Complex product
development model

Technical foundation

Introduction by
Christer Sandahl




For who is this introduction package ?
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* This power point package is intended as
* Cpdm executive briefing
* for business managers and decision makers

e Cpdm process cornerstones
* for quality and improvement specialists

* Cpdm technical walkthrough with examples
 for technical managers and developers




Cpdm executive briefing

for business managers and decision makers




What is Cpdm ?
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* Cpdm
 Means Complex Product Development Model

* Cpdm model explain how to master development of complex products
* Covers seamlessly mechanics, electronics and programs
e Covers all phases from idea to established product

* Covers both methodology and practical examples
» Covers processes scalable to any product size

 Cpdm is inescapable complex but constructed very down to earth

» After completing this presentation,
the concluding feeling should be “how else could it be”




Why another model about this
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* To master complexity require paradigm shifts

* Some industries have already succeeded
e Space, aircraft, pharmacy, skyscraper, ...

» Other industries has still far to go (programs in particular)
* Artificial complexity being supported

Intrinsic complexity being ignored

Impossible principles applied

Watertight connection between technologies

Product structure undergoes degeneration

Products highjacked by engineers




Why is Cpdm the superior cure?
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Most other development models are only small scale
* No explanations how development scale up to modern complex products

Most other development models address only single technologies
* No explanations how mechanics, electronics and programs fits together

Most other development models describe only fractions of development work
* No explanation how requirements, architectures, integration and verification fits together

Most other development models are only theoretical and academic showpieces
* No explanation and examples how to apply them on the floor

Most other development models are only impenetrable amount of details
* No explanation of how the details forms the superstructures

Cpdm has none of above shortages




How to apply Cpdm ?
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* Make assessment of complexity
* Are own products considered to be complex ?

* If so, do developers master such complexity ?
* Are developers frustrated, is the quality lower than expected, is time and cost unpredictable, and so forth ?

* If not, are management willing to improve ?

* Trying out Cpdm
» Stepwise introduction, details bottom-up and/or superstructure top-down
* Let train developers in Cpdm, use competent teachers with the Cpdm book
* Use process employees and/or Cpdm consultants
* Begin with experienced and motivated engineers

* Let the product rule
* Evaluate if developed results meets higher expectation ?
* Evaluate if products better satisfy customers expectations ?




Cpdm inventor Christer Sandahl

~
Q
[}
9
N~
-
o
(o]

* Grew up in the Swedish entrepreneurship oriented “Gnosjo” area.
* Not far from where IKEA’s Ingvar Kamprad grew up.

* Inventor since childhood
* As child, staying in his grandfather's carpentry. Always playing with technical toys
* When 14 years, own darkroom and chemical laboratory, later electronics with vacuum tubes and transistors

e Education

* Master of Science in Electrical Engineering (M.Sc.EE.) at Chalmers University of Technology
* Certified teacher in math and electrical topics for Senior high school

* Professional experience
* Own and other small entrepreneur companies
* Software manager at Axis, Lund
* Management consultant at Q-Labs, Lund
* Technical manager and operational development Ericsson and Sony Ericsson Lund
* Wine producer of the best Riesling in Hungary
* Board member in large family transport company




Book about Cpdm
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* First book about basic “technical foundation”
1. Brief development from idea to established product of modest complexity

2. Thorough development from requirements specification to prototype verification of
complex products
* 800 pages, 5 vast examples running along all phases, hundreds of pictures, figures and tables.
* Extended support from Cpdm web site www.cpdm.com

* Planned books

e Technical overhead (organization, management, quality, configuration management,
etc)




Cpdm process cornerstones

for quality and improvement specialists
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* Development
value chain is
only one stage
of the whole
product value
chain

* Cpdm covers the
development
stage

Demand for
better chair

Total product value chain

{; Total product value chain
Q Product development
value chain
Improve-
megt i(‘llea Development
ST ' _ 7 Manufacturer
>l |
Supplier

Customer




Value chain, activities, and results
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* Activities, results and relations * Typical development value chain
3 Dependency g%
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L ~ z 3 J 't} Typical development value chain
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Human activity 1 continued
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Value chain and roles
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* Some generic roles in development * In development the factual work
adds value to a value chain result

Developer Approver
team
3 =
5t 2]
O 2 - S
—|3F — —> 32—+ = —»E Developer
= 2.
<k = ¢
Managa gig Q P
@ SR
25 . zS2S 8
57 [——»| Value chain =89S
4 =0+ g 2
z = S=2
ER557
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* Relation between
value chain, results
and roles

e Should be read from
arrow start to arrow

head

Result(s) demanded bxr

value chain

Value chain, results, and roles

Value
chain
(activities
and re-
sults)

Roles

\es “\‘edw h"""-n..fs requ req

Value chain justified by

e o O FeSi i,

- o

result




Execute three strict
sequential activities in
full concurrency
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* Imagine that three activities have entire
sequence dependencies and all of them are
started simultanous

 Activity 1 can start with available source results
and no waste occur

e Activity 2 can only guess at start, because result
1is empty.

* After half the time, result 1 is half-ready, and
now activity 2 creates /2 waste

* At full time, activity 2 has created m*h waste
* Activity 3 can only guess at start

» After half the time, result 2 is only % ready, and
now activity 3 creates % waste

* At full time, activity 3 has created 2*m*h waste

* A |ot of waste is created
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Execute three strict sequential activities when
each activity starts when previous is half way
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By fully concurrence, a

: E
lot of waste is created ;_a‘ |
. S le—n = h > '
* Assume instead that 3 % T
sequential activities T Sg Useul=mh Fo= é’f) -

start first when the ;—"/2—-4— —
previous is half ready fes -
 Wasteget=1/7 *m * h
(retained useful = m * h)

£5 Useful = m*h |-% se
:E.év seiul = m |_ 11'11-» m—a)f

* Waste is limited and

number of activities

ratio not increasing with : ' : .
Time (h)




Capture the value chain
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e Capture the value chain by
process documentation
 Activity described by task
e Result described by master

* The value chain is much easier
to handle when documented
e Can be trained
e Can be improved




Process building blocks, schedules, tasks, and masters
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e Symbols for task, — L Es gggL
master and schedule o é’gs.gg Master referenced _j‘%‘lég Task referenced g@é’?g o
* Task is a description §:§n§ gé by task ﬁg?;é by master §§§”§§
governing how to $oS 562 ©
organize an activity
* Master is a description
gove rnin g how top : éc_he_d;ll;: z_ln_d _m_as_te_r ;lr_e ;)f{e;l [_)a_cl;a:ge_d _to_ge;tl;e;' :
organize a result EL ot it and £ E;’:“
- Scheduleisapackage  -{ZEEERictemnt | vty sl ened | F225 .
of masters and tasks, =&°5" . [ganize a val- / 5537
see next slide i




Schedule aggregation

2 and hierarchy - P. Schedule
R = [53k
* Schedule aggregates 8 B 52 [t
tasks and masters | T 52 it
&% ke
* Schedules scale up by
aggregate embedded
schedules
: , r B e e T
* Schedule identity i iat—
.. Innermost scheduie containing
characters reflect level o R \ : &
in hierarchy (asin an NP PRI P AR I A
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* Process governs the value
chain

* Cpdm illustrates the difference
between process and reality

* Same names
in process
and reality

Pt.A.
-| Design ar-
chitectures
(task)

Govern.

Pt.A.
n ar-
chite%tu res ~

Desi
(activity)

Process and reality relation

- Process

Schedule . 5

Master(s) referenced | (Package Schedule referenced |2

»{ of tasks > S >
by schedule and mas- by master =
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E : EI E 1
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Reality Role %
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Cpdm graphical symbols

Cogwheel or flap indicate reality or description

Description may be of different level of indirection

Flap position indicates static, dynamic or compound

Multiplicity flap indicates iteration or selection

Cogwheel
or flap

2

Realization

Description

Description with

level of indirection

Realization descrip-
tion, e.g., master for
rototype or archi-
ecture for product

Description of realiza-
tion description, e.g.,
requirements or mas-
ter for architecture

Descrl;ptioq of descrip-
tion of realization de-

scription, e.g., master
for requirements

Compound

Schedule

Flap corner

position

Product

Process

Dynamic

Static

Activity

Result
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multiplicity
%
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U S e ful m e th O d 01 O gi e S ; Environment outside the development organization
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P. Cpdm generic development schedule
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Scaling up technical
schedule
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 Scale up process according to
product architecture hierarchy

 Environment level n =0 is the
surrounding to product

* Product nesting level n=1is
the product to be developed
(including interfaces to
environment)

* Product inwards nesting levels
n > 1 are hierarchical parts
inside the product

=0

Nesting level n

1

Nesting level n

Nesting level n 22

Phasep=R, phasep=P, phasep=A,phasep=F,phasep=I, phasep=V

Capture staff- Predetermine Design ar- Finalize Realize&  Verify
ing & require- solutions & chitectures design & integrate black- &
ments suppliers requisites white-box white-box

= Pt:2. Cpdm generic advanced technical schedule

= Pt:2.0. Map environment and develop interfaces to the environment \




References B Pt:2. Cpdm generic advanced technical schedule
betWC cn ICVCIS Pt:2.0. Map environment and develop interface s to the environment
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Pt.0.F
Pt0.G.=
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1 -
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* Qutside-in is moving
from the environment
and inwards

* Inside-out is moving from
embedded parts
outwards to environment

V.

[

1.G
Pt.1.1
Pt.1.J

t.1

Pt.1.F.
Pt

_ Igva_de,“\ _Widen verifying |
Enfold ,’ outermost outermost black-/
1] |
I outermost white-box
Refine outward _Invade _ 7 Widen verifyir
requirements Capture embedded Enfold / embedded embedded ™

black-box require- outermos white-box White -Dox
ments Decompose) white-box
outermost black-box
I
ﬂ‘ ‘::|-:->

Incorporate verified
Invade 7 Widen verifying
ments = Decompose/  Wwhite-box |\l Incorporate verified

* Two ways of integration

_______________ embedded black-oox | | embedded white-box(es

* Insi de-OUt | ntegratlo nan d Pt Develop each innertost black-/white-box containing no black-boxes

explicit verification Al A\ AN AL ; :
MR IEARIEHERBIEIA B IEHEE
* Outside-in invasion and NEMEVIEELIESIEL |E)IE] |E)|E] |2

inside-out implicit | —— — — — — — — —  —/
verification

Pt.n.R
Pt.n.B
Pt.n. F
Pt.n.I
Pt.n.J




Phasep=R Phase p=P Phasep=A Phasep=F Phasep=1 Phasep=V

L) Pt.R. Capture staff- Pt.P. Predetermine Pt.A. Design Pt.F. Finalize design & Pt.l. Realize & inte- Pt.V. Verify black- &
° ing & requirements solutions & suppliers architectures requisites grate white-box white-box
° ol Pt:2. Cpdm generic advanced technical schedule, definition view (left half) Pt:2. Cpdm generic advanced technical schedule, definition view (right half)
Ge I .e | I ‘ : A Pt:2.0. Map environment and develop interfaces to the environmentPt:2.0. (left half) Pt:2.0. Map environment and develop interfaces to the environment (right half)
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Tailoring the process to V-model

incorpo-
rative inte-
gration

This right half of the sched ule
shows incorporative integration

5
S
5
S N Pt:2:1. Tailored advanced technical overall V-schedule n = 3, using incorporative integration
Progress
3 r—— - - - - - - - - - = L
> |2 | |
= ownstream p
e To show =Lt |g aé | =0 EE
E 2 3
- | |
progress 2= | L
5B | S\ |
= ~ /=
* To show | [S/E |
. _ | : |
fixed = A\ [k
. 5 | j;‘ E |
nesting gn | g |
level :3 | <\ |
evels =] =l
m £ | =2 |
N S 3 2 i — |
| Al |
— )=
* To show 3 =115
& | ] I
W I
I
I

This right half can be alternatively
tailored, see right halves below

Black-/white-box
nesting leveln =




Incorporative versus invasive integration

5
0
o
: Pt:2:2b. Tailored advanced technical schedule n =4,
g P2 Sing Incorporatie integration (Rent bl using invasive integration (rght haif L
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= I,
£ > &
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LY :g ] | &
2 O A &l o
21 Q= = =
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%"é L &) / & J
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* Sometimes Pt.l. "Realize and integrate [ \[ENJ[V[E
white-box” is prefered executed outside-in. NGz ﬁ =/
 If the white-boxes can hardly not be separately built W, = ’““:J J
* If the product will be outside-in incrementally validated \E 27




Cpdm technical walkthrough
with examples

for technical managers and developers




Environment level 0

White- and black-box level 1 to n

AT PEOR Fxplore e ronment e
[ o i chaure chviranment i

Pt:2. Cpdm generic advanced technical schedule, wall chart view, left half

Phase P

Phase A

Pt:2 Generic advanced technical schedule wall chart
(downloadable in high resolution from www.cpdm.com)

Pt:2. Cpdm generic advanced technical schedule, wall chart view, right half

Phase F

Phase |

PhaseV

Refine requirements

" from environment restrictions requiremerts

"PLOP. Demarcate product by eovironment solutions

VT Do Supplcr oppornes

M PLIA, Consitte environm

Unsatisactory

Environment interfaces

T T
s B,
i S

Unsatisactory

Fonment and imscrUawai termost Whie-box

Unsatisfactory

Wide veiing
ot bk hite-box N

Incorporate outermost

‘white-hox

Environment nterfaces J

‘white-box

Capture requiremens for

Tailures to be eliminated

P Refme requirements from
ntvard peig el ey

s i cosure blscks whie-
Boxdevlopment staifing

‘outermost black-box

Decompose outermost

black-box to white-box

Tailures to be eiminated

LY. Veriy bk e box

Unsatisfactory

from outward requirements

PP Predctermine solu-
ot VAR Soureng opons

(T PLA Satist requiremonts by decomposing outward pesing level
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 Chairs product proposition
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EXAMPLE Chairs:
From idea to established product

* Chairs concept brief
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EXAMPLE House:
From specification to verification

2017-08-07

* House environment physical * House facade physical
architecture architecture




Pt.R. Capture staffing & requirements Pt.P. Predetermine solutions & suppliers Pt.A. Design architectures Pt.F. Finalize design & requisites  Pt.|. Realize & integrate white-box Pt.V. Verify black- & white-box

Process
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EXAMPLE multiplication toy: Mounted into cuddle toys,
realized by 1) Hardwired network and 2) Micro controller
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* Physical architecture of * Physical architecture of housing
environment




EXAMPLE Calculator: program component calc_logic
ported to 1) Windows application and 2) Pocket device
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 Calc_logic environment in Windows  Calc_logic environment in pocket
physical architecture calculator physical architecture

Cpdmi calc_logiccalmla'to  —

Eile Help

7.443333333




EXAMPLE Phonebook: Object oriented program

* Phonebook environment physical * Phonebook file chart
architecture of mmi e My m—

7 A Header file conio.h |

Source file main_f.cpp
#include "stdafx.h" pa—
using namespace std;
HncTude "ph bodk shape .h" <+
J{.nt mein (int arge, char* argv(]) —l_

I Header file stdafx.h
#include <iostream>
#include <omnio.h>

— Header file ph_book_shape.h

} Head er file ph_book_restrict.h IF'

= TR A. Phonebook

Source file ph_book_dyn_inst.ccp — -

840110 Safer B Smnx file sl,ppln'nt f.cpp
Source file pers_c.kev pers Lepp | -~ N -

Source file pers c.disp _pers fcpp |

¥

=1 Source file pers c.read pers f.cpp L
{4 Source file pers_c.write_pers_f.cpp |
11l 4]y [

i nelde Mstdafs
Source file ph numb_c.kev ph numb f.cpp Lk
i)Source file ph_numb c.disp ph numb fcpp {72°
ipdSource file ph_numb _c.read ph numb Lepp}

Source file ph_numb_c.write numb_f.cpp

=

$inclide "stdafe b
Source file cont_c.key cont f.c

Source file cont_c.disp_cont _f.cpp
file cont _c.read cont f.cpp

nput persons country ? Sweden

_‘_l Header file ph_book_alias_etc.h

1 —
| M . uree I?,]e cont_c.write_cont_f.epp Al Header file ph_book _com_shapes.h
‘e - . ™~ " adder ” p
ource file ph book c.ph book c.cepl.h | | e ort " 4-4———  Header file support f shape.h

7

Source file ph_book c.key add cont Lcppf.n
- ISource file ph_book c.disp all cont Lcpp L




Process tailored for examples multiplication toy, calc-logic
reusable component, and phonebook program
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ing & requirements solutions & suppliers architectures | & requisites tegrate white-box white-box
Pt:2:3. Tailored advanced tec}rnical schedule n =2
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Process tailored for calc_logic example to illustrate porting

~
Q
[}
9
N~
-
o
(o]

Pt:2:3b. Tailored advanced technical schedule n = 2, porting to 3 targets (right half)

DE & M T &“" &
* Porting to increasingly / 1=| )

scarce targets

* Tailored advanced
technical 2-level
process V-schedule
(incorporative
integration)

0 (Pt0,)

Environment
nesting level n =
Pt.O.G r
Pt.0.J:L[”
m

Black-/white-box
nesting.level n =1 (Pt.1.)




