .
R . .
P T . .
. .0 ., . . N
. 0 . . . .
R - N o *
. N .
R T . . ’
o . . .
.o 0.
- .
R T
. R I .
f - B
. 0 . ~
. . L0 L. .
. P - B3 .o
e e e e e e e e e e e e e e e e .o w’ 0 .
L L L Lt L Lt L L L L L Ll L L L L 0({Stae) R
s . - e e e e e 73 e o
T T z
. ds s . d . . d . . .. . k3
R T 4%
P e O >4
d . . . . .8 8 . d . . . . . ",
. des . d . . . 75 .
.. d .8 8 d E 3 R
. . d . | s & 4%
N . d . d . 485, . . NN
{Conditional Statement) .G GGGGGGGGGGGGGG GGG G & {preCondition}
PR T T T I O jelemol V
P>V PO T T nodes in DCST not squal those in graph
P L T jolemotV-P
Wy < uf] FS e current Wi. < corresp. wi. in U]
degres(] » b R T T degree{i] > b
[wintinny . . . - LI final wis. not considered any more
{Procedural Statement| 8§ S §$ 8 S 8 8 888683 8688 8 S 85 8 8 1 (Precedure)
. . SN O RO call adge i| test
{Imperativo Statement} § 5 58S 585 8 S 8 88 8 88 8 S 8 8 8 14(Action}
P w1} 1. . s e e e e e e ist nodes in DCST be 1
Sw={} 2 . TS it odges in DCST be 0
inifj] = 1 1 .. . et node corresp. 10 | be 1
ulf) .= W1 2 Coe e e e e e assignh current wi. 10 corresp. U elem.
Uk} = min{U[)) P assign min of U[i] to U[K]
P .« P U (K} s e e e w e e e e e e e e e e e e procduce new DCST
S = S U{{Ini[K),%) (xIni[K})) 3 . e e e e e produce new edge subset
U]} = Wkj P T update U]
ini{] = k e e e e e e e 2 0 s s e e e e e e e update inifj)
. L Return S and its cost
1 . error{*No feasible solution®)
i[k)-emax 1[j] ] update tinal wsights
2 lot x & y be nodes delining flk)
S e S-(0ijjU{exy} O updaite set of edges in DCST
{Conditional Statement} .GGGBGGGGGEGGGEGGGGGAG GG G G . (postCondition}

¢} Normalised infoMiap: shaded areas to be filled {in



{Conditional Statement)

Pe>V

Wxj < u[]
degreafij > b
f{j}=infinity

{Procedursl Statement)

{imperative Statement)

P w1}

Sw{)

inf]) = 1

ulj] = Wi

Ulk] = min{U[}])

P PU{K

8 = 8§ Ullini[k).k) (k.ini[K}}}
Uf]} = Wi

Ini(] = k

i[k}'=max f[j}
S = S-{eijjU{exy)}

{Conditional Statement}
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x {Patn}
18 (Traneltion}

ntialized Notes & suger \n DORY
salect nodles of graph to Mnklalize

i nodes o graph indintized

Twodes n DEBT ool equal thaes in graph
fodes in DCET squil tose I graph
todes & OCST not equut thoss in gtaph
nodes I QOST equal thosa In graph
Ypuate Wt array slem,

™ update fo Wi, atray

all Wi, elemy, paicuisied

fegres of node ¢ A0t greater Sun b
degree 2 node | grenter than b
Yegrae of nade | Yraster than b
Yegren of nade | nol greater than b
solatt & nodha 1t V

H0 MOre NONS 0 select

oot §
m tanaitle soln.
oin. i {sasible

10 {State)

$L50art Injiaiication of noces § suges
Eimnatization of wis,

Sugenerating MIT

4.usiaction of all nodas

R.onioulation of wis slatne

Ranode saleciion

Fiuasting degrae of thal node
$.seloction of aach node la Vv

Y4%tanting for & Inasivie soin

LG

8 {preCenditien)

| slom of V
nodes in DCST not aqual thoss in graph
Jelemot V. P

current wt. < corresp. wi. in Uf)
degreall] » b

final wis. not considered any more

1 {Procedure)

cali edge Ij test

14 {Action)

let nodes In DCST be 1

let odges in DCST be O

lot Node corresp. 10 | be 1
assign current wi. 1o corresp. Uf} elem,
assign min of U[]) to Ujk)
produce new DCST

produce hew edge subset
update Uji]

update Inlff)

Return S and its cost
eorror{*No teasible solution®)
update tinal weighis

ot x & y be nodes defining (k]
updaie st of edges In DCST

. {postCondition)

d) Normalised infoMap: states and transitions added (shaded area)




{CandMtiohal Stetement}
PV

Wi} < ufj

degreoli} » b

{jeirdinity
{Procedyrsl Ylatemeni}

(Imperative Statement}

P (1)

8=}

iniff) = 1

Ul - Wi

unq » minfui)
PPy

B & S Uflinlik)k} (kInifkh}

V[l »» Wi

indf]) - k

1:emax 1

$ s S-{oiiU{my}
{Canditional Ststement}
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« . % {Pam} :
O O 10 (Transition}

initialized nodes & edges in DCST
select nodes of graph 1o inkialize

all nodes in graph Initialized

nodes in DCST not equal those in graph
nodes In DCST equal those in graph
nodes in DCST not equal those in graph
nodes in DCST equal those In graph
update wi. arrmay elem.

no update 10 Wt. array

&l wt. elems. calculated

degree of node | not grester than b
degrea of node i greater than b
degres of node | greater than b
degree of noda i not greatsr than b
select & node in V

no more Nodes 1o salect

next |

no feasible soln.

soln. is feasibie

10 {State)

1:.Start initialization of nodee & edges
2:initialization of wis.

3..generating MST

4:.selection of all nodes

S..caiculation of wis elems

6:.node selection

7:testing degres of that node
Bsslection of each node in V

14:108ting for a feasibie soin.

18:.Ext

P {pietonditiant

falomot v

muinDCSTndml thase {n eraph
jolmmol Y - P

Lurent A, < comesp. wi. in I}
degreell > b .

Enal wis. not considarad any mors

3 {Procedyrs)

suli adge Y fest

14 fAatlan}

fot nodes In OLST be Y

Jat adgos in DCST be 0

1) node corresp. 1o fbe ¢

assign succenm Wl 1o comesp. Ll elem.
asaign min of UL 10 UK

produce new OCST

produce new edge subset
ypoate UtH

vpdate inifl}

Raturn S and its cost
ot"No tassitte sdiytion™)
updals final weighis

ot 2 4 y be oues difiing (1K)
wpunin st ol nuges in DCEY

. {pastGandition} v



{Conditional Statement)

P>V

Wxj < uff]
dagreefl} > b
{[}=infinity
{Procedural Siatement}

{imperative Sitatement)
P = {1}
S:={
lnlU] -1
ulj) = W1
UiK] = min(U[i})
P = PU (k]
S = S U{(inifk),k) (k,ini[k])}
U{j] = Wi
lmm -k

fik]:=max fj]

8§ = S-{ey)U{exy)
{Conditional Statement}
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x {Path)

19 (Tranesition)
Initialized nodes & edges In DCST
select nodes of graph io initialize
all nodes n graph Initiaized
nodes In DCST not equal thosa in graph
nodes in DCST equal those in graph
nodes in DCST not squal thoss in graph
nodes in DCST equal those in graph
update wi. armay slem.
no update o Wi amay
all wt. eiems. calculated
degres of node i not greater than b
degree of node | greater than b
degree of node | greater than b
degres of node | not graater than d
select a node in V
no more nodes 1o select
next |
no {easible soln
soin. Is feasible

