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Requirements Decomposition Analysis
Task Description

Problem Statement: Requirements play a pivotal role in
planning, selection, development, testing and operation of
NASA's missions. Starting from mission objectives,
requirements are successively decomposed. The correctness of
this decomposition is critical, yet V&V of this crucial step is
limited to manual inspection and pointwise testing, which are
cumbersome and fallible (e.g., Mars Polar Lander).

Task: Rigorous lightweight analysis methods for requirements
decomposition have been developed by the software
engineering research community, and have shown promise in
successful application to critical systems (e.g., rail
transportation). This proposal will study their application to the
V&YV of spacecraft software requirements, to ascertain if, when
and how they are suitable for use by NASA.
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Goals and Objectives

« Goal: study the applicability to NASA spacecraft requirements
of rigorous analysis methods for requirements decomposition
that have been developed by the software engineering research
community.

« Objectives:

1. Manually apply decomposition analysis methods applied to
spacecraft requirements.

2. Based on the results of of these application studies, emerge
with recommendations for the application of these methods,
identify needed extensions to those methods, and indicate
the opportunities for their support (e.g., via checklists,
procedures and/or tool support).

3. Develop the most promising support approaches identified
by the first phase to make them suitable for application to
NASA's spacecraft requirements.
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Requirements Decomposition Analysis
Highlights

. Examined ST-6 Autonomous Sciencecraft Experiment requirements (approx. 9 pages)

¢ Got a feel for the potential complexity of analyzing the decomposition of resource requirements, while
working with a relatively small set of requirements (approximately 9 pages of technical detail)

. Focused on the Mars Reconnaissance Orbiter requirements (approx. 1,370 in all)

¢ Developed a means to use the prog'ect-provided traceability information to extract all the requirements
that are related to a requirement of interest
WHY: Convenience & comprehension — extracts just those requirements connected, directly or
indirectly, assembling the results into a (web-browser-viewable) table. The result is easier to
study than following individual links within the large set of requirements, and is more focused
than the “graphic mode” that the requirements tool DOORS provides. In the event of the need
to make a change to a requirement, this capability has potential utility, by finding and reporting
all the requirements related (directly or indirectly) to that requirement.
HOW: This is in the form of an automatic script, which takes as input the user’s identification of
the requirement of interest, and returns the requirements linked to that (both “parents” of that
requirement, and “children” of that requirement), the requirements linked to those requirements,
etc.
+ Developed a means independent of the project traceability information to extract relevant
requirements.

- WHY: avoids reliance on the potentially incomplete or incorrect the traceability information
within the existing documentation, thus giving a means in independently assure the correctness
of requirements decomposition.

HOW: text-based search for keywords (e.g., search for the word “mass” and the string “kg” — for
kilograms), and regular-expression textual searches for more refined patterns (e.g., a digit, then
a space, then the letters “kg")
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Highlights (cont’d) feemelony

Trace- and string- based means to query a set of requirements have been developed. The
result of such a query is a set of requirements. We have also developed capabilities to
compare such result sets. Given two or more queries each of which yields a set of
requirements, the capabilities developed allow the calculation of the intersection, difference
and union among the several returned sets.

The simplest example, of two results sets, is shown below. The results are placed into one of
three categories: occurs in only the results returned by the first query; occurs in only the results
returned by the second query; occurs in both sets of results (see diagram below).

More generally, for N queries, results are distributed among 2N — 1 categories.

s . Simplest example, of two result sets
SHily 1k (s g g Query 2: yields this

set of requirements / set of requirements

Example: requirements that trace Example: requirements that
to a mass-related requirement 3 involve the string Kg

Result: mass-related guss®
requirements that do NOT
involve the string Kg ””””H

ttreeaa.,, Result: requirements that do
. involve the string Kg but are not
related to mass requirements

JI"'Iu

Result: requirements that do involve the string
Kg AND are related to mass requirements

As before, for easy of viewing the results are presented in HTML tables that provide hyperlinks
to the requirements themselves.
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Highlights (cont’d)

« Tools Developed
¢ TraceRequirements.pl

- Traces one or more requirements through a set of
documents

- For each specified requirement, parents and children are
found, as well as siblings and all other possible relatives

¢ FindPatterns.pl

- A specified set of documents is searched for one or more
patterns

- Patterns can be specified as regular expressions
¢ CompareResults.pl

- Two or more trace and/or search results are compared to
identify requirements common to the results

8 June, 2004 NASA Assurance Technology Symposium 6
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Tools Overview

=« How TraceRequirements.pl differs from
parent and child tracing:

v
/l
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Tools Overview (cont’d)

« How CompareResults.pl compares results produced by
TraceRequirements.pl and/or FindPatterns.pl

¢ Example: A, B, and C are results produced by
TraceRequirements.pl and FindPatterns.pl

AN=BA-C AN-BAC

ANBAC
~ARBAC
ANBASC
~ANBAC
~ARBASC

8 June, 2004 NASA Assurance Technology Symposium 8
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Running the Tools - Preliminaries

« The tools operate on HTML files exported from DOORS
documents. Before attempting to use the tools:

¢ Export all of the requirements documents you’ll be working
on from DOORS to HTML documents.

¢ Make sure that you export them in tabular form and include
the links.

= The tools are executed from the DOS command prompt.

« Before running the tools, change to the directory in which the
exported DOORS files reside.

¢ These aren’t quite production tools yet, and may not work
properly if you don’t change directories.

