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Controlled English Commenting System

Pradeep Victor

ABSTRACT

This thesis describes the impementation of a Controlled English Commenting (CEC)
system that aids a VHDL modder in entering controlled English comments. The CE
system developed includes a graphical user interface (GUI). The interface permits
modeler to submit comments for insertion at user selected points in a text file containing
the model. A submitted comment is anadyzed for vocabulary and syntax, and is then
inserted if it is controlled English. If it is rot, the CEC system extracts all possble
controlled English comments that can be formed from the origind comment and presents
them to the user for selection and entry into the modd. The interface then queriesthe use
to complete any residual portions of the aiginad comment until the user is satisfied. Until
the user becomes familiar with the cnstraints of the cntrolled language, significant
interaction is needed, particularly oncomplex comments. Preliminary experiments indicaie
that usersrapdly learn thelanguage' s constraints and the needfor interactive hdp declines.
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Chapter 1

Introduction

1.1 Motivation and Goal

VHDL (VHSIC Hardware Description Language)[PelD] is a popuar tool that helps to
capture compex digita circuit designs for both smulation and synthesis. A language
optimized for electronic circuit desgn, VHDL, is helpful in various levels of the drcuit
design process. It can be sed in the high-level design stage to capture peformance and
interface requirements of alarge system’ svarious components. In the design capture phase,
details of the system are entered in a computer-based design system using VHDL
descriptions thatare canbined with other representations, such as schematics, to form the
complete system. After design capture, the next step is to Smulate the operation of th
circuit to find aut if it will meet the functiond and timing requirements developed in the
specification stage. The structured programming features of VHDL, dong with its
configurationmanagement features m&e VHDL a natural form in which to modd alarg

and complex circuit.

Importance of VHDL Commerts

The task of developing models is rather laborious and timecorsuming. If a drcuit has keen
modeled with no comments, developing the circuit further will be very difficult. For
example, asaume that a designer returns after a long beak to enhance a large circuit
developed usng VHDL, there is a high possbhility that the desgner may not remember
why certain parts of the co@ exist. The possibility is evengreater when adesigner who ha

never worked on the design is asked to enhance it.

Importance ofcomments

“Writing a comment makes ore think hader abou what hs/her cocde is
doing.



A commenting style that requires a lot of busy work is a mantenance
headahe: If the comments are hard to changg, theywon't bechanged; they'll
bewmme inaccurate andmisleading, which isworse than having ro comments
at all.

Second, comnenting might be difficult because the wordsto describe what the
program is doing dan't come eadly. That's usialy a sign that he/she doean't
redly understand what the program does. The time one spends” commenting”,
is really time spent urderstanding the program better, time that needs to b
spent regardless of whether you comment or not.” [McCSS3]

Importance ofcontrolled English comments

A Controlled English (CE) is a subset of natural English that s restricted in its syntax and
semantics for the purpose d readaility and/or ease of processng by machine. A centra
gaal for Controlled Englishisto eliminate ambiguity and help in machine understandabili ty
and madine trandation. Controlled English has been wsed in tedhnica doamentation,
such as user manuals or mantenance manuds [WojR96] to m&ke them easily understood.
For example, the Boeing Simple English [WojR96|, a research project funded by th
Boeing Corporation amsat produang Cantrolled English mantenance documents for their
airplanes. This approach of using CE for their maintenance documents, has helped Boeing
render out its maintenance procedures in a non ambiguous manner, hence helping oversea
clients to easlly understarding the pocedures, rather than dgoending on the parent
compary and hence saving both time and money. This research effort proposes the ue d
CE as a ommenting language for VHDL code. As earlier mentiorned, use d CE as a
commenting language for the VHDL codes will help a wser other than the program
developer to easly understand what the wde is doing and hdps in maintenance of th
code, either for bug fixing a enhancements. The Controlled English VHD  Commenter
(CEC) has been developed for this purpose, and hence endbles the program deve oper to
enter smple CE comments and ensure that the commentssatiisy CE restrictions.



1.2 Approach

The CEC has been developed to help users write CE comments. The comments are firs
parsed ty a CE paser, which contains aound 150 gammar rules and a vocabulary of
4900words. The CE paser uses abottom-up dart parse to generate al valid parse trees
for its gammatical structure. If the CE paser fails to foom a @rse tree for a given
comment, the comment is nat a well-formed CE commert and has to be modified to

conform.

The CE paser andyses the s comment and produces a chart, which contains the
different phrases that the CE parser congtructed by itsandysis. Each phrase is formed by
a gammar rule. These prases are first collected and then subjected to an extensve
filtering process. (Refer to section 32.1 for more deails). The filtered phrases are then
used to form CE comments by reaursively applying each CE rule dlowed by the CE

parser.

The CEC hasa GUI (Graphical User Interface) system that helpsthe user to interact with
the system to enter CE comments. It can also break a complex commert into a number o
simpler CE comments that are then inserted into the VHDL code. The CEC has been
developedusing Microsoft Visud C++.

1.3 Contributions

This sectionlists the research contributions male by this author.

Chunk cdllector : The plrases in the chart file generated by the CE parser are selected
and placedingdethree vectors (Vector isa built in datatype similar to an aray provided
by the standard template library in C++) degpending on the type of phrase (nominal,
predicate a adverbial) of phrase. These three vectors correspondto a nominal, predicate
and adverbid. After this collection is comdeted an extendve filtering poocedue
(described later in chapter 3) deddes which of the collected phrases shoud be retained
and which of these phrases have to berejected



Comment structure analyzer Once the phrases previously collected have been
selectively filtered, the comment structure analyzer forms a non-terminal equivalent o
the urgrammatica comment (UC) entered by the ugr. For examp e the comment C1, is
convertedto the form

“Nominal / predicate/ conjunction/ predicate”.

Thesignd isgenerated by the processor P1 and isthe input to the processor P2 (C1)

CE comment geneator: A reaursive algorithm has been developed for CE commen
generation. This procedure apgdies each of the CE rules for a CE commert to the non-
termina equivaent structure of the ungrammatical comment formed earlier and tries to
form all possible CE comments. For every ungrammatical comment thereis a wssibility
of more than one CE comment being generated from which the ugr can select a
comment depending on the information he/sheistrying to coney.

Interactive comment generation module: After the ugr has selected a CE commen

formed ly the CE comment generator, this module removes the phrases ugd in the

selected comment and then triesto form CE comments from the remaining phrases. If it
isunableto form any aher CE comment, and there are still phrases which have not been

used in any of the selected CE comments, it queries the user for information to form

ancther CE comment. Hence this module makes sure that al of the informéion that the
user istrying to convey is conveyedin a CE form.

Graphical User Interface (GUI): A graphcal user interface has been cevelopedto help
users in entering CE comments. The GUI has comment entry field for the user to enter a
comment. A list box to show all the generated CE comments has leen provided The usr
can sdlect the CE comment by double clicking on the generated comment. An inser
facility has been provided to insert the selected CE comments into the code being
commented.



1.3 Document Organization
This section describes the organization of thisthesis.

Chapterl formally introduces the thesis. The maivation ard the scopg of the thess ar
presented in this chapter. This chapter also presents a brief ovewiew of the CEC system
developed inthisthesis.

Chapter 2 summarizes the badkground and some aher works and their relationship to this
project. The reader is introduced to the notion of controlled English that has been usedto
develop the ysem. Works relevant to thi thesis, are alsopresented in this section.

Chapter 3 deals with the heaetical aspects of this thesis. This chapter explains the

algorithm used in this thesis from atheoretical perspective. In chapter 4, we talk about th

actual implementation of the yystem. Chapter 5 presents the user interface devel oped for

the CEC system. In Chapter 6, we walk through the testing process conducted with th

CEC system and the @nclusions drawn from them. In chapter 7, we briefly explore the
limitations of the system and the scope for further improvement of this system.



Chapter 2

Relevant Work

2.1 Introduction

In this chapter, othe research relevant to the dfort of developing the CEC sysem i
reviewed The field of controlledlanguages and in particular controlled English has been an
area of active research. Many organizations and individuas have contributed to this eff ort.
Some of the prominent contributions ae disussed here dong with their relationship to the
CEC system.

The AECMA (European Association of Aerospace Industries) has developed a smple
form of English that aids in the documentation of the various manuals in smple English.
Ancther related research effort is the Attempto Controlled English (ACE) a languag
designed to write specifications. ACE is more of a domain specific language as it has a
different set of knowledge bases for different product functionaities and hes its \ocabulary
developed for that paticular domain. The ACE approach of cydlic activity (refer section
2.2) was helpful in designing the CEC interaction phase which helps the use to enter CE

comments.

The Boeing Smplified English Checker was deve oped for technica writers to check their
documents for campliance with AECMA (European Association of Aerospace Industries)
Simplified English, awriting standard for aerospace maintenance documentation. Another
closely related research effort is the Caterpillar Tednical English developed to improve
and modernize its delivery of service information. The goal of the Caterpillar Technica
Endlish is similar to the Boeing simplified English Checker as bath try to produc
unambiguous simple English documents. Ancther interesting research effort is the
Requrements Sublanguage a research effort by the Automatic Design Research Group of
Virginia Tech. It developed the CE paser, which is used by the CEC sysem for the

analysis of user comments and inthe generation of CE comments.



2.2 AECMA Simplified English

The AECMA Simplified English [FarG96] was deve oped by Airbus to produce al mgor
manuals for their Aircraft models in simple English. All verdors for the arcraft’
components dso have to producethdar companent maintenance manuds in smpified
English.

The reason for the devdlopment of the Smple English was the increase in the comgdexity
of the aircraft that increased the sze and comgexity of the technica documentation. For
example, the Concorde mantenance manual has 28volumes containing 28000 ages and

Airbus offersits cusomers 48 different sets of maruds.

An increase in the number of nonEnglish spe&ing customers adso motivated the
development of Controlled English. These customers have dfficulty in urderstanding
Standard English because of its large vocabulary and its feature of many synoryms for
particular word. For example, consider theprocedural statement - “Round (verb) the edges
of the round (Adjective) cap. If it then turns round (Adverb) and round (Adverb) asit
circles round (Preposition) the caing, another round (Noun) of tests is required”. Th
Oxford English Dictionary has one whole pege to explain the word ‘round’. AECMA
proposal to reduce these roblems with a spedfication that ensured fewer words and
simplified structure.

AECMA uses gpproved words flom the SE guide, Technical names and Manufacturing
process guide [FarG96] as its urces for word . The AECMA simple English has
resricted vocahulary of 950 words and 55 grammar rules. This ideaof generating simple
English documents has helpedin the development of the CEC system for generating smple
commentsto aid in VHDL code documentation. CEC uses around 150 gramma rules and
4900 wordsin its vocabulary, offers nore flexibility to the user and ensures that only CE
comments are inserted into the VHDL code.



2.3 Attempto - Controlled English as aSpecification Language

Attempto Controlled Endlish (ACE) [FucN96] allows damain specididts to interactively
formulate requirements gecification in domain concepts. ACE is expressive enough to
allow natural usage. The Attempto system translates gecification texts in ACE into
discourse representation structures and ogtiondly into Prolog. Trandated spedficati
texts are incrementally addedto the knawledge base The knowledge base can be queried
in ACE for verification and exeauted for smulation, prototyping and vaidaion of the
specification. ACE is a computer processable subset of English for writing requirements
specifications.

Structural ambiguity is eliminated from ACE by two methods. First, the language does not
admit certain ambiguous sentences @ provides wnambiguous alternatives. However, al
ambiguous sentences cannot be eliminated in order to keep the bBnguage as natural a
possible. A second gpproachis then wsed to help in reducing the ambiguity. The sentence is
parsed deterministicaly according to a small number of rules asociated with syntactic
constructiors. A paraphrase isthen generatedto show how the sentence was parsed. If the
user does notfind the paaphrase © cancide with whatwas intended, the uerreformas the

sentence or decompases the sentence into smaller unambiguous ones.

2.4 The Boeng Smplified English Checker

The Boeing Simplified English Checker [WojR96] helps tedhnical writers check their
documents for compliance with AECMA (European Association of Aerogpace Indudries)
Simplified English.

The SE cheder relies on a syntactic formdism that was inspred by the Generalized
Phrase Structure Grammar (GPSG). It produces fully ambiguous parse forests by means
of a Boeing-developed marser, a comprehensive English gammar and an extensive
lexicon. As a syntax-based system, the Boeing SE chedker can support only the se of
AECMA SE. Using aword only in its appoved mening is a very important part of the
standard, but the SE chedker described here only gives feedbad on the pat of speech



deviations. It does not help when a word is wsed in the correct part of speech but with an

unappoved meaning.

The Boeing Simplified English Checker makes u® of Boeing Technicd English
(BTE)[W0jR9g. It dedsmore with the plysical aspect of the system being disaussed in
the controlled English dacuments, whereas, the CEC was designed for describing the
behavioral aspect. The approach taken by the CEC to check if auser comment is of the CE
form, issimilar to that performed by the Boeing Simplified English Checker.

2.5 Caterpillar Technical English(CTE)

Caterpillar Tedhnical English[HayP9q was developed by Caterpillar, Inc. to improve and
modernize its delivery of service informaion. The system consists of three parts, the
Caterpillar Tednical English (CTE), CTE Checker and the Machine Trandaion System

CTEisatype of cortrolled English designed to express Caterpillar’ s service informati

in a way that meets the requirements of the translation tednology for accurae
translation. CTE includes severd thousnd indvidual words, both generd and technical,
most of which are restricted to a singular interpretation, severa tens of thousands of
technical phrases, with only one urembiguacus interpretaion each and a collection of

syntactic rules.