10 {State)
1:.5tan Initialization of nodes & edges
2:initialization of wis.
J..generating MST
4:.selection of all nodes
8:.caiculation of wis sleme
8:.node selection
7:.testing degree ol that node
8..selection of sach nade in V
14:teating for a feasibie soin.
165:.Exit

6 {preCondition}
jelemof V
nodes In DCST not equal those In graph
Jolemot V- P
current wi. < corresp wi. in U[}
degres{] > b
final wis not considered any mora

1 {Procedure)
call edge i temt

14 {Action)
ls! nodes in DCST be 1
lot edges in DCST be 0
lst node corresp. to | be 1
assign current wt. to corresp. U[) elem.
assign min ot U[i) to Ujk}
produce new DCST
produce New edge subsel
update U[f)
update Inifj]
Return 8 and its cost
enor{"No feasible solution’)
update tinal weights
ot x & y be nodes detining 1]k}
update set of suges In DCST

. {posiCondition)
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(] Ve C e e e e e e x (Path}
8 0000000000 O0O0 O O O G 16(Transition)
0L e e e e . sslect nodes of graph to inkialize
o . . . . all nodes in graph Initlalized
° . . . nades in DCST not equal those In graph
PO - nodes in DCST equal those in graph
S - S update wt. armay elem.
. PO 2 no update o wi, array
S all wt. elems. calculaed
PO - nodes in DCST equal those in graph
P - no more nodes 1o saarch for
TS - node found
. P continue search for node
TS T select & node in V
T no more nodes 10 select
P B next §
. . . . o . no fbasible soln.
. . P soin. is feasible
L L L L Lttt L L L L L L L L 7 (Sltate)
1 s . . Ve e e e e e e 1..S1an initlalizing nodes, edges, wis.
. ds s dd . . . . . . 2:.genarating MST
PR O e R T Ju.calkculation of wis elems
N .8 8 1 .4 ... 4:search for node i with dl > b
. . .4 .88 . d 6:. selecting a corresponding nods |
. .. . d L s e 14:1es1ing for & feasibie soin.
.. . d . . . . . d 16:.Exh
{Conditional Stslement} .G G GGGGGGGGGG GGG G & [preCondition)
Lt B I T T B jolem ot V
[ 233 PR T S S nodes In DCST not equal those in graph
P L L jolemot V. P
Wij < U] P e e e N current wi. < comesp. wi. in U[}
degree(i] > b C e e e e e e t ... degreefi] > b
{([jwee o e e e e e e P t ot final wis. not considered any more
{Procedurai Sistement} .8 88888358 83 88 85 8 8 S 1 [Procedurs)
. . [ call edge 1| test
{imperative Stsiement) 8 388 888 s 8 8 8 8 5 8 8 14 (Action)
Iniff] - 1t 1 . . « . S let node corresp. 10 | be 1
ulf} = Wy R N . .o . assign current wi. 1o coresp. U[ elem.
P {1} A T .o let nodes in DCST be 1
S} 2 . . [ let edges in OCST be O
Ulk) = min{U[]) . 1 . S assign min of Ufi] to U{k]
Pe PU (K . 2 . s e e e e e produce new DCST
S = S Ui(ini[k],k) (k,ini[k]}} PSP e e e e produce new esdge subset
Ulj) = Wi PR . . update Ufi]
nlff) ‘= X - .. update Ini{j}
.o N 1. N Return S and Its cost
C e e e e e e e e . 1 . emor{"No feasible solution®)
1[k):emax 1[j} C e e e e e e e e e | update final weights
. 2 ot x & y be nodes delining f[k]
S = S-{eljjU{exy) < update set of edges in DCST
{Conditional Staiement} ., G GGG GGGGGGGG GG G G . [posiCondition)

@ Optimized and documented infolay

Note* Steps - Optimized slate diagram as Siructursd English {(generated)
and source code (generated) - are 10 be done as In Fig. 5.2.4.1

Fig. 5.2.4.3 Control flow for Dual algorithm fmaln)
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{Conditional Statement)

0<>0i|

degree[x]» b-1
x<> i
degreefj]> b1
y<>]
degreelj] = 1

jmx
D=Ti*Tj
{Imperative Statement)}

'[j] = e

D:={(xy)
fig):= wij - wxy
{Conditional Statement)

8 .
d s 8
dds s
. d ds
. d
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G GGGGGG
[ I
t f .
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O O O O O 15 (Transition}
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x {Path}

. 0 P i L.
L L & (State) o
A L ST '
1118

1%

12%

s 13,
d 4
G

Dae. .

14 (preCondition)
oij not an element of S
oij removed from S
edge not equal edge i
e connects Ti and Tj
x & y elems of Ti and Tj resp.
degree of x gt. b-{
node x not equal node |
degree of y gt. b-1
node y not equal node j
degree of | equals 1
exy not an element of E
oxy an element of S
node | equals node x
D equals product of subtrees Ti & T]
4 {Action})
do not consider wis. any more
let Ti & T| be subtrees
. update product matrix, D
1 update final weights
. {postCondition)

t
s s
1

c) Normalized infoMap: shaded areas to be filled in
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e . . . . . .. .« . x {Path)
3000OOOOOOO0000015f‘rumltlon]
o . . . . . . . ﬁdgﬂ}m
o . . . . k
R I .
N .
.0 .. .
. 0, . .
0 L .. .
T
-
.0 . .
. .0 .
.0 .
o .

e e e e e e e e -]
L L ¢ L L L L Lttt Ll ittt

s 8 . . . .
. d s 3 . . .
. d ds s . . .
.d d s s 8 8 8 8 8 .
d dddddds s
. d e I
{Conditional Statement] . G G G G 6 G G G G G G G G G C 14 {pnCondlﬂon}
U oi} not an elementof S
R T A ¢ij removed from S
0<>0l] S - ndge not equal edge ij
t e . . . 0w o connects Ti and 7]
A S N T T S . x &y oloms of Ti and Tj resp.
degres(x]> b-1 PP { . c degree of x gt. b-1
Xei P | c node x not equal node i
degree(j]> b-1 P | c degree of y gt. b-1
ye i N c node ¥ not equal node j
degreelj] = 1 P [ degree of j equals 1
t . c exy not an element of E
e e Co A S - exy an element of S
jwx D T - node i equals node x
DeTi*T} O | D equals product of subtrees Ti & Tj
{imperativea Statement}] . 8 § 8 8 8§ 8 § § S 8§ § 8 8 8 8 4 (Action)
fli] = o A I TR | do not consider wis. any more
P ot Ti & Tj ba subtrees
D:wi{xy) A R T D T D TR update product matrix, D
f[j):= wij - wxy e | update final weights

{Conditional Statement) . G C G G G G G G G G G G G G G . (postCondition)

d) Normalized infoMap: states and transitions added (shaded area)



[Condfiional Statement}
e
donm}x]» Lal

y<»}
nmﬁ «)

jaX

D=-T"T} '
{imperativa Sistement}

fiil ' »

. Dmfixy)
H)w wij » wxy
{Coaditionst Siatemens}

Y9
. 00+ .

