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SW: from Craftsmanship to Industry

The role of code generation in the
industrialisation of software development
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Complexity
grows

Shorter
TTM

15% - 25% of all software defects are delivered to customers.

Approximately 40-50% of the effort is spent on avoidable work.
Labor-intensive, requiring highly educated engineers.
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We do things
wrong

Detalil level

We're way
slower

Lead time We need We don’t get
more detail expected quality
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Software Productivity Killers

Poor design: Software specifications and designs are not
verified before implementation

— Incomplete, incorrect and ambiguous specifications and designs are
only discovered during the test phases

High Complexity: Software designs are increasingly
asynchronous, concurrent, reactive and event driven
— Complexity, Deadlocks, Races, Non-determinism, Multi-core CPUs
— Software architects can’t oversee implications of design choices

Poor Quality: Testing is an exercise in sampling

— Sample is small, population is very large

— Alinear increase in the probability of finding a defect requires an
exponential increase in the number of test cases

Testing is the most expensive, least certain way to detect and
remove defects and has the biggest impact on T2M

SASG - Oct.4-2011 4 marc.hamilton@nspyre.nl



NSPYRE

making technology matter

Software Engineering Challenge

" i1 i 4 Highly variable, human language
& Product specification baced dialects
% “Design Gap” ]
_— Limited variable, general applicable
el of o _Pr_ogrfrﬂ 3099_ o artificial dialects
Automation

e (C)OTS compilers, }

L interpreters

Machine COd e 4 Limited variable, processor-family

dependent dialects

SASG - Oct.4-2011 5 marc.hamilton@nspyre.nl
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Reduce the “Design Gap”

Y
[ g Product specification
@ \4[ “Design Gap” ]
Product code e Specific artificial dialect

Specific compilers,
interpreters

Program code

Levelof L oo e e e R

Automation

Machine code
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% “d\ !v
This is Mechanical Engineering

Flens/3 +

Fbolt R wek

SN
Automate ,7

V.
D
>
@
."C_E
_ Automate or o
Engineer a
Outsource - ; el
Lead time
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Detail level

Lead time
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Software Engineering Should Be

e Rigorous Specification & Design: Model Driven Design
using mathematics (formal verification) where possible

(AR R A NN R Ry |

Construction

ke | | magnet

rokor miagnad
ot e B magnst (o cll

LaTE R
mogor” start { Ful Stari: ru

Engineer

Automated “~<_ __
Construction ™ -

Detail level

Lead time
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Model Streams

DSL’s, optimized o
for product
development

Increasing level
of detail

{  System '
(Software)
Construction
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Model Streams

Formal,
executable
languages

DSL’s, optimized
for product
development

Increasing level
of detail

{  System
(Software)
Construction

Support of
decisions

SASG - Oct.4-2011 11 marc.hamilton@nspyre.nl



NSPYRE

making technology matter

% ’

Essential level: : T ADL :

Specific DSL’s : i Y so-- . i A
-Problem related | O] L-system —E{ O_i D-system —C ! < O
-Engineering efficiency : o | : ~N D

-Relate to problem domain

_______

T e EYTY S PPPH

—— -
= = e e e e = e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e

Intermediate level:

1
1
1
Generic DSL’s :
-Solution specific :
1
:
1
1
1
1

-Early integration
-Relate to formalisms

e oty

et e el A e e -

Realization level: : i
GPL's . O— L-code (- >0+ D-code
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» | Essential model
)I\ - —> LGenerator model Refine
“A...-::‘.'

/ L., wse®
/ =

o [ Complete model ? Verify

u C«i Code
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Model to Model

H app m ap p In g H apnlication

= name | ESTing > = name | ESing

! /

III..A/
i content
L mapping

H string H Textview
= content ; EString > = name : EString |21 = name : EString

= value : EString rat

N
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Model to Model: QVTO transformation

modeltype app "strict™ uses myapp('http: /S myapps1.0') ;
modeltype android "strict"™ uses myandroid('http://myandroids/1.0');

transformation AppZindroidi{in appmodel @ app, out androidmodel @ android):

“maini) {
appmode l . rootObijects () [app: : App] —map LppzZlipplication():

“mapping app:iipp:iippdhpplication() : android::tApplication {
name = self.name;
content += gelf.items.map itemd3tringView(self) .str;
views += gelf.items.map item23tringView(self) .tw:

“mapping app::ltem::itemd3tringView(in papp : app::ipp) : str: android:: String,
tw @ android::TextView |
init {
rvar index := papp.items-rindex0f(self):
rYar sString name := 'string' + index. toString(): ) i
3 - | H App mapping - | H Application
= name : EString ~ = name : EString
Str.h&ame = STring name;
str.wvalue := self.content; .
tv.Lext := Str: - , By
- mapp|ng / content \
b H Item H String H Textview
© content : EString | H © name : EString e © name : EString |

%Xt—j

SASG - Oct.4-2011 15 marc.hamilton@nspyre.nl
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» | Essential model
)I\ - —> LGenerator model Refine
“A‘..-::‘.'

/

’ Complete model i
//, [ ? Verify

g ; ‘,.“'. """...0
b
C(i Code Code e
.,:"'
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H application
= name | EString

D..*
content
H string H Textview
= name : EString |01 = name : EString
= value : EString tet

“[template public generate wvaluesiapp @ Application]]

[file (' /res/values/strings.xml', false, 'Cplz52']]

<?¥ml wersion="1.0" encoding="ucf-S5"7?>

<reSourcess
<3tring namwe="app nawe">[app.namef]</string:
[for (3 : String | =Spp.content)]
<gtring name="[s.namef]">[s5.valusfl</string>
[/for}]

</ resources>
[ffile]

[/template]

SASG - Oct.4-2011 17 marc.hamilton@nspyre.nl
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Industrialization: Factories!
Primary Process Secondary Process

Focus on building products Focus on building and

\\ In the factory / \Lnaintaining the factory/

SASG - Oct.4-2011 20 marc.hamilton@nspyre.nl
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Software Factory!