The CTE checler known as th ClearChec tells the Caterpillar authors whether what the
write @mnformsto CTE and dso helps them 1o m&e it corform if it does not. The machine
translation sysem caled the AMT trandates the English SGML (Stardard Generaized
Markup Language) source documents into SGML source documents in ather languages.
The CTE is concerned with describing the physical aspect of the machinery disaussed in
the mntrolled English dacuments.
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2.6 A Requirement Sublanguage for Automated Analysis[Cry95]

This work explains the development of a restricted netural language for expressing
requirements. It suports readade specifications that can be andyzed for errors and
auomatically interpreted. The ecific language designed hee is for specification of
digital systems. Semantics are represented in a type of semantic network corstructed o
concepts and relations. The semantic basis, consisting of concept and relation types
together with semantic pdterns is developed from an examinaton of several formal
specification and design notations and naural language fatements selected from product
descriptions. The syntax of the language is developed from a syntactic anaysis d natura
language statements and the pioductins of the gammar are selected to maimize
coverage of syntactic structures sed in the selection. The giammar developed in this
study is wsed by the CEC system.
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Chapter 3

The CEC Design approach

This chapter introduces the theoreticd badkground necessay for understanding the
operation of the CEC sysem. In sction3.1, language treory and grammar are disaussed to
introduce the reader to controlled English. Section 3.2 gives an overview of the CE parser
used by the CEC system and sedion 3.3 describes the agorithm and approach taken by th
CEC system to generate CE commentsfrom ungrammatica comments.

3.1Language Theay and Gramma

The alphabet of alanguage isthe set of all possible indivisible symbols of that language.
A language is ddined over an alphabet as a subset of the set of all strings obtained b
concatenating one @ more symbols from the aphabet. In the CE used here, the al phabet
consists of {vocabulary, punctuation, numbers ard identifiers} WinT, LinP, ManM]. An
identifier may be aname of acomponent such as S1for signal, or a word not found in the
vocabuary.

A formal language may be described by a gammar. A grammar G is ddined as an
quaduple G=<V, T, S, P>, where,
V isafinite set of variales (non-terminals),
T isafinite set of terminal symbols aso call ed the alphabet,
S is a special non-terminal that denctes a serternce or a top-level construct and
also represents awell-formed comment in thisthesis, and

Pisafinite set of productions (grammar rules).

A grammar rule or a production of a cortext free gammar (CFG) consists of a non-
termina symbol onthe left-hand side, and a seqience of constituents (terminas and non-
terminals) on the right-hand sde. There are three categaries of non-terminas. The firs
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category includes the high-level nonterminals such as nominals, predicates, adverbials,
conjunctions and punduation (stop, comma). The second category is the intermediate
non-terminals that includes noun phrases, active verb sequernces and subordinae
conjunctions. The third caegoryis the part-of-gpeech ( POS) non-terminals such as
nowns, verbs, deeminers and prepositions (The entire list of non-terminals can be found
inthe Appendx B). Termindsare composed of vocabuary and punctuation (., *,").

3.2The CE parser
The controlled English (CE) paser corsists of two pats, the lexica analyzer and the
parser. The lexical analyzer tokenizes the comment entered by the user. The CE parse

attenpts to form a parse treefor the commen .

3.2.1 Lexica analyzer

The lexical analyzer is responsible for tokenizing the input comment into individud
words, numbers and purctuation that are then looked upin the dictionary to determine
their correspondng pat-of-speech non-terminas. The words in a comment are
categorized by one or more part-of-speech non-temmind symbols. For example, the word
‘processor’, machine’, ‘input’, and ‘output’ are categarized asnouns, the words ‘ serds,



-13-

and ‘receives are categarized as verbs. A dictionary for example comment C2 is shown
in Tade 31. The first column is the token and the second coumn gives the parts of
speech for the token. A token is a symbol of the alphabet, i.e. a word, number or
punctuation. Comment C2, has 13 tokens. The output of thelexical analyzer is

“det / nown /verb/ det / noun/ noun/ prepostion / det / nown / prepasition/ det / noun /
stop”

The processor sends the output signal to the input of the machine. (C2

Table 31 Sampledictionary

Token Part of speech

: stop

input noun

of preposition

output noun

processar noun

machine noun

sends verb

signal nown, verb, inf(Infinitive)

the det

to preposition
3.22 Parser

The parser generatesone ormare pase rrees for each comment that is grammati call

corred (awell-formed CE comment) under the CE grammar. A parsetreeisa drected tree
inwhich each node is labeled with the left-hand Sde (variable) of a production and th
successor nodes represent the congtituents of the right-hand side of a production.

Every sentence in a context-free language hes at least one pase tree. If there is more than
one parse treg, it indicates an ambiguous gammar. Pase trees donot show the order in
which productilns are applied. A parse tree can be ceveloped by botom-up a top-down
parsing. The CE paser uses bottom-up parsing. The parser scans the sequence of non-
terminals produced by thelexical analyzer and appliesthe gammar rulesrepeatedly unt
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nonew non-termindscan be produced Pasing issuccessful if one or more 'S’ type non-
terminals are generated.

The CE parser usedin the CEC system forms a chart from which it extractsthe parse tree
if the comment entered by the user is a well-formed CE comment. The chart generation
processisexplained bel ow.

Chart generation process:

The CE paser usdl in the CEC system, fird, collects the non-terminals generated by the
lexical analyzer and assigns each of them a part number. For example, the noce ‘earlier’
in comment C3 is tokenized by the lexical andyzer into an ‘adv’ and an ‘adj’. These two
tokens are gven part numbers 1 and 2 regectively. Next, new parts are generated
applying the gpropriate CE rules on the previously formed parts. For this example, part
3 (‘d’) is gaerated by gplying the CE rule‘d -»>adv’ on part number 1. Similarly, part 4
(‘adjs) is ganerated by @plying the CE rule* adjs>adj’ on part number 2. The art, ‘the
processor’ (part 10), is formed by combining parts 5and 7. The chat generated by the
parser for the comment C3 wsing the CE grammar isshown in Table 3.2 and isillustrated
diagammatically in Figure 3.1, where each noderepresents the part number in Table 32.

Earlier the processor resets the register. (C3
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Node Part | Non- Rule goplied Congtituent
terminal parts
1 adv adv > earlier -
2 adj adj > earlier -
earlier (chunk) 2 des Sd?s id’ adj .
the 5 det det - the -
6 noun noun -> processor| -
7 head head> noun 6
processa 8 np np - head 7
9 n n-> np 8
the processor (chunk) 10 np np~> det head 5,7
11 n n->np 10
12 verb verb - resets -
resets 13 avs avs 2> verb 12
14 pred pred-> avs 13
earlier the processor reses 15 SS ss>d pred 3,1114
the processor reset 16 SS ss—>n pred 11,14
the 17 det det - the -
18 noun noun - register | -
19 head head> noun 18
_ 20 np np = head 19
register 21 n n->np 20
22 np np~> det head 17,19
the regster 23 |n n->np 22
resets the register (chunk) 24 pred pred—> avsn 13,23
25 stop stop 2> . -
earlier the processor resets theregister | 26 SS ss>d pred 3,11,24
the processor resets theregister 27 SS ss—> npred 11,24
processor resetsthe register 28 SS ss—> n pred 9,24
earlier the processor resets theregister. | 29 S—> ss st 26,25
the processor resets theregister. 30 S > ssst 27,25
processor resetstheregister. 31 S S ssst 28,25

The abreviationsfor the various non-terminals used in the sample chart in Table 32 are

shown in Table 3.3.




Table 33 Abbreviations usedin the samplechart

Abbreviation Non-terminal

adv adverb

adj adjective

adjs adjective string

d adverbial

np nouwn phrase

n nomina

avs active verb sequence
SS simple sentence

S simple sentence

Figure. 3.1 Construction of different partsin the chart gereration phase
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The paser extractsthe pase tree after the chart has been formed. The example commen
C3 wsed here is a well-formed CE comment and a parse tree can be extracted from the

chart asshownin Figure 32.The part numbers are shown in parentheses.

s (29)
ss (206)
predicate (24) stop(25)
r \
nominal (11) nomjnal (23)
i
noun phrase (10) noun phrase (22)

Fs

T |
adverbial (3) / head (7) avs (13) / head (19)
I ] |

adverb (1) det (5) mnoun (6) verb (12) det (17) noun (18)
+ + + + I [
carlier the processor  rescts the register

Figure. 3.2 Parsetreeformed by using abottom-up parser.

3.3 Analysis d ungrammatical comments

This analysis phase is required only if the CE parser fails to form a parse tree. This is
possible if the comment entered by the wser is not a well-formed controlled English
comment. The comment analysis phase attemptsto form all controlled English comment
that are possible from the UC and presents it to the wse. The wser can choose ore of the
controlled English comments generated ty the analysis phase, or re-phrase the UC. If the
user accepts acontrolled English comment generated by the comment analysis phase, he
CEC system selects the remaining parts of the UC and runs the analysis phase again to
determineif itis @le to form other controlled English comments. This process continues
until noother cortrolled English comments can beformed.

For the urgrammatical comment C4, the CE comments generated ly the system are
shown in Table 34. Table 35 shows the CE comments generated after the wser sdects
the first CE comment in Table 3.4.
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A bit INTERRUPT Oisaninterruptionsigna and, whenit is set, an interruption reques
signal isappliedto the central processing unt. (C9H

Table 34 Sd of CE comments gerer ated by the CEC system for comments C4

CE Commernts
a bt INTERRUPT O isaninterruption signa
a bt INTERRUPT O is applied to the central processing un
a bt INTERRUPT Oisaninterruptionsigna andis gpliedto the centra
processing unit
aninterruptionsigna and isapplied to the central processng unt
when it isset, an interruptionrequest signal is appliedto the central processing
unit
when it isset aninterruptionrequest signal isappliedto the central processing
unit

Table 35 Sd of CE commernts gerer ated after the user selectsthe first CE comment
in Table 34

CE Comments

aninterruptionsigna and isapplied to the central processng unt

when it is set, an interruptionrequest signal is appliedto the central processing
unit

when it isset aninterruptionrequest signal isappliedto the central processing
unit

Sections 33.1 through 33.3 explain the various seps involved in generation of CE
comments from ungrammaticad comments. Section 34 explains the interaction process
that aidsinthe generation of another set of CE comments after the use has selecteda CE
comment from the previously generated set CE comments.

3.3.1 Chunk collecting phase

A chunk isahigh level non-terminal of type nanind, adverbia, predicae conjunction or
punctuation, thatis pat of the actud UC urderanaysis. These chunks ae required by the
comment generation phase forthe generationof CE comments and are pesentinthe dart
generated by the CE parser.
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The chart produced by the parser is scanned and chunks corresponding to the three non-
terminas —nominal, predicate, and adverbial are collected. Nominal chunksthat are
already accounted for as part of another nominal areignored For example, the phrase ‘A
bit INTERRUPT 0" foundin comment C4isanomina and "INTERRUPT O' isanomina
that isignored asit is part of the nomina "A bit INTERRUPT 0" that has already been
collected.

The predcate chunks are then collected in the samefashion as the nominal chunks.
Nomind chunks that are part of the predicate chunks are removed from the previoudly
collected list of nominal chunks. In the example discussed above, “is appiedto the entra
processing unit” is a predicate chunk. The chunk “the central processing unit” is a romina
chunk that isremoved from the previoudy formed namind chunk list.

The chunk colledor then collectsall adverbial chunks and those adverbia chunks that ar
already part of alarger adverbial chunk are removed. The adverbial chunksthat are inside
nominal and predicate chunks are also removed. For example, inthe chunk "a high signal”,
"high" isan adverbial chunk that isignored. The naninal and predicate chunks thatar
already part of the larger adverbial chunks are removed from the previoudly collected list o

nominal and predicate chunks.

The chunk colledor then examines thecommert to see if there are any commas or
conjunctionsthat were not included ingde the chunks that have been already slected. If
there ae any commas and conjunctions that need to be handled, they are cdlected
separately.

It is possible in some situations, thata naninal chunk is also a predcate chunk, then, two
separate lists of chunks are formedwith one list treating the chunk asa nominal and th
other list treding the dunk asa predicate. For example, consider the chunk “signd RD
from dmac”. This chunk can be interpreted in two ways depending on the usage of th
word ‘signal’ asaverb oras a nain. If the wod ‘signd’ isanoun, the dunk under

congderationisanomind, if itisaverb, the chunk isthen considered a predicae



-20-

The dfferent chunks formedfor the cmplex comment C5 are shown in Table 3.6.

The autput signa of the processor is received by the system and whenthe input signal s

received by the system, it goesto th saturation state

Table 3.6 Different chunks callected in the cdunk collection phase

(C5

Chunk type Chunks
nomina (n) the output signal of the processor
it
predicate (pred) isreceived by the syste
goesto the saturation stat
conjunction ( conyj) and
comma(,) ,
adverbial (d) when the inpu signd isreceived by the syste

3.3.2 Ungrammatical comment (UC) structure analysis

This phae processes the chunks collected in the previous phase to detemine the chunk

types and the location of the chunk in the actud comment. The dita collected by the

analysis phase for the comment C6 is shown in Table 37. The firs column is the chunk

type, i.e., nomind, predicate, adverbia, conjunction or comma. The second ®lumn gives

the adual churks of the comment. Thethird column isthe location (the character locaton

at which the chunk starts in the comment) of the chunks in the urgrammatical commen

enteredby theuser.