3

-

LI
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. et

R - S T T TR G PN
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o} Normalized infoMap: state diagram (unshaded area)
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.0 . . . .
P - 2 . .
O
. . . .. 0.
. P
LLiL L LtLtLL
s $ 8 8 8 8 . .
dddddds s
e . .. . d d
G GO GOAO G
[ T A O I
I O L R 4
Pttt toe ..
e e s B .
‘.-v.«?‘o
t‘»lv‘ 4"(‘0
liAOlo
"(0)‘4\
P N A
)('t lc‘"
(DAV.'-cv
S S |
85885988
s<o,¢0,r
1ttty ¢ 3 .,
GO RGO G

Qv » o W~

{Tunamon)
edge ij not in DCST
edge i| alretdy in DCST
eodge i removed from S
edge ijlsin S
an edgs not equa! to edge i} Is found
found anoher edge
node x ditterent from node |
node y different from node |
degree of | equals 1
exy not an slement of E
exy an slement already in DCST
node | equals node x
no update to D
wt. not considered any more
update final weights

¢ (Stale)

9:.Stast evaluating edge §
10:.crc ating subtrees

11..finding another edge
12;.calculating D

13:.evaluating D

14: testing for & feasible solution

14 fpreCopdition}

o not an slemont of §
«lj samoved from §
adge not squat wdge |
» connects Tt and 1]
% & y dlema of Tiand T} te8p,
dagree of X gt, b4
1N0de X 901 equal pode |
tegrew ol ¥ gt. bt
" fibde ¥ het equal rade
degrae of } aquals |
axy not an mament of €
»xy an sismant ot §
hode | equals node x
O equals groducs of sublrees Ti & 1]

4 (Action)

do nal consider wiv, My more
ot 11 & 1) bo sublrens
updala produst maldx, D
update (inal weighls

» fpemtCondition}
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{Conditional Ststement)

ec>elj

degree[xj> b-1
X<> i
dagreelj]> b-1
y<>)
degree[j] = 1

imX
DaTi*Tj

{imperative Statement)
= -

D:=i(xy)
)] = wy - wxy
{Conditional Stiatement)
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x {Path)

o 0 0 O O O 15 (Transition)

s

1

1

1

awe.

oo 0000O0 .

s

edge ij not in DCST

edge i| already in DCST

edge ij removed from S

edge ljisin S

an edge not equal to edge |j is found
found another edge

node x diffrent from node |
node y diffarent from node |
degree of | equals 1

exy not an element of E

oxy an element already in DCST
node | equals node x

no update to D

o . wt. not considered any more
. update final weights

L L 6 (State)

. 9:.Start evaluating edge ij

10:.creating subtrees
11:.finding anather edge

: . 12:.calculating D

s s 13:.evaluating D

d d 14:.testing for & feasible solution
G

G 14 {preCondition)
. ¢ij not an element of S
oij removed from S
edge not equal edge ij
e connects Ti and T}
x & y elems of Ti and T resp.
degree of x gt. b-1
nodo x not equal node |
degree of y gt. b-1
ncde y not equal node |
degree of | equals 1
exy not an element of E
oxy an eiement of S
node i equals node x
D equals product of subltrees Ti & Tj
4 (Action}
do not consider wts. any more
ist Ti & Tj be subtrees
. update product matrix, D
1 update final weights
. {postCondition}

tf
s 8
1 .

J) Normalized infolMap to be optimized: shaded area



{Conditional Statement)

ec>0lj

degree[x]> b-1
xol
degreelj]> b-1
yol
degreelj] = 1

imX

DaTi* T}
{Imperative Statement)

fm = e

D={(xy)
flillemax wy -wxy
{Conditional Statement)

Note: Steps - Optimized state diagram as Structured English (penerated)

0O 0O000O0O0DOOODOO OO
o . .
o . .
o .
o .
o .
o .
o .
o .
o .
0 .
o .
o .
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. - [+]
L ¢ L L L 1L L L LLL LU
s 8 . . R .
d s 8 s .
d d d s s 8 s s 8 8 . .
. ddd d dd d s s
d . . . . , . d d
G GGGG GGG GAGGG GG
t .
t f ot
t ¢
!t ¢ . .
ttt t i1t c
{ c
t . c
t c
r . c
t . c
t . c
1 . ¢
t ¢ . .
. .o t ot
S 885 $§$858S 858858 88
1 1 1

t11 11
GGGGGGGG GGG GG

gl Optimized and documented infokap

and source code (generated) - are to be done as in Fig 524.1

-
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x {Path})

14 {Transition}
edge |j not in DCST
edge i} already in DCST
edge i} removed from S
found an edge not o4. 0 edge |j
found another edge
node x different from node |
node y ditterent from node |
degree of | equals 1
exy not an element of E
oxy an eloment already in DCST
node | equals node X
no update to D
wi, not considersd any more
update linal weights

5 (Staw)
9:.Start evaluating edge |j
10:.crealing sublrees
12:.calculating D
13:.evaluating D
14:.testing for a feasible solution

14 {preCondition)

¢ij not an element ol S

¢ij removed from S

edge not equal edge ij

e connects Tiand T}

x & y sloms of Tl and Tj resp.

degree of x gt. b1

node x not equal node |

degree of y gt b-1

node y not equal node j

degree of j equals 1

oxy nol an element of E

exy an element ol S

node | equals node x

D equals product of subtrees Ti & T
4 (Action)

do not consider wis. any more

lot Ti & T} be sublrees

update product matrix, D

update final weights

{postCondition}

Flig. 5.2.4.4 Control flow for Dual algorithm (procedure)
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Anneal algorithm:
Inputs: G=(V,E),V ={,2,...,n}, b>0.
Ve € E, wle] is the weight for edge e.
Parameters for cooling schedule: M, Ty, and Ty. B = (to —t;5)/(Mtoly).
Definitions: S : set of edges already in DCST. SC E.
Vi e V, degree[] is the current degree of i in DCST.
Algorithm: (1) Usegen_dcst() to generate § for a DCST.
(2) Initialize queues @, and Q3 to be empty. Let ¢, = t,.
(3) Forall e € S, enqueue(Qy, ¢€); for all e € E — S5, enqueue(Qq, ¢).
(4) While t, > t; do
begin
(5) dequeue(Qy, e,,).
(6) If degree(i] = 1 or degree[j] = 1 then
enqueue(Q, e;,), let t; = £;/(1 + BL;), goto (5).
(7) Loop [E — S| times
begin
(8) dequeue(Qs, €ry).
(9) If degree[z] = b or degreely] = b then enqueue(Qa, e.,), goto (17).
(10) If e;, cannot connect the two subtrees created by removing
e,, from S, then enqueue(Q2, e,y), goto (17).
(11) Let A = w,, — w,, r be a ranudom number in [0, 1].
(12) IfA <0ore 2% >r then
begin
(13) Let S =8 ~{e;,} U{es}.
(14) enquete(Qy, ery), enqueue(Qq, ¢,).
(15) Let t, = t;/(1 + Bt,).
end
(16) enqueue(@s, €.,), let ¢, =1;/(1 + Bt,).
(an end {loop}
end

(18) Return S and its cost for the best solution encountered.
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Deciaratioe Stat ) 0O O OO0 O OOOO O 000 0 0 0 O 18 Attribute/DataObfect)
{ o . e e e e e e e e e e e e e 1, «. N; nodes of V
i .0 . e e e e e e e e & node In V
w TS - T 2-dimensional matrix o weights
s - a subsat of edges in & graph
[ N 2 an edge
cost of § e 2 summalion of weights in a tree
E L a sel of edges
H P - T N & node of 7]
y .0 e e e e e e a node of Ti
degree]) . PO 2 degres array
[ . Degres-consirained Spanning Tree
r P 0 . . . . .. a random number between O nad 1
1 o . . . . . a temperature
t R - & reduoer
8 o . . . beta, & constant use in temp. calculation
a o . . a difference between two weights
[=4] o . queus with edges already In §
Qe [ queue wikh edge not yet In §
KonditionalStatement) F F F F F F Fr r P Yy rrr r r rr r 9 preCendition
tiatt i P Initial temp gt. final temp
degreel] = 1 | Voo s e degres of | squalet
degreelj) = 1 P T degree of | equals 1
Loop [E-S]| times T Loop <= mod of E-S Umes
degresix} = b P e e degres of X equals b
degrealy) = b PN PO degree of y equals b
S T exy canno! connect the two sublrees
Acu0 P . [ - difierance in wis. less than or equals zero
{0*°-{AA))>r T o O number gt. 1
Frecedural Statement] F F rr»r»rrrrrPrrrrrrrrvFr
P B o . Use gen_dcs! 10 generats §
dmperativeStatement} F F F Fr F F F FP Fr F F PP Fr ryrr r 6t

