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Requirements

Administrative details

Questions?

Finish example goal statements
Some advice on developing your SRS

Requirements documentation for scientific computing

A new requirements template

(]

Advantages of new template and examples
@ The new template from a software engineering perspective
@ Concluding remarks

@ References
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Administrative Details

Course schedule is available as a google calendar

Name your repo something other than cas741

Assign me an issue to review your problem statements

» State that you would like a review
» Include a link to your problem statement

Do not put generated files under version control

Understand your .gitignore file

Keep your tex files to 80 character width (easier for
change tracking)
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https://calendar.google.com/calendar/embed?src=ck33dc9ulk4baddq46pdfmnbu0%40group.calendar.google.com&ctz=America%2FToronto

Administrative Details: Report Deadlines

System VnV Plan  Week 06 Feb 24
MG + MIS Week 10 Mar 19
Final Documentation Week 13 Apr 11

@ The written deliverables will be graded based on the repo
contents as of 11:59 pm of the due date

@ If you need an extension for a written doc, please ask

@ When ready, assign issues to your primary and secondary
reviewers

@ GitHub issues due two days after assignment deadlines

@ From Drasil Code onward, Drasil projects no longer need
to maintain traditional SRS
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Administrative Details: Presentations

Syst. VnV Week 06
POC Demo Week 08
MG + MIS Week 10

Unit VnV/Implement  Week 12
@ Specific schedule depends on final class registration

@ Informal presentations with the goal of improving
everyone's written deliverables

@ Time for presentation includes time for questions
@ We will have to be strict with the schedule

@ Presentations WILL be interrupted with
questions/criticism; please do not take it personally

@ Any concerns, let the instructor know

Dr. Smith
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Presentation Schedule

@ Syst V&V Plan Present (L11, L12) (20 min)

> Feb 14: Qianlin, Junwei, Joe, Volunteer?

» Feb 25: Yinying, Bo, Hussein, Volunteer?
@ Proof of Concept Demonstrations (L14) (20 min)

» Mar 4: Christopher, Uriel, Volunteer?, Volunteer?
@ MG+MIS Present (L17, L18) (20 minutes)

» Mar 14: Ziyang, Aliyah, Yuangi, Alaap

» Mar 18: Phillip, Baptiste, Kiran, Volunteer?
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Presentation Sched Cont’d

@ Implementation Present (L22 — L25) (20 min each)
» Mar 28: Aliyah, Uriel, Ziyang, Yuanqi
» Apr 1: Christopher, Bo, Joe, Junwei
» Apr 4: Hussein, Kiran, Alaap, Qianlin
» Apr 8: Yinying, Baptiste, Phillip
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Presentation Schedule

@ 3 presentations each

» SRS everyone

» VnV and POC subset of class

» Design subset of class

» Implementation or testing results everyone

o If you will miss a presentation, please trade with someone

@ Implementation presentation could be used to run a code
review, or code walkthrough

Dr. Smith CAS 741 Winter 2025: 04 Requirements Continued 8/57



Questions?

@ Does anyone need help with cloning capTemplate?

| 4
4
>
4
| 4

“Use this template” button
Add smiths as a collaborator
Remove unneeded folders
Write problem statement
Assign issue to smiths

@ Does anyone need help with modifying Repos.csv?

>

4
4
>
>
>
>

Access CAS GitLab server

Fork GitLab cas741 repo

Fresh git pull

Modify Repos.csv, git add, git commit

Check your diff

Merge request

Note: do a fresh pull first, monitor other merge requests

Dr. Smith
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https://github.com/smiths/capTemplate
https://gitlab.cas.mcmaster.ca/smiths/cas741/-/merge_requests

Questions? Continued

@ Does anyone need help with ETEX?
» Suggest using VSCode with LTeX

@ Questions about project choices?
@ Questions about software tools?

@ Questions about problem statements?
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Questions on Qualities for SCS?