The processor triesto send ahighinput sgnal and it triesto doit quickly. (Co)
Table 37 Data cdlected by the analysis phase.
Chunk type Chunks Location

nomina the processor 0

predicate triesto senda high input sgnal 13

conjuncti and 45

nomina it 48

predicate triesto doit quickly 50




-21-

3.3.3 Generation of CE commernts

In this phase the CEC gererates all possible controlled English comments for a gven
ungrammatical comment. The information collected by the analysis phase is uised by this
phase to generate the CE comments. Each controlled English rule for a simple commen
is siccessively applied. The CE comment generation is a recursive pocess and is

discussed below.

Therecursive dgorithm

This section explains the algorithm used by the CEC system to form controlled English
comments from a UC. The algorithm mé&es use d two tables, table* CommentParts’ and
table ‘locPtr’. Table ‘ CommentParts has three columns. The first column indexes the
location of thechunks inthistable. The second columnisthe chunk typeof the different
chunksin the UC entered by the user. The third column contains the diunksthemslves.
Table ‘locPtr’ hasthree columns. Thefirst columnis theindex of the entriesin this table.
The second column istherule size (Rulesize is the number of constituents thatform the
rule. For example therule sizeis2 for therule s= n pred) and the third column contains
the locaion of the na-terminas in * Comment Parts' table. For the example comment C7,
the ‘ Comment Parts contents are shown in Tale 3.8, and Table 3.9 shows the contents o
‘locPtr’ for therule “s—-> n pred”.

Table 38 Contents of CommentParts

Ordinal Chunk type Chunks

0 nomina the processor

1 predicate triesto senda high input sgnal

2 conjuncti and

3 nomina it

4 predicate triesto doit quickly

Table 39 Contents of ‘loctPtr’
Index Non-terminal | Non-terminal location in
of rule CommentParts (L entries)

0 n 0,3
1 pred 1,4
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In Takde 38, the index vaue of O corresponds  the non-termina  nomind and index
value of 1 correpondsto the predcate non-terminal. The information in ‘locPr’ states
that nominalsare found at locations O 3 and predicates arefound at locations 1, 4intalde
‘CommentPats. The reaursive algorithm uses tis data to form all combinations of
nominas and predicates to saify therule s > n pred’.

The CEC system uses the recursve dgorithm to form CE comments.The recursve
algorithm combines the chunks at locations Oand 1 of the ‘CommentParts' table to form
the CE comment “The processor tries 1o send ahigh input signal”, chunks a locations 0
and 4 to form the CE comment “The procesor tries © doit quickly” and chunks at
locations 3 and 4to form the CE comment “it triesto do it quickly”. The comment formed
by chunksat locations3 and 1is rot used asit resultsin anominal thatoccurs in the latter
part of the sentence being used as asubject for an earlier predicate.



Table 3.10 Recursive algorithm usedfor gene ation of CE comments

Reaurse(index, prevPos)
I/ For thefirst cal index =0, prevPos = -1
// index represents the row number for the *loctPtr’ tade
{
string §[x] // Dynamicarray of CE commernts being formed for this rule
Iterator =0 // Used toiteratethrough the entriesin the ‘Non-termina
lbtaton inCommentPats column (Lentries) in each row o
the ‘loctPtr’ tade.
While Iterator isless than the number of entriesin the * Non-termina
Locaion in CommentParts columnin index’th row of the ‘loctPtr’ table.
if location value a Lentries[lIterator] is geater than the
preous bcdion prevPos of the chunk that was appended
tdhe new CEcomment under construction
gppend to string 'S the chunk form the * CommentPats
altle corresponding tocation valueindcated by
Lentries[Iterator]
prevPos = 'L ocation'
endif
if index does nat paint to the last non-termind (i.e., the last entry in
he ‘loctPtr takbde’) of the rule
reaurse(index + 1, prevPos) // Call reaurseagain
endif
Iterator = Iterator + 1
Endwhile
}
Example:

The controlled English comments formed by the @mmment generation phase using the
recursive function recurs and the smple English rulesused to form them for th

ungrammaticd comment C7 are shownin Table 3.11.
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When CPU 511receives the sgnal 524 from DMAC 512 it saves PC and PSW toward a

stack area, and startsthe interruption processng program routine (C7)
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3.3.4 Interaction phase

Inthe interaction phase,the gysem interacts wth the ugrto hdp entercontrolled English
comments. When the user selects a controlled English comment produced by the CE
generation phase, the ineractionphase wllects the dunks thatare not presentin the
controlled English comment selected by the wser. For example, if the user entered the
ungrammaticad comment C8, the information coll ected by the andysis phaseis shown in
Table 3.12.

Theinput signal for the system isthe resut of the output signal of the signal generator and

it triesto generate ahigh value output (C8
Table 3.12 Information cdlected in the analysis phase

Chunk Chunk type | Location

the input signal for the system nomina 0

isthe result of the output signal of the signd predicate 27

generator

: , 83

and conj 85

it nomina 89

tries to generate ahigh value outpu predicate 91

If the uer selects the controlled English comment “the input sgnal for the system is the
result of the output signal of the signal generator” generated by the CE generation phase,
the residual information collected by the interaction phase isshownin Table 3.13.

Table 313 Resdual information collected by the interaction phase after user has
made a slection.

Chunk Chunk type Location
: , 83
and conj 85
it nomina 89
triesto generate a highvalue outpu predicate 91

Theseresidual chunks are used by the CE comment generation phaseto form other possible
controlled English comments. The cntrolled English comment “it triesto generate ahigh
value’ wasformed from the residual informationin Table 3.12, collected by the interadtion
phase ater the user had made asdection.
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Orphan Chunks

The interaction phae also controls how the system queries the uwser for informati
regarding orphan churks. An orphan chunk is one that was not a part of any cortrolled
Engish comment selected by the wser and cannot be usd to form a CE comment by
combining it with ather residua chunks. Itispaossiblethat after the wse has selected from
the controlled English comments generated by the CEC there are a few chunks in the
original complex comment that are rot used in any of the selected controlled English
comments. The CEC does not know what to do with these chunks and queries the wser for

supporting information.

Example:

For the urgrammatical comment C9, the wser selects the generated controlled English
comment “the main idea of this process is to decide which signal to process’. The
interaction phese then findsan orphan predicate “generate an appopriate output signa”
and gueries the ugr for a namind to suppot the pedicate chunk. Similarly, the system
gueries the ugr for a predicate when it finds an orphan nominal. The above qleries are
equivalent to the interaction phese querying the wser, ‘W hat performs a paticular
function?’ for aresidue predicate, and ‘What is the function of this olgect?’ for aresidue
nomind. The system processes the orphan chunks in the ader in which they occur in the
UC enteredby theuser.

The main idea of this processisto decidewhich sigral to process, and, generate an

appopriate output sgnd (C9

Summary

This chapter was an overview of the approach taken by the CEC system to generate CE
comments from an wngrammatical comment and thus ading the wer to enter CE
comments. In the next chapter we will look at the actual implementation in terms o
classes for an dbject oriented implementation. The different classes, ther purposes and
methods includedin them are also discussed.
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Chapter 4

Implementation

This chapter describes an object oriented mpementation of the CEC system in the C++
programming language. The main classes sed in this thesis include CChartFormer — to
form charts, CChunk — to form chunks, CLocate - to find the location of the various dunk
inthe comment, CRuleFnder - to find the appropriate CE rule to be used in the generation
of CE comments, Clnteract —to interact with the user to negotiate CE comments from an
ungrammaticd comment (UC). The CECsystem class that uses the above dasses. These
various classes are described in detail below. Code specific impementation details ar
omitted and only important methods and attributes of each class are shown in the chss

diagams.

4.1  TheUnified Modeling Language (UML)

The various classes of the CEC system are described using a notation called the Unified
Modeding Language (UML) [Rationa96]. An overview of UML class dagrams is
presented here.

In UML class dagrams, a box represents a tass. Each box has three partitions. The first
entry at the top is the name of the class. Class atributes and class member functions a
listed below the name. The "lock" icon is wsed to dstingush pivate atributes from th
public attributes

The classes can have two types of rdationships between them. These reationships are th
dependency relationship and the aygregae relationship. An arrow represents the
dependency relationship between two dasses. The tail attaches to the client class ard th
head of the arow paints to the server class A dependency relationship is used to derot
“using’ association between two classes. The aggregate reationship is wsed to show a
part/whole relationship between two dasses. The class at the diamond end of the aggregd
relationship is calledthe aggregate dass, and consi s of instances of the dher class.
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4.2 Classoverview

This section describes each of the primary classes wsed by the CEC system using a top-
down approach. The next subsection describes the main class of the CEC sysem and it
relation to the other classes. The dher sub-sections describe the othe classes in the CEC
systemin much detail.

4.2.1 ClassCECsystem

Thisisthe main class that uses the dher major classes. The CECsystem class constructor
first instantiates the CChartFormer class that runs the CE parser to generate the chart. |
the comment is ungammatical, it constructs an instance of the CChunk class that is
respongble for the selection of the chunks from the previoudy formed chart to be usd in
the generation of CE comments. The CECsystem class then instantiates CLocate class
that finds the location of the various chunks in the actua comment. The CRueFinder
class thatis instantiated next, finds an gopropriate rule to be wsedto form a CE commen
and generates all possible CE comments. The attribute AllComments contains al the CE
comments that were generated The Clnteract is instantiated after the ugr selects a CE
comment to gather the required information to form other CE comments. The class
diagam for the CECsystem representing its relationshipsto the aher classes is shown in
Figure 41.
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CRuleFinder
CChartFormer CECSystem &:SentRule
rcreate() &sSentParts
Q\Q}Chart SAllSent
| &-Chunk — — >
’ Q>Lo.cate get_all()
&zRfinder recurse()
‘ HAllComments T
\ / N
/ | N \
| / AN \
| / | \ \
| / | N \
/ | AN
v L v N \
CChunk Cinteract o \
&NominalList <P arts *NewSentPart \Q N,
PredicatelList
gAdverbialList &PGetRemainParts() Clocate
»SentParts LSentParts
Edump() <~ T T T T T T T T T T T T &¥find_location( )
Efilter( ) &¥fillothers ()
ariable_rule_former() &PorderChunks()
form_complex_rule()
&*replace_scon_conj()

Figure 41 UML class diagram representing the relationships between the classes
CECsystem, CChunk, CLocate, CRuleFinder and Clnteract.

4.2.2 ClassClnteract

The Cinteract class is used in the u®r interface when the e selects a CE comment
generated ly the CEC system. This class forms a dfferen parts data structure called
NewSentPar when a corntrolled English comment formed earlier by the CRueFinder
class has been selected. Thisis dne by the GetRemanParts method that removes the
chunks that are present in the selected comment from the previously formed parts data-
structure. The remaining chunks of the parts data structure are now usel in generating
CE comments containing chunks that were not previoudy used. The class diagam for the

Clnteract classis shownin Figure 42.
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Clinteract Parts
gParts *NewSentPart| N &Chun
&ChunkType
&rGetRemainParts( ) @Location

Figure 42 UML class diagram representing the relationships between the classes
Clinteract and Parts.

4.2.3 ClassCChartForme

ChartForme

create( )

Figure 43 UML class diagram of CChartFormer.

This class has a method cdled creae and has no attributes. This mehod is responsible
for exeauting the CE parser that parsesthe input comment and generates the chart used in

the callectionof churks by the chunk class

4.2.4 ClassCChunk

This class aids in produdng a complex comment structure for an ungrammatical
comment (UC). This class ha a dump method that is used in collecting the high-level
chunksfrom the chart gererated by the CE parser. The highdevel chunks collected by the
dump method are then filtered by the filter method which decides whether a chunk
should be subsumed by another chunk. For example, a chunk ‘the process will be first
selected as anominal. However, if thisnomind is a part of the pedicate churk ‘starts the
process’, the chunk istreated as part of a predcate and removed from the listo nominals

previously collected by the dump method Smilarly, nominal and predicate churks tha
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are pat of an adverbial chunk are removed from the list of nominal and predicate chunk
lists previoudy formed by the dump method The chunks are then segregated into their
respective lists of churk types and the variable_rule former method is caled. This
methodis used when a nominal chunk canalso be treated as apredicate chunk and two
separate chunk lists have to be formed with ore list treating the churk as a nominal and
the otler treating the chunk as a predicate (Refer section 32.1). The form_comgex rule
method forms the parts data structure called SertParts. This dda structure mntans the
various chunks along with the chunk type that corstitute the actual comment. The
redace smn_wmnj methodis usedto oollect the phrases that could not be classified ard
to ched if they are a sub-ordinating conjunction or a coadinaing conjunction. The
selected chunks are stored in the vector of strings ‘NominalList’, ‘ PredicateList’, or
‘AdverbidList’ correspondng to their chunk types. This dgencercy relationship
indicates that this class aepends on the chart generated by the CChartFormer dass. The

class diagram for the CChurk classisshown in Figure 4.4.

Parts
CChun &Chun
&NominalList &ChunkType
gPredicateList «Location
gAdverbialList
sSentParts
gglltjg:(p) <— — — _| cchartForme
@nariable_rule_former @hcreate
@rform_complex_rule()
&¥replace_scon_conj

Figure 44 UML class diagram representing the relationships between classs
CChunk, CChartFormer and Parts.

4.2.5ClassCLocate

The ClLocate class is reponsible for deermining the location of the chunks in the
ungrammatical comment (UC). Thisis dore by the find_location method The chunks ae
then placed in the parts data-structure called SertParts in the order in which they occur in
the oiigind comdex sentence by the order_churks method The FillOthers method is
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used to subgtitute a non-terminal for the chunks that could nat be deéermined Ly the
CChunkclass. For example, if there is nomind “process’ that has naot been used in the
chunks formed by the CChunkclass, the FillOthers method classifies this as a nominal
and records the location of the churk in the parts data-structure. This class apends on
the CChunkclassfor the parts data structure that is usgd here. The class diagram for the
ClLocate classis shownin Figure 45.