Q1= {} S - T lot Queue 1 be empty

Q2:s {} P Ist Queus 2 be empty

ti =10 O < ot initial temperature de 10

onquaue(Q1,e) S [ T snqueue edge, 10 Quaue 1

onqueue(Q2,e) S [ | oNGUeUe H4ge,e 10 Queue 2
- T - T Return & and its optimum cost

dequeus{Q1,el]) [ O b remove edge from Queue 1

enqueus{Q1,alf) T T OO enqueue edge 1o Queus 1

tiz= tif(1+ beta_ti) Ot ¢ T caiculate new 1l

dequeue{Q2,exy) O O . remove edge from Queue 2

onqueue{Q2,exy) T T e, ) anquoue adge 10 Queus 2

A= wxy-wif I AN A B caicviate wi. diierence
e e PR - T  ba & random number in [0,1]

S:a S-{eljjU{exy] i1 . b I updale set of edges in DCST

onqueue{Q1,exy) | O onqueus edge xy to Queus 1

I
. |
enqueus(Q2,el}) | S O < enqueue edge | to Queve 2
fConditionalStatement] F» F F F F Fr F P F F rrrr Frrr r 2 pestCmdition
[ I | S o an slement of §
t Eooos e e o s element of E-§

Fig. 5.2.3.8 Data flow for Anneal algorithm
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a) source code: original (see page 158)

et

Use gen_dest() to generate S for a DCST.
Initialize queues @, and @2 to be empty. Let ¢, = 2.
2: For all e € S, enqueue(@y, €).

3: forall e € E — S, enqueue(Qq, ¢€).
4: While t; > t; do
begin
5: dequeue(Qy, e,,).
6: If degree(:] = 1 or degree[j] = 1 then
enqueue(Q1, ¢,,), let t, = ¢,/(1 + Bt,), goto 5.
T Loop [E — S| times
begin
dequeue(Qz, €y ).
8: If degree[r] = b or degree[y] = b then enqueue(Qz, ey ), goto 7.
9: If ¢, cannot connect the two subtrees created by removing
e,, from S, then enqueue(Q),, e, ), goto 7.
Let A = w,, — w,,, r be a random number in [0, 1}.
10: If A <0ore 2/t >r then

begin
Let S =5 — {e,} U{es}.
enqueue(Q;. e5y), enqueue(Qy, €,,).
Let t, =1t,/(1 + Bt,).

end

enqueue(Q, e, ), let ¢, =t,/(1 + Bt,).
end {loop}
end
11: Return S and its cost for the best solution encountered.

b) edited source code: line nos removed, states 1..11 identified




{Conditional Statement)

it

degree(i] = 1
dagree(] = 1
Loop |E-S] times
dogree(x] = b
degreely] = b

Acs O
(0**-{A/ti))>r
{Procedural Statemmnt)

{Imperative Statement)
Q.=
Qe {}
i =10
enqueve(Q1.0)
anqueue(Q2.e)

dequeve (Q1,ei))
enqueue(Q1,ei)
tize tU(1+ BY)
dequeue{Q2,exy)
snqueus(Qx2.xy)
Ale WXY-wij

S S-{eljjUfexy}

onquone(Q1 exy)
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L 11 (Satd

L5
®
23
L3
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[ 18
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%
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{preCondition)

o an slement ol 8

o an slemen of E-S

initial 1emp pt. tina! temp

degres of | squaie 1

degree of | squals ¢

Loop <= mod of E-S times

degree of x equals b

degres of y squais &

ey cannol connect the two Subtrese
Jitlerence in wis N or equale 2er10
number gt 1

'
1
8 | (Frocedurd

Use gen_dcst 10 generale S

8 16 (Actien)

lot Queus 1 be ermpty

lot Queus 2 be emply

fot inlial temperatyre be t0
onqueus edge.e 10 Queue 1
enqusus sdge.e 1o Queve 2
Return S and ks optimum cos?
remove edge from Queue 1
onqueve #3ge 1o Gueus 1
calculate new 1l

temove edge trom Queue 2
snqueus edge to Queue 2
caiculals wi. difference

¢ be & random number in [0,1]
update sat of edges in DCST
enqueus 8300 xy to Queve 1
enqueus sdge § 10 Queve 2

(pestCendition)




{Conditional Statemant)

totf

degrea(] « 1
degreo(j e 1
Loop |E-5{ times
degree(x] « b
degree(y] = b

Acw 0
(@°°-(an)ir
Procedural Statemen t]

{mperative Statement}
)
= {)
ti=10
snqueuve(Qt.e)
anqueues(Q2,e)

dequeue(01,eij)
snqueus|(Q1,eij)
e th(1s B
dequeus(02,exy)
anQqueve(Q2.xy)
A= wxywl

S« S-{efjjUlexy}

engqueue(D!.exy)

snqueus(Q2,eij)
{Conditional Statarani]
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2 11 (precendition)

& an sloment ol §

@ a1 slemant of E-S

inltial temp gt. tina! temp
degree of | equals

degres of | equas

Loop <= M2d of E-S limes
degree of x equals b

degres of y equaks b
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oxy CANNOL comnect the two subiress
diiersnce in wis. k oc equais 2eic

nymber gt. 1

1 Precedured

Uss gon_dcst © generate S

16 gAction)

iot Cusue 1 be empty

lot Qusue 2 be emply

let Intial temperature be 10

onqUeLe adge.e o Queue 1

anquous edge.c 1o Queve 2

Retwrn S and ks optimum cost

remove edge from Queue 1

nqueve edge 1o Queve 1

calcviate new i

remove edge from Queue 2

MUIS odge 10 Qusue 2

calculate wi, differsnce

7 be & random number in [0,1)

updale set of edges In DCST

nqLeUe edge 1y 1o Queve 1

aqueve edge | 10 Queve 2
{postCendition)
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{Conditional Statement] .

tbtt

degree(] = 1
degreal] = 1
Loop |E-S) imes
degree(x]) = b
degreely) = b

A<= Q
(87"~ (anij)>r
FPrececiural Statement)

Imperative Statement)
Ql.={
Ra{)
ti - t0
enqueuvs(Ql,e)
enqueus(Q,e)

dequeus(Q1,eif)
snqueus(Q1,ei))
tie  ti/(1+ BU)
dequeus{02,exy)
snqueve(Q2.xy)
Alm  way-wij

S.= S{eijujexy)

enqueus(Ql,.exy)

enqueus(Q2,6ij)
{Conditional Statement)
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orath

(Transition)
Witialized qQueves
gy shqueue 1o Of
O MO8 piges for Ot

adge { en
dl::»ﬂmquu

ok dagree of x & y Aot wguat b
ahusve adge 0 02

<calculate wi, ditterence

wpdale st of edges In DCST
widaie set of edgas In DCST

3 omaics unchanged

11 (Stated

1

e gunenaiin ol 8
2u.enquaniing adges to Queust

Ledueuing adges Jo Quaus?
At aviuating cooling schedule
$.9queiing edges irom Quauet
$.calculating nkin oooling
Tekoping LE-8f times
Banquening sdges 10 Queue2
Woskuiating wi. dilfetances
10.updating ast of sdges in DCOT
15.50m § & Us oool

11 (preCendition]

o an slement o S

o an slement of E-S

initia! 1emp gt. tinal temp
degree of | equals 1
degree of | equals 1

Loop <= mod of E-S times
degres of x equals b
degres of y equals b

{poe

oxy cannct connect the two subirees
ditference n wis R of equals 290
numder gt 1

Uss gen_dost 1 generale S

16 (Actien]

lot Queus 3 be emply

It Queue 2 be emply

jot initial temperature be 10

nqueve 8dge,e 1o Queus 1

onqueve adge.e 1 Queue 2

Retn 8 and s oplimum cost

remove sdge from Queus 1

snqueue edige 10 Cueve 1

caicviate new i

remove edge from Queus 2

enqueue edge to Queve 2

calculate wt. ditterence

1 be & random number in [0,1]

updete set of edges in DCST

enqueve edge xy 0 Queve 1

enqueve edge | 1o Queue 2
Condition)



163

. 5285

T
. Mmuwmm
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m £¥27e!