Correctness (Thou shalt not lie)
Reliability
Robustness
Performance
Verifiability
Productivity
Usability
Maintainability
Reusability
Portability
Reproducibility
Sustainability

Dr. Smith
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Goal Statements for GlassBR
For GlassBR:

Given the dimensions of the glass plane, glass type, the
characteristics of the explosion, and the tolerable probability of
breakage, the goal statements are:
GS1: Analyze and predict whether the glass slab under
consideration will be able to withstand the explosion of a
certain degree which is calculated based on user input.
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https://jacquescarette.github.io/Drasil/examples/glassbr/SRS/srs/GlassBR_SRS.html

Goal Statements for Game Physics
For Game Physics:

G_linear:

G_ang:

G_dtcCol:

G_Col:

Given the physical properties, initial positions and
velocities, and forces applied on a set of rigid bodies,
determine their new positions and velocities over a period
of time (IM-IM_FT).

Given the physical properties, initial orientations and
angular velocities, and forces applied on a set of rigid
bodies, determine their new orientations and angular
velocities over a period of time. (IM-IM_FR).

Given the initial positions and velocities of a set of rigid
bodies, determine if any of them will collide with one
another over a period of time.

Given the physical properties, initial linear and angular
positions and velocities, determine the new positions and
velocities over a period of time of rigid bodies that have
undergone a collision (IM-IM_C).


https://jacquescarette.github.io/Drasil/examples/gamephysics/SRS/srs/GamePhysics_SRS.html

Goal Statements for Linear Solver

What would be a good goal statement for a library of linear
solvers?
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Goal Statements for Linear Solver

G1 Given a system of n linear equations represented by
matrix A and column vector b, return x such that
Ax = b, if possible
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Major Conceptual Parts of SRS/CA

Theoretical Models refined———>»f General Definitions refined: Instanced Models
[€———may ref- may ref
may ref_) Kmay ref Lmay ref
may ref may ref
may ref may ref may ref

Likely Changes

Data Definitions
may ref

Assumptions

Also Goal Statements and Requirements
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First Things To Think About

Goal statement(s)
Inputs and outputs
Units for inputs and outputs (and for all variables)

Think about the types of your inputs and outputs (not
everything is a real number)

Document your types
What are some common types in scientific computing?

How will you write these in your SRS?

Dr. Smith
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Types, Specifying Types, Defining Types

o R

e R?

° R3><3

o N

o B

o R—R

set of T

t € {2.5,2.7,3.0,...} (from GlassBR)
ElemT = {H, He, Li, ...}
sequence of T

v: T

time =R

Refined Projectile uses types
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https://jacquescarette.github.io/Drasil/examples/glassbr/SRS/srs/GlassBR_SRS.html
https://github.com/smiths/caseStudies/blob/master/CaseStudies/projectile/projectileSRS_RefinedTheories/Projectile_SRS.pdf

SRS Advice

@ Abstraction is your friend

» You don't say “how" just “what”
» Input f : R — R
» Output x* : R such that f(x*) < f(x) for all x € R

Write your goal(s) first

Brainstorm theories and assumptions

Iterate on the relationships between the theories and
assumptions

(]

Remind yourself that the goal is long term productivity

Reusability - only have to be clever/smart/thorough once

Think about the information someone would need when
joining your project

Dr. Smith
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Examples, Checklist and Template

@ Projectile Example

@ GlassBR Example

@ SWHS Example (Let's go through this one)

@ Blank SRS from Template (Let's look at the advice/hints)
@ Checklist
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https://jacquescarette.github.io/Drasil/examples/projectile/SRS/srs/Projectile_SRS.html
https://jacquescarette.github.io/Drasil/examples/glassbr/SRS/srs/GlassBR_SRS.html
https://jacquescarette.github.io/Drasil/examples/swhsnopcm/SRS/HTML/SWHSNoPCM_SRS.html
https://github.com/smiths/capTemplate/blob/main/docs/SRS/SRS.pdf
https://github.com/smiths/capTemplate/blob/main/docs/Checklists/SRS-Checklist.pdf

Problems with Developing Quality Scientific
Computing Software

@ Need to know requirements to judge reliability
@ In many cases the only documentation is the code
@ Reuse is not as common as it could be

» Meshing software survey
» Public domain finite element programs
> etc.