Specity
requirements

Getting a bit desperate?

Dear Santa,




Capture staffing for environment nesting level
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 Allocate developers
on this nesting level

Capture staffing
& requirements

Preldeitermiélle ]%lqiigil ar- analge de- Retalizet& }{frif .Plz{)ck-
. solution s chitectures sign & req- integrate white-box
* Ch | Cke n and €gg suppliers guisites 1 whit%— box
dilemma Pt.0.Sb.
Environment
staffing allo-

» “Capture staffing & cation [~

requirement” phase

» preferably not to be
outsourced

* may need to be
started before this
phase

Pt.0.Sa.
Environment Hpt.0.P.
restriction rp
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* Convey
requirements
from customers
into core technical
development

e Without
requirements
being distorted

* To also be used by
verification
developers

é Customers

\

Formalism protects requirements

Company developing products

4 Development departments
" Marketing ) 4 )
depart ment ™\
<ICustomer
oriented Most
require- |- > influential
ments J L technician s
- Y, /
\ J
N
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* Develop (preferably
inhouse)

* Tailor a process

e Specify
environment staff
allocations

* Specify
environment
restrictions

* Provide restrictions
to potential
turnkey suppliers

=
s
S
&
=
A

Pt.0.R. Explore environment
restrictions and ensure
environment staffing

plan|F

' luse

cept brief [F

_Pt.0.R. .
Explore environment restrictions
and ensure environmen t staffing

1
PL0. SE .,
Tailored ST 25
environ- K2
ment techni- 7Sz
cal process &g s
schedule "N =™
) A~ g

_____________

Pt.0.Sb.
Environment

staffing allo-

cation [

strictions

Pt.0.Ra.
Explore re-

\\

Y
Pt.0.Sa.

Environment

restriction re-

quirements

- == = =

\J

y
Xb.a.

Develo

'

_g turn-
key items




EXAMPLE House:
Environment staffing
allocations
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* Allocate roles to every task and schedule
* Inhouse and third party providers

* Role items will be accounted in product
requisites

. Cpdm schedule or
House environment role item Provider task
i10. House user PR.10. Proprietor Pt.0.Rb Plan develop-
ment roles and pro-
viders
i11.  City architect PR.11. Robber HB Pt.0.Ra Explore
restrictions
i12.  City architect PR.11. Robber HB
¢ For communal connections
* Reviewed by proprietor. Pt.0.Pa. Satisfy restric-
i13.  House user PR.10. Proprietor tions
* For driveway
* Reviewed by Robber HB.
i14.  House user PR.10. Proprietor Pt.0.Pc. Analyse in/
* Assistance from Robber HB. out and make/buy
options
i15.  Chief architect PR.11. Robber HB Pt.0.A. Constitute
* Responsibilty by Robber HB to com- environment architec-
ply to authorities regulations and re- ture
quirements . Pt.0.F. Finalize design
* Reviewed by proprietor. of interface connec-
i16.  Electrician PR12.Elert AB tions to environment
i17.  Excavator with driver and plumber PR.13. Builder
i18.  Plumber
i19.  Excavator with driver and electrician
i20.  Excavator with driver and authorized gas
plumber
i21.  Dozer with 6 pavers Pt0L Realize inter-
* Not yet selected. face and integrate/
* The builder may use preferred subcon- invade outmost white-
tractors. Builder and preferred subcon- box (build the house
tractors are responsible to comply to connections)
authorities building regulations.
* Correction of found failures
i22.  Electrician PR12. Elert AB
* For electricity
* Correction of found failures
i23.  Quality inspector PR.10. Proprietor
* Each supplier and subcontractor ap-
prove independent quality inspector e i
¢ Detects and document deviations to P0.V. Ver}_ﬁ proto
. . type 1n environment
requirements and design
* Attest invoices for payment when
found failures are corrected
i24.  Inspector PR.14.Commune Pt.0.A. Constitute

* Approves building permit and house
usage

environment architec-
ture
Pr. Validate prototype




~
Q
[}
9
N~
-
o
(o]

calc_logic environment (Windows calculator application)
environment restrictions

Environment restriction

. RR.7.  Since a window screen can hold almost as many buttons as desired, a large
amount of buttons shall be possible.

. RR.8.  Since a window screen field can show almost as many alpha-numeric characters
as desired, the floating point precision shall be as high as possible and the dis-
play shall be able to show all accurate digits.

. RR.9. If amath coprocessor is available in the computer, it may be used to heighten cal-
culation speed. However, the calculating software shall also function in comput-
ers without math coprocessor.

. RR.10. There is a lot of compilers for windows, having a lot of different kind of mathemat-
ical calculation support. Standard Windows C compiler with library supports has
float (~ 7 digits), double float (~ 15 digits) and long double float (~ 31 digits) preci-
sion. However, the long double variables most often are diminished to same preci-
sion as double variables. As Windows 64 bits version gets more popular, many
compilers will probably in near future offer real support for long double (~ 31 dig-
its) floating point precision.

. RR.11.  Many kind of third party mathematical libraries are available or portable to Win-
dows.

. RR.12.  For proper reusability, calc_logic software must integrate and interface to other
software, prepared by most major development systems on Windows

EXAMPLE Calc_logic: Environment restrictions

 Calc_logic reusable program component have two environments
* 1) Windows application and 2) Pocket calculator

calc_logic environment (pocket calculator firmware)
environment restrictions

Environment restriction

. RRA1.

To fit market cost of an affordable and everyday calculator, the number of buttons
shall be maximum 16.

. RR.2.

To fit market cost of an affordable calculator, the stand alone calculator display
shall hold maximum 8 digits.

. RR3.

Micro processors for micro controllers has rarely on-chip or external chip support
for mathematical arithmetic.

. RR4.

Standard compilers to micro controller seldom have support for extensive mathe-
matical arithmetic, but there are some micro controller compilers with floating point
library support for float variables (~ 7 digits).

. RR5.

Mathematical software libraries for micro processors can be inhouse developed or
outsourced tailor made, and for some micro processors portable libraries are avail-
able from third party shelves.

. RR.6.

For proper reusability, calc_logic software must be able to integrate and interface
other software, prepared by compiler and assembler development systems for
widely available cheap micro controllers
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box development staffing .--" oo L
. ' ifn2 E:E fég‘ég
* Develop (preferably inhouse) R LTI L LR LR e
* Tailor a process for this level .t BEE =]
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quireme ntsF
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ég e
; ; 23 B, 't A Pto.R.
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* Planning of staffing
allocation done for the
entire nesting level

* Note that there might be
many black-/white-boxes
on each nesting level

e “Capture staffing and
requirement” phase may
be started before entering
this phase

Capture staffing for embedded nesting levels

I' ) Capture staffing

requirements
Predetermine  Design ar- Finalize de- Realize &  Verify black-
solutions & chitectures sign & req- integrate & white-box
suppliers uisites white-box

Pt.n.Sh.
Black-/white-
box develop-

ment stafﬁl_l[g-'

Pt.n.Sa.
Prioritized
requiremenfs




Refine requirements from outward black-box
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. o . E. Environmen t
* Environment restrictions e 77 Re
are first refined to become E‘n pestrictions
outermost black-box =i
requirements ool £ Inter- e
= g faces :,?E
* After all environment SlE FE
restrictions are refined, I ARXYy. -
i b inlzie liilrgl?}le)g)t(sor -
nsgl r;je?um;ments May be over -E-n Interface 4
added for the outermost A BNE] AB.
black-box Inter- Inter-
. faces oo faces e
* Requirements cover both = H =
black-box restrictions A AARX.y. A ABRx.yz 22|z | 2E2
i : in AAL Black-box or| [in A B Black-box or i i
reql’”rements and Inter- lgvei' -.A-p Interface over -.A-q Interface
face behavior requirements

qlv]




. - ; House kitchen prioritized requirements (small selection
A House prioritized requirements (small selection) ] P g . ( )
~ . L. House kitchen black-box requirement Priority
Q i House black-box requirement Priority A. R.1.1. When cooking and dining, the lake shall be as visible as possible High
8 E. R.1. Swedish environmental code 7th chapter A.aC. R.1.1.1. The lake shall be visible from kitchen food preparation place High
! A. R.1.1. When cooking and dining, the lake shall be as visible as possible High A. R.2.2.  The house shall be accessible for disabled persons. Mid
N~ p
5‘ R.1.2. Facade and roofing material appearance shall be chosen by proprietor High A.aC. R.2.2.1. Kitchen may be inaccessible by disabled guests Mid
~N E. R2. Malmé urban planning and local construction ordinance A. R.3.1.  The house shall follow proven methods, regulations and standards ~ High
A. R2.1. The house style shall comply with neighbours’ houses. Low AaC. R3.1.1. K!tchen .shalllfollow established norms, regulations and standar.ds C.rucial
A. R2.2. The house shall be accessible for disabled persons. Mid A.aC. R.3.1.2. K!tchen !nter!ors may not have any damages, scratchels and stains ngh.
A. R.2.3. The house demand a building permit before building starts Crucial A.aC. R.3.1.3. Kitchen interiors appearance must be chosen by proprietor. Crucial
E 8 gs I\ /I P I E E R3. Swedish national building regulations A. R4.1.  The house shall be attractive to allow maximum bank mortgage Crucial
A R3.1. The house shall follow broven methods. reaulations and standards High A.aC. R.4.1.1. Kitchen including interiors shall cost maximal 20 000 € Crucial
e p - » eg : _g A.aC. R.4.1.2. Purchase only ordinary interiors from few suppliers to press prices High
H OuS e ° R.3.2. The hAouse_shaII' have an gconomlcal energy consumption High A R63. Serving support shall exist for one course at a fime. Tow
¢ E. R4, Swedish Financial Super visory Authority _ _ A.aC. R.6.3.1. Cheap equipment keep one course warm during eating it Mid
b4 A. R4.1. The house shall be attractive to allow maximum bank mortgage Crucial A. R.6.4.  Storing, cooking and dining support shall allow a french 5 course ~ Mid
tC en E. R.5.  All communal connections available shall be used to make the house menu for 8 persons.
functional and comfortable. A.aC. R.6.4.1. Use large food preparation area with cold and warm water High
f' A. R5.1. Provide the house with centrals for all communal connections Crucial A.aC. R.6.4.2. Storage shall hold 12 pans of 3 litre near cooking place. High
re 1 I I e A. Ch.1. Modern people in wealthy city districts cook and party A.aC. R.6.4.3. Storage shall hold 6 plates and 6 bowls near baking place High
° A. R.6.  Gourmet cooking and dining requirements A.aC. R.6.4.4. Knife storage shall be children safe and near preparation area. Mid
re qulre_ A. R.6.1. The atmosphere during dining shall be relaxed. Mid A.aC. R.6.4.5. Srt]orlfge shall hold all_éxlin;ls of cutlery ?nd kitchen utensils which High
A. R.6.2. The dining support shall hold up to 8 guests. High shall be easy accessible Irom preparation area.
- g Supp o P g n g A.aC. R.6.4.6. Storage shall hold 8 bags of each 30 litre groceries, whereof 4 chilled Crucial
A. R.6.3. Serving support shall exist for one course at a time. Low and 1 frozen)
ments A. R6.4. Storing, cooking and dining support shall allow a french 5 course menu Mid A. R.6.5.  Dishing support needed, shall hold complete dinner. Crucial
for 8 persons. i : AaC. R6.5.1. Dishing shall clean 5 course table wares in one run (5 x 8 plates, cut- Mid
A. R.6.5. Dishing support needed, shall hold complete dinner. Crucial lery and glasses), and dishing shall clean 5 course cooking utensils
A. R.6.6. Cooking shall support warming, boiling, frying, wokking and baking.  Crucial In same run
® A. R.6.7. Smell from cooking shall be evacuated. High A.aC. R.6.5.2. Gentle dishing shall support sensitive table wares Crucial
H O U S e A. R.6.8. Waste and garbage from cooking shall be odourless deposited. Mid A:C. R6.53. Children safe storage shall hold chemicals for dishing etc. __Low
A R7. Reunion and party requirements A. R.6.6.  Cooking shall support warming, boiling, frying, wokking and baking. Crucial
4 S part - q — - A.aC. R.6.6.1. Food thawing shall be near preparation area High
re q u I re I I | e n t S A.R.7A. God .space shall exist for 24 party guests, half afoot, half sitting. Mid A.aC. R.6.6.2. Warming of all kind of food shall be near preparation area High
A RT1.2 Serv.lng snack. meals sha.II support 12 party guests. Low A.aC. R.6.6.3. Food boiling shall be near preparation area Crucial
f- d A. R.7.3. Storing capacity shall exist for 24 party guests snack meals. Low A.aC. R6.6.4. Food frying shall be near preparation area Crucial
re I n e to A. R.74. Toiletting capﬁmty shall ?XlSt for 2 contemporary guests. H'_gh A.aC. R.6.6.5. Food wokking shall be near preparation area Mid
. A. R.7.5. Hanger capacity shall exist for 24 outer clothes. Mid A.aC. R.6.6.6. Food baking shall be near preparation area High
k I tC h e n A. R8.  Sleeping accommodation requirements A. R.6.7.  Smell from cooking shall be evacuated. High
A. R.8.1. (No requirements included here due to book space limitation) A.aC. R.6.7.1. Odour from cooking may not spread to other rooms High
. A. R9. Health and body caring requirements A. R.6.8.  Waste and garbage from cooking shall be odourless deposited. Mid
re q u I re m e nts A. R9.1. The house shall be safe for children High A.aC. R.6.8.1. Garl:_»age odoqr may not _be recognisable in kitchen Mid
A. Rm.1. Every house shall be prepared for optic fiber communication A Z(\: 2;31 g;onng CE“”CI;‘ Isdh;]i exist kfor 24: pazrty gueStsbsnaCk meals. II_‘OW
A. R.10. Hobbies and electronic communication requirements 'aA' R'().l. : T:rahges ah ]fb ?n?c TjZS( grocery bags) quh
. € house sha ¢ safe for children lg
A

. R.10.1. (No requirements included here due to book space limitation) AaC. R9.1.1. Kitchen shall hold children safe family medicines Low




Refine requirements from embedded black-boxes to
inward black-boxes
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E.R.x,
Restriction
requirements

in E.
Environme,

\:) E. Environment

* Requirements R

requirements

divided into 2 types 5 mdCiog-
<P Behavior.
requirements

e Restrictions quiremen

. = |_Interfaces
requirements to =

0 A. Black-box

ERIAREILIN
K1epunog

M H A.A.RR.x.y. A.B.RR.x.y.
restrain white-box ARR Y R RR Y2 5 A.A. Black-box
. '“i reql%lllrgr;ents ’“i req;lnnx.mftnts
desi gn %'|_ Black-box - Z| Black-box A
[~ &~
m: -A-n.RB.x.y.z m -A-lané‘ll}aB\;ixdl)‘)'z Inter- };lgzg_

Behavior

° 1 < <
Behavior requirements requirements

faces

JdepIdyul

Arepunog
JdepId)ul
A1epunog

’g-vl

. = | Interfaces = | Interfaces ;;:
requirements on ‘7<— '——\—\ =
1 2/ - // ‘\ //
conne Ct on A.AA.RR.x.y.z.v. A.A.B.RR.x.y.z.v. A.B.A.RR.x.y.Z.V.
interf to black Restricion, ™|« | Restriction ™| | | Restriction,
INterraces 1o blac ih A.A.A. 3 RS, 3 CIABA.
Black-box [~ | | = Black-box | | = Black-box [
b oxes -A.A-p.RB.x.y.z.v} ; -A.A-q.RB.x.y.z.v! i -A.B-r.RB.x.y.z.v! 52 E
ehavior < ehavior o Behavior == =
requirements ] requirements 3 requirements e 5
over -AA- <| over-A.A-q <| over-A.B-r s B =
= Interfaces =1 Interfaces = Interfaces =<

qlv]




EXAMPLE

d Multiplication toy:
S BChﬂVIOf Multiplication toy behaviour requirements
. Multiplication toy black-box behaviour interaction Priority
re qu11' ements RB.7. Multiplication toy black-box interaction

see separate figure
A. RB.7.1.  The user amusement shall be to multiply two operand values Crucial

° Tables and gra phiCS into one product value.