8 June, 2004 NASA Assurance Technology Symposium 9
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Running the Tools - Preliminaries (cont’d)

| Formal module */MRO, Exhibit I - Spacecraft Requirements D-20381° current 5.0 - DOORS 3, =10] x|

Ele Edt Vew [nsert Unk Anslysis Table [ooks User Help

HQJE. Y RRITIN Ve e ol EE | W, B SE|
oo es A f4 - EEVHEY
+ Exhibit [ - Spacecraft Requirements |jp Jm I[Eﬂllﬂ-\) IEIIHII:I
s9 | 3 Project Requirements <<Link module not found>> &
4 | 3.1 Mission Lifetime <<Link module not found>>
45 | The orbiter shall be designed to operate within specification for © <<Link module not found>> This
5.4 years after launch. meet
and t
for tk
weara
year
—— comp
| Export HTML - DDORS By =10l x| for
oy and/c
calan
Lo R | =
(Ross
Export I'::”"“B"t :] <<Link module not found>> From
requi
Include: [ Links [~ Icone [ Change meter Fran
(Ross
|C:\Documents and Settings\anikora\Desktop\Compl Browse... l <<Link module not found>>
<<Link module not found>> MRO
NaS,

[ Export | Help | Ciose | -
state:
comp
Prote
is def
MRO
as ac
(Ross

48 | 3.3 Single Point Failures <<Link module not found>> -
o dig | o
Username: Allen P Nikora ‘Read-only mode &
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Help Screen - TraceRequwements pl

California
. LIJHII"IldIIdPrDITIpl i _»___ -Iniﬁl Institute of
C: squirements.p A Technology
This script constructs a requirements lattice by identifying all of the
parents and children of a given requirement. all of their nts and children.

and so on until no more parents and children can be identified.
Usage: TraceRequirements.pl —i {Filename> [options]

here {Filename> is the name of file listin irements to be traced.
: row of {Filename> contains the pair (II%IILJ’I ME>, <{Requirement ID)>.
HTHL.FII-MHE) and <{Requirement ID)> are separated by comma c ters.
HTML_FILENAME> and <{Requirement ID> must not contain comma characters.
HTML_FILENAME> can be a fully—qualified filename, or can refer to a file
the current directory.

DTE: This script assumes that all other files to which the requirements in
HTML_FILENAME> are linked are in the same directory as <HT ILENAME?>;

HTML_FILENAME)> identifies a DOORS document. containiniol:ln requirement
Requirement ID>, that has been exported to HTML. <Filename)> may identify
several requirements from the same document. but may not i.dentifﬂ requirements
ron different documents. WUWhen exporting the DOORS document to HTML. all of
he modules related to each requirement must be exported.

Output is written to an HIML file having the following format:

Column 1 - mquirennt: file name — the name of the html file
conta:l.n:l.ng the requirement being traced.

lumn Eu:lrenont ID - the numerical ID of the requirement
heing tmc

Column 3 — the inbound links to the requirement — each link is

a pair of the form {requirements file name., requirement ID>.

lumn 4 — the outhound links from the requirement — the format

is the same as that for inbound links.

Column 5 - nqu:lrelent type — a requirement can be a root (and there
can be more one root in a trace lattice), a terminal. or neither.
The orlsinulli.nquo:tad requirement for tracing (identified in
(l’ilenm)). indicated by the value "Requirement being traced".
Column 6 — the text of the requirement.

Command line options are as follows:

—0 <0utr.lt File Name> - specifies the name of the output file. The extension
“_html" is appended to the end of specified name. n existing

file with the same name will be overwritten.

—q — Selecting this option will suppress inting of the column containing the
text of the requirement - see tcr:lptin’: of Gnlunn 6 above.

C=\> =~
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Input Files for TraceRequirements.pl

« Input file identified by “-i” command line flag lists the
requirements that are to be traced.

« Example input file:
C:\Documents and Settings\anikora\Desktop\Complete MRO Requirements HTML
Tables\_MRO_Exhibit_|_-__Spacecraft_Requirements_D-20381.htm, 273

C:\Documents and Settings\anikora\Desktop\Complete MRO Requirements HTML
Tables\_MRO_Exhibit_|_-__Spacecraft_Requirements_D-20381.htm, 274

C:\Documents and Settings\anikora\Desktop\Complete MRO Requirements HTML
Tables\_MRO_Exhibit_|_- Spacecraft_Requirements_D-20381.htm, 275

C:\Documents and Settings\anikora\Desktop\Complete MRO Requirements HTML
Tables\_ MRO_Exhibit_|_- Spacecraft_Requirements_D-20381.htm, 276

C:\Documents and Settings\anikora\Desktop\Complete MRO Requirements HTML
Tables\_MRO_Exhibit_| - Spacecraft_Requirements_D-20381.htm, 277

C:\Documents and Settings\anikora\Desktop\Complete MRO Requirements HTML

Tables\_MRO_Exhibit_|_-_Spacecraft_Requirements_D-20381.htm, 278
C:\Documents and Settings\anikora\Desktop\Complete MRO Requirements HTML
Tables\_MRO_Exhibit_|_-__Spacecraft_Requirements_D-20381.htm, 279
C:\Documents and Settings\anikora\Desktop\Complete MRO Requirements HTML
Tables\_MRO_Exhibit_|_- _Spacecraft_Requirements_D-20381.htm, 877
C:\Documents and Settings\anikora\Desktop\Complete MRO Requirements HTML
Tables\ MRO_Exhibit_| - Spacecraft_Requirements_D-20381.htm, 878
C:\Documents and Settings\anikora\Desktop\Complete MRO Requirements HTML
Tables\_MRO_Exhibit_|_- Spacecraft_Requirements_D-20381.htm, 1127