CLocate
sSentParts Parts
$»Chunk
Z¥find_location() &ChunkType
Z¥fillothers() &Location
grorderChunks()

\
V
CChunk

gNominallList
PredicatelList
gAdverbialList
LSentParts

&rdump()
rfilter()

Z¥variable_rule_former()
grform_complex_rule()
rreplace_scon_conj()

Figure 45 UML class diagram representing the relationships between the classes
CLocate, CChunk and Parts.

4.2.6 ClassCRuleFinde

This class utiizes the parts and rule data structure to form all possible controlled English
comments. The rule data structure contains the list of all the CE rules for a smple
comment. It implements a recursive method called recurse that reaursively applies
controlledEngish rules for a simple commert to theparts data sructure called SertParts
to arrive & different possible controlled English (CE) comments. Thereaurse methodis
called by theget_all methodfor each CE rule that is applied for a ssimple comment. The
atribute all_sentisalist of al the CE comments that were generated. The filter method
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removes the CE comments that occur more than once in all_sent. The class diagram for

the class CRueFinder isshowninFigure 4.6.

CRuleFinder Rules
&sSentRule @main_n_term
& SentPart /O orule
SAllSent
@hget_all( )
@rrecurse() Parts
| &Chun
&ChunkType
| gLocation
\
V
CLocate
&SentPart

&find_location( )
&¥fillOthers( )
@rorderChunks( )

Figure 46 UML class diagram representing the relationships between the classes
CRuleFinder, CLocate, Parts and Rule.



Chapter 5

User Interface

A graphca user interface has been developed for the CEC system that interacts with the
user to select the CE comments generated by the system, help the wser to enter CE
comments and query the wser for information regarding orphan non-terminals. The User
interface contains two parts, the Interaction didog (Figure 51) and the Help dialog

(Figure 53) that helpsthe wser to enter a CE sentence.

5.1 Interaction dialog

The flow of eventsthat take dacewhile usngthe CEC user interface areas foll ows:

The ugr selectsthe code region where he/she wantsto insert the comment. Next the user
enters a comment in atext box of the GUI. The system then anaysesthis commen. The
comment entered by the wser is of the controlled English form if the CE paser is ablet
form a pase tree for the gven comment. If the ugr comment is already in controlled
Engdish form, the user isinformedthat the comment isof controlled Engish form and the
comment is inserted into the mde. If the CE parser fals o parse, the comment is
classified as an urgrammatical comment and suljected to further analysis. Next, the
system sends the ungrammatical comment to the complex structure analysis phase. This
phase locates the dunks of the comment and forms the complex structure. The CE
comment generator then acts on this complex structure and generates the CE comments
that are gven to the wse. The wser now sdects one of the various CE comments
produced by the system. Once the wser seects one of the comments, the system attempts
to form other CE comments from the remaining chunks of the actuad comment. The ser
is piovided with the new set of CE comments, from which he/she can make another
selection of a CE comment. This process continues util the system camat form further
CE comments, or the wser decides that the selected CE comments are adequate. If the
system is ureble to form any more CE comments, and there are still parts of the origina
comment that have not been handled yet, the system classifies them as * orphan non

terminds’. The orphan non-terminals are of three types — predicate, nominal, and
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adverbial. If the system finds an ‘orphan adrerbial’, it searches for CE commentswithin
the alverbid. In the case of ‘orphanpredcates, the User Interface requests the user for a
subject to support the ophan predicate. The sysem aso providesthe user with alist of
nominas that heps the wser to decide which nominal shoud support the resdual
predicate. In the case of anorphannomina, the system requests the user for a predicate to

support the orphan nominal.

For example, if the ugr had entered the ungrammatical comment C10, the system will
provide the ugr with a CE comment “The transfer is macde one data word at atime’. If
the wser selects this CE comment, the remaining part of the original comment that has not
been handled is the adverbia “where each word consists of eight bits with a leading
control bit and atrailing paity bit added”. The system then finds the CE comment, “each
word consists of eight bits with a leading wntrol bit and a trailing party bit added’,
whichisagain offered to the user.

The transfer is made one cataword at atime, where each word consists of eight bits wit
aleading cortrol bit and atrailing parity bit added (C10

Hence the CE comments equivalent to the aiginal ungrammatical comment are “The
transfer is made one data word at atime” and “Each word congists of eight bits with a
leading control bit and a trailing perity bit added’. The interaction dialog box for the

above exampleisshown in Figure 5.1.



The transferis made one data word at a time, where each word consists of eight bits with a leading control bit and a
trailing parity bit added

each word consists of eight bits with a leading control bit and a trailing parity bit added

Figure 51 Interaction dialog box

The sequence of events explainedabove are representedin the collaborationdiagram
shown in Figure 5.2. Each event in the sequence isind cated by its ¢ep number.
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5.2 Help Dialog Box

The help dialog box is wsed to teach the ugr how different chunks, such & nominas,
predicates, and adwerbials are formed and how they should be wed to form a CE
comment. The wser selects anon-termind from the combo box. The example explanation
is then shown in the text window. The example presents the wsa with one of the CE
comment rules, followed by an example CE comment and parts of the comment tha
correspond to the parts of the rule. The buttons, “NEXT” and “PREVIOUS” buttons

allow the user to view the next or previous example for other CE comment rules.

SELECT A NONTERHINAL [adverbial =]

d prep n

where 'prep' is a preposition and 'n' is a nominal
E.g. into the addressed microprocessor

where:

prep into

n the addressed microprocessor

PREUIOUS | CLOSE |

Figure 53 Help Dialog Box



-39-

Chapter 6

Experiments

The CEC system wastested to determine how uses adaot to wiiting CE comments with the
help of the CEC system. Each subject wasgiven aVHDL program to comment using the
CEC system. A total of five suljects were used ard the reaults are shownin Apperdix B.
Four different VHDL models were used for these experiments. Each d the five subjects
was gvenoneof the three different VHDL models: a Histogram generator, a Johnson
counter, aTraffic light controller and the ALU modd. These four VHDL modes are shown
in Appendix D along with the @mmments entered by the five subjects. The subject (subject
5) discussedinthis chapter was given a ‘ Histogram generator’ model. One set of results for
the Histogram generator model is dscussalin detal here, and the others are summaized.

The subjects sd ected for these experiments had English astheir second languege.

6.1 Datacdlection

The CEC system interaction in each experiment waslogged in afile. Thelog file contains
information on the timetaken by the ugrto arive at a CE comment from an

ungrammaticad comment, the number of unknown wordsin the dictionary that were used in
the mmment, followed by the totd number of wordsin each comment and the number o
passes (trials) taken by the user before arriving at a CE comment from an ungrammatica
comment. An example of the entry inthe log file when the user entersa CE comment is
shown in Figure 61. Figure 62 shows an example entry in the log file when the user enters

an ungrammatica comment (UC).
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*k kk kkk kk kkhkk kk kk kkk kk kk hkkk kk kkk kk kk kkk kkk kk kkk kk kkkk

Sdected codeto comment on : 10/11/2000 & 21:0:56
VHDL model : Histogram generator

*k kk kkk kk kkhkk kk kk kkk kk kk hkkk kk kkk kk kk kkk kkk kk kkk kk kkkk

VHDL code slected :
corstant MAXADDR : INTEGER := 2**A DDRLEN - 1;

Comment entered by the user :

the achitecture hasafew constants reeded for the logic design
Comment Analyzed at : 21:1:28
Number of words not foundin thedictionary : 1
Total number of words: 12
The Comment is of Controlled English form
The Comment has beeninserted Comments Inserted into the coek & : 21:1:31

Figure 61 Log fileentry when the subject enters a CE commernt.



kkkkkkkkkkkkkkkkkkkkkkkkhkkkkhkkkkkkkhkkkhkkkkhkkkkkkkkkkk

Log Startedon :10/11/2000 at 20:49:25

kkkkkkkkkkkkkkkkkkkkkkkkkkkhkkkkkkkkkkhkkkkhkkkkkkkkkkk

kkkkkkkkkkkkkkkkkkkkkkkkhkkkkhkkkkkkkhkkkhkkkkhkkkkkkkkkkk

Selected code b commenton : 10/)11/2000 &20:.49:40
VHDL model : Jomson munter

kkkkkkkkkkkkkkkkkhkkkkkkkhkkkkhkkkkkhkkhkkkhkkkkhkkkkkkkkkkkk

VHDL code sslected :

libary |EEE;

us&TD.textio.all;
USEEEE.STD_LOGIC_MISC.all;

use IEEETD _LOGIC_1164adl;
USEEEE.STD_LOGIC_ARITH.all;
USEEEE.STD_LOGIC_UNSIGNED.all;

Comment entered by the user :
The declarations below, are needed for including the various componen
libraries, which contain the various compaonent declarations

Comment Analyzed at : 20:50:35
Number of words not foundin thedictionary : 3

Total number of words: 20

Selected the CE comment : " the declarations are needed for including thevarious
component libraries" at : 20:50:44

Restructured Comment :
these libraries contain the various component declarations

Comment restructured at : 20:51:18
Number of words not foundin thedictionary : 2

Selected the CE comment : " these libraries contain the various componen
declarations” at : 20:51:20

Comments Inserted into the aode & ; 20:51:21

kkkkkkkkkkkkkkkkkkkkkkkkhkkkkkkkkkkkkkkkkkkkkkkkkkkkkk

Figure 62 Log fileentry when the subject enters an ungrammatical commernt.
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The subject’sleve of adaptationat entering CE comments was evaluated by determining
thereduction in timetaken by the wser to arrive a a set of CE comments equvalent to the
original ungrammatical comment, number of unknown words per comment, number of
words per comment and number of passes (humber of timesa comment hasto be re-

analyzed) a UC undergoes for an equivalent set of CE commentsto be generated.

6.2 Experiment results

The resultsobtainedfrom the log file that is generated asthe subject comments the VHD
code using the CEC system are shownin Table 61. The first column isthe mmment
number. Thissubject has entered 22 comments. The second column indicatesthetime
taken by the subject from the moment when the UC is entered to the moment an equiva ent
set of CE commentsisarrivedat. The third column shows the rumber of unknown word
used in each comment. The fourth column givesthe total number of words used in each
comment. The fifth column gves the number of passesper UC that were required to arrive
at the equivalent set of CE comments. A pass count of O indicatesthat the user’s comment

was aiginally inthe CE form.
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Table 6.1 Results cdlected from log file

Comment | Time(Se) Unknow Total no. of No. of Passes
Number words words
1 117 3 19 1
2 69 4 27 1
3 148 1 22 2
4 29 2 10 0
5 159 4 14 3
6 38 0 5 0
7 35 1 12 0
8 21 2 7 0
9 69 2 11 2
10 63 1 13 2
11 41 0 12 0
12 13 0 8 0
13 16 0 11 0
14 23 2 12 0
15 24 2 16 0
16 27 0 11 2
17 17 1 11 0
18 37 0 14 0
19 84 2 15 4
20 29 2 10 0
21 21 2 13 0
22 26 0 11 0

It can be observed in the above tabe that the ugr requires more pases towards the
beginning of the experiment than towards the end, and the number of unknown words
decreases towards the end of the experiment. Also, the number of words usd per
comment starts in the twenties and settles at 11 — 16words towards the end of the
experiment. These observations show that the subjed’s performance at writing CE

comments improves as time spert using the CEC system increases.

6.3 Result Analysis

In this section a systematic study of how one subject peformed during the experiment is
described in ddail. The example discussed in this section is a Histogram generator
model. Two types of plots are presented one set of plots with the values as shown in

Tale 61, and the dher set of plots depicting online peformance versus the comment
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number. Online performance is the average of all function evaluations upto the pgesent,

including the aurrent trial (current comment).

Pon = (1/g) * sum (averageg), 1)
where Pon is the online paformance value and ‘g’ is the trial. The online gerformance
values for the results shown in Talde 61 ae tabulated in Table 6.2. Online peformance
smocthersthe data and he ps explore trends.

Table 6.2 Online perf ormance values for thedata collectedfrom the logfile

Comment Time (S&) Unknown words Total no. of No. o
No. words Passes
1 117 3 19 1
2 93 4 23 1
3 111 3 23 1
4 91 3 20 1
5 104 3 18 1
6 93 2 16 1
7 84 2 16 1
8 76 2 15 1
9 75 2 14 1
10 74 2 14 1
11 71 2 14 1
12 66 2 13 1
13 62 2 13 1
14 59 2 13 1
15 57 2 13 1
16 55 2 13 1
17 53 1 13 1
18 52 1 13 1
19 54 1 13 1
20 52 1 13 1
21 51 1 13 1
22 50 1 13 1
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6.3.1 Normal performance Plots

Figure 63 shows that the time spent by the subject in arriving & a CE comment varies
significantly from the beginning of the experiment to the end of the experiment. The time
taken to arrive at CE commerts decreases after the mid-region, i.e, around he 12"
comment. The got shows a number of spikes near the start of the experiment. These are
attributed to the sulject’s trying to adapt to entering CE comments with the hdp of the
CEC system. The spikes smoothen out with time. There is a spike a the 19" comment
due to acomplex VHDL code segment that the subject hastried to comment. This VHDL
code segment involves the assertion of the vaiousvariables and wait statements involved

inthe operation of a Histogram genrerator.