A. RB.7.2.  The toy shall have one input devices for each multiplicand value. 0 - 9 crucial
Multiplicand values shall be at least between 0 and 10. The > 9 high
multiplicands must be easy to settle by a child.

A. RB.7.3.  The toy shall have at least a 3-digit output device for the prod- Crucial
uct value. The product must be easy to read by a child.

A. RB.7.4.  The toy calculate and show the product value practically High
instantly after either multiplicand is settled.

=l A. Multi-
plication toy

RB.7. Multiplication toy black-box interaction
either -aE-1a.S.1a. Set (operan d1) Multiplication toy behaviour requirements
% or -aE-1b.S.1b. Set (operan d2) Multiplication toy black-box behaviour on interface -aE-1.
T S -aB-1a. Multiplicand input interface
aE.a. § -aE-1a. S.1a.  Set (operand1)
Multipli- & -aE-1b. Multiplicand input interface
cation toy = -aE-1b. S.1b.  Set (operand2)
user < -aE-1¢.R.2. Show (product) 3 -aBE-1c. Product output interface

v -aE-1c. R.2. Show (product)




EXAMPLE
Rudimentary
calculator:
Use case
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e Basic use case in a table

* Normal text editor can be
sufficient

* Normal and exception
cases

ARB.IA.21. A.RB.IA11.

A.RB.IA.31.

ARB.IA41.

A.RB.UN. Normal use case

Id, name and interaction
Input lead operand

The user enters the lead
operand by consecutively
pressing digits 0-9, back-
space and decimal point.
Input dual operator

The user breaks digit input
with one of the dual opera-
tors +, -, *or/.

Input trail operand

The user enters the last
operand by consecutively
pressing digits 0-9, back-
space and decimal point
Input conclusion.

Conclude with =.

Calculate value and show it.
Proceed to input new lead
operand

ARB.IA.12.

A.RB.IA.32.

A.RB.IA.42.

A.RB.UX Exception use cases

Id, name and
interaction

Too many dig-
its entered

Notify user by
blinking.
Reject digit.

Too many dig-
its entered

Notify user by
blinking.
Reject digit.

Divide by zero

Show error
instead of
result. Expect
new lead oper-
and.

ARB.IA13.

A.RB.IA.33.

ARB.IA43.

Id, name and
interaction

Second deci-
mal point
entered

Don't notify
user. Reject
point.

Second deci-
mal point
entered

Don't notify
user. Reject
point.

Overflow after
+or*

Show value as
floating point
instead.

ARB.IA.14.

A.RB.IA.34.

A.RB.IA.44.

Id, name and
interaction

Backspace
when 1 or less
digits

Don't notify
user.

Backspace
when 1 or less
digits

Don't notify
user.

Lost signifi-
cance after
small / big

Show result 0.
Don't notify
user.




Formal use cases
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A.RB. Behaviour requirement

A. Black-box

A.
Black-box

Y . .
Table Or A.RB. Behaviour requirement RB.WS. 10 Wait-state
i = (RB.WS.10. Wait-state) < SR-Unity 11 |E-1.S-1.
graphlcal % &= E-1.S.1. Stimulus (arguments) S E o¢ description | Stimulus
HEa :z ; ) ws z (arguments)
PY H uman 27 RB.WS.20. Wa|t-state = o
MUSt Contaln - E-2.S.2. Stimulus (arguments) | 4 RB.WS 20 Wait-stat
dentiti @ i RE.I.i S SR-Unity21 |E-2.5-2 ez RB.HL1
* |dentities 2 7S . RB.H.1. o = SR-Unity E-2.R3.
g E? B Stimuli history ® £/ description |Stimulus  |Response | History
° |nterfaces % Machine #  E-2.R3. Response (arguments) g w g z (arguments) | (arguments)
_ = (RB.WS.30. Wait-state) o =
* Wait-states | £ ~ E-1.S4. Stimulus (arguments) « RB.WS.30. Wait-state
. . < = “RB.H2, | = /SR-Unity31 [E-1.84.  [E-LRS.  [RBH2.
e Stimuli sE Stimuli history o 8 |o¢ description |Stimulus | Response | History
E.a. ag'g E-1.R.5. Response ws z (arguments) | E-1.R6.
[70]
* Responses Human E-1.R6. Response | T2 Response
RB.WS.40. Wait-state

(RB.WS.40. Wa|t state)

Histories




Use case scenario A

g Black-box
2 B v
=) =) B.W .10).
2 2 Wait-stat
Z 7 =z E-1S.1
. U ing al : 2 R 58y
se cases progressing along = ¥ Algs Gl
. ~ - T H.1.
wait-states : & User | LRI
q wn
- . . /® g : Yy
* |Initiates preferably in idle- % S [PRBWS0. Watstate )
state and can show behavior . % sg G| 5 gl Gy Gz (rgy)
. . 2 L 5 E-LR2| & % SN2 [RBH.2. % 2E E-2R3]
paths until back to idle-state SUsrgg W)y |3 MEE ELR 2 @rey)
T ISMDE R pike| e GRISR
* Mixed normal and exception : args) |
= '~ RB.WS.30. Wait-stat
Cases ko ‘ E B153] | Eise )
(=" [ —_——3 —_—
. é : = 2 % o (args) (args)
e Can split on many pages 3N ZE para 2 TaE—&B % Sz [RBH3
S User|zges  (ares) | 5 User (47 A 5 ELRS
> es.wsno). < GB.Ws.so)Usér g (ares) |
o Wait-state/ | Wait-state 65. WS.1 0)_
i < Wait-state




EXAMPLE calc_logic: Behavior in tables
(continues)
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calc_logic for reuse behaviour requirements calc_logic for reuse behaviour requirements
Black-box behaviour use cases Priority Black-box behaviour wait-states, SR-unities and histories
RB.6. c alc_logic for reuse behaviour requirement no 6 A. RB. calc_logic for .reuse behaviour requir?n}ent
A. RB.6.51. calc_logic for reuse, behaviour requirement 6, scenario 1 A. RB.WS10.  Wait for lead operand 1st digit
see separate figure A. RB.WS.20. Wait for further digit or duo-operator
A. RB.6.51.U1.  Input of lead operand normal use case Critical A. RB.WS.30. Wait for trail operand 1st digit
sequence of RB.SR.11. + n * RB.SR.21. A. RB.WS.40. Wait for further digit or conclusion operator
A. RB.6.51.U2. Input of trail operand normal use case Critical A. RB.SR.01. Start-up
sequence of RBSR.31. + n * RBSR.41. _ A.RB.SRA1.  Input 1st digit of lead operand
A.RB.6.31.U3.  Perform completing use case Critical A. RB.SR.12. Prepare continuation after conclusion
sequence of RB.SR.11. + n * RB.SR.21. + RB.SR.22. + A RB.SR.21 inout rest of lead d
RB.SR.31. + n * RB.SR.41. + RBSR.42. » NB.OR.21. hput rest ot lead operan
A. RB.6.51.U4. Perform repeating use case High A. RB.SR.22. Input dual ?Rerator.
sequence of RBSR.11. + n * RBSR.21. + RB.SR.22. + A. RB.SR.31. Input 1st digit of trail operand
RB.SR.31. + n * RB.SR.41. + RB.SR.43. + ... A. RB.SR.41. Input rest of trail-operand
A. RB.6.81.U5.  Perform repeating after conclusion use case Critical A. RB.SR.42. Do conclusion
sequence of RB.SR.12. + RB.SR.31. + ... A. RB.SR.43. Do conclusion with continuation
A. RB.H.1. lead-operand-story = 0
A. RB.H.2. lead-operand-story = pressed digit
calc Iog|C for reuse behaviour requ”'ements A. RB.H3. Iead-operand-story =10* |ead-0pel'and-story + pressed d|g|t
Black-box behaviour at interface -E-1. A. RB.HA4. pre:wous-operator-story = pres§e.d operator
Bl C P A. RB.H.5. trail-operand-story = pressed digit
-E-1. Comm on calc_logic interface . — —
-E1. SA. Stim (0- 9) A. RB.H.6. trail-operand-story = 10 * trail-operand-story + pressed digit
E1. S2. Stim ( +,-, * or /) A. RB.H.7. N!ampulate lead-operand-story by trail-operand-story according to pre-
: vious-operator-story
-E-1. 8.3. Stim (=)
-E-1. R4. Resp (lead-operand-story)
-E-1. R.5. Resp (trail-operand-story)




(continued)
EXAMPLE calc_logic:
Graphical use case scenario
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 Component containing the
intelligence in a calculator

e Built for reuse in
e Standalone calculator
* Windows calculator application

RB.SR.01.
Start-up

RB.SR.11,
lnlput 1st digit of
ead operand

A, cale logic for
reuse black-box

RBHI I logi ?.RB.(}.SI.b havi
ey calc_logic for reuse, behaviour
lead-opeia(? d-story r€qug1rement 6, séenario 1
«  -E-LR4.
Resp (lead-oper-
and-story )y
(_ S10RB.WS.10. Waitior lead operand 1st digit )
-E-1.8.1, £ -E-1.8.2. Stim
Stim (0 - 9) €8 (H-For
g RBHZ =F RB.HA.
ead-operan d-story ge revious-opera-
= pressed digit % § § topr-story = ll]"essed
«_ -E-LRA. 2Es operator
Resp (lead-op- o ’
d-st £ =/ RB.WS.30. Wait for
erand-story)y & (grail operand 1st digi

('S10RB.WS.20. Wait for firther digit or duo-operatod

-E-1.8.1. Stim
—_—

-E-1.8.2. Stim

B.WS.40. Wait for further
digit or conclusion operato

erand-story )y

RB.WS.10. Wait for
lead operand 1st digi

story = pressed
operator

-E-1.R 4.
Resp (lead-op-

=
=
g 2
_;5- ©0-9) § 35‘5 (+-%or/
] RB.H.3. Z £S5 RB.H.J4.
~z3 lead-operand- o0 w53 | previous-operator-
720 story = 10 * lead-| | £ 2 2 story = pressed
82 operand -story + | | S ®= operator
&~ g pressed digit =
< -E-LRA. g RB.WS.30. Wait for
& ﬁesp (lead-o p- = rail operand 1st digi
- erand-story)y 5 = -E-1.8.1. Stim
(RB.WS.ZO. Wait for fur- ) T 5B ©0-9
i —5pS
ther digit or duo-operator/ |& ;‘-E £ T RB.HS.
oS ne s trail-operand-story
= Pt = pressed digit
=
g M2 . -E-LR.S.
=) - esp (trail-op-
& erand-story }§
= C S10RB.WS.4T. Wait for further digit or conclision operator D)
E -E-1.8.1. Stim | -E-1.8.3. Stim -E-1.S.2. Stim
;.’. 0-9) =) = (+,-*or/)
= RB.H.6. - RB.H.7. 2 RB.H.7.
=28 trail-operand- ;S Manipulate lead- = Manipulate lead-
70t story = 10 * trail- g operand-story by E] operand-story by
8o operand-story + ~ o trail-operand-story = trail-operan d-story
I~ pressed digit 28 according to previ- £ according to previ-
2 E-LR5 a 54 ous-op erator-story g2 ous-op erator-story
= =E-1.K.0. = ;= I
2 Resp (trail-op- 8 ——E-LR4. %'E RB.HJ4.
= erand-story )4, Resp (lead-op- 2= previous-operato r-
=
E
2
S
=3
a

erand-story )y

RB.WS.30. Wait for
trail operand 1st digit




EXAMPLE calc-_logic:
Test use case
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e Use case can be the form to hold a
test case

e Execute test use cases in the mind
to check requirements

RB.6.S1.U3.