8 June, 2004 NASA Assurance Technology Symposium 12
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Output Files from TraceReqmrements pl Technology

&ﬂhﬁmmww

4 Q’Q Q Q °|"u|nmc . Y.20HTML 20T bles TestPowerTrace.hird ar
-l lmnm!m(\m M%m%mn%m% " Mesting Maker *y: Rols Pion Serl... v EIS %umc.. “. PLknowWho % SCRH
Requirements Traced

~

w

'S

w

o :

EEEE;EEEEEEEEEEEEEEEEEEEEEEEE'

8

i

Command llne TraceRequqrements pl —i PowerRequrrementsFlle txt —o TestPowerTrace html
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Help Screen - FindPatterns.pl

lwruand Prompt =10/
FindPatterns .p |
ir finds occurrences of specified patterns in html documents
xported from DOORS and writes the search results to an html file that
D:tlilll the text of each requirement matching any of the specified
patterns.

sage: FindPatterns.pl -d {Document List> —-p <{Search Patterns> [options]

] {Document List> is a list of command line arguments identifying the
tml documents that are to be searched for patterns specified by the user.

Each t in <{Document List)> contains t fully qualified name of an

nn. H rted from DOORE in table format. <Search Patterns> is one

D ::: expressions, separated by white space, for which a search

111 h in the text of the documents identified by {Document List>. e

ple: FindPattern.pl -p “d SampleText -d h!ﬂiﬂ-.tl_i .html Req Doc_2.htm
search for digits and the text "'8' l- documents
irements_1.htnl" and "Req_Doc_2.htm

put is written as HTHML having the following Format:

lumn 1 —minmhfihum-thmofﬂnhtnlﬁh
matching one or more of the search !: rns.
lumn 2 = requirement ID — the numerical ID of the requirement
-i.nl one or more of the patterns.

the inbound links to the requirement — each link is
of the form <{requirements H.l.o name, requirement I1D)>.
- the outbound links from the requirement — the format
same as that for inbound links.
5 - Identifies the pattern(s) matched in the requirements
and how many times each mtnm was matched.
plumn 6 — the text of the ment containing one or more
of the search patterns.

less the name of an output file is specified. the output is written
to the standard output. STDOUT.

Command line ions are as follows:

-df <Document File> — specifies the name of a text file

containing a list of the html dou—nl:s that will be searched for

for patterns. Users have the optivn of snr. ll:h!-:nc_nt file names

hlhl ui.tll the -d option instead of or it to this option

th However. if no document names are specified, the user “will
w.d to either specify the names in—line or specify the name of a

text file containing the documents to be searched.

-pf <Search Pattern File> - specifies the name of a text file

containing a list of mtorns for which the specified documents will be
searched. Users have the option of specifying terns inline with the
—-p option instead of or in addition to this opt However, if no
patterns are specified, the user will be prompted to either specify the
patterns in—line or provide the name of a toxt file containing the
patterns for which to search the documents

o, (Ou.t ut l':l.h llnn.) - - cifies the name of the output file. The extension
is appended he end of specified name. An existing file with
tb same name will h overwritten h no warning.

- Select this ion will suppre int f the ulum containing the
toxt.de i.'“:l.r::. n_u." l.h r:l.::i: o!’gl.mi 6 above

HIAN 5d!
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« Input file identified by “-df” command line flag lists the documents that are to
be searched for patterns. An example is shown below:

C:\Documents and Settings\anikora\Desktop\Complete MRO Requirements HTML Tables\_MRO_Exhibit_I_-__Spacecraft_Requirements_D-20381.htm

C:\Doczlén-;;n# and Settings\anikora\Desktop\Complete MRO Requirements HTML Tables\ MRO_DAV V _Design_Principles_ Rev_1_copy_to_MRO_02-

.htm

C:\Documents and Settings\anikora\Desktop\Complete MRO Requirements HTML Tables\_ MRO_Exhibit_IV_- Mission_Ops_Rgmts_D-20519.htm

C:\Documents and Settings\anikora\Desktop\Complete MRO Requirements HTML Tables\ MRO_L1_Level_1_Requirements_-
_Appendix_to_Program_Plan_D-22204.htm

C:\Documents and Settings\anikora\Desktop\Complete MRO Requirements HTML Tables\ MRO_L2.5 Project_System_Requirements_D-22212.htm

C:\Documents and Settings\anikora\Desktop\Complete MRO Requirements HTML Tables\_MRO_L2_Mission_Assurance_Requirements_D-20327.htm

« Input file identified by “-pf” command line flag identifies the patterns for

which the documents are to be searched. An example is shown below:
(\s)+[t|T]ime
(\s)+[s|S]oon
(\s)+[l|L]ate
(\s)+[e|E]arly
(\s)+[e|E]arlie
(\s)+[b]|B]efore
(\s)+[a| Alfter
(\s)+[s|S]econd
(\d)+(\s)* [m*|M*][s|S]
(\s)*[m|M]icrose
(\s)+[h|H]our
(\s)+[m|M]inute
(\s)+[d|D]ay
(\s)+*[m|M]onth
(\s)+[y|Y]ear