180
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140 1
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RAAVANA :
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20 ¢ .\\J \W*—o/‘\g ~o—*

1 2 3 4 5 6 7

8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

Comment No.

Figure 63 Plot showing timetakenin seconds versusthe comment number

Figure 64 shows the number of unknown words versus the mmment number. The
average of the number of unknown words before the 10" sentence is more than the
number of unknown words after the 10" sentence, which is amost the mid-region of the
plot. The number of unknown words is seen to deaease as the subject’s experience in
using the CEC system increases. The urknown words ugd by the subject are identifiers

of the form ‘P1, ‘C10’, etc., that are not in the dictionary or wordsthat are rot dlowed
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by the CE vocabuary. Examples of unknown words used by this subjed for one of the
commentsare ' CHIP-SELECT’ ard *asserted'.
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No. of unknown words
N
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Comment No.

Figure 6.4 Plot showing number of unknown wor ds ver susthe ammment numbe

Figure 6.5 plotsthe total number of words in each comment entered by the user against th
comment number. Thetotal number of words in each comment entered by the user
decreases withiincrease in usageof the CEC system At the begnning of the experimen,
the number of wordsin the mment are higher than atthe end where the number of words
in each comment fluctuates aound eleven words. The number of words inthe comment is
higher at the sart of the experiment because the subject wastrying to explain the VHD
model and trying to accustom to writing CE comments. The VHDL model used by this
subject was a histogram generator. The average number of wordsin the first half of al the

comments is more than the average number of words in the second half of the comments.
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Figure 65 Plot showing total number of words ver sus the comment number

Figure 66 gives the number of passes required for each comment entered by the wser to

arrive a the set of CE comments equivaent to the aiginal ungammatical commen

versus the comment number. The average number of passes before the nmid-region of the
plot, i.e., around the 11" comment, is more than the average number of passes after the
11" comment. There is one spike in the plot around the 19" comment that indicates the
highest number of passes in this experiment. This spike is attributed to the sulject trying
to comment the complex VHDL code segment that involves the assertion of the various

varialles and wait statements needed for the qoeration of a Histogram genrerator.
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Figure 6.6 Plot showing number of passes ver susthe comment numbe
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6.3.2 Online performance plots

In the plot shown in Figure 67, it can be seen that the time taken for the comments to
reach their CE form is found to steadily decrease. The average performance towards he
end the aurve smoothens out to an admost steady value of around 50 seconds @r
comment. Thisis a sgnificant improvement over the time of 120 seconds at the start o
the experiment. The subject's performance a writing CE comments improves with time

spent using the CEC system.

140

120

W I A A
V\/\
60 \H*‘\\A

40

Time taken (sec)

20

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22
Comment No.

Figure 6.7 Plot showing time takenin seconds versus the comment numbe

Figure 6.8 plotsthe number unknown words in each comment entered by the subject
against the comment number. The curve can be seen to smocothen ou to almost a straight
line towards the erd of the experiment. The number of unknown wordsinthe use
comment fluctuates between 3 and 4 at the dart and reducesto aound 1 or2 wordsnea
the end. Thishelpsus o conclude that the average performance of the subject a writing CE

comments increasesdue to the smaller number of unknown words being used nearthe end.
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No. of unknown words
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Commentno.

Figure 6.8 Plot showing number of unknown wor ds ver susthe ammment numbe

Figure 6.9 showsthetotal number of wordsin each comment entered by the user plotted
versusthe mmment number. At the sart of the experiment, the average number of words in
the mmment is higher than near the end where it smoathenstoa low value of around 13
words. The wser’s parformance at entering CE commentsis thus seento incresse asa
smaller comments tendsto have ahigher probability of being a CE comment thanalarger

comment.
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Figure 6.9 Plot showingtotal number of words vesus the comment number
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Figure 6.10 plotsthe number of passesfor each comment entered by the user before the set
of CE comments equivalent to the ungrammatical comment is arrived against the omment
number. The plot shows a umber of spikes. These ikes are dueto the actud vauestha
are plotted (not rounded). The valuesin the Table 6.2 are rourded. Thereisastead

decreas inthe number of passes a the user moves towardsthe end of the experiment. This
shows thatthe average number of passes to arrive at a set of CE comments from an

ungrammatica comment decreaseswithtime.
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1 2 3 45 6 7 8 9 101112 13 14 15 16 17 18 19 20 21 22

Comment no.

Figure 6.10 Plot showing number of passes ver sus the mmment numbe

6.4 Summary of experiments

The dda cdlected from the subject’ s experiments and the information obtained from the
analysis of the different plots indicate an increase in user performance at writing CE
comments as time spent in using the CEC system increases. The plots obtained for the
experiments dore by the dher subjects are available in Appendx B. The various plots of
the different subjects are similar and thereis a trend of the subjed using the CEC syste
getting aacustomed to use CE comments towards the end of the experiments. An
ersemble plot (average) of all the five subjects for the normal performance is disaussed
below.
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6.4.1. Ensembleplots
This section disausses the ensemble plot (average) of dl the five subjects for the narmal
performance. The ensemble plot shows a similar trerd of the sulject’s aility in writing

CE comments improvingwith time wsing the CEC sysem

Figure 611 shows that the time spent by the subject in arriving & a CE comment varies

significantly from that the beginning of the experiment to the end of the experiment. The
time taken to arrive at CE comments gadually decreases with a few spikes in between
comment. The got shows a number of spikes near the start of the experiment. These
spikes were as a result of the subjects trying to adapt to entering CE comments with the
help of the CEC system. The spikes smoothen out with time. The spike around the 9"
comment is due to a complex VHDL code segment that the sujects have tried b

comment.
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Figure 6.11 Plot showingtime taken in seconds ver susthe comment numbe

Figure 612 shows the number of unknown words versus the mmment number. The
averace of the number of unknown words beforethe 9™ sentence is more than the number

of unknown words &ter the 9" comment. The spikesin this plot are die to the identifiers
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used ly the subjects b explain the vaious variables wsed in the VHDL models. The
number of unknown words is seen to deaease as the suject’s experience in usng the

CEC system increases.
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Figure 6.12 Plot showing number of unknown words ver susthe comment numbe

Figure 613 plds the tota number of words in each comment entered by the wser against
the comment number. The total number of words in each comment entered by the wser
decreaseswith increase in usage of the CEC system. At the kegnning of the experiment
the number of wordsin the comment are hgher than at the end. The number of words in
the comment is Hgher at the start of the experiment because the subjects were trying to
explain the VHDL modd ard trying to accusom to writing CE comments. The spike
around the 9" comment is attributed to a complex functiondity in the VHDL modd tha
the suljects were trying o comment. The number of words wed ly the subjects
decreases towards the end, indicating that the uwsers aility to write CE comment

improves with time spent in using the CEC system.
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Figure 613 Plot showing total number of words ver sus the comment number.

Figure 614 gives the number of passes required for each comment entered by the user to
arrive a the set of CE comments equivalent to the aiginal ungammatical commen

versus the comment number. The average number of passes before the nmid-region of the
plot is more than the average number of passes after the mid-region. The spikes in the
plots are due to the complex comments entered by the subjects for complex VHDL code,

whichinturn required more passesto arrive at equivalent CE comments.
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Figure 614 Plot showing number of passes versusthe omment number



6.4.2 Conclusion

The normd performance analysis shows that the wsa performance & usng the CEC
system increases from the first half of the experiments towards the second half. The
online performance indicates that the average performance of the wser increases gaduall
with time as the aubject’s experience in using the CEC system increases. The methods
that might be wsedto increase the efficiency of the CEC system in aiding the wser to enter

CE comments are discussal in the next chepter.
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Chapter 7

Conclusions and Extension

This chapter summarizes the alvantages and disadvantages of the CEC system developed
for aiding usersin writing CE comments for their VHDL modds. Some suggestionsto

improve the system performance are dso recommended.

7.1 System advantages

This section explains the various advantages of using the CEC system. The importance o
comments for any programming language is generally accepted. Program develope's
uswally have ofollow certain standards for commenting their program. A theoretica
standard with respect to structural representation (grammatical) can belaid out to th
developers, but the developers will find it difficult toremember these rulesand usethe
efficiently in their code. This dfficulty can be overcome by using the CEC system asth
standard can be easily encoded asrulesto be wsed by the CEC system in the generation o

CE comments.

The GUI provided by the CEC sy¢em ads the ugrin enteing CE comments. Someof the
positiv e aspects of the GUI are, its presentation of the set of CE comments generated by the
CEC system, queying the use for datato complete CE comments, and the Felp system

aiding the user to construct CE comments

7.2 System limitations

One of the limitations of the system is that the CEC generated CE comments are not a
semantically correct. For example, if the user misspelsa verb, then the CEC system treat
it asanoun because aword not found in the dictionary is treaed as anidentifier. This can
resut inthe CE paserforming parsetrees for meaningless sentences and the CEC syste

generating meaningless CE comments.
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The CEC system handles only the high-level non-terminals for the generation of CE
comments. A better performance might be achievedby usng non-terminals at oreleve
lower inthe analysis of the ungrammatica comments and in the generationof CE
comments, i.e., in terms of intermediate non-terminds. A wider choiceof CE comments
can beobtained by taking into consderation the intermediate non-terminals that may be
used to form new high-level non-teminas. For example the active verb sequence (avs)
‘sends’ inthe predcate chunk ‘sends the signal’ may be combined with some other

nominal to form a dfferent predicate chunk and thus forming a different CE comment.

7.3 Future extensions

The CEC system dewveloped thus far does not indude semantic anadysis. Semantic
analysis, if incorporated along with the structura analysis used currently in the CEC
system can help in gereration of CE comments that are semantically correct. Anather
improvement in the CEC system will be the addition of a spell checker to dynamically
prompt the wser when words are misgelled and prevent verbs from being wsed as nours

asexplained in section 7.2.

Development of a knowledge tas for the CEC system to aid uses in entering CE
comments will be very bereficial. The knowledge las has to have a measure of
probability intermsof frequency of a articular sentence structure being used inthe CEC

system. This will help in providing the user with a limited number of generated CE
comments and decreasing the time taken to amive at a CE comment from an

ungrammatical comment.

The CEC system can be used as an efficient tod for CE documentation. The CEC system
can be modfiedto read every sentence in adocument and with the help of interactionfro

the user can generate ejuivalent CE sentencesfor every ungrammatica sentence.

The CEC system can be modified to alow the wser to first enter all comments into the
code and then analyze the comments in the code one by one to arrive at CE comments.
This will be kelpful for users who would like to have an undisturbed flow of thougt

while commenting their code. The CE comments that are then generated at the end wil
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have all the required information that may otherwise ke lost due to the wsers thoudht
stream fluctuating between writing a CE comment and giving all the required information
in the comment. This modification may result in considerable delay in the time taken for

the usr to adgpt to writing CE comments as the continuous leaning advantage of the

current system islost.
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Appendix A

User’s guide for Controlled English Commenting System (CEC)

Thisappendix explains in detail, how the use should use the CEC system as atoal for
commenting VHDL programs A demongtrationof how to use the CEC systemis
provided, stepby step. The demongtration starts with the explanation of how to use the
“codewindow” (window showing the VHDL code to be commented), followed by the
“interface dialog” which interacts with the user to enter CE comments and then the “help

dialog” which helps the user tolearn how a CE comment shauld be congructed.

Demonstration

Doube clicking on the CEC.exe icon starts the CEC. The CE parser is incorporated into
the CEC and hence the commenter and the rser make one exeautable file. The files
usedby the parser are stored in the same directory asthe CEC executablefile.

The different filesused by the parser are:

rules.txt : Thiscontainsall the grammar rulesused by the CE parser

rdict.txt : Thisisasingleword dctionary used by the CE parser

mdict.txt : Thisisamultiword dictionary usedby the CE parser

The formats of the above mentioned files are shown in Appendix C.

Code Window

An editabde dacument window is presented to the user initidly when the CEC is darted.
The ugr can open the VHDL document that he/she wishes to commert using the ‘File —
Open option in the menu. The codeto be commented in the goened VHDL document is

highlighted by usng the mouse. The ‘Select’ option available in the ‘Tools' menu is then

chosen.
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p’} interface - [suren_sypstem.vhd.txt] il K3

File Edit “iew ‘window Toolz Help

== x|

SEEEEEERE)]

— the data unit is another lower level model used

library IEEE;

use IEEE.STD_LOGIC_1164.all;

use [EEE.STD_LOGIC_ARITH.all;

use |[EEE.STD_LOGIC_UNSIGNED.all;

use work.PRIMS. all;
use work.all;

— the entity modeled is created here
entity SYSTEM is

— two four bit input vectors

port(< " in std_logic_vector[3 downto 0);
CLEAR,START,INSTRUCTION,CLK: in std_logic;
STATUS:out std_logic);

end SYSTEM;

— definition of the architecture of the system is described
architecture STRUCTURAL of SYSTEM is

— The address is initialized to 00000

For Help, press F1

— this vhdl program describes the system built using the lower level models built
— the control memory and the control logic are the other low lewvel models

— The IEEE std logic library is used in this model for simulation purposes

— the following user-defined libraries are used in this vhdl model

signal B_ADDRES5S:std_logic_vector[4 downto 0):="'00000";

|»

[ W[

Figure A.1 Code Window

Interf ace Dialog

Selecting the * Select’ tab inthe ‘Tools’ menu opens an interface dialog that interacts with

the uer in arriving & CE comments from the urgrammatical comments entered by the

user. The usr enters the comment in the text field labded “Enter Comment” and

indicates the end of acomment with a period “." (The CEC appends the period if the wser

failsto include it. This featureis made default because the CE parser recognizes the end

of a sentence by searching for the period). The interface dialog is shownin FHgure A.2.
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i CEC =] E3
IMSERT Ilibrary IEEE.
COMMENT AT: -
ENTER COMMENT
ANALYZE |
ANALYZED CE COMMENTS - SELECT ONE.
LIST OF HOMINALS = ADD HOMINALS |
ENTER THE CORRECTED CE COMMENT
B.EANALYZE'
COMMENTS TO EE INSERTED
[NSERT COMMENT' RESET | HELP |

Figure A.2 Interface dialog box

Whenthe wser clicksthe ‘Analyze' button below the comment entry field, the CE

analyzer starts to analyze the mmment the user has entered. The CEC formsall possble
CE comments and displays them in the list box below the heading - “Anadyzed CE
Comments— Sdect one”. The ugrcan go through the CE comments produced by the CE
and select one d them by doubl e clicking on it. Once the use selectsa CE comment, the
selected comment is added to the field bel ow the heading - “Comments to beinserted”. The
CEC system then forms ather CE comments and the user is prompted again to select one of
them. If the user is not satisfiedwith the CE comments generated by the CEC, he/she can
rephrase the ammment in the field below the heading - Enter the corrected CE comment”

and then click on the ‘Reanayze’ button to have the comment analy zed again.