RB.6.S1.U5.
Perform repeating

Use
case

Perform

RB.6.S1.U4.
Perform repeating use case

completing

after conclusion

use case

use case

lead- ptrevious- trail-
operand- | operatot- | operand-
SR-Unity Stimulus  Responsp story story story
RB.SR.01. Start-up Start of A. |E-1.RA4. RBH.1.=0
Show (0)
RB.WS.10. Wait for lead operand 1st digit
RB.SR.11. Input 1st E-1.S.1 E-1.R4. RBH.2.=2
digit of lead operand | Press (2) Show (2)
RB.WS.20. Wait for further digit or duo-operator
RB.SR.21. Input rest of | E-1.S.1 E-1.R4. RBH.3. =
lead operand Press (4) Show (24) 10*%2+4
RB.WS.20. Wait for further digit or duo-operator
RB.SR.22. Input dual |E-1.S.2. 24 RBHA4. =-
operator Press (-)
RB.WS.30. Wait for trail operand 1st digit
RB.SR.31. Input 1st E-1.5.1 E-1.R5. 24 - RBH.5.=6
digit of trail operand | Press (6) Show (6)
RB.WS.40. Wait for further digit or conclusion operator
RB.SR.43. Do conclu- |E-1.S.2. E-1.R4. RBH.7.= [RBH4.=+6
sion with continuation |Press (+) |Show (18) |24-6=18
RB.WS.30. Wait for trail operand 1st digit
RB.SR.31. Input 1st E-1.8.1. E-1.R5. 18 + RBH.5.=4
digit of trail operand | Press (4) Show (4)
RB.WS.40. Wait for further digit or conclusion operator
RB.SR.42. Do conclu- |E-1.8.3. E-1.RA4. RBH7.= |+ 4
sion Press (=) | Show(22) 18 +4
RB.WS.10. Wait for lead operand 1st digit
RB.SR.12. Prepare E-1.S.2. 22 RBH.4.= /|4
continuation after con- | Press (/)
clusion
RB.WS.30. Wait for trail operand 1st digit
RB.SR.31. Input 1st E-1.S.1. E-1.R5. 22 / RB.H.5. =2
digit of trail operand | Press (2) Show (2)
RB.WS.40. Wait for further digit or conclusion operator
RB.SR.42. Do conclu- |E-1.8.3. E-1.R4. RBH.7.= |/ 2
sion Press (=) |Show(11) |22/2

RB.WS.10. Wait for lead operand 1st digit
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* Short-form for use
case scenario

* Contain no
e Stimuli
* Responses
* Multiple treads

* |dentifies exception
transitions
e Dashed in figure

>0

Guest

»0

=1
55

Q
=
2
2

A

E.a.
Guest

»0
RB.SR.11
Guest enter

Bistro

(EB.WS.10. Bistro idle)
Incomin,
(guestli

AN

EXAMPLE Bistro: State machine

E.a.
Guest
\4
C RB.WS.20. Bistro awaitsorder D)
% Order N Order| - Order
=% (guestl, ham) % g‘ﬁ (guest, eggs) & (guestT, nothing)|
&S g SE O
"Jg Acknowledge Ea. |2 s  Acknowledge] E.a. |28 Acknowledge
e N o ey Guest | 827 ————+1 Guest o> T ——
% (waiterl, finish)y “5 (waiterl, ok)J % = (waiterl, sorry)y
= 3
O RB.WS.10.Bistro\| g L : 4 2 RB.WS.10.
@ g (R&'WS.30. Bistro overloaded ) ~ Bistro Idle
2 _  ___ Shou
Té 2»; (guestl, hurry)
S Ea. :é Serving
— 5]
o Guest | (waiterl, eggs)
=
= \ 4
( = RB.WS.40. Bistro awaits bill request )
qg Eatin % Attention 'E £ Escape
%g (guestl, egg E S (guestl, pay; zg (guestl
§5 B.WS.10. Bistro %% Bringing| E.a. ;% B.WS.1.1
waits bill request| g, | (waiter 1, bill)] Guest|@= Bistro Idle
Guest|/@© §'5
\ 4
( RB.\v{5.00. Bistro awaits payment )
Pa < Pa
w=  (guest, cash SE (guestl, cardé
£3 Farewell E.a. % 3 Farewell
gE(walterl, guestl)l Guest En' (waﬁerl, guestl)
W
RB.WS.10. RB.WS.10. Bistro Idle

Bistro Idle

MRI1. Breakfast
state machine

F5.2 Pay credit
F5.1 Pay cash
F4.3
Order more

Z1 A,
Bistro

for order
A. Bistro

“5z
T s
mo-ﬂ

S.3. Guest for
gotten A. Bistro

-
o2
S

F3.2 Guest
disappear

F2.1
Order
eggs

F4.4
Return
food

WS 4. Awaits bill
request A. Bistro

F4.1
Calculate
F5.3
Com;l)lam
bill

S.5. Awaits pay
ment A. Bistro

F4.2 Rush bill




EXAMPLE Bistro: Message sequence diagram

S
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N A.aA., i
= %i(tiglg A.aCp. C. A.aC.i C.h A.aC.CKltdlen C 4 4 A .aC.aF
o .a .aC.i. .aC.h. .aC.m. .aC.c. A A A.aC.aF
N Chef Preparja- Big uten- Table- Table- Grocery '%g]ﬁA' '%1%31)' Wet
% tion bench sil cup- ware ware cup-| | cupboard machin- machin- machin-
board drawer s board ery ery ery
Abb . d MSC Order (eggs) C ) (l | [ l)( | [ | ) Q | i | s$
® reVI ate WS.1. Cleaned WS.0.1. Ready for cooking WS.0.2. Food in stock WS.0.3 Waits for acces
WS.1. B
L:EGet (_pan)
. Fill (pan, warm-water ) _
e Use case penetrating : ; ; et - - '
. < Get (raw-eggs)
architecture il pan
_ Get (pan
B Place pan on gas stove and light stove >
e Each element can [Start Gmer)]
% « Get (small tray, egg cup)
H @ Put (tray)
have wait-states 5 i (cup)”
S
~ < lGet (spoon)
o [ Add (spoon),
2 < . Get (salt-shaker
S Add (salt)
< . -
(WS.2. Wait for timer )
é&lert (timer)
< Get (pan)
' ' Empty (pan) : ,
< ' ' Get (pan) ' '
Add (eggs)
_ Take tray
Serve (eggs) B
WS.0. Idle
v v v v




Predetermine
solutions and
suppliers

Solution alternatives off the shelf?

O




Trying out solution alternatives from requirements
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. . . <--- Schedule prior to design architectures —-> < —emememeemememcene- Design architectures >
* Primordial design often results i) Existng  Environ-
. . . elemen connection
from restriction requirements s  nterfaces
E5E ] -
i i E%s Predetermine solutions @ _ _ _ Black/whitebox Vi
* stakeholders decide design =58 i souelng opions | 4 [ Frvnoial archtectue ingredit ;
. . — L 2 m\ :% 2% _[Primordial p_rrimordial Primordial :
* Unbiased design often results . solution al- {—f- SS.2 ™ “element | connection P connection _|
EE I B interfaces interfaces 1
1 1 Z|e = Ln"_ e N
from behavior requirements or  |g[25K| 0 \| fFE-o--- el 7%
gE|2E ,..L Determined architecture ingredients ¢
. ) Qc.
absence Of reqL”rementS E =g etermined ',E bﬁ Determined b_Determine d Determined !
= solution al- gEle= element - 4 : I
o - ternative s -l k= connection connection |
* technicians decide design Z 25 12|22 Tinterfaces”  [“Tnterfaces
-? = £ BT L o o e e e e e = XESESES A
AR Bl G TS e
. . . & EE S35 A'I" Unbiased architecture ingredients |
* Determined dESIgn are tried =128 I Z8 | IUnbiased '=l22  rbiased h_Unbiased | Unbiased
. . 25 stoell!lrg{lilvg;- 2 é% element connection connection :
OUt tO beSt flt reqUIrementS £ |§ Eé interfaces interfaces = |
3 A= o o o e e e — N S A AL S
and standards T e
St
@® =
* both stakeholders and 258
technicians decide design
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EXAMPLE House:
Environment solution
alternatives
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* For each restriction requirement,
document as many reasonable
imaginable solutions as possible

* For each solution, decide if to be
included in product to be
developed

* If beneficial for later design, assess
each solution alternative

) . . Costas- | Environment restric-
Environment solution alternatives sessment tion
E.SL1.a. Keep distance to shoreline as close as possi- | Exclude these
ble to 150 m solutions

E.SL1.b. Build on higher land to keep lake view
E.SL1.c. Build higher house to keep lake view
* Building plot

E.R.1. Swedish environ-
mental code 7th chapter

E.SL2.a. Obtain extra 2 000 m? land, to ensure a build-
ing area of 100 m?

E.SL2.b. Obtain no extra land and build partly under
ground

E.SL2.c. Obtain no extra land and build smaller

* Building size

Exclude these
solutions

E.R.2. Malmé urban plan-
ning and local construction
ordinance

E.SL3. When interfaces to the environment is con-
structed, existing neighbour environment may not
be damaged.

Exclude these
solutions

E.SL4. Ramp from driveway to entry for disabled per-
sons

~?1800

R.3. Swedish national
building regulations

E.SL5. The building plot must be located to an attrac-

Exclude these

R.4. Swedish Financial

tive area. solutions Supervisory Authority
E.SL6.a. @ 32 mm gas pipe from street ~27000
* Gas is available in street ~?500
E.SL6.b. 3 m® or 7 m® rental tank close to house
* Gas tank for free, included in gas deliveries
E.SL7.a. 16 Amperes from overhead lines ~?1000
E.SL7.b. 32 Amperes from underground cable ~?3000
* Electricity
E.SL8.a. Drilled well with pump and purifier ~?711000
E.SL8.b. @ 32 mm water pipe from street ~24000| B-R5. Al .Tog?mﬁnﬁlbcon’
E.SL8.c. Pipe from lake with pump and purifier ~ 2 8000 | nections avatable shall be
. Water u_sed to make the house func-
tional and comfortable.
E.SL9.a. Waste water treatment to lake recipient ~ 76300
E.SL9.b. @ 125 mm pipe to street waste water ~22000
* Sewage
E.SL10.a. Basalt covered 2,4 m wide road ~ 715000
E.SL10.b. 4 basalt covered parking places, 2 m road ~?2000
extension at street, with 0,5 m wide basalt covered
footpath to house
* Driveway
Material min cost sum ~?711300
Material max cost sum ~?44100
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opportunities

* Demarcate the product from the
existing environment to prevent
the product from swelling out

* Voluminous solutions for
interfaces to environment are
excluded from development

* Definitely needed interfaces to
environment are included

EXAMPLE House environment:
Excluded and included solution alternatives with supplier

Excluded environment solutions | Responsible

Environment solution
alternatives

SX.1 Buy beachside building land | House proprietor
larger than 2 000 m? with pos-
sible house ground at 150 m
from the lake

Building plot
E.SL1l.a., E.SL1.b, E.SL1.c.
E.SI.2.a., E.SI.2.b., E.SI.2.c.

SX.2. Damages on neighbours envi- | House proprietor

E.SL3.

ronment
SX.3. Lake view is more than good | House proprietor E.SL5
enough T

SX.4. Water and electricity supply
from environment during build-
ing the house

House proprietor

Preliminary electricity and water

E.SL7.a., E.SL7.b., E.SL8.a., E.SL8.b,,
E.SL8.c.

SX.5. Connection fees to authorities | House proprietor
and commune

Interface connections

E.SL7.a., E.SL7.b., E.SL.8.a., E.SL8.b,,
E.SL8.c., E.SL9.a., E.SL9.b., A.SL7.

Included environment solution with supplier op-
portunities

Environment solution
alternatives

SU.10. Builder’s suppliers
* Use ordinary building material, from selected build -
er suppliers.

Electricity, water and sewage
E.SL7.a., E.SL7.b., E.SL8.a., E.SL8.b.,
E.SL8.c.

SU.11. Gas supplier
* Use only authority approved equipment, Use tank
supplied by gas provider.

Gas pipe and tank
E.SL6.a., E.SL6.b.

SU.12.Ext Bas AB
* Use stone sample H34

Driveway and ramp
E.SI4., E.SL10.a.

SU.13. Local supplier
* Use natural material that harmony with the envi-
ronment from local suppliers

Driveway
E.SL9.a., E.SLI.b.
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EXAMPLE calc_logic:
Solution alternatives and
supplier opportunities
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calc_logic for reuse solu-

calc_logic for reuse supplier opportunities tion alternative

SU.12.Inhouse project DG3

A. calc_logic tor reuse

ASL1., ASL2., ASL3., ASL5., ASLG.,
ASL9., ASL10., ASL11., ASL12.

SU.13. Well direct

Development system

* Try finding solution alternatives for
outmost black-box requirements

* In this example alternatives are few

* Most development will be made
inhouse

* Typical for programs

calc_logic for reuse solution alter- | Assess- |calc_logic for reuse require- Prior-
natives ment ment ity

A.SL1. calc_logic must internally han- No extra | ARR.1.1. The calc_logic element
dle 64 buttons. cost | must be able to process 16 button

stimuli at minimum and be future-
proof to process many more button
stimuli

A.SL2. Up to 128 digits must be inter- No extra | ARR.2.1. The calc_logic element
nally handled, even if not all are accu- cost | must be able to process 8 digits
rate. responses, and must be future-proof

A.SL3. Handling must include both to a much large amount of digits.
numeric and non-numeric characters

A.SL4. Any mathematical coprocessor | Saving cost | A.RR.3.1. To reduce complexity from
shall never be used by calc_logic, but unpredictable existence of coproces-
instead the compiler with built-in sot, a math-copro cessors shall not
library or external library. be used at all.

A.SL5. Develop first calc_logic on a ~40000 | ARR4.1. Itis good enough with a
host development system supporting maximum calculation ptecision of
~ 15 digits precision. ~ 15 digits during host development

A.SL6. Then port calc_logic to a Win- ~1000 | of the calc_logic program.
dows hosted development system for )
micro controllers supporting 7 digits
floating point precision

A.SL7. Then port calc_logic to a micro ~2000
controller experimental board

A.SL8. Then port calc_logic to the tar- ~2000
get standalone pocket calculator

A.SL9. When available, procure com- No extra
piler for the windows supporting bet- cost
ter double floating point precision

A.SL10. If different precision or differ- Small cost
ent target demands calc_logic spe-
cific solutions, these must be hidden
behind compiler switches.

A.SL11. For development of calc_logic ARRS5.1. The calc_logic element
in host, development boards and tar- must in first version be portable to
get, use development systems having the windows calculator application
open and documented mechanisms and to the pocket standalone calcu-
for function call and return. lator.

A.SL12. Make implementation in C, and Cost ~ | ARB.6.51. calc_logic for reuse,
use scenario wait-states in program. | 20 000 (ex- | behaviour requitement 6, scenatio 1

cluded
compiler
and math li-

brary)
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Design
architectures

Time and money for architects?
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Interfaces to environment shall
now be designed

Alternative solution are selected
and decided, including eventual
supplier samples, and noted in
architecture resumé

Ingredients in the resumé are
arranged in an environment logical
architecture

Ingredients are depicted in an
environment physical architecture

Pt.0.A. Constitute environment

pe

Pt.0.Sa
quirementsjF

Environ

Pt.0.Q.
supplier opportunities [

terfaces to environment with | |restriction re

Solution alternatives of in:

at

;

Xa.b.
ple ¢
alogues[F

Sam

Xb.at.
urn-
ilt)ems

Develo
key

Pe. Re-
use plan|~
,' Pm. Partial
Proto

] '. ment |

;-.:J.

ment architecture

1
=
<
=

o=
>
=
)
&
=
=
)
=
—

Pt.0.A.

!
n . .

'| Constitute environ-
ment architectu re

ingredients
|

gredi-
dentify

n
black-box

;

gre
Arrange
ents and

Pt.0.Ad.

]

cal architecture

Environment logi

Pt.0.Ab.
Environment ar
dients resumé

chitectu re in

* Unsatisfactory

= - om®

Pt.0.B.
Environment existing

.

F

gn

redients and desi
of Iinterface s to the en-

vironmen t

i

ronment
cal archi-
tecture [

l

Pt.0.Af.

archltecglre
S

Pt.0.Ae.
Lay out physical

phy




EXAMPLE House:
Environment architectures
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House environment architecture resumé . . h .
Existing environment and solution alternatives E nvironme nt arc Ite Ct ures

to interface it

7
E. House environment The existing surrounding to the house L4 Res u | | Ie
E.SL3. When intetfaces to the environment is constructed,
existing neighbour environment may not be damaged.