8 June, 2004 NASA Assurance Technology Symposium 15
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N Kilogr amSearchfram Setscap ‘.I’.Iﬂ
B-ma-ﬁnmmmm
Q.90 0 o= o — TS
B Ema .m-aubﬁnuupf-\m & ks '+ B0SS v Insde L 'y Darwin “ MestimgMaker * Rol Sert... v EIS %ntum‘,.. “ PLKnowWho v SCRH

C:ADocuments and Settings\anik ora\Desktop\Complete MRO Requirements HTML
Tables'\ MRO_L2.5 Project_System_Requirements D-22212.htm

Eeture to the top of the page

C:\Documents and Settings\anikora\Desktop\Complete MRO Requirements HTML
Tables\ MRO_L2 Mission_Assurance_Requirements_D-20327.lm

R

No
e

ten “hﬂm

D@ 8 OF0) vocumnt Dora (L0 mc)
Command line: FindPatterns.pl —df DocumentNames_3.txt —p Kg kg —o K|IogramSearchFrame html
8 June, 2004 NASA Assurance Technology Symposium 16
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Help Screen - CompareResults.pl

Command Prompt

=10/ x|

mpareResults.p

his script compares two or more files obtained with either of the scri

.pl"” or “FindPatterns.pl”. The output is an html file identifying
ments common to each of the possible subsets of the sncﬂ-‘ied result
iles. For example, if 3 result files were specified, there wou ?
ombinations of result files that would be anal\wed (2#x3-1>. See the help
creens for "TraceReqs.pl" and "FindPatterns.pl" for detailed information on
use.

he requ

lluults.nl —i {ResultFile 1> {ResultFile 2> [{ResultFile 3> ...1
[-c —ei—ul] [-if <ResultFileNamesFile>] [-0 <{OutputFileName>] [-v]

where :

{ResultFile X> is the name of an html file produced with the script
“FindPatterns.pl"” or “TraceReqs.pl”.

{ResultFileNamesFile> is an optional file containing the names of result
files. The -if option can be used instead of or in addition to the -i option
to avoid entering a large number of result file names on the command line.

There are three choices for specifying how the results are

—c: In each subset. look for a result, but do not check to make sure that
the result is not contained in results files that are not part of tlll
subset. PFor example. if there are four results files A. B. C. and D.
nnd a search is being done to find results common to B and C,. this

ion will not check for the nonexistence of the results in A and D.
'I' IS IS THE DEFAULT CHOICE FOR COMPARING RESULIS.

-e: In each subset, look for a result. and check to make sure that
the result is not cont-:l.nad in results files that are not part of the
subset. For empln if there are four results files A, B. 0 and D,
and a search is lniug done to find results common to B and C, this
option will check for the nonexistence of the results in A and D.

-u: Do not compare results. but report the union of all the result files.

<0utrltl'il-!hu> is an opt:l.nllnl name for an html file that will contain the
result of running this script. The extension “.html" is added to the name of
the file. If no filename is supplied. the results are written to the
standard output.

-v denotes the verbose option. If this option is selected. progress messages
will be printed on the standard output if the —o option has also been
ul-ctal. If this option has not been selected, or if the —o option has not
been selected. no progress messages will be d:l.lplnyud.

to be compared:

ND

4l

8 June, 2004
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Input Files to CompareResults.pl

= Input file identified by “-if” command line flag
identifies the results that are to be compared. An
example is shown below:

TestMassTrace.html
KilogramSearchFrame.html
MassSearchFrame.html

- TestMassTrace is the output of the “TraceRequirements.pl” script for a
set of requirements related to mass.

. KilogramSearchFrame.html is the output of the “FindPatterns.pl” script
when searching all documents for either “Kg” or “kg”.

- KilogramSearchFrame.html is the output of the “FindPatterns.pl” script
when searching all documents for either “Mass” or “mass”.

8 June, 2004 NASA Assurance Technology Symposium 18
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Output Files from CompareResults.pl Technology

8 TestOutput]3 - helscape I
. Ele Edt Yew Go Bockmarks Jooks Window Help
9.0 0 O 0L rrmmns T e | @) <4 D
. @, EJmal 4 Home D Rado Wi Netscape Q Search DBookmarks v BOSS v Inside L 'y Darwin com " Mesting % Serl... "y EISMessagng... “v FPLSecurky(.. ‘v PLKnowWho ‘v SCRH
Results Files Compared Subset Comparison Results
| Ittt oee bl Subset111
KlogaSearchFrama bl
3. MassSearhFramme beml Contained In: Not Contained In:
1. TestMaseTrnce himl
2. KibgusSewchFrume hirad
3. MussSearciFrame hizl
———— —r - -
[ MRO Eaddit | - Spaeert . 19 1. _MED Felutod Projects MDL Eshs The spacecralt shall be desigond for « rusiza
2. MRO L25 Prowet Syviem Reaus et Mass - 1983 0 Kg
mments D-22212 him 845 -1390Kg
3. _MRO L35 Projet System Requ -175Kg
Tements D.22212 him, 1609 Manager Reserve - 355 Kg
& i i
fements D.22212 im, 284
w L _MEO Edhbit | - Speecnfi B - The PS shallbe dasigred for s masimam injected
Surements D051 him, 155
| 2. MRO L3 Lamch Vehicle Technic
o Requinments D.munber btm, &
wgﬁ' 1. MRO L3 Payioed System Raguim - The FS shall be desigred to accommodate 156.5
Subset Descriptions wents [-21219 i, 45
g Y —
2011
3. 101
4110
5. 001
6010
7. 100
P i ek e . - -

Command line: CompareResults.pl —if ResultFilenames4.ixt —o TestOutputiS e
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Requirements Decomposition Analysis
Task Description

Problem Statement: Requirements play a pivotal role in
planning, selection, development, testing and operation of
NASA's missions. Starting from mission objectives,
requirements are successively decomposed. The correctness of
this decomposition is critical, yet V&V of this crucial step is
limited to manual inspection and pointwise testing, which are
cumbersome and fallible (e.g., Mars Polar Lander).