In Figure A.3, the CEC queies the wsea for subjects to suppat residue predcates, and
predicates to support residue nominals. Thisis possible if the CEC isnot ade to form any
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more CE comments hut still has orphan predicates ornominals that have nat been usedin

the CE comments previously selected.

{ CEC H[=] B3

INSERT Fibrmy IEEE
COMMENT AT: -

The processor sends a high signal to the system, stops all the processes and waits for the system to respond

ANALYZE |

ENTER. COMMENT

ANALYZED CE COMMENTS - SELECT ONE.

ENTER FHRAZE TO SUPPORT THE PREDICATE : stops all the processes

LT o nobnaLs |G - | oD nommaLs |

ENTEE THE CORRECTED CE COMMENT
stops all the processes

BEANALYZE'

COMMENTS TO BE INSERTED

- the processor sends a high signal to the system

NSERT COMMENT' RESET | CANCEL |

Figure A.3 CEC querying the user for a nominal to support aorphan predcate

The ugr can select anomind from the dop box titled “List of Nominas’ that has alis

of all the nominals used in the original ungrammatical comment. Clicking on the “Add
Nomina” button gpends the selected nomina to the residue pedicate in the field below
the heading - “Enter the corrected CE comment”. The ‘Reanalyze’ button is then clicked
to re-analyze the comment. The re-analyzed comment can now be selected. The interface

dialog after anaominal has been selected is shownin Figure A.4.
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{ CEC H[=] B3

IMSERT Ilibrary IEEE.
COMMENT AT: -

The processor sends a high signal to the system, stops all the processes and waits for the system to respond

ANALYZE |

ENTER. COMMENT

ANALYZED CE COMMENTS - SELECT ONE.

ENTER FHRAZE TO SUPPORT THE PREDICATE : stops all the processes

LIST OF NOMINALS  [the processor

ENTEE THE CORRECTED CE COMMENT

the processor stops all the processes

BEANALYZE'
COMMENTE TO BE INSERTED
- the processor sends a high signal to the system
[NEERT COMMENT' FEZET | HELP | CANCEL |

Figure A.4 Interface dialog with a nominal being added to a orphan predicate

The ugr then sdlects the CE comments and inserts the CE comments into the code b
clicking on the ‘Insert’ button. The “Reset” button clears al the entries in the interface
dialog and allowsthe wser to start afresh. The “Help” button opens upthe help dialog that

helps the wser to enter a controlled English comment.

Help Dialog Box

The wser canget help in writing a controll ed English comment by clicking onthe “Help”
button onthe interface dialog. This dialog helps the user in understanding how a CE
comment should be constructed. The hdp dialog box isshow in Figure A.5.



SELECT A NONTERHINAL Simnle Sentencec =

s -> d n pred

where d is an adverbial, n is a nominal and pred is a predicate

E.g. Uhen the processor is down the backup processor starts to function.
where:

d When the processor is down

n the backup processor

pred starts to function

HEXT | PREUIOUS | CLOSE |

Figure A.5Help dialog box

The help dialog provides the ugr with details on how nominds, pedicates, and
adverbials are constructed with various dher lower level non-terminals. It also provides
the ugr with details on constructing the CE comments that make wse d nominas,
predicates, andadwerbials. The help dialog has a “Next” and “Previous” button that help
the wser to traverse through various examples. Theuser can select appropriate hdp details
for nominas, predicates, adverbials, or for CE comments by selecting the appopriate
entry from the diop bax provided in the help dialog and clicking on the “ Show Example’

button.
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Experiment Results
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Thisappendix shows the expetiment results far the fou subjects notdiscussedin detail in

chapter 6. Both normal performance plots a well as the online performance dots ar

shown here. Table B1 shown be ow indexes the various normd and online performance

plots for therespedive subjects.

TableB1Index of plots

Subject | Normal perf ormance plots Online performance plots
Time | Unknow | Total No.o | Time | Unknow | Total | No.o
words no. o passes words no.o | passes

words words

1 Bl B2 B3 B4 B5 B6 B7 B8

2 B9 B10 B11 B12 B13 | B14 B15 B16

3 B17 | B18 B19 B20 B21 | B22 B23 B24

4 B25 | B26 B27 B28 B29 | B30 B31 B32




Subject 1.
Normal perf ormance plot for Johnson counter and traffic light controller.
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Figure B1 Plot showing timetaken in seconds ver sus the omment numbe

No. of unknown words

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

Coment No.

Figure B2 Plot showing number of unknown wor ds ver susthe comment number
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Total No. of words

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

Comment No.

Figure B3 Plot showing total number of words vasus the omment number
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Figure B4 Plot showing number of passes ver susthe comment number.



Online Performance plotsfor Johnson counter and tr affic light controlle
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Time taken (sec)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

Comment No.

Figure B5 Plot showing timetaken in seconds ver sus the omment numbe

No. of unknown words

O B B N N W w A~ b O
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Comment No.

Figure B6 Plot showing number of unknown words versusthe comment numbe
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Total no. of words

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

Comment No.

Figure B7 Plot showing total number of words veasus the omment number

No. of passes

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Comment No.

Figure B8 Plot showing number of passes ver susthe comment number.



Subject 2.

Normal performance plots for Histogram generator
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Figure B9 Plot showing timetaken in seconds ver sus the omment numbe
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Comment No.

Figure B10 Plot showing number of unknown words ver sus the mmment numbe
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Total no. of words

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

Comment No.

Figure B11 Plot showing total number of words ver susthe comment number.
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Figure B12 Plot showing number of passes versusthe comment number.



Online Performance plots for Histogram generator
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Comment No.

Figure B13 Plot showing time taken in secnds ver sus the comment numbe

No. of unknown words

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

Comment No.

Figure B14 Plot showing number of unknown words ver sus the mmment numbe
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Total no. of words

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

Comment No.

Figure B15 Plot showing total number of words ver sus the comment number.

No. of passes

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

Comment No.

Figure B16 Plot showing number of passes versusthe comment numbe



Subject 3

Normal performance plots for ALU model
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Figure B17 Plot showing time taken in seconds ver sus the comment numbe
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Figure B18 Plot showing number of unknown words ver sus the mmment numbe
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Total no. of words

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Comment No.

Figure B19 Plot showing total number of words ver susthe comment number.
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Figure B20 Plot showing number of passes versusthe comment numbe



Online performance plots for ALU modd
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Figure B21 Plot showing time taken in seconds ver sus the comment numbe
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Figure B22 Plot showing number of unknown words ver sus the mmment numbe
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Figure B23 Plot showing total number of words ver susthe comment number.
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Figure B24 Plot showing number of passes versusthe comment numbe



Subject 4

Normal performance plots for Johnson counte
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Figure B25 Plot showing time taken in seconds ver sus the comment numbe
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Figure B26 Plot showing number of unknown words ver sus the mwmment numbe
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Total no. of words
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Comment no

Figure B27 Plot showing total number of words ver susthe comment number.
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Figure B28 Plot showing number of passes versusthe comment numbe



Online Performance plots for Johnson counte
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Figure B29 Plot showing time taken in secnds ver sus the comment numbe
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Figure B30 Plot showing number of unknown words ver sus the mmment numbe
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Total no. of words
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Comment no

Figure B31 Plot showing total number of words ver susthe comment number.
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Figure B32 Plot showing number of passes versusthe comment numbe
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Appendix C

Filesused by the CEC system

Thisappendix describes the variousfiles used by the CEC system in the generation of CE
comments for VHDL models. Three inpu files are used by the CEC system. They are th
“rule.txt” which contains the list of all CE rules used by the CE parser, the “rdict.txt” which
isadictionary of all words dlowedby the mntrolled English and the “mdict.txt” whichisa
multiword didionary, containing the listof multiwords allowed by the controlled English.

C.1Ruletxt

Thisfile containsthe list of grammar rules wsed by the CE parser. Each rule consigs ofa
non-terminal symbol on the left-hand sde, and asequence of constituents (termindsand
non-terminals) on theright-hand side. The contents of the ‘rule.txt’ islisted below

followedby Table Cl listing the abbreviaionsusel in the rules.

S > Ss

S 2>sp

S 2> .

ss >d n pred
ss »>d , n pred
ss =>n pred

sp ->d n pred conj pred
sp —>n pred conj pred

sp »2d n pred , conj pred
sp 2d , n pred con pred
SC >SS conj Ss

pred -> avs

pred -> avs

pred -> as n d
pred -> as n d d
pred -> as d

pred -> ass d d
pred > pvs

pred -> pvs

pred > pvs d

pred -> pvs d d
pred > pvs d d d



pred - evs

pred > ews d
pred > evs n d
pred > evs ads
pred > evs ads d

pred -> evs det d

avs - adv verb

avs 2> verb

avs - mod vinf

avs 2> mod adv vinf
avs - mod not vinf
avs 2> mod not adv vinf
avs - have

pvs 2> be ven

pvs > be not ven

pvs > be adv ven

pvs > be not adv ven
pvs > mod bel ven
pvs > mod adv bel ven
pvs > mod not bei ven
pvs > mod bel adv ven
pvs > mod not bei adv ven
evs - be

evs - be no

evs - mod not bel

evs - mod adv bei

d ->adv

d - prep

d ->scon n

d - scon ss

d - scon ss conj Ss

n =>np

n ->np pp

n ->np red

n ->np of n

n =>np 0 np pp

n ->nc

n ->c

n ->c con cl

n ->c , c con c

nc —>np con np

np ->pdet det ads head

np ->pdet det head

np -—>pdet ads head

np ->pdet head

np ->det ord # ads head

2>det ord # hed
—>det ord ads head
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np -—>det ord head

np ->det # ads head
np ->det # lead

np ->det ads head

np ->det head

np ->ord # ads head
np —>ord # hed

np ->ord ads head
np ->ord head

np —># adjs head

np 2># hed

np ->adjs head

np ->head

np -—>hea range

np ->pron

np -=>np #

np >( np )

np >np ( np )

np - [ np ]
np ->det ving head
np ->np ving head
np ->det ven head
np ->det adv ven head
np -—>pdet head adjs head

head =2 noun

head =2 id

head =2 nown head
head =2 id head
head =2 # head
adjs > adj

adjs > adj adjs
adjs > adj conj adjs
adjs > adj , ads
adjs > ( ad )
pp —>prep

pp —>prep con prep n
rest >rcon pred
rest ->cl

cl 2 nvs

c =>nvs d

cl 2>n nvs

c =>n nvs d
cl 2>n Xvs
cl = Xxvs

cl 2>n xvs d
cl 2> xvs d

c 2>n ivs

c =>n ivs



cl 2>ivs

cl =2>ivs

c 2>n ivsn d
c =>n ivs d

c 2>ivs n d

cd —>ivs d

c =>n gvs

cl > gvs

cl > gvs

c >gvs n d
c >gvs d

ns - ven
XVs > to bei ven
ivs >to vinf
gvs 2> ving
noun -> nounp

verb > verbp



TableC1Lig of abbreviationsused in “rules.txt”

Abbreviation Non-terminal

adj adjective

adjs adjective sejuence

adv adverb

avs active verb sequence
bei ‘be’ (infinite ‘to be')

cl clause

conj conjuncti

d adverbial

evs equetive verb sequence
gvs ving verb sequence (gerund)
head head

Vs infinitive verb sequence
mod modifier

n nomina

np noun phrase

nvs past participle verb seqerce
ord ordinal

pdet pre-determiner

pp prepositional phrase
prep preposition

pred predicate

pvs passive verb sequence
rcon restricted clause

rest relative conjunction

S sentence

scon sub-ordinate conjunction
SS simple sentence

verbp verb phrase

ven past participle

vinf verbinfinitive

ving present participle

XVS passive verb sequence
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C.2 Rdict.txt.

Thisfile contains the dictionary used by the CE parser. The entire “rdict.txt” fileisvery
large and is nat listedhere. Tabde C2 shows sample entriesin the “rdict.txt” file. Each
word in the vocabulary isfollowed by the non-terminal it can be represented with, such

asnown and verb, followed by other informaion not used by the CEC.