NO more edges 0 remove from Q2
degree of node x equais b

update sst of 8dges in DCST
update set of edges in DCST

S remains unchanged
L 11 (State)

both degres of x & y not equal b
enqueus edge 10 Q2

new ti not > tinal

odge | enquave 10 Q1

degres of node | equals 1
degree of node | equals 1

both degres of | & | not squal 1
more edges to remove from Q2
degree of node y equais b
calcuiate wi. difference

2:.enquauing edges o Queust
J..enqueuing sdges to Queve?

1:.Start genecation of §

4L

102 updating set of edges In DCST

11retun S & Ns cost

© G GOAGOODG G 6 1 ipreCondtim

5:..dequeving edges from Queue1
8:.calcuiating Initial cooling
7:.booping [E-S| times
8..enqueuing sdges 1o Queue2
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{Conditional Statement)

bl

degree(]] = 1
degres() = 1
Loop |E-S] times
degreex] = b
degreely] = b

Ac=0
(@ (Mi))>r

FPrecedural Statement)

(mperative Statement)

Qs )
Q2w O
= t0
enqueue(Q1,e)
enqueus(Q2,e)

dequeues(Q1,eij)
ongqueus(Q1,ei))
tim {1+ B1i)
doqueve{Q2.exy)
enqueua(Q2,xy)
Als wxy-wij

S:= S-{elf}Utexy}
enqueue(Q1,exy)
enqueue(Q2,eij}

{Conditional Btatament)
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Pat

{Transition)
hnitlalized gqueves
edge snqueus 10 O
no more edges for Q1
sdge engueue 1 Q2
no mote edges for Q2
now ti > final 1
new t not > finw t
adge i enqueus 1o Q1
degres of node | equals 1
degrea of node | equals 1
both degree of | & | not equal 1
mofe sdges 1o remove from Q2
ho Mmore edges 10 remove trom Q2
degree of NOde X equAls b
degres of node y equals b
both degree ol x & y not equsi b
nqueve edge o 2
calculate wit. ditterence
update set of sdges In DCST
updaie set of edges In DCST
S remaine unchanged

11 (Statd

1.9tarn generation of 8
2.enqueuing edges 0 Queve !
3JLenqueuing « jges W Queuve?
4..ovalualting cooling scheduie
§.dequeuing edges from Queust
§..calculating Inkial cooling
7.Jooping |E S| times

§: enqueuing edges 1o Queue?

9 calGulating wi, dillerences
10. updating set of edges in DCST
11.return S & ke cost

11 (preCondition}

o an slement of S
o a1 elemaent of E-S
Initlal temp gt. tinal temp
degree of | equale 1
degree of | squale 1
Loop <= mod of E-8 times
degres of x equals b
degres ol y equals b
axy cannot connect the two subliees
ditierence In wis K or equals zer0
number gt 1
Precedrrel
Use gen_dcst 10 generals S

1'0 {Action}

ist Queus t be empty

it Queue 2 be empty

iot inkia! tempersture be 10

snqueue edge.s to Queus 1

enqueus adge.e 1o Queue 2

Return S and Rs optimum cost

remove edge from Queue 1

snqueue edge to Queus 1

calculate new tl

remove edge irom Queus 2

nqueues edge 1o Queus 2

calculate wt diiference

1 be a random number in [0,1]

updale set of edges in DCST

anquaue edge ty 10 Queus 1

enqueue edge § 0 Queus 2
(pestOundition)




{Conditional Statemant)

tbtt

degree(l] = 1
degree(} = 1
Loop |E-S} times
degredfx) = b
degreely] = b

A<el
(o°*-(ath))>r
Procedural Statement}

{Imperative Statement]
Qe {}
Q2. [}
i w10
enqueve(Q1,e)
onqueue(Q2,e)

dequeuve(Q1.elj)
onqueve(Q1.ef)
e W(1e B1)
dequeve(Q2,exy)
onqueus({Q2,xy)
a.» Wxy-wij

S« S-{eijjU{exy)
anqueva(Q1,exy)
anqueue(Q2,ei)

{Conditlonal Statement)
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. . x (Path]
o O 18

{Transitien)
Initiatized queves
sdge enqueve to Q1
edge enqueve o G2
new ti not > final t
new ti » final t
sdge 1j enqueve to Q1
both degres of | & | not equal 1
sither degres of | or ) equals 1
more edges o remove from Q2
no More edges 10 remove from Q2
both degroe of x & y not equal b
sither degree of x or y equals b
nqueus edge to 02
calculate wi. difference
S remains unchanged
update set of edges in DCST

11 (State}

1. Sart generation of S
2..enqueuing edges to Quevet
31enqueuing adges to Queue2
4:.ovaluating cooling achedule
5.dequeuing sdges from Quevet
8:.calculating Initial cooling
7.looping (E-S times
8.enqueuing edges to Queve2
9:.caiculating wi. dHf
10:.updating set of edges in DCST
11.return 8 & its cost

$ (preCondltion)

initial temp ¢t fina! temp

degree of i squals 1

degree of | equals 1

Loop <= mod of E-S times

degree of x equals b

degreec! y squals b

oxy ct the two subt
difference in wis. It or equals zero
number gt 1

1 (Procedurd

Use gen_dcst 1o generate S

16 tAction)

let Quaue 1 be emply

iot Queue 2 be empty

It initial temperature be 10
enqueus sdge.e 1o Queus 1
onqueus edge.e 1o Queus 2
Return S and its optimum cost
remove edge from Queue |
enqueus edge 10 Queus 1
calculate new ti

remove edge from Queue 2
enqueus edge 10 Queue 2
calkculate wt. dilference

r be a random number in (0,1}
update sat of edges in DCST
anqueue edge xy 10 Queus |
enqueve edge i to Queus 2

2 [(postCondition)

o an slemen ol S
@ an slement of E-S
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Appendix V

Skeletonization of Binary patterns algorithm

This appendix contains the transformation of one procedure and two

functions, namely, SKELETONIZE(), EDGEPOINT() and SAFEPOINT(

respectively.
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procedure SKELETONIZE(var PATTERN : pat_type;

var

begin

end,;

j, first row, last_row : integer; var d : integer);

row : integer,

column : integer,

p: pointer;
{the variable p is used when referring to the point
PATTTERN(row, column].}

n: 8-neighbours;

{the variables n[0] to n[7] are used when referring to the
point PATTERN{row, column].)
n: 8-neighbours  ({the variables n{0] to n[7] are used when
referring to the 8-neighbours of the point p.)
border - border_type;
{I~dicates which 4-neighbour caused the point p to become an edgepoint.}

for row := first_row to last_row do
for column := 1 to MAXCOLUMN do
begin
if DARK(p) then
{a point is considered to be DARK if it has the
value ZERO. ie. it1s not a safepoint.]