Task: Rigorous lightweight analysis methods for requirements
decomposition have been developed by the software
engineering research community, and have shown promise in
successful application to critical systems (e.g., rail
transportation). This proposal will study their application to the
V&V of spacecraft software requirements, to ascertain if, when
and how they are suitable for use by NASA.

8 June, 2004 NASA Assurance Technology Symposium 2
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Goals and Objectives

« Goal: study the applicability to NASA spacecraft requirements
of rigorous analysis methods for requirements decomposition
that have been developed by the software engineering research
community.

« Obijectives:

1. Manually apply decomposition analysis methods applied to
spacecraft requirements.

2. Based on the results of of these application studies, emerge
with recommendations for the application of these methods,
identify needed extensions to those methods, and indicate
the opportunities for their support (e.g., via checklists,
procedures and/or tool support).

3. Develop the most promising support approaches identified
by the first phase to make them suitable for application to
NASA'S spacecraft requirements.

8 June, 2004 NASA Assurance Technology Symposium 3
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Requirements Decomposition Analysis
Highlights

. Examined ST-6 Autonomous Sciencecraft Experiment requirements (approx. 9 pages)

¢ Got a feel for the potential complexity of analyzing the decomposition of resource requirements, while
working with a relatively small set of requirements (approximately 9 pages of technical detail)

. Focused on the Mars Reconnaissance Orbiter requirements (approx. 1,370 in all)

¢ Developed a means to use the prog'ect-provided traceability information to extract all the requirements
that are related to a requirement of interest
WHY: Convenience & comprehension — extracts just those requirements connected, directly or
indirectly, assembling the results into a (web-browser-viewable) table. The result is easier to
study than following individual links within the large set of requirements, and is more focused
than the “graphic mode” that the requirements tool DOORS provides. In the event of the need
to make a change to a requirement, this capability has potential utility, by finding and reporting
all the requirements related (directly or indirectly) to that requirement.
HOW: This is in the form of an automatic script, which takes as input the user’s identification of
the requirement of interest, and returns the requirements linked to that (both “parents” of that
requirement, and “children” of that requirement), the requirements linked to those requirements,
etc.
¢ Developed a means independent of the project traceability information to extract relevant
requirements.

- WHY: avoids reliance on the potentially incomplete or incorrect the traceability information
within the existing documentation, thus giving a means in independently assure the correctness
of requirements decomposition.

HOW: text-based search for keywords (e.g., search for the word “mass” and the string “kg” — for
kilograms), and regular-expression textual searches for more refined patterns (e.g., a digit, then
a space, then the letters “kg”)

8 June, 2004 NASA Assurance Technology Symposium 4
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Highlights (cont’d) feenetosy

Trace- and string- based means to query a set of requirements have been developed. The
result of such a query is a set of requirements. We have also developed capabilities to
compare such result sets. Given two or more queries each of which yields a set of
requirements, the capabilities developed allow the calculation of the intersection, difference
and union among the several returned sets.

The simplest example, of two results sets, is shown below. The results are placed into one of
three categories: occurs in only the results returned by the first query; occurs in only the results
returned by the second query; occurs in both sets of results (see diagram below).

More generally, for N queries, results are distributed among 2N — 1 categories.

o . Simplest example, of two result sets
Query 1: yields this P P Query 2: yields this

set of requirements \ / set of requirements

Example: requirements that trace Example: requirements that
to a mass-related requirement | involve the string Kg
Result: mass-related JPPTL L é'"---. :
. a2 = =7 **+=« Result: requirements that do
{eql;!mr;lhent.i {hat do NOT : involve the string Kg but are not
FIihive e 0 N HH””” related to mass requirements

Result: requirements that do involve the strmg
Kg AND are related to mass requ.'rements

As before, for easy of viewing the results are presented in HTML tables that provide hyperlinks
to the requirements themselves.

8 June, 2004 NASA Assurance Technology Symposium 5
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Requirements Decomposition Analysis
Highlights (cont’d)

« Tools Developed
¢ TraceRequirements.pl

- Traces one or more requirements through a set of
documents

- For each specified requirement, parents and children are
found, as well as siblings and all other possible relatives

¢ FindPatterns.pl

- A specified set of documents is searched for one or more
patterns

. Patterns can be specified as regular expressions
¢ CompareResults.pl

- Two or more trace and/or search results are compared to
identify requirements common to the results

8 June, 2004 NASA Assurance Technology Symposium 6
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Requirements Decomposition Analysis

Tools Overview

« How TraceRequirements.pl differs from
parent and child tracing:

v
A

8 June, 2004 NASA Assurance Technology Symposium 7
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Requirements Decomposition Analysis
Tools Overview (cont’'d)

« How CompareResults.pl compares results produced by
TraceRequirements.pl and/or FindPatterns.pl

¢ Example: A, B, and C are results produced by
TraceRequirements.pl and FindPatterns.pl

ARBA-C AN-BAC
ANBAC

"AMBAC

ARBA-C

~ANBAC
“ANBA-C

8 June, 2004 NASA Assurance Technology Symposium 8
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Requirements Decomposition Analysis ™
Running the Tools - Preliminaries

« The tools operate on HTML files exported from DOORS
documents. Before attempting to use the tools:

¢ Export all of the requirements documents you'll be working
on from DOORS to HTML documents.