Table C2 Sampleentriesin the “rdict.txt” file

respord |verb _  vinf action °
respondng | ving action *
respords |verb _°

respanse | noun behavior °
respaises [ noun _°
respansibility | noun attribute °
respansive |adj _°
rest|verb _ vinf _|noun_ "~
restart |verb _ vinf _°
restarted | ven action °
restorage | noun _ -
restore|verb _  vinf action”
restored | ven action
restricted | ven _~

restriction [noun _°
rests|verb -

resut | noun value | verb _  vinf state
resutant | noun _°
resuting|ving _~
resuts|noun _°

resume | verb _  vinf action”
resumed | ven _°

resumes |verb _°

resuming | ving _°
resyrchronize |[verb _  vinf _~
resyrchronized | ven "
resyrchronizes |verb _ -~
retain|verb _  vinf action”
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C.3Mdict.txt
Thisfile contains thelist o multiwordsallowed by the controlled Englishusedin the CE
system. The “mdict.txt” file islisted below. . Each mutiwordin thisfileis followed by the

non-teminal it can be represented with.

result in |verb behavior |vinf behavior
resultsin |verb _°

consst of | verb _ |vinf _~
condgsof | verb _°

each of |pdet _~

someof | pdet _~

al of | pdet _°

mary of | pdet _~

afew of | pdet _~

anumber of pdet °

inspiteof | prep -

instead of |scon _°

pair of |# _°

regardlessof | prep _
alongwith| prep _~

dependon | verb event vinf event
depending on| prep _|ving "~
depends on | verb behavior °
synthetic aperture radar | noin -~
control logic |adj -

farther than |adj -~

faster than |adj _°

fewer than |adj _~

greater than |pdet -

less than |pdet _~

according to | prep _ °

greater than or equd to |pdet -
less than or equal to |pdet -~
by means of | prep _°

andthen |conj _~

swchas |prep

according to | prep _ °
inaccordance with |prep _~
logic one |nown value”

logic zero | nown value _ °
multiplesof | adj -
withrespectto |prep _°
inresponseto |prep_ -

because of [prep

central processing unit | non _°
arithmetic logic unit |[noun_ -



for the puposeof | prep_ ~
half of |adj _~

inorder to | prep_ -

inthe sameway as |prep
inaccordance with |prep _ ~
aslongas|prep -

andso |conj

andthen |conj _~

only when |scon _~

shift register |noun_ ~
program counter | non_ -
index register | noun_ -
shift registers [nons_°
program counters | nons -
index registers |nowns_ -~
inlieuof |prep -
inspiteof | prep -
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Appendix D

VHDL modds

Thisappendx shows the VHDL models commented by the various subjedsusng the
CEC system. Four different models are shown here: a Histogram generator, aJohnon
counter, a Traffic light controller andan ALU model. The comment numbers are shown
in parentheses. Comments having the same number in amodel represent an
ungrammatical comment (UC) broken down into more than one controlled Engish

comment.

D.1 Johnson counter and Traffic light controller models commented by subject 1
D.1.1 Johnson counte

-- thisisastructural implementation of a johnsons counter where behavioral comporents ae
defined asconponentsin the wok library arnd been structurally instantiated fromthe library (1)

use work.all;
architecture STRUCTURAL of JOHNSONS COUNTERis

-- thesee aeinternal wiresthat connect tothe flip-flop ouputs and are further used to analyzeth
internal waveforms in the simulator (2)

signal INTL, INT2, INT3, INTO: BIT ;

-- Thesewires mnnect to the complemented autputs d the flip-flop and are used for simulation (3)
signal INT5, INT6, INT7, INT8: BIT ;

-- thesignalsint9toint14 are wed for parallel load implementation and self correcting logic (4)
signa INTY, INT10, INT11, INT12: BIT ;
--INT13 comes from self correctinglogic (5)

signal INT13, INT14: BIT;

-- the various comporentsrequired for the behavioral components are explained hee (6
component MY_AND2 is



port(11, 12:in BIT; O:out BIT);

end component;

component MY_OR2 s
port(11, 12:in BIT; O:out BIT);

end component;

component FFis
port(D, CLK, RESET:in BIT; Q, QC:out BIT);

end component;

component MY_MUX2is
port(A, B, SEL:in BIT; O:out BIT);

end component;

-- the component associations are dorein the foll owing lines (7)
for all: FF use entity D_FLIP_FLOP(BEHAVIORAL);
for all: MY_AND2 use aitity AND2(BEHAV IORAL);
for all: MY_OR2 use ettity OR2(BEHAVIORAL);
for all: MY_MUX2 use entity MUX2(STRUCTURAL);
begin
CLFF

port map(INT9, CLK, RESET, INTO, INT8);
C2FF

port map(INT10, CLK, RESET, INT1, INT7);
C3 FF

port map(INT11, CLK, RESET, INT2, INT6);
C4 FF

port map(INT12, CLK, RESET, INT3, INT5);

-- the following cock implements th combinational logic requiredfor self corredion (8)
C5 MY_OR2
port map(INT3, INT1, INT14);
C6: MY_AND2
port map(INT14, INT2, INT13);
C7-MY_MUX2
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port map( DATA(0), INT1, LOAD, INT9);

C8 MY_MUX2
port map( DATA(L), INT13, LOAD, INT10);
C9MY_MUX2
port map( DATA(2), INT3, LOAD, INT11);
C10: MY_MUX2

port map( DATA(3), INT8, LOAD, INT12);
OUTPUT(0) <= INTO;
OUTPUT(1) <= INTL;
OUTPUT(2) <= INT2;
OUTPUT(3) <= INT3;
end STRUCTURAL ;

D.1.2Traffic Light Controller

-- thisisan agorithmic implementation d the classic highway intersection traffic controller which
hasa userinteracionfacility (9

use work.all;

use std.textio.all;

entity TEST_BENCH is
end TEST_BENCH ;

-- The test bench architecture has two processes running ancurrertly with thefirst process waiting
for the user input and the second process disgaying the signal status (10)

architecture STRUCTURAL of TEST_BENCH is

-- The internal wires representing the highway andfarmway areinitialized (11)
signa C, ST, TRIG: BIT,;
signal DN: BIT := 1}
signal HW: BIT_VECTOR(0to 2) :="100';
signa FW: BIT_VECTOR(0 to 2) :="001";
signa INIT: BIT;
component FSM is
port(CLOCK, CART:inBIT;
HIGHWAY : out BIT_VECTOR(Oto 2),
FARMWAY : out BIT_VECTOR(0to 2));



begin
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end component ;

component CLK is

gereric(HOT, CT, FOT:time);

port(START:in BIT; DONE:out BIT; CLK:out BIT);
end component ;

for all:FSM use entity TRAFFIC_CONTROLL ER(ALGORITHMIC);
for all:CLK use entity TIMERBEHAV IORALY);

CLCLK
gerericmap(20ns,2ns, 1 ns)
port map(ST, DN, TRIG);

C2 FSM
port map(TRIG, C, HW, FW)

-- Thisis theuser interface process which is responsible for giving the status pronmpt to the user and
for receiving the @r signal depending on the traffic (12)

USER_INPUT : process

begin

variade TMP:character;
variade P_STR:string(1 to 15) :="ARRIVAL STATUS>";
variabde Ul, PROMPT: LINE;

-- the user isprompted atthe begnning for an input (13)

-- after subsequet clock gyclesthe user is given the prompt (13)

if(DN =

‘Lor INIT ='1) then
while(true) loop
write(PROMPT, P_STR);
writdi ne(output, PROMPT);
readline(input, Ul);
read(Ul, TMP);

-- thispiece of cockis for verification ard execution (14)

if MTMP="q or TMP='Q) then

wait;



dsf (TMP="c orTMP="C) the
C<="1 &fter 1 ns,

'0' after 2 ns;
ST <="1"after 1 ns,
'0' after 2 ns;
exit;
endif ;
endloop ;
end if;
wait on DN, INIT;

end process USER_INPUT;

SIGNAL_DISPLAY : process(HW, FW)
variade FW_DISP, HW_DISP: gtring(1 to 25);
variable DISPLAY :LINE;

begin
-- This codeprints the status d the highway signal (15)
cae HW is
when "100" =>HW_DISP :="HIGHWAY SIGNAL -> GREEN *;
when "010" =>HW_DISP :="HIGHWAY SIGNAL -> YELLOW ";
when"001" =>HW_DISP:="HIGHWAY SIGNAL ->RED ";
when others=> HW_DISP :="OUT OF ORDER y
end cae ;
-- This codeprints the signal status for th farmway (16)
caxe PW is
when "100" =>FW_DISP:="FARMWAY SIGNAL -> GREEN ";
when"010" => FW_DISP:="FARMWAY SIGNAL -> YELLOW ";
when"001" =>FW_DISP:="FARMWAY SIGNAL ->RED "
when others=> FW_DISP :="OUT OF ORDER |
end cae;

write(DISPLAY , HW_DISP & FW_DISP);
writdline(output, DISPLAY);
end process SIGNAL_DISPLAY;
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-- This process initiates the user prompt and quits (17)
INIT_PROC : process
begin
INIT <="1"after 1 ns,
'0' after 2 ns;
wait;
end process INIT_PROC ;

end STRUCTURAL ;

D.2 Histogram generator model commented by subject 2

-- theseare standard | EEE librariesthat contain the corresponding library functions (1)
library |IEEE;

use STD.textio.all;

use [IEEESTD_LOGIC_MISC.all;

use [EEESTD_LOGIC_1164.all;

use [IEEESTD_LOGIC_ARITH.all;

use [IEEESTD_LOGIC_UNSIGNED.all;

-- this dHfinesthe entity of histogram (2)

-- plotsthe number of instances d a particular value retrievedfroma binary file stores it in thera
)
entity HISTGRAM is
generic( ADDRLEN, WRDLEN : INTEGER;
RD_DEL,DIS DEL : TIME;

INFILENAME, OUTFILENAME : STRING);

-- the variableswith the directionsof electrical signals are declared here (3)

port( DATA : inout STD_LOGIC_VECTOR (WRDLEN-1 downto 0) := (others=>'Z");
ADDR : out STD_LOGIC_VECTOR (ADDRLEN-1 downto 0);
START :inSTD_LOGIC;
CS,RD, WR : out STD_L OGIC);

end HISTGRAM;
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-- Thisis the algorithmic architecture of the histogram (4)
architecture KEEP_TRACK of HISTGRAM is

-- the congtants required for thisprogramis declared hee )

constant MAXADDR : INTEGER = 2**ADDRLEN - 1;

constant TRISTATE : STD_LOGIC_VECTOR(WRDLEN-1 downto 0) := (others=>'Z");
signa DATAREG : STD_LOGIC VECTOR(WRDLEN-1 downto 0);

begin

-- thisisan example of a process without a sersitivity list (6)
-- wait-statements prevent infinte loops (6)

HGM : process

-- All variables and file dedarations are sandwiched beiveen the process and begin statement 7)
variabelL : LINE;

variabde VAL : INTEGER;

file INFILE: TEXT isin INFILENAME;

file OUTFILE : TEXT isout OUTFILENAME;

variade BITDATA : BIT_VECTOR(WRDLEN-1 downto 0);

variade BITADDR : BIT_VECTOR(ADDRLEN- downto 0);

begin

-- wait-statement checks for arising edg (8)
-- the process waits for this sgnal (9)
wait on START until (START ='1' or START ='H");

-- The contents of the fle areread till the end-of-fil e is nsed and it storesthe nunber of
occurr erces of a particular value (10)

while not(ENDFILE(INFILE)) loop
READLINE(INFILE, L);
READ(L, VAL);

-- The contents of the fle areread till the end-of-file is nsed and it storesthe nunber of
occurr erces of a particular value (11)

ADDR<=CONV_STD_LOGIC_VECTOR(VAL ,ADDRLEN);
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-- This enables the READ and CHIP-SELECT signals ard waits for a definite amaunt of time kefor
reading the data from the DATA signal (12)
RD<="1;CS<="1;WR<='0;
wait for RD_DEL;

-- the variableis convertedto an integer (13)
VAL := CONV_INTEGER(DATA);

-- Read dgnal is disabled with alogic zero and aso chip sled (14)
RD<='0;CS<="0,

wait for DIS_DEL,;

DATA <=CONV_STD_LOGIC_VECTOR(VAL +1, WRDLEN);
WR<="1" CS<="1}

wait for DIS_DEL,;

-- writeand chip select signals and waits until dis_dd turns logic high (15)
-- the process waits until dis_del turnslogic high (15)

WR<="0"; CS<="0}

wait for DIS DEL;

-- Datasignal is tristated to prevent bus contention (16)
DATA <=TRISTATE;
end loop;

-- Thisloop readsthe menory contents and writesit to the output file (17)
for 1 in 0to MAXADDR loop
ADDR<=CONV_STD_LOGIC_VECTOR(I,ADDRLEN);
RD<="1;CS<="1;WR<='0;
wait for RD_DEL;
VAL := CONV_INTEGER(DATA);
RD <='0;CS<="0,
wait for DIS DEL;
DATA <=TRISTATE;

WRITE(L, I);

WRITE(L, );

WRITE(L, VAL);
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WRITELINE(OQUTFILE, L);
end loop;
-- Thisis the end of histogram process(18)
end processHGM;
end KEEP_TRACK;

D.3 ALU model commented by subject 3

-- thisvhdl program describes the system built using the lower level models built (1)
-- the control memory and the control logic are the other low level models (1)
-- the data wnit is arother lower level model used (1)

-- The IEE stdlogiclibraryis usdinthis modd for simulation purposes (2)
library IEEE;

use IEEESTD_LOGIC_1164.4l;

use IEEESTD_LOGIC_ARITH.all;

use IEEESTD_LOGIC_UNSIGNED.all;

-- thefollowing wser-defined libraries are used in this vhdl modd (3)
use work.PRIMS.all;
use work.all;