Environment ingredients

E.a. House user Proprietor, relatives and guests coming from the environment * LO g ICa I
E.b. Lake Existing beautiful lake, south of the planned house .
E.c. Street Existing residential street, east of the planned house L] P hys ICa |
-E-1.  Shoreline distance Product interface to be developed
E.SL1.a. Keep distance to shoreline as close as possible to 150
m
-E2.  Water Product interface to be developed E. House environment
E.SL8.b. @ 32 mm water pipe from street E-4. Electricit
. -f-4, y
-E-3.  Sewage Product interface to be developed YIS r— - — — I\
E.SL9.b. @ 125 mm pipe to street waste water )
-E-4.  Electricity Product interface to be developed _E-3. Sewage
E.SL7.b. 32 Amperes from underground cable ; / {
-E-5.  Gas Product interface to be developed A _E-2. Water

|
|
|
|
|
way . |
N

E.SL6.b. 3 m? or 7 m?® rental tank close to house i -
Must go shortest way from outer wall to inside burner. ;g
-E-6.  Driveway Product interface to be developed /
E.SL10.a. Basalt covered 2,4 m wide road. Stone sample H34 -E-6. Drive-
from Ext Bas AB
-E-7.  Entrances Product interface to be developed “5’ 54 % T E-7. Ent “ —
E.SL4. Ramp from driveway to entry for disabled persons EEE i s —— E.c. Street
A. House Product to be developed '2:5 Ho'u;e _E-2. Water _E-3. Sewage
E.SL2.a. Obtain extra 2 000 m? land, to ensure a building area /. user
of 100 m?, -

E.SL5. The building plot must be located to an attractive area. “Eb.Lake -

/ 50 m




EXAMPLE Calc_logic:
Environment logical architecture

aa.aaa.E. Personal computer environment
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baE. baa.E. Motherboard k.
a.aaa.E. Pocket calculator environment Main processor Math coprocessor

F‘ aa.E. Working memory
— aaa.E. Pocket calculator rl a.E. Windows system
o ~I"E. cal¢ logic environ-
” | aa.E. Circuit board meﬁ?(cWi‘)f&f)vev‘swcl;l('cI::- gA
Y y lator application) Cfal‘c__l(’glc
a I I l e re u Sa e A a.E. Micro controller or Teuse
s q -E-1. calc_logic in-
—I E. calc_logic environ- terface to Windows
( calculator software

: ment (pocket calculator
component with s
AN generated by visual studio
calc_logic E.aa. | E.ad. WndProc
,_I E.adb. Case WM_COMMAND |

‘WinMain

V r iff r n for Teuse y
ery different e Jr

calc_logic (] E.ada.Case WM_CREATE

interface

|
r_I E.adc. Case WM_PINT |
|

environments 3 et
software |

r_l E.add. Case WM_DESTROY

E.ab.
I_IMyRegisterClass |

A

* One architecture sansa, | ppai s el

) Display play 8

%
-a.aaa.E-1. . f"ﬁ’ﬁitEJ,?' Key port

for the Windows b L i ,
I . . d rlT}i)ItrilgéE; i::ll.‘t:tg |_‘ User lgb%e}z'ervices |
I
application an / 77 |
Executive mode services
a.aaa.E.a.

one for the fads T o R

tor user
Interrupt port E.aa

Keyboard and LED driver program

N
da.E, PCI ea.E. fa.E.
buffer Buffer Buffer
|

pocket calculator Frogan

aaa.E, Graphic
plug-in card

v
b.aaa.E. c.aaa.E. d.aaaE.
-a.aaa.E-3. - |J Screen |JKeyboard Mouse
Battery % -aaa.E-1.
opening aaa.E.a. Wires | i |
— Battery > %

a.aaa.E. Calculator user




Pt.n.A. Satisfy requirements by B,
decomposing outward nesting level .. .
black-box into white-box design
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containing possible black-boxes
* Black-boxes from outward level shall i Lo ent
now be opened and designed } : = 2t
* Alternative solution are selected and B g
. . . . SE <z
decided, including supplier samples, | I —
. . ’ & vi,au| Satisfy requirements b
and noted in the architecture resumé [t ] demesmnnd
: : , oifs ormgbete | JEEE )
* Ingredients in the resumé are arranged &5 Sezst et
in a physical architecture =, el des [EH| | <E i
* Ingredients are depicted in a physical 5 25 L2 L | | E=E
. . Fep \|$55\ |42 =
architecture s P ik
ig‘; " Unsatisfactory EE =°




[ )
Conne Ctlon and - Results upstream to architecture > < Architecture results

g Lonnection and <= Resultsupstream to architecture =-r-> < soresssresssersce - ATCHtECUIE FESUIS sorerseresseesseees
g o _|lf’t.0.Pb. Interfaces 7 E. Environment
rom environment ks

3 boundary interfaces Peisa Jlrom emironment
N Environ- OlSolutiors | I E‘;l -E-2. i’ 8 PEfb.
o ment re- olutions Xisting (€ ———= > oten-
o striction | excluded elemen% Existing MMI tial user

require

o 0.0 Ol Solutions in- 0.2. A
. . = é’ ‘?: ﬂ% 7 Outermos t black-box
* Always development outside-in g2zl L8582 /| | Foomion | | o3 )
SEE[VIEEE T nertec G 6
{ ] i I f = g Q'E‘s: - Con]lfezt"on OuteArfnost
Connection interfaces are e white-box
keeping elements in contact . e y
* Belongs to the outermost - . o SlEg
. t Ly-| Boundary —|2 E
element where its ends appear require- 7 interface =
. . S ) 1.1
* designated like —E-1. g8\l s b
d . f E";:g_ solutions — Ai)Aa
® =2 > Embed-
BOUF\. ary interraces are : | arase N ded
keeping elements apart : inerface p A
* Belongs to the element it ) N Pt
surrounds <l |58
: : " 0 2|52
 designated like [A[2. e B
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e Multiplier

realized with
two different
technologies

e Hardwired

logical gates

* Micro-
controller
with
program

aE. Hosting toy and multiplication toy environment

EXAMPLE Multiplication Toy:
Logic architecture with
exchangeable multiplier

(hosting toy)

-aE-2. Padding
" leakage

Q) -E-1. Host
attachments

JAJ2
Casing

A. Multipli%ation toy

-aE-1a. Multi- ‘,—Klgi-nfget-
plicand input "|_device
1:4%1:1 -aE-1b. Multi- ‘,JKct.i ns;p
plica- plicand input device
tiontoy 55>, Immov- T Ad
N able parts . Present-
ing device
_Adb. |
_-aE-1c. Prod- 3 digits
" uct output 53
-aE-3. % d.a.
Toxic surface ]:;]S()Cntv(; h
treatment T-seg.
_-aE-4.Battery I poe. POW\-e/rJ feed
ser
guardian

y
(D -E-1. Host
Y attachments

|—‘ E. Multiplication toy environment

JE]1.
Hosting toy boundary

aE.b.
Host-
ing toy

ucer

-A-3.
Operand
us 4

-A-4.
Operand

e

-A-1:1 Proto-
type board

Aa:1. Hard-wired multiplier
b :
Aa:l.a. Arith-
*3’ metic unit

eI D4
-uig ‘[-[:ev-

Aa:1.b. Bin-
BCD converter

-A-6. Power T
feed S
‘A3 A Aa:2. Microcontroller multiplier
Opl;e{‘ls;n:‘i H Aa:2a. Microcontroller
-y )‘ | Aa:2aa.
) Microcontroller
-A-4. program
Opgll;gng éa:}zﬁa.
ariables
3>
I\I')
Aa:2aab.
-A-1:2 Printed Instructions
board o
-A-S.
Product
bus 10

-Aa:2-1.
In-circuit pro-
grammable port

Power feed &
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___________ [
EXAMPLE House: R
* -A.aC-3a. EL fridge o | A.aC.aA. Cold machiner y ! _A.aC-1a.

-A.aC-1. Interior access

~ 1
! »
4 Machi i T o
\ ombined fridge/freezer -A.aC-1b.
< inery logical and '
~ aC e O a a 1 A.aC.aA]l. & | Cold door
— ° ° ! Cold housing | -A.aC-lc.
d phy 1 hitect ' ' (b
o M - R i | | A.aC.aB. Warm machiner y icro pane
physical architecture e Logical
| Micro oven "
| Micro door
-A.aC-3¢. El. warm ] . -A.aC-1
. > A.aC.aB.b. | -Aat-ne
a rC I - ! Warming oven |— | Warm panel
) A.aC.aB]l1. [A.aC.aB]2. gl \A-aC-1f. s
[ ] 1 1 | Micro housing  Oven housing : Warm door
P yS I Ca a rC Ite Ct u re te Ct u re -A.aC-3d. EL bake : | A.aC.aC. Bake machinery 1 -A.aC-1g.
] > A.aC.aC.a. | Bake panel
) | Wide oven | _A.aC-1h.
g ! AaCacll <l | Bake door i
E | Oven housing :
= 1 -
'E -A.aC-3e. EL hob , =l A.aC.aP. Heat m::chmery : acai
2 1 AaC.aDa. -A.aC-1i.
Ej E.5. Gas | Electric hobs : Hob panel
) ' : M—1> 1 paca. -AaC-j.
% Gas burner ! Burner panel
< ! A.aC.aD]l. , P
\ Gasket seal :
| -
-A.aC-3E Bl hood | A A.aC.aE. Evacuate machiner y | AaCk
_E-1. Air outlet | T A.aC.aE.a, —
< ; Wide hood 1 Hood panel
1
—4[ lA_-a?-aE'—- —~
X Air tin box 1
) - A.aC.aF. Wet machiner y 1
_-A-5. Sewer X S~ aCaF. |
< t .aC.aF.a,
] Sink 2 bowls !
-A-1. Warm water | 1
| -A-2. Cold water ! 5 ll CA.aLC .ali.l:;‘p : -A.aC-1l.
= I [A.aC.aF|1. PN Handles
% : Gasket seal :
5 1 | A.aC.aG. Dish machiner y 1
E I | -A.aC-1m.
M "
§ ! AaC.aGa : Dish panel
et -A.aC-3g. Fl. C dish : Dishwasher coarse | -A.aC-In.
?; 1 I Dish door
< ! M— [ ]'-AaCle.
ish | A.aC.aGb. ™ Di
-A.aC-3h. EL G dish | Dishwasher gentle , Dish panel
1 | -A.aC-1p.
= - [A.aC.aG]l. [A.aC.aG]2. ‘ | Dish door
: Dish housing Dish housing :
e e e e e e e e e e e e e = = e = = = 4




[ ]
M Micro controller versus g Central Processing Unit (CPU)
o
¢ S s Enlarged f mi ,
d central processing unit (CPU) oot il oo
5 and interrupt handler)
I
S
3 £
* Micro controller * Central :
=]
L] O
Dat: tructi
— Typical micro controller simplified architecture p ro C e S S I n g ’—I Caiclh% nscglcllclel o
I Read Only Pro- unit (CPU) AN ARV v
Memory l« %[;)(?r(% - |JAdd1‘essbzlxll}ge ?ata bus IJ (l:)(:lli‘}{?l
T 1
“ Port 1 “Machine External
buffers . ) instructions control bus
oge yhie ——
] Ext 1 add b
Latch F [ | - [ | 1
v v v

A
Port 2
“ buffers Ports for Interrupt I Random Read Only
peripheral handler Access Memor
Randor deVices Memory (ROM)
Memory ~Application BdOB(%E)S
Machine : gran hachi
variables| | i FYr addresqI “jﬁﬁ‘.}ﬁ%}’ n program Illlllzgll‘llllgf
Port 3 S General- tions
buffers machine
instruc-
tions
Timing and ‘ ‘
Control | latch control | cdu rtol Genlelral
machin
bus Vacria-e
bles I~




Interrupt and threads
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* High level thread constructions take care
of unsynchronized interrupt stimuli

* To avoid that all program paths must check
all imaginable stimuli sources

* Organize one thread to take care of each

source Of scena ri (0) Stl mu | i < Microcontroller or processor

| eal time program
* Preferably regard each tread as black-box enl fime prog
Port > il?tléllzle'ﬁ(ll) ¢ Asynch ronous ;[I‘)hl'l‘i?gz‘li_
* Let each tread be instant to response interface clement ]~ interface /ele}:’,:;nt
: : S ead A o
* When time, let threads synchronize and S (L Fupt refurn RS

finalize what not instantly was done

|J Operating system clock




Lot e EXAMPLE calc_logic:

'O\. B A #include declarations | A cale_logic for reuse . A
o0 A.b. #define declarati
& e Logical and physical
~ [A.c. Global variable declarations
= .
o A A.d. calc_logic function
i o program architecture

o Y V.

-E-1. i calc_logic program instructions

Common

cale Jogte A.db. WAIT_FOR_LEAD_OPERAND_IST DIGIT

intérface A.dba. Digit

U S —

* Program file chart (kind of

[ J LO ica I :A.dbc. Default . . .
5 Z detailed physical architecture)

architecture |

A.dcb. Operator

p re S u m e S <_IA.dcc. Default

A.dd. WAIT_FOR_TRIAL_OPERAND_IST _DIGIT

E. Any calc_logic environment

in stand-
rd library

E.b.
Develop-

@ ERJ3a. Standard library header file stdlibh  [—

1 oi ment sys-
h | g h I e Ve I | [ A-dda. Digit IAI E.R.13.b. Standard in/out header file stdio.h | tem built-
A.ddb. Default — in stand-
— ard Ii-
[ b i
A - - rary link
p ro g ra I I l A.de. WAIT FOR_CONCLUSION OPERATOR r—l E.R.13.c. Standard string header file string.h l:- 7 abl‘e files

A.dea. Digit

A.RB.8. Function shape header file calc_logic_-

A.deb. Equals
— func_shape.h

* Architecture

A.deb.b. Subtract

A.deb.c. Multiply

m ay i m itate A.deb.d. Divide

A.deb.e. End calc

specification HIE

A.RR.7. Restriction requirements header file calc_log-’_|
P

ic_restrict.h
E A. Calc_logic for reuse C program source file calculator.cpp @
I A.a. # Includes }:

A.dec. Operator

E-2. Built-in standard library interface

E.b. Built-in standard library interface

3 A.dec.a. Add
' A.b. Alia; tc.

S C e n a rl O A.dec.b. Subtract I_I b ses, etc l

A.dec.c. Multiply Bl I A.c. Global variables |—'

A.dec.d. Divide g?gligg?c p
kA€~ A.d. Calc_logic main function
A.dec.e. End calc interface 108
| ——— —= »
A.ded. Default
i

‘




EXAMPLE Phonebook: 7 2 ariasenr sl

~
o

0 L ° 1 h bd Al E. Phone-bo ok environment

,c\':) Oglca arc lte Ctures = | A. Phone-book

— A A.a. Phone-book object
8 A.aa. Phone-book variables

| A.aaa. Contact object array

A.aaa.a. Contact variables
| A.aaa.aa. Person object

[ A.aaa.aaa. Person variables [~

L P rog ra m S h a S I g A7 / ] _|| A.aaa.aab. Person functionls_I
z S
L] L] Pl l:
hierarchical : T
: aE.ba. Phone-book file E -E ;‘: E -A.aaa-2. Person interfade
St r u Ct u re S I I ke [ aE.ba.a. Title + new-line ~ -aaf-1, | o = § ; ~A.aaa.ab. Phone-number object array
. i,I,Jts;;.l: % E § ; | A.aaa.aba. Phobl}g;number vﬂiJ
E.ba.b. New-li S| |2 |
m e C h a n I CS a n d | " b: . : a e:: clonnetacts l_l %f?ce E N 'E i 2 Alaaa.abb. Phone-number functions
. -ba.c. Array aaE.a. 7 z = | [
electronics e s — B0 R =
— 7 o Solglill_l- T B g
. - 'S |terface HIEER [
Y Sh Own a rCh Itectu re I aE.ba.cc.b. Address + new-line l—] M _E g 252
. | aE.ba.cc.c. Post code + new-line |—I g A A.aaa.b. Contact functions
ot
assume object [ oot iy renime £ | -
O ri e n ta t i O n I aE.ba.cc.e. Country + new-line |—| E =) i é: Lo
P PIREEE
Q /-2\ —A.ab. Phone-book functions, con- and destructors
. aE.ba.cd. Array of phone numbers = \
® A rc h Ite Ct u re S h OW n |aE.ba.cd.a. Phone-number + new-liqu'_ E -E-3. J r
@ >
. = F-] oy Am i
Of fl I e Sto ra ge | aE.ba.ce. New-line '_,r EE / telr%alge ; ;g%; ‘
2
I “Ebad New e |—| i |/ | \,|—| E.a. Main function |
r
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Finalize design