¢ Make sure that you export them in tabular form and include
the links.

« The tools are executed from the DOS command prompt.

« Before running the tools, change to the directory in which the
exported DOORS files reside.

¢ These aren’t quite production tools yet, and may not work
properly if you don’t change directories.

8 June, 2004 NASA Assurance Technology Symposium 9
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Runnlng the Tools - Prel|m|nar|es (cont’d)

0 Exhibit 1 - Spacecralt Regui nts D-20381" current 5.0 - DDORS

HQJE BB Y X e B 20 - = 7 '-“?!"'"'ﬁ"'~5='-n':'ﬁ'-::‘"$'~'-?‘

IExhuu > 3|n||m|s =] ,-."' £5% 3 éﬂ?!l.lﬁ'

+ Exhbit 1 Spacecraft Requremerts [ | Requeements §Ebt 110> T Conme 2
% | 3Project Reqltements <<Link module not found>> =
44 | 3.1 Mission Lifetime <<Link module not found>>

5 |mub:w-hauumm¢mammwmnmﬁcaﬁmh'<<nnhmm.mtfuw|» This
5.4 years after launch. meet

calan

Export: ICurrent :l <<Link module not found>> x

Include: [Z Links [~ lcors [T Chienae meter =

|C:\Documents and Settings\anikora\Desktop\Compl Browse... I <<Link module not found>>
<<Link module not found>> MRO

[ Export | Help | Ciose | =

48 | 3.3 Single Point Failures <<Link module not found>> -
T EER St e [ [T | 1 >
Username: Allen P Nikora Read-only mode 4

Exporting DOORS modules as HTML files
8 June, 2004 NASA Assurance Technology Symposium

Technology

File->
Export->
HTML
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Help Screen - TraceRequirements.pl

California
<> Command BT =10/ x| Institute of
C:\>TraceRequirements.p] Al Technology
This script constructs a requirements lattice by identifying all of the
parents and children of a given requirement. all of their nts and children.

and so on until no more parents and children can be identified.
Usage: TraceRequirements.pl —i <{Filename> [options]

where <{Pilename) is the name of file listin# the requirements to be traced.

h row of {(Filename) contains the pair <HIML_FI ME>. <{Requirement ID>.
HTML_FILENAME> and <Requirement ID)> are separated by comma characters.
HTML_FILENAME> and <{Requirement ID> must not contain comma characters.
HTML_FILENAME> can be a fully—qualified filename, or can refer to a file
in the current directory.

E: This script assumes that all other files to which the requirements in
HTML_FILENAME> are linked are in the same directory as <HTML_FILENAME>;

HTML_FILENAME)> identifies a DOORS document, containing the requirement
Requirement ID>, that has been exported to HTML. <Filename)> may identify
everal requirements from the same document, but may not idontifﬁ requirements
rom different documents. When exporting the DOORS document to HIML. all of
he modules related to each requirement must be exported.

Output is written to an HTML file having the following format:

Column 1 - requirements file name — the name of the html file
containing t reqguirement being traced.
lumn 2 = roxuiremnt ID - the numerical ID of the requirement
being traced.
Column 3 — the inbound links to the requirement — each link is

a pair of the form <{requirements file name, requirement ID>.
Column 4 — the outbhound links from the requirement — the format
is the same as that for inbound links.
Column 5 - requirement type — a requirement can be a root Cand there
can be more than one root in a trace lattice), a terminal. or neither.
The or:l.ni.nn:ll! requested requirement for tracing (identified in
{Filename?), is indicated by the value "Requirement being traced".
Column 6 — the text of the requirement.

Command line options are as follous:

—0 <0utrlt File Name> - specifies the name of the output file. The extension
" _html" is appended to the end of specified name. existing

file with the same name will be overwritten.

-q - Selecting this option will suppress printing of the column containing the
text of tlu’uqu:lnnlnt ~ see description of Oglunn 6 above.

N> =
8 June, 2004 NASA Assurance Technology Symposium 11
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. ) Technology
Input Files for TraceRequwements.pI

« Input file identified by “-i” command line flag lists the
requirements that are to be traced.

« Example input file:
C:\Documents and Settings\anikora\Desktop\Complete MRO Requirements HTML
Tables\_MRO_Exhibit_|_-__Spacecraft_Requirements_D-20381.htm, 273

C:\Documents and Settings\anikora\Desktop\Complete MRO Requirements HTML
Tables\_MRO_Exhibit_|_-__Spacecraft_Requirements_D-20381.htm, 274

C:\Documents and Settings\anikora\Desktop\Complete MRO Requirements HTML
Tables\_MRO_Exhibit_|_-__Spacecraft_Requirements_D-20381.htm, 275

C:\Documents and Settlngs\an|kora\Desktop\Complete MRO Requirements HTML
Tables\ MRO_Exhibit_|_-__Spacecraft_Requirements_D-20381.htm, 276