if EDGEPPOINT(n[j],n[j+4],border) then
{test each dark point to see if it i3 an edgepoinc.)

begin
if SAFEPOINT(n,border) then
{Test each edgepoint to see whether it is
a safepoint. If 1t is a safepoint, then the point
is labelled by the value i. Otherwise, the point
becomes a flagged point and is labelled by the value
(i - MAXINT).)

p:=i {a safepoint)
else

p:=i - MAXINT; {a flagged point)
ADJUST(p,row,column);
{The procedure ADJUST, will be used only by the
data d. ;omposition implementation. However it
has been included here so that only one version
of the procedure SKELETONIZE needs to be presented.)
end
else
di=d+1;
{The point is a dark point which is neither flagged
nor declared to be a safepoint, so we increase our
counter d.)

end;

a) source code: original
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procedure SKELETONIZE(var PATTERN : pat_type:
j, first row, last_row : integer; var d : 1nteger);

var
TOW ! integer;
column : integer;
p: pointer;
{the variable p is used when referring to the point
PATTTERNIrow, column}.}
n: 8-neighbours;
fuie variables nl0] to n[7] are used when referring to the
point PATTERNI[row, column}.}
n: 8-neighbours {the variables n[0] to n{7} are used when
referring to the 8-neighbours of the point p.)
border : border_type;
(Indicates which 4-neighbour czused the point p to become an edgepoint.|
begin
1: for row := first_row to last_row do
2: for column := 1 to MAXCOLUMN ao
begin
3: if DARK(p) then
{a point is considered to be DARK if it has the
value ZERO. ie. it is not a safepoint.}
4: if EDGEPPOINT(n{j],nlj+4],border) then
{test each dark peoint to see if 1t 1s an edgepoint }
begin
5: if SAFEPOINT(n,border) then
{Test each edgepoint to see whether 1t 1s
a safepoint. If it1s a safepoint, then the point
is labelled by the value1. Otherwise, the point
becomes a flagged point and is labelled by the value
(i - MAXINT).)
p:=i {a safepoint)
else
p :=i - MAXINT; {a flagied point)
ADJUST(p,row,column);
{The procedure ADJUST, v:ill be used only by the
data decomposition implementation. However it
has been included here so that only one version
of the procedure SKELETONIZE needs to be presented |
end
else
di=d+ 1
{The point is a dark point which is neither flagged
nor declared to be a safepoint, so we increase our
counter d.]
end;
end;

b) edited source code: states 1 .. 6 identified



{Conditional Statement)
row = lirst_row to last_row
column "« 1 to MAXCOLUMN
DARK(p)
EDGEPPOINT(n[)],n[j+4),border)
SAFEPOINT(n,border)
{Imperative Statement)

d'=d+1;
p ‘= i- MAXINT
pi

{Conditional Statement)

{Conditional Statement)
row ‘= first_row to last_row
column ‘= 1 to MAXCOLUMN
DARK(p)
EDGEPPOINT(n[j}.n[j+4].border)
SAFEPOINT(n,border)
{Imperative Statement)
ded+1,
p .= i- MAXINT
p=l
{Conditional Statement)
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x fPath)

6 [State)
1.
2
X
4
s
B
5 (preCondition)
within permissible rows
within permissible columns
point is DARK
dark point is an edgepoint
edgepolint Is a safepoint
3 [(Action)
increase counter d
label point by value of -MAXINT
label point by value of i
. {postCondition)

¢) Normalized infoMap: shaded area to be filled in
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O 10 (Transition]
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1
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Yy nexy row

no more columns

4y next column

point s not dark

point i datk '

dark point is not an edgepoint

dark point I an gdgepoint

edgepoint is not u safopoint

odgepoint i & salapoint .
6 [State] :

Latar: raw taslng
Z:.column festing '
atesting for dark point
4:tauting for edgapoint

nteuting for safopoiv

el

5 ({preCondition)
within permissible rows
within permissible columns
point is DARK
da'k point [s an edgepoint
edgepoint is a safepoint

3 (Action)

Increase counter d
label point by value of -MAXINT
label point by value of i

. (postCondition]

d) Normalized infoMap: states and transitions added (shaded area)



foonditional Statement)
row ~ first_row to last row
column 2= 1 to MAXCOLUMN
DARK(p}
EDGEPPOINT{nfj}.n{}+4},border)
SAFEPOINT(n bordar)
{Imperative Statement}
dwds 1}
P i~ MAXINYT
p=i
{Condlitional Statement)

{Conditional Statement)
row = first_row to last_row
column := 1 to MAXCOLUMN
DARK(p)
EDGEPPOINT(n[j],n]j+4],border)
SAFEPOINT(n,border)
{Imperative Statement)
dmd+1,
p =1 - MAXINT
p=i
{Conditional Statement]
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0 O 10 [Transition)

Mo -

[ Bl

8.

no MOFe rows

gy next row

no more columns

try next column

point is not dark

point is dark

dark point Is not an edgepoint
dark point is an edgepoint
edgepoint is not a safepoint
edgepoint is a satepoint

6 (State]

1..start row lesting
2..column testing
3:testing for dark point
4;.testing for edgepoint
5:.testing for safepoint
6: exit

5 ({preCondition]

within permissible rows
within permissible columns
point is DARK

dark point I8 an edgepoint
sdgopoint is a satapoint

3 {Action)

intraase countsr d
label point ty value of (-MAXINT
labet point by value of |

»  {postCondition)

¢) Normalised infollap: state diagram (unshaded area)
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X (Path)

0 10 (Transition]

Q

»

no More rows

ry next row

no more columns

try next column

point is not dark

point is dark

dark point is not an edgepoint
dark point is an edgepoint
edgepoint is not a salepoint
edgepoint is a safepoint

€ (State)

.start: row testing
. column testing
:testing for dark point
.testing for edgepoint
:testing for safepoaint
6:.exit
5 (preCondition]
within permissible rows
within permissible columns
point is DARK
dark point Is an edgepoint
edgepoint Is a safepoint
3 {Action)
Increase counter d
labet point by value of FMAXINT
labet point by value of i
{postCondition)

[ANE S S

J) Normalized infoMap to be optimized: shaded area
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{Conditional Statement)
row .= first_row to last_row
column ‘= 1 to MAXCOLUMN
DARK (p)
EDGEPPOINT (nljl.n([j+4] border)
SAFEPOINT(n,border)
{Imperative Statement)
p=l
p =] - MAXINT;
di=d+1;
{Cond({tional Statement]
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{Path)
{Transition)
No mMore rows
permissible row
found safepoint
found edgepoint
point is dark
try next column
iry next row
3 (Stats)
1.star: row tesling
2:procaessing of patiern
3:.exit
5 (preCondition)
within permissible rows
within permissible columns
point is DARK
dark point is an edgepoint
edgepoint is a salepoint
3 {Action)
label point by value of |
label poirt by value of FMAXINT
increase counter d
. {postCondition}

- X

g} Optimized and documented infoMap

Note: Steps - Optimized state diagram as Struciured English and source
code (generated) - are 10 be done as in Fig. 5.3.4.1

Fig. 5.3.4.2 Control flow for procedure SKELETONIZE
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function EDGEPOINT(n[j],n[j+4] : pointer;

begin

end;

var border : border_type) : boolean;

(A point p, is considered to be WHITE if it satisfies the
following condition :
(value of p) < (i - MAXINT).
That is, the point is an original white point, or
it is a flagged point.