Many people unnecessarily develop “from scratch” [1]

Cannot easily reproduce the work of others

Neglect of simple software development technology [12]
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http://www.andrew.cmu.edu/user/sowen/softsurv.html
http://www.engr.usask.ca/~macphed/finite/fe_resources/node137.html

Adapt Software Engineering Methods

@ Software engineering improves and quantifies quality
@ Successfully applied in other domains

» Business and information systems
» Embedded real time systems

Systematic engineering process
Design through documentation
Use of mathematics

Reuse of components

Warranty rather than a disclaimer
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Developing Scientific Computing Software

e Facilitators
» One user viewpoint for specifying a physical model
» Assumptions can be used to distinguish models
» High potential for reuse
» Libraries
» Already mathematical

@ Challenges

» Verification and Validation
» Acceptance of software engineering methodologies
» No existing templates or examples
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Outline of Discussion of Requirements

@ Background on requirements elicitation, analysis and
documentation

@ Why requirements analysis for engineering computation?

@ System Requirements Specification and template for
beam analysis software

| 2

>
>
4
>
>

Provides guidelines

Eases transition from general to specific
Catalyses early consideration of design
Reduces ambiguity

Identifies range of model applicability
Clear documentation of assumptions

Dr. Smith
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A Rational Design Process

Legend:
— Derivation
\)\l/:{oerzllgl <& - - Validation
<I--- Acceptance Testing
AN A
| ~ .
~ | Require-
! ments
I
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| ~
| ! ~ _ | Software
~ A
| ! Design
1
! 1
| 1 A S
~
: 1
I
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Sometimes Include Commonality Analysis

Real
World

~ | Commonality
Analysis
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Derivation
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Software Requirements Activities

@ A software requirement is a description of how the system
should behave, or of a system property or attribute

@ Requirements should be abstract, unambiguous,
complete, consistent, modifiable, verifiable and
traceable

Requirements should express “What" not “How"
Formal versus informal specification
Functional versus nonfunctional requirements

Software requirements specification (SRS)

e 6 66 o o

Requirements template

Dr. Smith
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Why Requirements Analysis?

l_results of model

physical model error, Legend:
previous computation error, o
Real measured data error & » Derivation
ca error due to sensitivity of the problem <& — — Validation
World . I
<t - - Experimental Validation
4 S o numerical error &
~ o | Model error due to stability of
| & the algorithm
! NFRs
I compare Vo
I numerical ~
: computer round—off error &
Iresults with ! S~ Num, p?ogramming error
I experimental ! Alg.
| data 1 compare
| jnumerical V.
~
j results N
 with known RS
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Beam Analysis Software

X2

2
x . !
1 1 Fl :
Fax |a El/< 03 , 04 b_ Fy
“A N
L
Fy Fy, |
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Proposed Template
From [11]
1.

Reference Material: a) Table of Symbols ...

. Introduction: a) Purpose of the Document; b) Scope of the Software

Product; c) Organization of the Document.

. General System Description: a) System Context; b) User

Characteristics; c) System Constraints.