C:\Documents and Settlngs\anlkora\Desktop\Complete MRO Requirements HTML
Tables\_MRO_Exhibit_|_-__Spacecraft_Requirements_D-20381.htm, 277

C:\Documents and Settings\anikora\Desktop\Complete MRO Requirements HTML
Tables\_MRO_Exhibit_|_-__Spacecraft_Requirements_D-20381.htm, 278

C:\Documents and Settings\anikora\Desktop\Complete MRO Requirements HTML
Tables\ MRO_Exhibit_|_-__Spacecraft_Requirements_D-20381.htm, 279

C:\Documents and Settings\anikora\Desktop\Complete MRO Requirements HTML
Tables\_MRO_Exhibit_|_-__Spacecraft_Requirements_D-20381.htm, 877

C:\Documents and Settings\anikora\Desktop\Complete MRO Requirements HTML
Tables\_MRO_Exhibit_|_-__Spacecraft_Requirements_D-20381.htm, 878

C:\Documents and Settings\anikora\Desktop\Complete MRO Requirements HTML
Tables\_MRO_Exhibit_|_- Spacecraft_Requirements_D-20381.htm, 1127

8 June, 2004 NASA Assurance Technology Symposium 12
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@ Requirements Decomposition Analysis4PL
Output Files from TraceRequi_re_ments.pI Technology

. He Ed Yew Go Pockmaks Joos Window Hep

0.0 0 9 0 Err— e —
PR QUIMBMBMQM m%u%mnﬁmﬁm“ g % Serl... €15 v PLSearky(.. v FLEnowWho “v SRH
Raguirements Trace Results
L 2 Trace results for MRO_Exhibit I - Spacecraft Requirements D-20381.htm, requirement 273
squimments D 20381 him, 273
(Link 1o trmce pesults)
3. MRO Edibit | - Spececraf) R o
X
MRO Eddsit | _Spacecnt R
equirements D-20731 him, 275
4
MRO Eshbit | - _Spacecnt R
squimments D- 20381 him, 276 ] ™~
_MRO Exhibal | - Spececnfl R
equaements 020331 him, 277
6
MRO Eshdit | - Spececnfl B
equaenents 020321 him, 277
?-wﬂ.l Betum fo the tog of the page
‘8. _MRO Echiit | . _Spececnilt R
equaements 0-20331 him, $17
9
- MRO Bl | - Specscnll
equuements D- 20381 him, £72

e — 29
Command line: TraceRequirements.pl —i PowerRequirementsFile.txt —o TestPowerTrace html

8 June, 2004 NASA Assurance Technology Symposium 13
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Help Screen - FindPatterns.pl

Command Prompt iy 5 algllq

s\>FindPatterns.p
his lel-l:t finds occurrences of specified patterns in html documents
xported DOORE and writes the search results to an htnl file that
::ai.m the text of each requirement matching any of the specified
patterns.

age: PindPatterns.pl —-d <{Document List> —p {Search Patterns> [options]

here <Document List)> is a list of command line arguments identifying the
nl. documents that are to be searched for :ttnm specified by the user.
: t in <{Document List) contains fully qualified name of an
l‘lll. fi x!::t-d from DOORS in table format. (hmh P.ttnnl) is one
pE mOre re ssions, separated by white tnc which a search
111 be in the text of the documents identified Sy CDocument List>.

1.-. FindPattern.pl —p “d SampleText —d Requirements_1.html Req _Doc_2.htm
will search for dig ts and the text “Bﬂh ext"” in the documents
“Requirements_1.html" and “Req_Doc_2.htm".

tput is written as HTML having the following format:

- requirements file name — the name cf the html file
ng one or more of the search
= pequire

ment ID - the nnnr!:a] lli of the requirenent
nl.n' one or more of the patterns.
lumn 3 the inbound links to the requirement - each link is
a pair nf the form < nents file name. requirement ID>.

4 - the outbound links from the requirement - the format
is the same as that for inbound links.
5 — Identifies the pattern(s) matched in the requirements
and how many times each pattern was matched.
6 — the toxt of the nqu::mnnt containing one or more
the search patterns.

Unless the name of an output File is specified. the output is written
to the standard output, STDOUT.

Command line options are as follows:
—df <Document File> — specifies the name of a text file
containing a list of the html documents that 0111 h searched for
for patterns. Users have the o,tion of sr‘c document f lh names
lnl!.n with the -d option instead of or ulz:lt to this option.
is option. However, if no document names are specified, the user will
ed to either specify the names in-line or specify the name of a
text fi e.nni.ning the documents to be nml.d

-pf <Search Pattern File> - specifies the name of a text file
containing a list of ptuns for ulnich th sp-e ified documents will be
searched. Users have the option of spe rns inline ui.tlt the
-p option instead of or in ullli.tin u thh However.
patterns are specified, the u.ur —-o:tod to either ly-ei.fy the
patterns in-line or provide t uanl o! a text file containing the
patterns for ulnl.ch to search th documents .

0 <Output File Name> — specifies the name of the output file. The extension
".htnﬁ appended to the end of specified name. HAn existing file with
the same name will be overwritten h no warning.