-- the entity modeled is created here (4)
entity SYSTEM is
port(X,Y:i std_logic_vector(3 downto 0);
CLEARSTART,INSTRUCTION,CLK: in std_logic;
STATUS:out td_logic);
end SYSTEM;

-- Definition of the architecture d the systemis described below (5)
architecture STRUCTURAL of SYSTEM is

-- The addressisinitialized to 00000 (6)

signal B_ADDRESS:std_logic_vector(4 downto 0):="00000";

-- The CONTROL_DATA signal is anine hit logic vector (7)
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signal CONTROL_DATA:std_logic_vector(9 downto 0);

-- The component is mapped to alower levelmodd (8)
component CONTROL_LOGIC s
port(CLEAR,START,INSTRUCTION,CLK: in std_logic;
STATUS:out &td_logic; OUT_ADDRESS:inoutstd_logic_vector(4 downto 0));

end component;

-- The component DATA UNIT ismapped to a lower level model (9)
component DATA_UNIT is

-- the component input ports are mapped gpropriately to the data bus (10)
-- the component output ports are mappedto the cortrol bus(10)

port(DATA_X,DATA_Y:in std_logic_vector(3 downto 0); CONTROL_BUS: in std_logic_vector(9
downto 0);

CLK:i std_logic);

end component;

-- The component CONTROL_MEMORY ismapped to a lower level model (11)
component CONTROL_MEMORY is
port(ADDRESS:in std_logic_vector(4 downto 0);
OUT_VALUE:out std_logic_vector(9 downto 0));

end component;

-- Th usage of thelibrary comporents are ddined hee (12)

for CM:CONTROL_MEMORY use atity work. CONTROL_MEMORY (TABLE);
for CL:CONTROL_LOGIC use antity work. CONTROL_L OGIC(CONTROL);

for DU:DATA_UNIT use atity work. DATA_UNIT(BEHAVIORAL);

begin

-- The port mapping for the CONTROL-LOGIC moduleis dore here (13)
CL:CONTROL_LOGIC
port map(CLEAR,START,INSTRUCTION,CLK,STATUS,B_ADDRESS);

-- the control memory port mappings ae @nnected asrequired (14)
CM:CONTROL_MEMORY



port map(B_ADDRESS,CONTROL_DATA);
-- The DATA_UNIT port mappings are made fere (15)
DU:DATA_UNIT

port map(X,Y,CONTROL_DATA,CLK);
end STRUCTURAL;

D.4 Johnson counter model commented by subject 4

use work.all;
-- thisentity generates the dock waveformto be used by thejohnson counter (1)

-- theon- and off-period are controlledby he parametershi_time andlo_time spedfiedinthe
testberch (1)

entity CLOCKGEN is
gereric(HI_TIME, LO_TIME : time);
port(RUN : in bit; CLK : out bit :='0');
end CLOCKGEN,;

-- thisisthearchitecturefor the entit clockgen (2)
architecture ALG of CLOCKGEN is

begin

-- thisprocessisinside the architecture (3)

-- working for the architectur algis defined here (3)
process

begin

-- thisprocess waits for alogic high (4)

wait until RUN ="1";

-- whenrun-signal goeshighthe sgnal clk ismadehigh for hi_time (5)
while RUN ='1 loop

CLK <=1,

wait for HI_TIME;

CLK <=0,

wait for LO_TIME;

end loop;
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end process;
end ALG;

use work.all;

-- thisentity defines the interface of Johnson counter (6)
entity IC is

gereric(RDEL, CLKDEL, EXTDEL : time);

port(QOUT: inout bit_vector(3 downto 0); CLK : in bit; RESET: in bit; LOAD: in bit; EXTIN :i
bit_vector(3 downto 0));

end JC;

-- thisisthe behavioral mode for the entit jc (7)
architecture BEHAVE of JCis

begin

-- the process containsthe functionality for the architecture behavioral (8)
process(CLK, RESET, LOAD)

begin

-- the counter isreset whenthe reset-signal goeshigh (9)
if (RESET ='1") then
QOUT <="0000" after RDEL ;

-- the Johnson counter output is changed from one valid state to the next valid output Sate after
samedeay. (10)

dsif (CLK'event and CLK="1' and LOAD='0') then

case QOUT is

when "0000" => QOUT <= "0001" after CLKDEL;
when "0001" => QOUT <= "0011" after CLKDEL;
when "0011" => QOUT <= "0111" after CLKDEL;
when"0111" => QOUT <= "1111" after CLKDEL,;
when"1111" => QOUT <= "1110" after CLKDEL;
when"1110' => QOUT <= "1100" after CLKDEL;
when "1100' => QOUT <= "1000" after CLKDEL;
when "1000' => QOUT <= "0000" after CLKDEL;
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when others=> QOUT <="0000" after CLKDEL,;

end case;

-- if load-signal is high andthe dock goes high, external input idransfered to the jc output (11)
ésif (LOAD ="1 andCLK'event and CLK="1") then

QOUT <= EXTIN after EXTDEL,;

end if;

end process;

end BEHAVE;

use work.all;
architecture STRUCT of JCis

use work.all;

-- this definesa dflip-flop (12)

component D_FLIPFLOP
gereric(CLKDEL, RDEL : time);

port(D, CLK, RST : in hit; Q, QC : out bit);

end component;

-- it gives the ports and delays asaciated with the 3-input and- gate used (13)
component GATE_AND3

gereric(GDEL : time);

port(11, 12,13 in bit; O : out bit);

end component;

-- this dHfines the two-input and-gate (14)
component GATE_AND?2
gereric(GDEL : time);

port(11, 12 : in bit; O : out bit);

end component;

-- atwo-input or-gate is defined (15)
component GATE_OR?2
gereric(GDEL : time);

port(11, 12 : in bit; O : out bit);



end component;

component GATE_IN
gereric(IDEL : time);
port(I1:in bit; O : out bit);

end component;

-- these statements bind the mmponents deslared to the ibrary modd of the corresponding
comporent. (16)

for all

for all :
for all :
for all :
for all :

signa DA1, DA2, DB1, DB2, DC1, DC2, DE1, DE2, LOADP, BCEZABEP, APCEZABC,

: D_FLIPFLOP use entity FLIPFLOP(BEHAV E_FLIPFLOP),
GATE_AND3 use antity EAND3(BEHAVE_AND3);
GATE_AND2 use entity EAND2(BEHAVE_AND2);
GATE_INV use entity EINV(BEHAVE_INV);

GATE_OR2 use ettity EOR2(BEHAV E_ORY);
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APBPEZBCE, APBPCPZAPCE, DA, DB, DC, DE, AP, BP, CP, EP, BCE, ABEP, APCE, ABC,
APBPE, APBPCP : hit;

begin

ffa: D_FLIPFLOP
gereric map(CLKDEL => 11ns, RDEL =>8 ns)
port map(D=>DA, CLK=>CLK, RST=>RESET, Q=>QOUT(3), QC=>AP);

ffb: D_FLIPFLOP
gereric map(CLKDEL => 11ns, RDEL =>8 ns)
port map(D=>DB, CLK=>CLK, RST=>RESET, Q=>QO0UT(2), QC=>BP),

ffc: D_FLIPFLOP
gereric map(CLKDEL => 11ns, RDEL =>8 ns)
port map(D=>DC, CLK=>CLK, RST=>RESET, Q=>QO0UT(1), QC=>CP);

ffe: D_FLIPFLOP
gereric map(CLKDEL => 11ns, RDEL =>8 ns)
port map(D=>DE, CLK=>CLK, RST=>RESET, Q=>QOUT(0), QC=>EP);



INV1:GATE_INV
gereric map(IDEL => 1ns)
port map(LOAD, LOADP);

AND1: GATE_AND3
gereric map(GDEL => 3 ns)
port map(QOUT(2), QOUT (1), QOUT(0), BCE),

AND2: GATE_AND3
gereric map(GDEL => 3 ns)
port map(QOUT(3), QOUT(2), EP, ABEP);

AND3: GATE_AND3
gereric map(GDEL => 3 ns)
port map(ap, QOUT(1), QOUT(0), APCE);

AND4: GATE_AND3
gereric map(GDEL => 3 ns)
port map(QOUT(3), QOUT(2), QOUT(1), ABC),

AND5: GATE_AND3
gereric map(GDEL => 3 ns)
port map(AP, BP, QOUT(0), APBPE);

ANDG6: GATE_AND3
gereric map(GDEL => 3 ns)
port map(AP, BP, CP, APBPCP);

-- following gates seled input signals and feeds themto the fli p-flops wsed (17)

-- two and-gates are inputstoflipflop-a (17)
AND7: GATE_AND2

gereric map(GDEL => 3 ns)

port map(LOAD, EXTIN(3), DA1);
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ANDS8: GATE_AND2
gereric map(GDEL => 3 ns)
port map(LOADP, BCEZABEP, DA2);

-- following two and-gates feedfli pflop-b (18)
AND9: GATE_AND2

gereric map(GDEL => 3 ns)

port map(LOAD, EXTIN(2), DB1);

AND10: GATE_AND2
gereric map(GDEL => 3 ns)
port map(LOADP, APCEZABC, DB2);

AND11: GATE_AND2
gereric map(GDEL => 3 ns)
port map(LOAD, EXTIN(1), DCY);

AND12: GATE_AND2
gereric map(GDEL => 3 ns)
port map(L OADP, APBPEZBCE, DC2);

D.5 Histogram model commented by subject 5

-- the declartions are needed for including the \arious component libraries (1)
-- theselibraries contain the various component declarations (1)

library |IEEE;

use STD.textio.al;

use [IEEESTD_LOGIC_MISC.all;

use [EEESTD_LOGIC_1164.all;

use [IEEESTD_LOGIC_ARITH.all;

use [IEEESTD_LOGIC_UNSIGNED.all;

-- thisisthe begining ofthe entity declaration for the hitogram (2)
-- this describesthe variousinput signals and the corresponding output signals (2)
entity HISTGRAM is
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generic( ADDRLEN, WRDLEN : INTEGER;
RD_DEL, DIS DEL : TIME;
INFILENAME, OUTFILENAME : STRING);

-- thedataisaninout type (3)

-- the addr signal contains theaddresslocation of the data(4)

-- chipselect represented b ¢s(5)

-- theread signal isrepresented by rd and write represented b wr (5)

port( DATA : inout STD_LOGIC_VECTOR (WRDLEN-1 downto 0) := (others=>'Z");
ADDR : out STD_LOGIC_VECTOR (ADDRLEN-1 downto 0);
START :inSTD_LOGIC;
CS,RD, WR: out STD_L OGIC);

end HISTGRAM;

-- the architecture description darts tere (6)
architecture KEEP_TRACK of HISTGRAM is

-- the architecture hasa few constant needed for the logc design (7)
constant MAXADDR : INTEGER :=2** ADDRLEN - 1;
constant TRISTATE : STD_LOGIC_VECTOR(WRDLEN-1 downto 0) := (others=>"Z");
signd DATAREG: STD_LOGIC_VECTOR(WRDLEN-1 downto 0);
begin
-- The process HGM represents the histogram generator (8)
HGM : process
-- various variablesrequired for the hgm are declared (9)
-- they are alsoinitialized (9)
variabelL : LINE;
variade VAL : INTEGER,;
file INFILE : TEXT isin INFILENAME;
file OUTFILE : TEXT isout OUTFILENAME;
variade BITDATA : BIT_VECTOR(WRDLEN-1 downto 0);
variade BITADDR : BIT_VECTOR(ADDRLEN- downto 0);

begin

-- the process waits for the rising edge signal (10)
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wait on START until (START ='1' or START ="H’);

-- thisisaloop to read the contents d the input file (11)
-- it processes eachinput whenit isread (12)
-- this process continues till the end of thefileisreached (13)
while not(ENDFILE(INFILE)) loop
READLINE(INFILE, L);
READ(L, VAL);

-- the foll owing statement converts the incoming address to a vedor of typ std_logic (14)

ADDR<=CONV_STD_LOGIC_VECTOR(VAL ,ADDRLEN);

-- This enables the READ and CHIP-SELECT dgnals and waits for a definite amount of tim
beforereading the data fromthe DATA signal (15)

RD <="1'; CS<="1;WR<="0;
wait for RD_DEL;
-- the dhtathatisread is now converted to aninteger (16)
-- itis then stored (16)
VAL := CONV_INTEGER(DATA);

-- The READ and CHIP-SELECT dgnalsare now disabled and the gystem waits for sometime (17)
RD<='0;CS<="0,
wait for DIS DEL;

-- theincremented value of the data is naw placed bak on the data signal (18)
DATA <=CONV_STD_LOGIC_VECTOR(VAL +1, WRDLEN);

-- thewrite and chip-select sgnals are asserted (19)
-- the memory storesthe incremented data (19)
WR<="1" CS<="1}

wait for DIS _DEL;

-- after waiting for some time the asserted signals are de-asserted (20)
-- thedatasignal istri-stated so that other entitiescan writetoit (21)
WR<='0; CS<="0}



wait for DIS DEL;
DATA <=TRISTATE;
end loop;
-- the procedure described reads the data from the memory in serial order (22)
for 1 in 0to MAXADDR loop
ADDR <=CONV_STD_LOGIC_VECTOR(I,ADDRLEN);
RD<="1";CS<="1;WR<="0;
wait for RD_DEL;
VAL :=CONV_INTEGER(DATA);
RD <='0;CS<="0,
wait for DIS DEL;
DATA <=TRISTATE;
WRITE(L, 1);
WRITE(L, ;
WRITE(L, VAL);
WRITELINE(OUTFILE, L);
end loop;
end processHGM,;
end KEEP_TRACK;
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