. Specific System Description:

4.1 Problem Description: i) Background Overview ...

4.2 Solution specification: i) Assumptions; ii) Theoretical Models; ...

4.3 Non-functional Requirements: i) Accuracy of Input Data; ii)
Sensitivity ...

. Traceability Matrix
6. List of Possible Changes in the Requirements

7. Values of Auxiliary Constants

Dr. Smith
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Provides Guidance

@ Details will not be overlooked, facilitates multidisciplinary
collaboration
@ Encourages a systematic process
@ Acts as a checklist
@ Separation of concerns
» Discuss purpose separately from organization
» Functional requirements separate from non-functional
@ Labels for cross-referencing
» Sections, physical system description, goal statements,
assumptions, etc.
» PS1l.a “the shape of the beam is long and thin”
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Eases Transition from General to Specific

e “Big picture” first followed by details

o Facilitates reuse

@ “Introduction” to “General System Description” to
“Specific System Description”

@ Refinement of abstract goals to theoretical model to
instanced model
» G1. Solve for the unknown external forces applied to the
beam
» T1Y Fi=0,> Fi=0>M=0
» M1 F,, — F; -cosf3 — F> - cosl4 — Fpe =0
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Ensures Special Cases are Considered

A ChangeOnly(ErrorMsg)

H
SGET = Seym — SunkF Secer  #
(Ssym -
SunkF)
Sunkr ¢ P3 - (ErrorMsg’ = InvalidUnknown)
A ChangeOnly(ErrorMsg)
SunkF = - ErrorMsg’ = NoSolution
{OF., @F, OF, } AChangeOnly(ErrorMsg)
SumF = X Z0 T = FALSE
{@Fa ©Fay ©F1} A 03 71, 0 — 05 03 F2x; sin §a+-cos 03 Fp, L4-F> cos 041 sin 3+ Fpyex1 sin 63
o ? X1 sin 0
A B A 15in 63
180 Fr — _ FaasindsFy L Fysin i+ Fpx,
ay - x1
AF = ;szif'sni"agﬂ’” A ChangeOnly(Sunkr)
otherwise (ErrorMsg’ = Indeterminant)

Ha

Dr. Smith

CAS 741 Winter 2025: 04 Requirements Continued

33/57



Catalyses Early Consideration of Design

o ldentification of significant issues early will improve the
design
@ Section for considering sensitivity
» Conditioning?
» Buckling of beam
@ Non-functional requirements

» Tradeoffs in design
» Speed efficiency versus accuracy

o Tolerance allowed for solution: |3~ F|/1/> Fui® < €

@ Solution validation strategies (now in a separate
document)

@ List of possible changes in requirements
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Reduces Ambiguity

@ Unambiguous requirements allow communication between
experts, requirements review, designers do not have to
make arbitrary decisions

@ Tabular expressions allow automatic verification of
completeness

@ Table of symbols

@ Abbreviations and acronyms

@ Scope of software product and system context
@ User characteristics

@ Terminology definition and data definition

@ Ends arguments about the relative merits of different
designs

Dr. Smith
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|dentifies Range of Model Applicability

@ Clear documentation as to when model applies

@ Can make the design specific to the problem

@ Input data constraints are identified
» Physically meaningful: 0 < x; <L
» Maintain physical description: PS1l.a, 0 < h <0.1L
» Reasonable requirements: 0 < 63 < 180

@ The constraints for each variable are documented by

tables, which are later composed together
o (mins < |Fa| < max¢) A (|Fax| #0) =

max{|Fax|,|FF r
V(FFIQFF € Sr - FF # 0 A mellfallPEL < 10)

o Typical values
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Summary of Variables

Var | Type | Physical System Prop
Constraints Constraints

X Real | x>0Ax<L ming < x < maxy | NIV
X1 Real | xq >0Ax <L ming < x1 < maxy | IN
Xo Real | xo>0Ax <L ming < xo < maxg | IN

e Real | e>0Nne<h min. < e < max. IN

h Real | h>0Ah<0.1L | min, < h < max, IN

L Real | L>0 ming < L < maxy |IN

E Real | E>0 ming < E < maxg | IN
05 Real | —oo <03 <400 | 0 <603 <180 IN
04 Real | —0o <y < 400 | 0 <6, <180 IN

%4 Real | —co <V <400 | - ouT
M Real | —co < M < 400 | - ouT
y Real | —co <y <400 |- ouT

Dr. Smith
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Clear Documentation of Assumptions

Phy. Data Assumption Model
Sys. /Model
/Goal
Al | A2 A4 A8 | A9 | Al0 Al4 | M1

GI | T1 |y VAR v
G2 T2 v NARRYA
G3 T3 Vv Vv

M1 J N,
PSla |L vV .