Select this option u:l.l.l. uppress print f the column contain the
e e R e T ST il

ko

a]
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Input Files to FindPatterns.pl

Technology

« Input file identified by “-df” command line flag lists the documents that are to
be searched for patterns. An example is shown below:

C:\Documents and Settings\anikora\Desktop\Complete MRO Requirements HTML Tables\_MRO_Exhibit_I_-__Spacecraft_Requirements_D-20381.htm
C:\Doczlégezn;s and Settings\anikora\Desktop\Complete MRO Requirements HTML Tables\_M RO_DAV_V_Design_Principles____ Rev_1_copy_to_MRO_02-
.htm

C:\Documents and Settings'\anikora\Desktop\Complete MRO Requirements HTML Tables\_MRO_Exhibit_IV_-_Mission_Ops_Rgmts_D-20519.htm

C:\Documents and Settings\anikora\Desktop\Complete MRO Requirements HTML Tables\_MRO_L1_Level_1_Requirements_-
_Appendix_to_Program_Plan_D-22204.htm

C:\Documents and Settings\anikora\Desktop\Complete MRO Requirements HTML Tables\_MRO_L2.5_Project_System_Requirements_D-22212.htm

C:\Documents and Settings\anikora\Desktop\Complete MRO Requirements HTML Tables\_MRO_L2_Mission_Assurance_Requirements_D-20327.htm

« Input file identified by “-pf” command line flag identifies the patterns for

which the documents are to be searched. An example is shown below:
(\s)+[t|T]ime
(\s)+[s|S]oon
(\s)+[l|L]ate
(\s)+[e|E]arly
(\s)+[e|E]arlie
(\s)+[b|B]efore
(\s)+[alA]fter
(\s)+[s|S]econd
(\d)+(\s)*[m*|M*][s|S]
(\s)+[m|M]icrose
(\s)+[h|H]our
(\s)+[m|M]inute
(\s)+[d|D]ay
(\s)+[m|M]onth
(\s)+[y|Y]ear

8 June, 2004 NASA Assurance Technology Symposium 15
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Output Files from FmdPatterns pl Technology
Es 90“"5 m;”;"'_::q ~ s M_ﬁ—. = "--a* e homi 3 ]_ C:fq 9

Bistiog: to the top of the pare

C:ADocuments and Settings\anikora\Desktop'Complete MRO Requirements HIML
Tabless MRO L2.5 Project System_Requirements D-22212.ltm

Ancestors Disaahia o | —

D 3 A& OFD) Docment Dora (LB ma) =
Command line: FindPatterns.pl —df DocumentNames_3.txt —p Kg kg —o K|IogramSearchFrame html
8 June, 2004 NASA Assurance Technology Symposium 16



Help Screen — CompareResults.pl o

— ' Institute of

% Command Prompk alglil

SRRl : Technology
[ LE ‘I

This script compares two or more files obtained with either of the scripts
"TraceReqs.pl"” or “FindPatterns.pl”. The output is an html file identifying
he requirements common to each of the possible subsets of the specified result
xample, if 3 pesult files were specified, there would be ?
ombinations of result files that would be analyzed (2»x%3-1). See the help
f:;sns for “TraceReqs.pl” and “FindPatterns.pl™ for detailed information on
r use.

Gon]rnrellotults.pl —i <ResultPile 1> {ResultFile 2> [{ResultFile 3> ...]
[-c!-el-ul [-if <{ResultPileNamesFile>] [-o {OutputFileName>] [-v]

where:

{ResultFile X> is the name of an html file produced with the script
“FindPatterns.pl” or "TraceReqs.pl".

¢ResultPileNamesFile> is an optional file containing the names of result
iles. The —if option can be used instead of or in addition to the —i option
to avoid entering a large number of result file names on the command line.

There are three choices for specifying how the results are to be compared:

—c: In each subset, look for a result. but do not check to make sure that
the result is not contained in results files that are not part of the
subset. For example, if there are four results files A, B. C. and D,

and a search is heinz done to find results common to B and C, this

nrion will not check for the nonexistence of the results in A and D.
THIS 1S THE DEFAULT CHOICE FOR COMPARING RESULTS.

-e: In each subset, look for a result. and check to make sure that
the result is not contained in results files that are not part of the
subset. For example, if there are four results files A, B. C. and D.
and a search is being done to find results common to B and C. this
option will check for the nonexistence of the results in A and D.

-u: Do not compare results. but report the union of all the result files.

<OutputFileName> is an optional name for an html file that will contain the
result of running this script. The extension “.html" is added to the name of
the file. If no filename is supplied. the results are written to the
standard output.

—v denotes the verbose option. If this option is selected, progress messages
will be printed on the standard output if the —o option has also been
selected. If this option has not been selected., or if the -o option has not
been selected. no progress messages will be displayed.

C:\> ; =
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Input Files to CompareResults.pl

« Input file identified by “-if” command line flag
identifies the results that are to be compared. An

example is shown below:

TestMassTrace.html
KilogramSearchFrame.html
MassSearchFrame.html

. TestMassTrace is the output of the “TraceRequirements.pl” script for a
set of requirements related to mass.

. KilogramSearchFrame.html is the output of the “FindPatterns.pl” script
when searching all documents for either “Kg” or “kg”.

. KilogramSearchFrame.html is the output of the “FindPatterns.pl” script
when searching all documents for either “Mass” or “mass”.

8 June, 2004 NASA Assurance Technology Symposium 18
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Output Files from CompareResuIts pl Technology
0000 o0 e ——————
. B CMe grone G Rado ] Netscaoe Q % + Mssting Mak s i H

EREEEEE

S @A 90wk ' =
Command line: CompareResults pl —if ResultFilenames4.txt —o TestOutput‘|3 e

8 June, 2004 NASA Assurance Technology Symposium 19