Primary Process

Focus on building
\_products in the factory

Secondary Process

Focus on building and
\maintaining the factory |

SASG - Oct.4-2011 21 marc.hamilton@nspyre.nl
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BACKUP
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Processable
models

Formal } 0

models

Consistency!
\\~

\ 1
Engineer Generate S\ ﬁ

Y

Detalil level

A4
<
<

Lead time
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O we. Ul
Engineering with models: Software MDE
0 Processable } — 0 Formal ¢
models H"";:f‘, et 4[ models }

motor_low_cll magnat_low_cl

mclut" un { ot Start; running:stroe }:
[rot Active=Fale] nnm' stop|rot Stop: running:=Talse};

modor 7 mmlmmn ackwurds };

motor? stan { ot Start: nuiw-tm}

[t Active=fake] motor! stop{rot Stop: ruonning:=ralse };

motor 7 reverse [rot SetForwards )
18

Generate 1

Engineer

~
Generate

Detall level

Lead time
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Design context

i Construction | __ __ __ _ _ _> Analysis model Other '
! model ! contribution contributions :
| Realization \ i I i
S N S i
\ | i
\ | |
\ : Aspect Analysis |
\ ' model |
\ TRRERI S MR ARL T R e s v e Ty RU T <0< | 1200 |13 b123 0 |
| e e e e e e e e e e N R R T T T T T T T P i e F oo T T T T st s oSt SEEEERSEARY . . -5, T T T T
1
Realization c text -
predicts aspect
Realization of Other
————— > contribution I contributions
(code/hw) (code/hw)
[

v

Realization
(systeem)
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J

e e e e e - - - - =

other
aspects

Analysis model

Construction
model - - - -~ _______‘______ -0 - _>
development " “Proven” (generic)
aspect > .
N development suite
N
SN

—————— =| Analysis model

7
N\ /7
N\ 7/
N 7

Other
contributions

N predicts

M aspect of!

N\ 7/
N /7

# Aspect Analysis
model

Y4
Realization
contribution
(code/hw)

‘e
g
.
0
‘e
.
‘e
‘e
‘e
b
",
.
O

Realization

(code/hw)

1
predicts aspect
of?

> contribution |[KpF--------------
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Contribution
(Intermediate.Lang.)
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Tuinhuis (1) Garden shed

o “Blokhut” model:bxIxh=4m x4,5m x 2,5m.
e Houten frame 9cm op betonnen plaat 10cm.

e Dubbele deur aan voorkant: 1,40m

e Flat roof model: wx|xh=4mx4,5m x 2,5m.
e \Wooden frame 9cm on concrete slab foundation
e Double door in front: 1,40m

SASG - Oct.4-2011 29 marc.hamilton@nspyre.nl
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Tuinhuis (2)

I
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e Awareness of Concepts in the target domain
— Meta-models define these concepts

=» Domain Specific Language

SASG - Oct.4-2011 31 marc.hamilton@nspyre.nl
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Example: 3D Drawing
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Example: 3D Drawing

Dakparameters
Doorshede van de latten ] Algemeen ]
Details Gebint ]

Dakagoten en dakoverstekken
™ Met dakgoat
v Detailvoorsteling

cd &4
¥ Met nokparnen

Overstek puntgevel-
I Zichtbate bovenkant

CE (g

-
Bavenkant dakspamen
Lengte afkanting: 40
Hoogte afkanting: 3
i~ Daklijsten
Randhoogte: 12 om
45

Hoek:

Annuleren
Help

Z VN

1 Verdiepng 1 7|
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=
:.._ty—

I~ &lle gebouwen automatisch van een dak voorzien

Duwarsdoorsnede
Overstek 10

Heling 1 n1]

45
Hoogte 1 (h1) 180 cm

Owerstek 2

Helling 2: (n2) |45 &
20

Hoogte 2 [ha]

D mur

Lengtedoorsnede
Owerstek 1

Heling 1
Hoogte 1:
Dwerstek 2
Helling 2

Hoogte 2:

D

[h1] |280 cm

(ii2) |50 cm
n2) [45 3

h2) |280  em
0 %5 m

Uitgebieid...

Textuur dakbedekking

<Geeny ﬂﬂ
Uiiring —

% Horizontaal © Verticaal
-

[~ Detailvoorstaling

Ok
Annulerer
Voarbeeld

Info
Standaard

Help

<Nieuw project>

1. Verdieping 1

15-1-2007 |8
1:50
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ot
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Deur 17

dmﬁﬁ@@'

Beginwaarden

~ Sponningen —
W Maar birnen openend
I~ Maar rechts openend

i~ Texturen —

Fasiis |dewr-17-01

Y0egel rechts: ! Geen

Weugel links: !

i~ Wleugel

Liriks: |

Rechtz: |
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K
Arnuleren
Standaard

Help
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Parameters van het raam

-Afmetingen

Hoogte: [11435% cm
H steunmuur: 190 cm

- Openingzwijze
(* Rechts ihgezet
(™ Links ingezet

(¥ Maar binner openend

" Maar buiten openend

i~ Testuren

B: 199. 9932 cm

[~ Wanaf afgewerkt plafond |

Houtwerk: 1 raam-04. 01

)

Wensterbank binner: ] Aruleren

l_l_[‘_

ensterbank buiten: ]
Yoorbeeld

A1

_J Standaard
_J anidaar
B

Help
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J
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