Programs lurking in silicon




Finalize design inside-out

i

~
Q
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9
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-
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n=>0
ac [ |<\[5 e
St ) S
HS = )
JEIE :
N [ L
L (a4 -
= S =
= gt -
(=™ CON B
.S =

* Previous technical phases
have developed outside-in

[Pt2.W.[T |PL1G [F

* Architecture are ready,
now finalize all architecture
ingredients inside-out




4 Pt.n.F Finalize design of o
Ob [ ] [ ] Jr &
4 white-box with product . =
jd requisites 525 Il -
=8 —
* Finalize design ingredients for 5
white-boxes on this level =
32 d o PuE, —
* Anchor design on inwards g e e [ ZE22 [l (E)
) ) - S2Z85| cfrrriziic g s585E|\[22E =52
finalized white-boxes ot FRE [T jfﬁ_a- AU ET
HE W) LR | sl CEEEE R | T\ i
. igEel| g |alEE=) [225]) [ <2 = NELER
* Account for white-box m 35 HEZEE
P g%ﬁé‘é Yes - -ll’:'_‘ ‘Eg =15 1 £§$3 L EET
requisites EEt .. ol | LET [ s )
~o e ) & AL
. . i 2z | Unsatisfactory MY g
* Finalize procurement of S53es) REELy
5%3 | é.&,?‘: =<
Suppllers Items %L ifn>1 9—;5‘;
| Bifc| o T nidede T |2EEE
* Finalize design are quite similar C 25t
. ° 3
for level O environment and —
level > 0 white-boxes 3555
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faces

with product requisites

interfaces

t
* Finalized design performed

environment inter
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o
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ironmen

ize design of
-out

outmost white-box

de
* Interface anchor to finalized

realization and production
of interface to environment
* Finalize item procurement

INSI

to env
e Account for development,

e Final
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Finalize
physical
archi-
tecture
ingre-
dients
to
become
detailed
design
items

EXAMPLE House: Finalize
white-box detailed items

/A]]Ie 0
Ofde(_k
2V Rogy
o' > lath
‘4/110
IS Cre
QY S8 Js, A
[A]11d. %z, 09
Cross space 2 15
plank /4/11[)
[A]11a. Roof Isgy, - Iry
truss Uigy
[A]11h.
o ~ Eave
Al . plank
™ [A]11L 2
Gypsum [A]11
j.
board Joint .
g beam g VR
23 £t (=2 8
= ~ B EZ |Z=| 3
- = =2 [£F| =
<:.E 25 = =
[Al11k. |
Opening joist *
N [A]11i.
Bracket
! z
8 ot
[ D=
= < z
I M

* |dentify design items based
on architecture ingredients

forcement net

cm

Item Remark  Material and dimensions Element or interface
i194. Roof Prefabri- Framework of spruce 5,10 wide x 2,0 m
truss cated high [Al1a. Roof truss
:'1v 2(5).| Rock-  3GS Board 60 x 120 x 20 cm [A]11b. Truss isolation
i196. Rock-  3GS Roll20 m x 60 x 5 cm [A]11c. Cross isolation
wool ) o
i197. Plank Unplaned spruce 2 x 3 inch [A]11d. Cross space plank
i198. Roof 0,5 x 5 inch,unplaned tongued spruce sur- i
deck plus plank [A]11e. Roof deck
i199. Lath 1 x 1,5 inch unplaned spruce plank [A]11£. Roof laths
i200. Plank 1,5 x 5 inch unplaned spruce plank [A]11h. Eave plank
i201. Bracket L-shape galvanized steel 15 x 15 cm [A]11i. Bracket
i202. Plank 4 x 7 inch unplaned spruce plank [A]11]. Joint beam
i203. Joist Prefabri- Concrete joist 18 x 18 cm [A]11k. Opening joist
cated - pening )
i204. Gypsum Gypsum board 15 mm, 60 x 120 cm [A]11L. Gypsum boatd
i205. Brick 20/m? hollow bricks 18 x 27 cm
i206. Mortar  Prefabri- 2600 kg fine concrete [A]11m. Inner brickwork
cated
i207. Styro- Styrofoam sheet 60 x 120 x 10 cm [A]11n. Wall isolation
foam ’
i208. Gravel Sieved nature gravel 4 - 32 mm [A]11p. Water barrier
i209. Footer  Concrete Moulded concreted
prefabri-
cated [A]11q. Foundation
i210. Rein- Iron bar @ 15 mm
forcement bar
i211. Macad- Macadam 16 - 32 mm [A]11r. Macadam
am )
i212. Pipe Plastic perforated pipe [A]11s. Drainage pipe
i213. Sole Prefabri- Fine concrete 10 cm
cated
214, Rein- Bar @8 mm, 120 x 240 cm, mesh 15x 45 |11/ 11t S°l¢




EXAMPEL Multiplication toy:
Finalize white-box detailed
program items
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Unstructured assembler program
e Possible to jump anywhere
* All variables available to change anytime

Written in pseudo-code
* Must be adapted to target microcontroller

Efficient, but time consuming to write,
read and verify

Can be illustrated with flow chart

; Aa:2aa. Software program

; After start, the program counter is zero
i andexecut:l.mbeg:ms at start: just below
; This progr am is written in generic assembler,
; which mus t be slightly adopted to the assembler
; set used the target micro cont roller
; /* Write in 8051 assenbler * /
start

; Get operands fram settings
MOV R1, Pl ; Move multip licand on port 1 to register R1
MOV R2, P2 ; Move multi plyer on port 2 to register R2

; perform the 4—b1t * 4-bit multiplication
MOV R3, 4 ; Use R3 as bit cout, initiate with 4
MJVR4,0 ; Product w:Lllatm:ge:LnR4 initi ate with 0
chkbit:

SHR R2, ; Right shift multiplyer, rightmost bit into carry
JNC sk:.p ; Skip addition i carry is zero
sk:LADD R4, Rl ; Accumulate product in R4
P:
SHL R1, ; Left shift multiplicand
DEC R3 ,- Decrement bit count

JNZ chkbit ; Repeate if bits left

; perform the 8-bit binary to 3 digit BCD conversion
; Product resides in R4 as 8-bit binary value
MW R5, 0 ; BDC units will emerge in R5, initiate with 0

MWRS, 0 ; BDC tenth will emerge in Rﬁ, initiate with 0
MOV R7, 0 ; BDC hunds will emerge in R7, initiate with 0
MOV R8, 8 ; Use R8 as shift comter

mxtbit:
SHL R4, ; Left shift product, leftmost bit into caxrgr
; mtatelb:l.t left l:h:l:ol?hmut tenth and himds, add 3 if >= 5
RCL R5 un.1.t carry l‘l’91t0 wmit r:.ghtmost bit
R

MoV R9 R5 in temporary

ADD R9, 11110000 ; If b:Lt 5 is 1, then carry->1 else carry->0
RCL R6 ; Left shift thenth , carry into tenth rightmost bit
AND R5, OF ; Clear upper nibble of units

MOV R9, R5 ; Save unit in temporary RS
AHDR9,FB;Add251totest if unit >= 5, if so carry -> 1

JC skipunit p adding if R9 < 5
SkiADQR‘S,3 ;Add3 tounit
punit:
MN% 121?5110000 tefminh in, % 1l el
ADD R9, If bit 5 is carry->1 e lse carry->0
RCL R7 Ieft shift hunds, carry into limds rightmost bit
AND R6, OF Clear uppern:l.bble of tenth
M‘NRQ,RS Savetenth:.ntargo R9
ADD R9, FB ; Add 251 to test tenth >= 5, if so carry -> 1
JCsk:Lptenth ; Skip ifR9 < 5
ADD R5, 3 Add3totent
skiptenth :

JNZ nxtbit : Repeat if bits left

Send product to display
MOV P3, ; Move units to unit display
MOV P4, R6 Move tenth to unit display
MOV P5, R7 ; Move tenth to unit disp lay

;Repeateeverythm
JMP start ; Aj%mp is done by the microcontroller by loading
; the program counter with the loacation of the

Unstructured
owchart

k_

[ ! .




5 lI((ile(Iiltlff“y all Aspect Item
E . nd o Defini- All resources needed for product development, such as material, workforce, and equip-
Sl 1tems tion ment specified with desired granularity and formal enough to be traceable
Design item : Any kind of
. Aspect (see Table 10-2 below) Role item items
* For accounting, _ e . . .
. Defini- Material (including linkable programs) Accomplished and estimat- Anything
everything that tion specified with desired granularity formal | ed work specified with de- | specified with
enough to be orderable sired granularty and for- desired granu-
h dS d : _ mal enough to be traceable larity
Synonym | Bill of material (BOM).
development ST
t t Aspect Supplier design item
COSt musS
Defini- esign develope sup-
b . . Design developed by sup
ecome items ton In-house pliers For appro-
. design Turn- | Off-the- | In-house | Provider | priate ac-
°
See next slide Aspect item key item | shelf item | role item | role item | counting
Defini- Design devel- | Custom- | Predevel- Develop- Develop- Partitioning of
tion opedbyin- | madede- | opedreusa- | ment, reali- | ment, reali- | anything too
house work- | sign devel- | ble compo- | zation,and | zation, and | big for de-
force oped to fit | nents manufactur- | manufac- sired account-
very well ingin-house | turinghired | ing granulari-
1to own workforce | workforce | ty (see ch.
design 10.23, p. 560)




Account all production requisites
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* [tems to be accounted:

Estimated manufacturing material requisites cost

Estimated manufacturing work requisites hourly/fixed/rental cost
Estimated manufacturing equipment requisites purchase/rental cost
Estimated realization material requisites cost

Estimated realization work requisites hourly/fixed/rental cost
Estimated realization equipment requisites purchase/rental cost
Estimated development material requisites cost

Estimated development work requisites hourly/fixed cost

Estimated development equipment requisites purchase/rental cost
Summed/accumulated requisites estimates
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e All items are
accounted

* Material is
accounted and
summarized

EXAMPLE House:
Account for material
(contimue)

1 Piece 872 872 |i239.Door SU17. Pa&Pp -A-9. Front door

1 Piece 541 541 |i240.Door SU17. Pa&Pp -A-6. Door section

2 Piece 330 660 |i241.Window SU17. Pa&Pp -A-6. Door section

1 Piece 518 518 |i215Door SUI7. Pa&Pp -A-13. E-door

1 Piece 530 530 |i216.Door SU17. Pa&Pp -A-14. Lock door

1 Piece 1680 1680 |i218.5uir SUI7. Pa&Pp -A-16. Stairway

1 Piece 320 320 |i219.Wicker SUIT7. Pa&Pp -A-17. S-wicket

1 Piece 360 360 |i220.Wicket SUI7. Pa&Pp -A-18. Lwicker

§ meter 7 56 |21 Pipe ot sy AL Warm vater

§ meter 7 56 ;22 Pipe ort oo -2 Cold water

80 meter 72 576 ;553 o g},;ls‘t;ﬁﬂ;; “A3a Kheating

90 meter 12 648 1224 Hose (ngljul?l;ﬁg; -A-3b. D-heating

30 meter 72 216 55 Hose ort sy -A3c. E-heating

30 meter 72 216 {ir Hose E};ﬁ?ﬁlﬂg -A-3d. T-heating

40 meter 97 388 |08 5 Cable %ﬁgﬁft’s “Acda. K-Wiring

48 meter 74 341 11590 3xCable e -Adb, O-Wiring

8 meter 67 54 ;530 Drain pipe Sglii&%gé -A5. Sewer

3 meter 14 42 531 Coil pipe E};ﬁ?ﬁlﬂg “E-1. Air outlet
32 864

© Unit €/unit € Item  Product Supplier Interface
22 Piece 410 9020 |i194.Roof truss SU15. AllBau  [A]11a. Roof truss
132 Sheet 38 502 | SU19. o
1195 Rockwool IsoBau’s sup-  [A]11b. Truss isolation
pliers
8 Roll 38 304 | SU19. -
i196.Rockwool IsoBau’s sup-  [A]1lc. Cross isolation
pliers
160 meter 16 256 |, SU20. Local ~ [A]11d. Cross space
197 Plank suppliers I[)lgnk P
950 meter 028 266 ;108 Roof deck fﬁ%&fml [AJ11e. Roof deck
. T
260 meter 043 34 199 1ath suatee™ A1 Roof lchs
. ; J20. Local
27 meter 19 51 1200 Plak suatere ™ [AJ11h. Eave plank
7 meter 8.5 60 |i201.Bracket  IronWare SU15. AllBau [A]11i. Bracket
. j o
27 meter " 297 {5202 Plank S‘Ei)zp% g;éml [A]11]. Joint beam
5 meter 172 86 |i203]oist SUI5. AllBau_[AJ11k Opening joist
2 meter 17.2 34 |i203 Joist SU15. AllBau -A-12. House inner walls
1600 Piece 12 1920 |i205.Brick Bricket ~ SU15. AllBau [A]11m. Inner brickwork
5oom 6 33 106 Mortar St AU m. Inner brickwork
500 Piece 12 600 |i205.Brick Bricket ~ SU15. AllBau -A-12. House inner walls
z m 67 134 19206 Mortar 2‘%213%@%5 cal _A12. House inner walls
50 Sheet 58 290 1204.Gypsum 2‘%213%@%5 cal [A]11L. Gypsum board
12 Sheet 07 78 | SU1. -
i207.Styrofoam IsoBau’s sup-  [A]11n. Wall isolation
pliers
Toom B 1508 Gravel St AT 1p. Water bartier
15 m 701050 1509 Foorer Supatee ™ [AJ11q, Foundation
420 meter 03 126 |210Reinforce 1onware SUIS. AllBau [A]11g. Foundation
1 m 57 570 1511 Macadam iﬁ%e];?m [AJ11r. Macadam
- . J . .
36 meter 5 180 |12 pipe E‘[&)Zp%e];;m [A]11s. Drainage pipe
7 m 56 392 |i213.Sole SU15. AllBau  [A]11t. Sole
3% Piece 14 504 ji2ldReinforce poongre SU1S. AllBau [A]11t Sole
4700 Piece  0.043 202 |i232.Brick Bricket ~ SU15. AllBau [A]11o. Facade
5om 76 380 {33 Mortar E\Ef)ngl e]r‘so cal [A]11o. Facade
600 meter 02 120 ﬁgét.Remforc- TronWare SU15. AllBau [A]1lo. Facade
160 Piece 0.14 22 |i235.Hooks SU15. AllBau  [A]110. Facade
1260 Piece 47 5922 |i236.Tiles Bricket ~ SU15. AllBau [A]11g, Roof tile
1 Piece 560 560 i237.Window SU17. Pa&Pp -A-7. K-window
1 Piece 320 320 i238.Window SU17. Pa&Pp -A-8. T-window




o h €h € Item Provider Interfaces
(Continued) EXAMPLE House: & 0. ST Bl T S

S suppliers -E-2. Water

§ AC C O unt fO r d evelop l I l e n t ’ jz 1:: : ::Z i47. Electrician Sl%gle];:slert S ,i,:, }SilectIiCity
p ° . o o1 Ao Sewer
 realization and accumulate 25 Pipefter gl R G,