A10. The deflection of the beam is caused by bending

moment only, the shear does not contribute.

Dr. Smith
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More on the Template

@ Why a new template?

@ The new template
» Overview of changes from existing templates
» Goal — Theoretical Model — Instanced Model hierarchy
» Traceability matrix
» System behaviour, including input constraints
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Why a New Template?
From [10, 3]

1.

Ok wDN

One user viewpoint for the physical model
Assumptions distinguish models

High potential for reuse of functional requirements
Characteristic hierarchical nature facilitates change

Continuous mathematics presents a challenge

Dr. Smith
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Overview of the New Template

Reference Material

Introduction: a) Purpose of the Document b) Scope of
the Software Product c) Organization of the Document

General System Description: a) System Context b) User
Characteristics c) System Constraints

Specific System Description: a) Problem Description b)
Solution Characteristics Specification ¢) Non-functional
Requirements

Other System Issues

Traceability Matrix

List of Possible Changes in the Requirements
Values of Auxiliary Constants

References

Dr. Smith
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Overview of the New Template

Reference Material

Introduction: a) Purpose of the Document b) Scope of
the Software Product c) Organization of the Document

General System Description: a) System Context b) User
Characteristics c) System Constraints

Specific System Description: a) Problem Description b)
Solution Characteristics Specification ¢) Non-functional
Requirements

Other System Issues

Traceability Matrix

List of Possible Changes in the Requirements
Values of Auxiliary Constants

References

Dr. Smith
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Excerpts from Specific System Description

@ Problem Description
» Physical system description (PS)
» Goals (G)
@ Solution Characteristics Specification
» Assumptions (A)
» Theoretical models (T)
» Data definitions
» Instanced models (M)
» Data constraints
» System behaviour
@ Non-functional Requirements
» Accuracy of input data
» Sensitivity of the model
» Tolerance of the solution
» Solution validation strategies (now moved to a separate
document)
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Refinement from Abstract to Concrete

Gi
\'A
\'A \'A \'/
M1yq [|M14o|[MT45|[M15¢|[M1go||M1o3|[MT54 (M55 ([M13q

Dr. Smith
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Refinement from Abstract to Concrete

Gi
\'A
\'A \'A \'/
M1yq [|M14o|[MT45|[M15¢|[M1go||M1o3|[MT54 (M55 ([M13q

G1: Solve for unknown forces

Dr. Smith
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Refinement from Abstract to Concrete

G1
\'4
T11 T12 T13
\'4 \'4 \'4
M1 |[M1q2||M143| (M4 ||MTgo | M155] Mgy IM155| M35

Z in =0

(T1,) > Fi=0

Z M,' = 0
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Refinement from Abstract to Concrete

G1
\'/
\'/ \'/ \'/
Mg ]| M14o||M143]|M1o1||M1op||M1o3||M134||M135|[M133
Fox — F1-cosf3 — Fy-costy — Fpe =0
(M1) Foy — F1-sinfs — Fp-sinfy + F,, =0

—F]_'X]_Sin93—F2'X2Sin94+Fby'L:0

Dr. Smith
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Refinement from Abstract to Concrete

Gi
\'A
T, T1, T1g
\'A \'A \'/
M1yq [|M14o|[MT45|[M15¢|[M1go||M1o3|[MT54 (M55 ([M13q

The virtual work done by all the external forces and couples
acting on the system is zero for each independent virtual

displacement of the system, or mathematically U = 0

Dr. Smith
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Other goals and models

@ G2: Solve for the functions of shear force and bending
moment along the beam

G3: Solve for the function of deflection along the beam
2
T3 % — 4, y(0) = y(L) = 0

dx?