The variable border, returns the value indicating which
boolean expression S[border] should be tested, (where
border = 0, 2, 4, 6), to detect safepoints.}

if WHITE(n{j}) then
{Test for either a right or top edgepoint.}
begin
border := j;
EDGEPGINT := TRUE;
end
else if WHITE(n[j+4]) then
{Test for either a left or bottom edgepoint.}
begin
border :=j + 4;
EDGEPOINT := TRUE;
end
else
EDGEPOINT := FALSE;

a) source code: original
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function EDGEPOINT(n[j},n[j+4] : pointer;

begin

end;

var border : border_type) : boolean;

{A point p, is considered to be WHITE if it satisfies the
following condition :
(value of p) < (i - MAXINT).
That is, the point is an original white point, or
it is a flagged point.

The variable border, returns the value indicating which
boolean expression S[border] skould be tested, (where
border = 0, 2, 4, 6), to detect safepoints.}

if WHITE(n[j]) then
{Test for either a right or top edgepoint.}
begin
border := j;
EDGEPOINT := TRUE;
end
else if WHITE(n[j+4]) then
{Test for either a left or bottom edgepoint.}
begin
border :=j + 4;
EDGEPOINT := TRUE;
end
else
EDGEPOINT := FALSE;

b) edited source code: states 1 .. 3 identified



(o] .
S 0 0 0 O
0 .
o .
[o] .
. [o]
L L L L
S S .
d s s
.. d . d d
{Conditional Statement} . G G G G
WHITE(n[))) Lottt
WHITE((n[1+4]) . t
{Imperative Statement) . §$§ 8§ § S
border := j; A
border := j+4; ..o
EDGEPOINT := TRUE; .2 .2 .
EDGEPOQINT := FALSE: A |
{Conditional Statement) . G G 6 G

c) Normalized infoMap:

[0} .
S 0 0 0O
o .
(o} .
o .
o
L L L L
s s .
d s s
d . d d
{Conditional Statement) . GG G G
WHITE(n[))) A A
WHITE((n[j+4]) A
{Imperative Statement) . 8§ 8 8§ S8
border = j; N
border := j+4; oo
EDGEPOQINT := TRUE: .2 .2 .
EDGEPOINT := FALSE; . o1
{Conditional Statement) . 6 G G G

d) Normalized infoMap:

x

{Path)
4 {[Transition)

3 [State)
1.
2;.
3.
2 [preCondition)
either a nght or top edgepoint
either a left or bottom edgepoint
4 [Action}
let border be rnight or top edgepoint
let border be left or bottom edgepoint
set edgepoint te true
set edgepoint to false
{postCondition)

shaded area to be filled in

x ([Path}

4 [Transition]
right or top edgeooint
not a right or top edgepoint
left or bottom edgepoint
not an adgepoint

3 (State}
1.start: testing for right or top edgepoint
2:testing for {eft or bottom edgepoint
3:.axit

2 ({preCondition)
either a night or top edgepoint.
either a left or bottom edgepoint.

4 (Action)
let border be right or top edgepoint
let border be left or bottom edgepoint
set edgepoint to true
set edgepoint to false

(postCondition)

stules and transition added (shaded arca)
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{Conditional Statement}
WHITE(n[j]))
WHITE (n[j+4))
{Imperative Statement}
border := j;
border = j¢d;
EDGEPOINT .= TRUE;
EDGEPQINT = FALSE;
{Conditional Statement]

e) Normalized infoMap:

{Conditional Statement)
WHITE(n[)))
WHITE(n[)+4])

{Imperative Statement)
border := |,
border := |+4;
EDGEPOINT .= TRUE;
EDGEPOINT := FALSE;

{Conditional Statement)
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(Path}
4 (Transition)
right or top edgepoint
not a right or top edgepoint
left or bottom edgepoint
not an edgepoint
3 ([State)
1..start; testing for nght or top edgepoint
2:.testng for left or bottom edgepoint
3:.exit
2 {preCondition]
gither a right or top stigepoint,
elther a left or bottom edgepoint.
4 {Action)
Jet bordar be right or top edgepoint
let border be left or bottom edgepoint
sat edgepoint 10 true
set edgepoint to false
{postCondition}

>

state diagram (unshaded area)

x {Path]

4 (Transition)
right or top edgepoint
not a right or top edgepoint
left or bottom edgepoint
not an edgepoint

3 (State}
1:.start: testing for right or top edgepoint
2:.testing for left or bottom edgepoint
3:.exit

2 (preCondition}
either a nght or top edgepoint.
either a left or bottom edgepoint.

4 {Action)
let border be right or top edgepoint
let border be left or bottom edgepoint
set edgepoint to true
set edgepoint to false

(postCondition)

f) Normalized infoMap to be optimized: (shaded area)
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O . . . X f[Path)
§ 0 0 O 3 ({rransition)
o . . right or top edgepoint
o . left or bottom edgepoint
. . 0 not an edgepoint
L L L 2 (State)
s 8 8 1:.start processing point
d d d 2:.exit processing point
{Conditional Statement) G G G 2 (preCondition)
WHITE(n{i}) t 1 f either a right or top edgepoint.
WHITE(n[j+4]) ot f either a left or bottom edgepoint.
{Imperative Statement} S 8 8 4 (Action)
border := |; 1 . {et border be right or top edgepoint
border := j+4; R let border be left or bottom edgepoint
EDGEPOINT := TRUE; . 2 2 . set edgepoint to true
EDGEPOINT := FALSE; ot set edgepoint to faise
{Conditional Statement) . G G G . [postCondition)

g) Optimized and documerited infoMap

Note: Steps - Optimized state diagram as Structured English (generated) and source
code (generated) - are to be done as in Fig. 5.3.4.1

Fig. 5.3.4.3 Control flow for function EDGEPOINT
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function SAFEPOINT(n : 8-neighbours; border : border_type) : boolean;
{This function evaluates the appropriate safepoint boolean expression and
returns TRUE if the point is a safepoint and FALSE if it is not.}
begin
case border of
0 : {Evaluate for a right safepoint.}
SAFEPQOINT := not(n[4] (n[5] + n[6] + n[2] + n[3])
(n[6] + not(n[7])) (n[2] + not(n[1]));
2 : {Evaluate for a top safepoint.}
SAFEPOINT := not(n[6] (n[7] + n{0] + n[4] + n[5])
(n[0] + not(n[1])) (n[4] + not(n[3]));
4 : {Evaluate for a left safepoint.}
SAFEPOINT := not(n[0] (n[1] + n[2] + n[6] + n[7))
(n[2] + not(n[3])) (n[6] + not(n[5]));
6 : {Evaluate for a bottom safepoint.)
SAFEPOINT := not(n[2] (n[3] + n[4] + n{0] + n[1])
(n[4] + not(n[5])) (N[0] + not(n[7]));

end; ({case)
end

a) source code: original

function SAFEPOINT(n : 8-neighbours; border : border_type) : boolean;
{This function evaluates the appropriate safepoint boolean expression and
returns TRUE if the point is a safepoint and FALSE if it is not.}
begin
case border of
: 1: 0 : {Evaluate for a right safepoint.}
| SAFEPOINT := not(n[4] (n[5] + n[6] + n[2] + n[3])
(n[6] + not(n[7])) (n[2] + not(n[1}));
‘ 2: 2 : (Evaluate for a top safepoint.}
SAFEPOINT := not(n[6] (n{7] + n[0] + n[4] + n(5])
(n[0] + not(n[1])) (n[4] + not(n[3]));
3: 4 . {Evaluate for a left safepoint.}
SAFEPOINT := not(n[0] (n[1] + n[2] + n[6] + n[7])
(n[2] + not(n[3))) (n[6] + not(n[5]));
: 4: 6 : {Evaluate for a bottom safepoint.}
| SAFEPOINT := not(n[2] (n{3] + n[4} + n[0] + n[1])
(n[4] + not(n[5])) (n[0] + not(n[7]));
end; ({case}
end

b) edited source code: states 1 .. 5 identified




[Conditional Statement)
border = O
border = 2
border = 4
border - 6
{Imperative Statement)
SAFEPOINT = not(n[4) (n}{5] + n{6] + n{2] + n[3))

(n[6] + no(n|7i)) (n(2] + notn[1))).