[A]11s. Drainage pipe

24 50 1200 |i36. Authorized gas plumb- SU14. Buildet’s
er gep suppliers -E-5. Gas

e Realization >

140 40 5600 |. SU14. Builder’s  [A]11q Foundation
i37. Founder suppliers Aﬁ 1 12 Sole
. 40 140 5600 [i34. Excavator with driver SU14. Builder’s  [A]11r. Macadam
{ D eve I 0 p - h €h € Item Provider Process schedu‘1e and 1 labourer suppliers Ahlp‘ Water barricr
] PRAO. Proprie- Pt:2:2.1.R. Refine house requirements 56 30 1680 “A-3a. K-heating
i25. House user tor P from environment restrictions and en- _A-3b. D-heatino
r r I e n t > sure house development staffing _ SUL4 Bulders -A3c theating
30 50 1500 |; ; PR.11.Robber Pt:2:2.1.P Predetermine house solutions i39. Plumber licr "A3d. T-heati 5
i26. Architect ; = suppliers . T-heating
HB and supplier opportunities “A-3e. B-heating
100 40 4000 Pt:2:2.1.A. Satisfy house requirements by _A-3d. T-heati
07, Architect PR.11.Robber decomposing ‘ho}use blackA%ox into Y 43 30 13440 ATlIm. 1 caunbg —
’ HB white-box design containing room black- 140, Bricklaver SU14, Builder’s [z Hkm'omiﬁ e i“;Ot g
Boxes - Brckay suppliers AL Joint beatn
20 40 800 |ipg Artistic architect ?RJS' Homey  p( e, Layout physical architecture 344 30 10320 SU14. Builder's  I2X 111'.. Bracket
i e ’ i41. Facade bricklayer I UIAErS — TAT11n, Wall isolation
30 40 1200 |i29.Housclayout — PR.I5. Homey SUpPHETs Alllo. Facade
8 50 400 [Pt e Pt:2:2.1.A. Satisfy house requirements by 1640 640 |i3g Tin-smith SUL4. Builder’s 1 1 i outlet
i30. Blectrician~ PR.12. Elert AB d¢composing house blaclke-boxinto TR Suppliers
: e white-box design containing room black 1440 |. : . . Buildet’s . i
' . ' boxes 0 e i42. Chimney mason suppliers -E-2. Chimney
150 30 4500 |i31.Calculation engi- PR.11.Robber Pt:2:2.1.F Finalize house elements and 48 35 1680 -A-9. Front door
neer HB interfaces with product requisites SU14. Builder’s -A-10. Back door
24 40 960 |; = Pt:2:2.1.E Finalize house elements and i43. Carpenter : -A-8. T-window
32. Electrician PR12. Elert AB jicrfaces with product requisites suppliers -A-7. K-window
. . e . . -A-6.D i
40 50 2000 Jigg Quality inspector 2}'10' Proprie- pioo 1y, Verify house white/black-box 124 30 3720 AT é)_(()lroiercnon
° 15 360 -A-14. Lock door
r r I - a1 -A-15.Open arch
A C C u u i44. Cabinet maker EE 1%6}2111(1“ S A6, Stsir\xzay
Item Cost € PP -A-17. S-wicket
nery -A-18. L-wicket
I a t e > Isiogms and machinery ' 03830 [A]111. Gypsum board
tairway nook realization material 5934 36 140 5040 SUT4 Bulder
Stairway nook realization work 3680 146. Woodworker supplier;n €IS |AJ11a. Roof truss
Loft real%zation material 1940 252 40 10080 AJ11b. Truss isolation,
Loft realization work 2340 ., [A]11d. Cross space plank,
House realization material 3 864 145, Roofer §Elé]¥ieliullders zzc%{l c. Cross isolation[A]11e. Roof
House realization work 74,680 PP AU Roof laths
House development work 15 360 Al11h. Eave plank

House, room and machinery sum 200 628 74 680




EXAMPLE Phonebook:
Account for development
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* Programs can be time- and man-
consuming to develop

* Accounting granularity need to be
more detailed

* Modularize programs into items
e Categorize developers into items

* Account in many dimensions

Pt.n.Fa. Finalize white-box detailed items

i25. Architect

i26. Object-ori-

i27. General

programmer ented pro- | C++ program-
grammet mer
# €h ¢ # €h ¢ |# €h ¢ File item
48 45 2160 8 60 480 |i106. Header file ph_book_com_shapes.h
15 60 900 |i104. Header file ph_book_testrict.h
5 60 300 |i105. Header file ph_book_alias_etc.h
12 45 540 i108. Header file support_f_shape.h
30 60 1800 |i107. Soutce file ph_book_dyn_inst.ccp
15 60 900 |i109. Source file suppott_f.cpp
20 45 900 10 50 500 i110. Header file ph_book_c_shape.h
32 60 1920 il1l. Source file ph_book c.ph_-
book_c.ccp
25 60 1500 |i112 Source file ph_book_c.key_add_-
cont_f.cpp
10 60 600 |i113. Soutce file ph_book_c.disp_all_-
cont_f.cpp
32 60 1920 |i114. Soutrce file ph_book_c.delete_-
cont_f.cpp
30 60 1800 |il15. Source file ph_book_c.~ph_-
book_c.cpp
8 45 360 | 20 50 1000 i116. Header file cont_c_shape.h
36 60 2160 |il17. Source file cont_c.key _cont f.cpp
12 60 720 |i118. Soutce file cont_c.disp_cont_f.cpp
22 60 1320 i119. Source file cont_c.read_cont_f.cpp
20 60 1200 |i120. Soutce file cont_c.write_cont_f.cpp
8 45 360 | 16 50 800 i121. Header file pers_c_shape.h
8 60 480 |i122. Source file pers_c.key_pers_f.cpp
8§ 60 480 |i123. Source file pers_c.disp_pers_f.cpp
15 60 900 |i124. Source file pers_c.read_pers_f.cpp
25 60 1500 |i125. Source file pers_c.write_pers_f.cpp
12 45 540 | 16 50 800 i126. Header file ph_numb_c_shape.h
6 60 360 |i127. Soutce file ph_numb_c.key_ph_-
numb_f.cpp
4 60 240 |1128. Soutce file ph_numb_c.disp_ph_-
numb_f.cpp
14 60 840 |i129. Source file ph_numb_c.read_ph_-
numb_f.cpp
10 60 600 |i130. Soutce file ph_numb_c.write_-
numb_f.cpp
Sum 4 860 3100 22 920




Integrate
white-box

Will the items fit a prototype ?




Invasive integration with partial and full verification
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* Integrate outside-in

* Make embedded _
black-boxes to fakes ja;

 Verify partially with
fake

e Remove fake and
invade

* Verify fully inside-
out

* When all has been
integrated




pott to target
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* Porting a product from
development system to
target in field can be a too
challenging lap

* Stepwise porting
1. Develop and verify outmost
white-box in host debugger
2. Port to host environment

3. Port to development board
having target processor

4. Port to target environment

Develop in host and

Environment
=0 (Pt.0.)

nesting level n

Black-/white-hox
=1(Pt.1.)

nesting level n

A Debugger

Program
to be devel-
oped,

Control
menu with
settings and
monitorin g

~[Host comp uter

Windows
calculator

Host com-
puter
Development board

Typical micro-
controller

Program
to be devel-
oped,

Peripheral
chip-set with
custom-de-_
signed experi-
mental area

Development
board

Target prototype
environmen t

A Target prototy pe

Target micro-
controller

Program
to be devel-
ope

Target I
eriphera
pchi[[)) set

Pocket
calculator

ot

[Pt.0.G. [F

S~

2

:

e

_/

T )
~—
[Pt.1.W:1™

Windows
development system




Pt.n.I. Procure items, linkable
programs, and incorporate /invade
embedded black-boxes in order to
realize white-box
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If outside-in invasive integration ,;%E%
. . andifn=1"""""" = o ':"g%g:
1 1 se.| |82
e Receive items for white-box from :
f =SS 3=
: o f out_sige_-irl ir_was_ivg. igtgg_ra!io_n L Zgé 5 =3
suppliers Mot 958
eSS
. 2oy
=2 —
; : : 2 = Fgity
.. e
* Realize white-box and integrate ' —— N
:- Procure items, lmkg(l;)l(i spirl:)%l;zzilgrs,tgl;galllil;ggv{,z;ltﬁ/eit\;)vg;(t embedded black-| —
e By incorporate embedded black- 82 i EPR: -
2%, J 22\ M g2E3\ M £ mE
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Ze=| L %~EEE|[ERE e s | [FEE|F s 228
ZE |} 53 58 g 22
. £ g
or b el | sE =
-1 T = .2E
* By invadi bedded black-b =3 (e L
By invading embedded black-boxes sigs|: <58 £ EHS iz
Gl £22 =5 £ SE2l
—— 28 =5 z Ao
e Start-up white-box in host bt
V4 ==
See =
debugger, fixture or target E -
gg ) g £_1 « -ltinside-out incorporative integration | ESﬁ
sl and if n 2 1and if n + 1 exits te=
35 £5°
HET
GE2|" .. Kmplct partal vericaton | _
pog> and if n21and if n +1 exits
=]
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. Real
environment an
invade outermost white-box
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* Receive items for interface
to environment

e Realize interface to

environment and integrate

black-box

* by incorporate outermost
or

* by invade outermost black-

box

* Start up prototype in
environment
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e Devi-
ation
report

EXAMPLE Multiplication toy: Reports

mated tests

Volume 1000 100 000
. €/ Cost €/ Cost
Lo Sourc- Produc- Piec _: : Id
Deviation Item : iec € iec €
ing er es P e to{r p A to{r Arch
DR.1. Difficultto |Rotor Gross Pointer 2 0.4 0.8 0.2 0.4 Ab.
solder on print- |switch Electro
ed board, must
be improved
DR.2. To be LED-seg-  Gross Texx 3 0.3 0.9 02 06 Ad.
phased outby |ment,no  Electro
supplier dp.
DR.3. Allordi- |Battery bin Gross Any 1 0.2 0.2 012 012 Ae
nary bins too Electro
high. Order spe-
cialized immedi-
ately.
DR4.Upto4 |Pressed Inhouse Inhouse 1 02 02 0.1 0.1 A-2c.
month delivery | front hous-
time. In the ing
meantime, use | Front hous- In depth Indepth 1per 5 5 0.1 0.1 A-2c.
manually pro- ing tool press press 50 000
duced fronts, 15,k hous- Inhouse Inhouse 1 00 01 006 006 A2d
backs and flaps ing
for prototypes. |5 G hous- Indepth Indepth ITper 5 5 01 01  A=2d
ing tool press press 50 000

DR.5. Produced |Cut battery Inhouse Inhouse 1 0.025 0.025 0.02 0.02 A-2f
by same tool as | flap
above housing
DR.6. Maximum |Display Gross Desiger 1 0.02 0.02 0.015 0.015 A-2e.
capacity 4000 |window Electro
pieces / week
DR.7. There PIC16F57  Pick-it MiChip 1 0.7 0.7 0.4 0.4 Aa:2a.
might be better
controller in this
huge family
DRS8.Upto2 |PCB Inhouse PCBinc. 1 04 04 02 02 -A-1:2
month delivery
time. Use expen-
sive fast pro-
duced PCB for
prototypes
DR.9. Add probe |PCB prepa- Inhouse Inhouse 1 0.4 0.4 0.01 001 -A-1:2
area for auto-  |ration

* Integration report
 Based on interfaces

Fulfilments and shortcomings

Contained intetfaces

IR.1. The circuit board were equipped with-
out problems.

-A-1:2Printed board

IR.2. Riveted on selectors axis

IR.3. Soldered to the printed circuit board.
Note, there are components on both sides.

IR.4. Manually produced front mounted

IR.5. Manually produced back mounted

IR.6. Manually produced Plexiglas mounted

IR.7. Manually produced flap mounted

IR.8. Ordinary screw temporarily used

A-2a.Dial knob

A-2b.On-off Switch

A-2c.Toy front housing

[A]2.Housing A-2d.Toy back housing

A-2e.Display window

A-2fBattery flap

A-2g.Flap screw

IR.9. Selector soldered with some problem.

Machine soldering not possible.

-A-3.0perand bus

-A-4.0Operand bus

IR.10. Presentation components mounted
without problems on the printed circuit
board printed bus

-A-5.Product bus

IR.11. The power is distributed on all circuit
board printing.

-A-6.Power feed

IR.12. Loading the machine code to micro
controller. The protocol is rather tricky and a
specialist from the supplier was called in to
get it right first time.

-Aa:2-1.In circuit pro-
grammable port

* Start-up report

Accomplishments and obstacles

SR.1. The power switch is set to on, and the multiplication toy dis-
play illuminates nicely, and response nicely when changing the ro-
tating switches. Multiplication incorrect, but ready for verification.

cro controller multiplier

Troubling interface

A. Multiplication toy with mi-




Verity white-
and black-box

Can even be automated
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Pt.0.V.Verify prototype in environment
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Pt.0.V. Verify prototype

1n environment

£L0-80-LT0¢C

* |n simulator

* |n target

target or simulator
* Reverify until no more failures

* Develop field test cases for
e Locate and correct failures

* Verify prototype
* Complete manual
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A.B.B.RB.34.1.
Machiner;

standardy
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E. Environment architectu re

Find a failure
localization by
tracing upstream

A. House architectu re

Machine

| A.B. Kitchen architecture

architecture om

A ABa.
Kitchen dis-
tribution A.a.
sub-box -A-1. | Main -E-1.
design Wire | distri- Cable
inter- | bution | | inter-
face box face
design | design design

Design
realized

E. Existing environmen t

A. House

A.B.B.
Machinery

ids ~
o 'A-B. Kitchen ~
) 6.

all
=5

\S"’

A.a)
Mai
distri- gg}
bution _E-1. 1.
box M TCable

A.B.
Kitch
{ijstrib g-

-AB-L| "Pox -A-l.
Wire Wire
inter- inter-

face face

interface

Assume failure were found on
interface -E-1 in Pt.0.V. activities

Assume failure is located in
requirement A.B.B.RB.3.4.1.




Eliminate found failure by tracing downstream
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* When primary failure is PLOR
found Pt.0.P. g PLOA.
* Correct this failure

* Trace downstream from this &
failure and adjust to bring pe1pH TN pega
everything in consistence a

Pt.0.Sa.

Pt.0.B.

Pt.1.Sa.

Pt.1.B.

* During downstream tracing ' p.x.2
also localize eventual =
secondary failures caused
by the primary failure

e Correct and adjust like for
the primary failure

Pt.2.B.

Pt.3.B.
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 White-
box test
cases

White-box design check

Expected appearance
with pass-fail criteria

Restriction requirement

CH.1. Check which compiler
is used.

XP.1. Pass,

if used compiler is widely
available, considered
trustworthy and inexpen-
sive.

A.RR.1.1. The phone-book program
shall be written for a standard win-
dows computer.

CH.1. Let a senior designer
check the structure of the
program.

XP.1. Pass,

if the program is devel-
oped according to
designed architecture
and

if it is highly modularized
in a competent way.

A.RR.2.1. First phone-book program
shall use simple text oriented console
interaction.

e Black-box test cases

EXAMPLE Phonebook: White- and black-box test cases

CH.1. Start the phone-book,
add a contact and terminate
the program.

XP.1. Pass if the added
contact is saved in a
phone-book file.

A.RR.3.1. The program shall load
phone-book data at startup and save it
on program termination.

CH.1. Let a programmer
check the program.

XP.1. Pass, if the selected
language is object ori-
ented.

A.RR.4.1. Chose an object oriented
development system, and keep
together user interaction with used
objects.

CH.1. Check the program
code

XP.1. Pass, if the program
uses fixed arrays for vari-
able storages.

ARR.5.1. The first phone-book pro-
gram version shall use fixed size data
storage

CH.1. Check the program
code

XP.1. Pass if specified
restrictions are applied in
the program code.