T3,: y determined by moment area method

T33: y determined using Castigliano’s theorem
L, rL
M3y y = 2hals Meddx gy — (1) — 0

Eeh3
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Kreyman and Parnas Five Variable Model

@ See [2]

@ An alternative approach

@ Unfortunately the numerical algorithm is not hidden in
the requirements specification

@ The analogy with real-time systems leads to some
confusion
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Links to Papers

@ SmithAndChen2004 [8] Commonality Analysis overview
@ SmithAndChen2004b [7] CA example MG

@ SmithAndLai2005 [10] New requirements template

@ Smith2006 [5] General purpose tool template

@ SmithEtAl2007 [11] Template for SC audience

@ SmithAndKoothoor2016 [9] Nuclear fuelpin example

e SmithEtAlI2019 arXiv [4] Debunk upfront myth

@ Smith2016 [6] Overview of artifacts

e KreymanAndParnas2002 [2] 4 variable method

Dr. Smith
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https://gitlab.cas.mcmaster.ca/smiths/pub/-/blob/master/SmithAndChen2004.pdf
https://gitlab.cas.mcmaster.ca/smiths/pub/-/blob/master/SmithAndChen2004b.pdf
https://gitlab.cas.mcmaster.ca/smiths/pub/-/blob/master/SmithAndLai_2005.pdf
https://gitlab.cas.mcmaster.ca/smiths/pub/-/blob/master/Smith2006_VersionAsPublished.pdf
https://gitlab.cas.mcmaster.ca/smiths/pub/-/blob/master/SmithEtAl2007.pdf
https://gitlab.cas.mcmaster.ca/smiths/pub/-/blob/master/SmithAndKoothoor2016.pdf
https://gitlab.cas.mcmaster.ca/smiths/pub/-/blob/master/SmithEtAl2019_arXiv.pdf
https://gitlab.cas.mcmaster.ca/smiths/pub/-/blob/master/Smith2016.pdf
https://gitlab.cas.mcmaster.ca/smiths/pub/-/blob/master/KreymanAndParnas2002.pdf

Summary of Template

@ Quality is a concern for scientific computing software

@ Software engineering methodologies can help

@ Motivated, justified and illustrated a method of writing
requirements specification for engineering computation to
improve reliability

@ Also improve quality with respect to usability, verifiability,
maintainability, reusability and portability

@ Tabular expressions to reduce ambiguity, encourage
systematic approach

@ Conclusions can be generalized because other
computation problems follow the same pattern of Input
then Calculate then Output

@ Benefits of approach should increase as the number of
details and the number of people involved increase

Dr. Smith
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Summary of Template (Continued)

@ A new template for scientific computing has been
developed

Characteristics of scientific software guided the design

Designed for reuse

Functional requirements split into “Problem Description”
and “Solution Characteristics Specification”

Traceability matrix

Addresses nonfunctional requirements (but room for
improvement)
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Feedback From Previous Years

Remember that you are writing the document for
someone other than yourself

Introduction section gives the name for the
software/library

Use citep and citet for natbib

When the assumptions are listed, traceability is given to
where they are used

If assumptions are not used, then they may not be
necessary, or they might be scope decisions

For NFRs, specify what you want, not how to achieve it

NFRs can point to the VnV plan for details (to make
them unambiguous)

Dr. Smith
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Feedback From Previous Years

@ For reader/user characteristics, give the target course and
what level it is taught. (Use a generic name, not a
specific course name.)

@ Rationale provided for assumptions, scope decisions and
constraints

@ Include a reference to the source of the template you are
using

@ Requirements should trace to IMs

@ Define all symbols in table of contents and in Description
field
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