SAFEPOINT = nolnl6] (n7] - n[0] » nl4] » n|5})

(nf0] » notin[1]y} (n[4] « not(n(3}).

SAFEPOINT = nol(n[0] (n{1] - nf2] + n(6] + n[7))

i

{nf2] » noi(n|3)}) (n|6} » not(n|5))).

SAFEPOINT = not(n[2] (n[3] - n[4) + n[O] + n[1]}
(nf4] « noln(5])) (n[0] +» not(n{7}}}
{Conditional Statement)

{Conditional Statement)
border = 0
border = 2
border = 4
border = 6
{Imperative Statement}
SAFEPOINT = nol(n[4] (n]5] + n[6] + n[2} » n[3))
(n[6] + not(n[7])) (n[2] + not{n[1))).
SAFEPOINT = not(n{6] (n{7} + n{0] + n{4] + n[5]}
(n{0] + not(n[1])) (n[4) + not{n[3))).
SAFEPOINT = not(n[0] (n[1] + nl2] + n[6] + n[7))
(nf2] + not{n|3])} (n[6] + not(n|5]}).
SAFEPOINT = noyni{z] (n[3] + n{4) + n[0] + n[1)}
(n(4] + not(n[5])) (n{O] + not(n|7})).
{Conditional Statement)

o

G

. x {[Path}
O 8 ({Transition)
o
L 5 [State)
1.
2
3.
[ 4,
d 5,
G 4 [preCondition]

nght salepoint
top salepomt
felt satepoint
t bollom satepoimt
S 4 [Action)
evaluate nght salepom

evaluale top satepoim
evaluale lefi safepaoint
evaluate bollom salepoint

G {postCondition)

¢) Normalized infoMap: shaded area to be filled in

»n o

6 GG G GG G GG

a

1

x {Path)
0 8 [Transition)
right salepomnt
not a nght salepomnt
top salapopint
nol a top salepoint
left salepoint
not a lelt safapoint
bottom salepoint
0 notl a botlom salepoint
L 5 (State)
1-.stant evaluation of nght salepoint
2’ evaluation of 10p safepoint
3 evaluation of leh salepomn)
$ 4 evaluation of hottom salepoint
d 5..exu
G 4 ([preCondition)
nght satepoin
lop safepont

left salepoint
f bottom satepoint
8§ 4 ([Action)

evaluate right satepoint
evaluate lop salepon!
evaluate lell satepoint
evaluate bottom satepoint

{postCondition}

d) Normalized infoMap: states and transitions added (shaded arca)
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{Conditional Statement)
border = 0
border = 2
border = 4
border = 6
{Imperative Statement]
SAFEPOINT = noi{n[4] . (n}5] + n[6] + n]2] - n{3))
{ni6] + now(n(7])) (n[2] + nown[1]),
SAFEPOINT = noi{n]6] . (n|7} + n{O} + n{4] + ni5h
{(n0} + now(n[1})) . (nf4] + not(pI3N).
SAFEPOINT = not(n]0] . (p{1] + n[2] + n{6] + n{7})
{n(2] + noi(n[3))) (nf6] + no(n|S]);
SAFEPOINT .= noi{n]2} . {n[3] + n{4] + n{0] + nf1))
{n{4] + not(n{S]}) . (nlO] + non{7]}):
{Conditional Statement}

{Conditional Statement)
border = 0
border = 2
border = 4
border = 6
{Imperative Statement)
SAFEPOINT = not(n{4] (n[5] + n{6] + nj2] + n[3})

(n{6) + not(n[7])} (nl2} + not(n[1)}).

SAFEPOINT = now(n(s] (n[7] + n{O] + n[4] + n[5))

(nl0] + not(n{1]}) (n{4] + not(n[3]}).

SAFEPOINT = not(n[0] (n[1] + n{2] + n[6) + n[7])

(nl2] « not(n{3})) (n[6] + not(n|5))).

SAFEPOINT = noi(n{2) (n{3] + n{4] + n[O] « n[1])

(nf4] « not(ni5))) (n{0} + not(n[7))).

{Conditional Statement]

@
o O+
Q
Q
©
Q
[+
<}

Q
Qaw

1

G GG GG G GG

e) Normalized infoMap: state diagram (unshaded area)
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{Path)
{Transition)
nght satepoint
not a nght salepoint
top safepopint
not a lop safepont
left salepoint
not a left salepoin!
bottom satepont
not a bottom satepoint
{State)
1 slant evaluation of nght salepoint
2 evaluation of top safepont
3 evaluation of left salepoint
4 evaluation of bottom salepoint
5 exit
{preCondition)
night safepoint
top salepoint
left satepoint
bottom safepoint
{Action]
evaluate nght safepoint

evaluate lop salepoint
evaluate lelt salepoint
evaluale bottom safepoint

{postCondition)

{Path)
{Transition)
nght satepoint
nol a right satepoint
top satepopint
not a top safepoint
left safepoint
not a left saftepoint
botiom salepoint
not a boltom salepoint
{State)
1 start evaluation of nght salepoint
2 evaluation of top safepoint
3 evaluation of left safepoint
4 evaluation of bottom satepoint
5'.exit
{preCondition]}
nght safepoint
top safepoint
left saltepoint
bottom safepoint
{Action]
evaluate right salepoint

evaluale top safepomt
evaluate left satepoint
evaluate bottom safepoint

(postCondition)

J? Normalized {nfoMap to be optimized: shaded area



] . x Path)
8 0 O 0 O 0 5 (Transition)
o . . . . try right safepoint
.0 . L try top safepopint
. o . . try left safepoint
. .0 . try bottom safepoint
. .. 0 incorrect daia
L L L L L 2 (State
s 88 s 8 1.start processing safepoint
d d d dd 2:.exit processing safepoint
{Conditional Statement) 0 G G G 0 4 {preCondition)
border = 0 t . . .t right safepoint
border = 2 R B f top safepeint
border = 4 R S | left safepoint
border = 6 A bottom safepoint
{Imperative Statement) . 8 8 8 8 8 4 (Action
SAFEPOINT := noi(n{4] . (n{5] + n{6] + nf2] + n[3}) . P evaluate right salepoint
(n(6] + not(n[7})) . (n[2] + not(n[1))):
SAFEPQINT := not(n[6) . (n[7] + n[0] + n[4] + n[5]) . R evaluate top safepoint
(n{0] + not(n[3])) . (n{4) + noYn[3}));
SAFEPOINT := not(n[0] . {n{1] + n[2] + n[6] + n[7)) . R evaluate lsft safepoint
(n(2] + not(n[3]) . (ni6] + not(n[5));
SAFEPOINT :a not{n[2] . (n|3] + n[4) + n{0] + n{1])) . T evaluate bottom safepoint
(nl4] + noY(n[5}) . (n[O] + not(n[7})):
{Conditional Statement) G 6 G G G G . [postCondition}

g) Optimixed and documented infoMap

Note: Steps - Optimized state diagram as Structured English (generated) and source
code (generated) - are to be done as in Fig. 5.3.4.1

Fig. 5.3.4.4 Control flow for function SAFRPOINT
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