ARR.5.2.
MAX_CONTACTS = 128

» Compared to maximum
length, key in person name
with:

CH.1. one character less than

maximum

CH.2. equal number of char-

acters

CH.3. one character more

» Compared to maximum
length, key in phone num-
bers with:

CH.4. one character less

CH.5. equal number of char-

acters

CH.6. with one character

more

XP.1. Pass, if oversized
person data and phone
numbers get truncated at
their max length and

if the program continues
to execute normally and
if these data keep after
termination and restart.

ARR.5.4. MAX_PERS_LEN = 128

. - Expected response with | Behaviour re-
Black-box stimulus inject pass-fail criteria quirement

* Use a phone-book file which has various num- XP.1. Pass, if the appended

ber of existing contactsStart the phone-book pro- | contact and phone numbers

gram, and append one contact. are present in the phone-
CH.1. Phone-book file correct, but without con- book at a listing of contacts.
tacts.
CH.2. Phone-book file approximately half full. ARB6S2.UL

CH.3. Phone-book file still having place for one
more contact
* For each of the above ways of registering con-

Append contact to
phone book nor-

ARR.5.5. MAX_NUMB_LEN = 32

tacts, also register phone numbers in the five mal case
various ways
CH.4.a. One phone number
CH.4.b. Half full of phone numbers
CH.4.c. Next to full of phone numbers
CH.4.d. Full of phone numbers
CH.1. Use a phone-book file which has no more XP.1. Pass, if the program dis-
place for contacts. Start the phone-book program, | play an error message, and ARB.6.S2.X.2
and append one contact. if a listing doesn’t contain ;\ e‘n(‘{ ‘CO' nt'ac't .
anything from the appended full)lpphone book

contact, and
if the program still execute
normally.

exception case

CH.1. Use a phone-book file which is half full of
contacts. Start the phone-book program.
CH.2. Append one contact and key in the maxi-
mum number of phone numbers.

CH.3. Try to key in yet one more phone number.

XP.1. Pass, if the program dis-
play an error message, and
if a listing doesn’t contain
anything from the last phone
number, and

if the program still execute
normally.

ARB.6.S.2X.3.
Append phone
number to full
phone number list
exception case
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EXAMPEL Phonebook:
Verification

e Verification 1 of white-box

e Verification 2 of black-box

Actual outcome and pass-fail

Expected outcome and pass-

Actual outcom e and pass-fail

Expected outcome and pass-fail

conclusio n fail criteria Requirement
VR.2. Pass XP1. A.RB.6.S.1.U.1.
VR.2. Pass XP1. A.RB.6.S.1.X.2.
VR.2. Pass XP.1. A.RB.6.S.1.X.3.
VR.2.1. Fail,
For all cases C.a. to C.r. last con- | XP.1.

tact was not read. For example,
if unexpected file end occur
within first contact, then the
number of contacts are dis-

Pass, if a warning message is dis-
played and thereafter if a welcome
message is displayed, and if all in-
tact contacts are read.

A.RB.6.S.1.X.4. Found file
unexpected end exception
case

: o Requirement
conclusion criteria

VR.1. Pass XP.1. A.RR.1.1.
VR.1. Pass XP.1. ARR.2.1.
VR.1. Pass XP1. A.RR.4.1.
VR.1. Pass XP.1. ARR.3.1.
VR.1. Pass XP.1. ARR.5.1.
VR.1. Pass XP.1. A.RR.5.2.
VR.1.1. Fail, XP1.

At equal string length (C.2. and
C.5.) or at one character more
(C.3. and C.4.), the debugger
gave Assertion failed, see
Figure 12-34 below.

Pass, if oversized person data and
phone numbers get truncated at
their max length and if the program
continues to execute normally and
if these data keep after termination
and restart.

A.RR.5.4. MAX_PERS_LE
N =128
A.RR.5.5. MAX_NUMB_L
EN = 32

played as -1.

VR.2. Pass XP.1. A.RB.6.S.2.U.1.
VR.2. Pass XP.1. A.RB.6.S.2.X.2.
VR.2. Pass XP.1. A.RB.6.S.2.X.3.
VR.2. Pass XP.1. A.RB.6.S.3.U.1.
VR.2. Pass XP.1. A.RB.6.S.3.U.2.
VR.2. Pass XP1. ARB.6.S4.U.1.
VR.2. Pass XP1. ARB.6.S.4.X.2.
VR.2.2. Fail, XP.1.

The last contact is deleted even
if a contact number one too high
is used.

Pass, if the program display an et-
ror message that the used contact
number is out of existing range.

A.RB.6.S.4.X.3. Delete con-
tact not existing exception
case

VR.2. Pass

XP1.

A.RB.6.8.5.U.1.

VR.2.3. Falil

Displayed failure message is
correct, but despite the phone-
book program terminates

XP.1.

Pass, if the program display an er-
ror message that the phone-book
to be saved can not be created.

A.RB.6.8.5.X.2. File not
created exception case

VR.2.4. Fail,
Despite not anything is saved,
this message is not displayed

XP.1.
Pass, if the program display an er-
ror message that not anything are
saved.

A.RB.6.S5.5.X.3. File not

written exception

VR.2. Pass

XP.1.

A.RB.6.8.5.X.4.
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* Locate
failure

* Make
failure
elimi-
nation
plan

* Correct

° Re_
verify

Restric-

EXAMPLE Phonebook:
Failure elimination and

manual

* Plan manual chapters from
each developed white-box

Manual table of content

MA.1. Starting up the program, including excep-
tion handling

| Requirement / design
ARB.6.S.1. Initiate phone-book scenatio

MA.2. How to append a contact to the phone-
book, including exception handling

A.RB.6.8.2. Append contact to phone-book sce-

natio

MA.3. How to list all contacts, including excep-
tion handling

A.RB.6.8.3. List phone-book contacts scenario

MA.4. How to delete a contact, including excep-
tion handling

ARB.6.5.4. Delete phone-book contact scenario

MA.5. Terminating the program, including ex-
ception handling

A.RB.6.8.5. Terminate phone-book scenario

Primary fail- | Failure elimination | Actualoutcomeand| Expected outcome tlll(:elsczrslg
ure plan pass-fail criteria | and pass-fail criteria .
require-
ment
FER.1.1.The |FER.1.1.a.Input
safe C instruc- | strings are long
tion gets_s and rarely over- _
}:::gtﬂ zt;lenga FEl?aaﬁiﬁdb But a pro- VR.1.1. Paés,.if oversized per- | A.RR.5.4.
rameter. Ifin- | fessional program F ail, ﬁt g%ual Sﬁfgfé son iﬂta and phone q ML/EI%EElIg
put exceeds should not allow | €78t (C.2.and C.5.) or | numbers get truncated | _ =
th ’ runtime crashes. |2t.one character more |at their max length and
te program FERA.1.c. Catch the | (C:3- and C.4), the if the program contin- | A.RR.5.5.
stops. faiiu.re' b'efore the debugger gave Asser- | ues to execute not- MAX_NUM
rodram is tion failed, see mally and if these data |B_LEN =
gtog ed and trun- Figure 12-34 below. keep after termination |32
cat('eJ ':t_le string at and restart.
max size
FER.1.1.d. Reverify
FER.1.2. Asim- |FER.1.2aFindthe |VR2.1.
plelogic failure failure by the Fail, For all cases C.a. to | XP.1. .
when calculat- debugger C.1. last contact was not | Pass, if a warning mes- ﬁ‘RB‘G‘S‘l‘X
ing number of |FER.1.2.b. Correct |read. For example, if  [sage is displayed and Found file
intact contacts | _the failure unexpected file end thereafter if a welcome
i h s unexpected
FER.1.2.c. Reverify |occur within first con- |message is displayed, nd excen.
tact, then the number |and if all intact con- gon eazzp
of contacts are dis- tacts are tead. ¢
played as -1.
FER.1.3. A sim-| FER.1.3.a.Find the VR2.2 XP1. ARB.GSA4X
Do gompar. | debugoer [l Theastcomacc s 55, FEPRE I DO
ing with nlL)Im- FER.1.3.b. Correct deletgd evenifa C}?ﬁ}tla?t sasgz t%lat the used con- gxistirfg
ber of last con- | _the failure n:mcql €ronetoo Mgh IS | ¢t number is out of exception
tact FER.1.3.c. Reverify |"S¢<: existing range. case
FER.1.4.The |FER.1.4.a.Change XP1. .
file is ordered the file ClOSing VR'Z'Sf . Pass, if the program A'RB'()'S'D'X
to close, de- instruction to after |1l Displayed failure i ip o " mes. |- File not
spite it n’ot cre- it first has been message 1s correct, but sa 2 that the honel created
a?ed opened despite the phone-book bogok to be Salz ed can exception
FER.1.4.b. Reverify |Prosram terminates not be created. case
FER.1.5. When |FER.1.5.a.Flush the
writing to the buffer after the
file, the first first line is written, XP1. o
lines are buff. | then the impossi- | VR-23: Pass, if the program |y RB:0S5X
. P e Fail, Despite not any- Y prog .3. File not
ered and im- bility to write is A 07 | display an error mes- |
possibility to discovered. thing is saved, this mes- sage that not anything witten
write notimme- |FER.1.5.b. Reverify |sag¢ is notdisplayed 13 0oy ’ exception
diately detect-
ed.

MA.6. Implemented phone-book size limitations
and proposed way of extension

ARR.5.2. MAX_CONTACTS = 128
ARR.5.3. MAX_NUMB_PERS = 16

MA.7. Implemented string length limitations

ARR.5.4. MAX_PERS_LEN = 128
ARR.5.4. MAX_PERS_LEN = 128

MA.8. Architecture rationals and proposed way
of extension

A.Phone-book logical architecture (Figure 9-63 on
page 412)

MA.9. Object oriented rationals and proposed
way of extension

A.Phone-book updated logical architecture
(Figure 10-55 on page 534)




Pt.n.Va:2. Develop test cases,
also for fixtures and debugger,
ek by using usage profile modelling
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extended to
- Pt.n.Va:2. S
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* Begin with use case scenario and
transform to state machine

* Assign probability value to all state
transitions, that reflect how much
the user operate each transition

* Many user profiles may be assumed
* Basic user
* Advanced user
 Stressed user

Develop black-box usage profile

S.3.

)

Stim (

7l A,
calc_logic
for Teuse

RB.WS.10. Wait for
lead operand 1st digit

S.1.
Stim (0 - 9)

—~
=)}

B.WS.20. Wait for\~S
further digit or duo-/v g

1

3
]

Stim ( +, St or /)
Sti

S.2.
Stim (+, -, * or /)

RB.WS.30. Wait for
trail operand 1st

<
~ 5
)

1 *.‘
=2 ;;,
w2

£ -

=

2 2

w2

1

B.WS.40. Wait for \—
further digit or con-

S
Stim (0 - 9)

Calc_logic usage profiles,
estimations in percent

Basic Advanced |Stressed
Use case usa?e usa?e usage Next
with input  [profile  |profile profile state
RB.WS.10. Wait for lead operand 1Ist digit
S.1.Stim (0-§10 % per |8 % per |2 % per  [RB.W
9) digit digit digi t S.20.
S.2. Stim (+, 5% per |10 % per |RB.W
-, *or/) operator  |operator |S.30.
S.3. Stim (=) 40 % 2.
Sumfj100 % 100 % 100 %
RB.WS.20. Wait for further digit or duo-
operator
S.1.Stim (0-§5 % per |8 % per |2 % per |[RB.W
9) digit digit digi t S.20.
S.2. Press
(+, 30 % 5 % RBW
- 10 % 5% 20 %
* 5% 5% 20 % $.30.
/) 5 % 5 % 20 %
S.3. Stim (=) 20 % ?.
Sumfj100 % 100 % 100 %
RB.WS.30. Wait for trail operand 1st digit
S.1.Stim (0-§10 % per |10 % per |4 % per  |[RB.W
9) digit digit digit S.40.
S.2. Stim ( +, 10 % per |,
* T
- or /) operator
S.3. Stim (=) 20 % 2.
Sumf100 % 100 % 100 %
RB.WS.40. Wait for further digit or con-
clusion operator
S.1.Stim(0-§5 % per |7 % per |2 % per |RB.W
9) digit digit digit S.40.
S.3. Stim (=) RB.W
30 % 10 % 40 % S.10.
S.2. Press
(+ . 8 % 22 % RB.W
-, *or/) 20% 4% per |6 % per |S.30.
operator |operator
Sumi100 % 100 % 100 %




1ne

ge profile mach

Generate usa

gic
(comma separate
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i

readable stimul

80-LT0¢

WO+ Il lIln + +00mMmm

* Mostly addition and subtraction

* Basic usage

NN I ¢+ 1l +O < o>

IvISIion

e Also multiplication and d

* Advanced usage

N % ++«>% lloor~ I~ 1

()
-
)
0
&
>
c
=
L
=
v
o0}
c
(48]
| -
)
)
[ J

 Stressed usage




EXAMPLE calc_logic: Create test case by adding
expected responses and pass/failure criteria
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* Generated expected responses
and pass/failure criteria

910

;6020

* In this example, after any number
no response is expected

;8890

110

* A semicolon indicates an
expectation of response

;110
;190

* Since division easily result in
inexact quotients, also a minimum
accuracy is specified for passing

; 0.033653846153846153846153846153846 le-16

910

CORONWNOR+N ' WOl ORIl 0+ 00+ W1l U1+ Il NN+ NWOUT+ U1l A+ 0o

=, 107327390




EXAMPLE calc_logic:
Apply automatic test case executor to wrap calc_logic
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* The executor read from the from the test case and

feed program prototype N
* The executor listen for responses from the [

2l AE. .
Program pro- ™ EEEY Feed stimulus

p rO g ra m p rOtOty p e totype to vgrify Receive any response(s)
* Received responses are compared with the i
expected response

* The difference must be lower than specified
allowed accuracy

* Observe that the test case executor must calculate
with better accuracy than is demanded from the
product prototype




EXAMPLE calc_logic:
Document outcome from the test case executor
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178 Stimulus =; Response 10852951649; Expected 10852951649;

* Example of automatic oS 5 e e s

180 Stimulus 1; Response 1
LN ol . 181 Stimulus +; Response 10852951650; Expected 10852951650;
verification re po rt Rel. error 0.0; Max allowed 0; PASS
182 Stimulus 3; Response 3
183 Stimulus 0; Response 30
184 Stimulus 6; Response 306

1 185 Stimulus 4+ R 3064
* When an failure has 185 sumulus 4 Response 3004,
- s d neens oo
bee n d eteCted, It m ay 189 Stimulus 3; Resgonse 30642093
e s s e oot
be dlfﬂcult to trace to 192 Stimulus 1. Response 30642093381

193 Stimulus 7; Response 306420933817
hen it h d I3t mus s repene esiig e
W e n It a p p e n e 196 Stimulus 5; Resgonse 306420933817865
197 Stimulus *; Response 306431786769515; Expected 306431786769515;
108 SEmalus 1. Reasonear . 0 PASS
imulus 1;
d RUn the EXECUtOr and 199 Stimulus 9; Resgonse 19
- 200 mi o peone o8,
d imulus 3 .
p roauct p rOtOty p elinada 202 ssghrgggulss’;,giesszaosr}se 6.076542331639483e+017; Expected
d b t t h It zggl.sfirr;%rlug.&)pggsoogggeogoooooa Max allowed 0; FAIL
e ugger O Se a 204 Stimulus 62 Resgonse 16
oy e . 205 Stimulus 2; Response 162
conditions on failures B0 simil? Rope et
208 Stimulus =; Response 9.893218570142241e+021; Expected

9893218570142241376845;
Rel. error 0.00000000000000003; Max allowed O; FAIL




