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Software Architecture Design in SDL

* SDL (Specification and Description Language) iaject-oriented
formallanguagdor designingcomplexreal-timg andcommunicating

systems
System Examgle -~ | Block A1
— Visit http://www.sdl-forum.orgdor more detail: i ] T
* The architectural design of a software = o G 5
system in SDL can be viewed as a collecti | .. N N (s
of blocks and processes communicating |~ e
with each other by exchanging signals ——=
through channels. [ProcessProz 091 e
L [ Pr1 ' A
— An SDL specification providea process view D — -
of a system's architectural design T:
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Life of an SDL Specification

Architectural Black-box Testing
Requirements Design (Question: Is this enough’
. ¥ ' ,
ik o ﬁTE:'_';HT_:le.:‘Z Y
SDL _
Editor o
- Cri :
b SDF . Slm_uramr : Test Case| C Code
\ Compiler Validator Generator | Generator ||
= 2 | B
% application
¥ (.exe, ...)

: .

White box-based :

Coverage Testing, : .

Debugging, and Conformance Testing

= taw b - . 3 .
Toul Cniscation Q: What if the SDL specification is not correct?
B |
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Graphical and Textual Representations

e The graphical representation is called GR and thedéxepresentation is
called PR Phrase Representatipn

— Automatic translation between GR and PR can be done

process Game:
decl
Count. Integer:

start;
tazk Count = 0f
rextztate Losing:

ztate Losing?
input Probe:
output Loze:
task Count = Count — 1:
rnextstate —;
input Bump:
nextztate Hinning:
endstate;

ztate Winning:
input Bump:
nex<tztate Losing:
input Probe:
output Hing
task Count 3= Count + 17
nextstate -;
endstate;

state = ;
input Result:
output Score{Count
nextstate —;
input Gamelver:
stop:
endstate:
endprocess Game?
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File Edit Yiew Pages Diagrams Window Tools Help

process Game

Losing

45 SDL Editor - Process Game; 4 rw Game.spr

File Edit View Pages Diagrams Window Tools Help

process Game




Coverage Testing SDL Specifications (1)

* The textual representation of SDL specificationslmariewed as
“programs in a specification and description languagest like
programs in C.

— All the testing methods applied to C programs,udoig random testing and
functional testing (both are black box orientedjvadl as control flow-based
and data flow-based white box coverage testingatsmbe applied to SDL
specifications.

—How much of the design specification is currengdgtéd?

—What is missing?

—Need help in creating tests?

—=—with our tool

with other tools

Analyzing the control-flow graph of an SDL speciion to find
the dominant blocks, decisions, etc.

Cumulative coverage

—=— with no tools
For example, when a test case covers highly dorhirianks it Number of test cases
will cover many other blocks.

* W. E. Wonget al, “Coverage Testing Software Architectural Design in
SDL,” Journal of Computer Network42(3):359-374, June 2003.
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Coverage Testing SDL Specifications (2)

 Visualizing coverage in SDL specification and its ttolflow graph

[E3CATSDL v. 1.0 - Session AB.prj =10] x| ﬁatontrol Flow Graphics Yisualization...
Test Session Tools Visualization Summary TesiCase Properties Update  Help sendet_process

® Block () Decision () AllUses (0 CUse O P-Use

1 2 3 1

FE3 = INEUT put [ m };
/* 002 +/ OUTPUT dm (m , 1 );
J/* ooz +/ NEXTSTATE wait_am;
UL R Covering a yellow block
/* 003 +/ STATE wait_am; / guarantees the execution
I TR of at least five blocks.
ELSE : OUTEUT dm [ m , i };
+/ DECISION § = i; NEXTSTATE -;
ENDDEC TS ION;
Covering a red block A
guarantees the execution .
/o001 v/ SR of at least seven blocks. .
Move the cursor onto block 7 and
/* 008 */ INPUT medium errar; / the associated SDL specification
/* 008 */ OUTPUT dm ((m , 1 ); : H d
/* o0g +/ NEXTSTATE -; Tl e sl
J* 0og +/ ENDSTATE; = =
| [ ] D
CAT,,, File: AB.pr | Line: 68 of 220 Coverage: Block | Highlighting: All Prierized

the textual representation  the corresponding control flow graph

* A control flow graph is generated for each SDL pssce
* The textual representation displays the SDL source,asldereas the
control flow graph makes its flow of control more camt
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Coverage Testing SDL Specifications (3)

|
) Block ® Decision O All-lUses 0 C-Use ( P-Use sender_process -
0 1 2 3 4 5 7
.
%
/* 006 */ { TRUE }: There are two decisions: one at %;
/* 006 */ TASK 1 := dnv [ 1 }; block 5 and the other at block 3. Z
/* 006 */ NEXTSTATE wait_put;
i* gg; *}' ELSE: " Double-clicking on block 5 to
A * OUTPUT PRE A . .. . : :
/% 007 */ e e _(;m & Ue This decision {either the TRUE branch view the associated branches.
and/or the ELSE branch) has
/* 007 */ ENDDECISION; the highest weight.
/* 008 */ INPUT medium error; . ..
/* 008 */ OUTPUT dm ( m , i ); Double-clicking on the decision shows
/* 008 */ NEXTSTATE -; the corresponding branches with their
respective weights.
J/* 008 */ ENDSTATE;
/* 008 */ ENDPROCESS;
i
Te sender_process ﬂ
' Block (® Decision [ AlllUses [ C-Use P-Use Show Definitions/Decisions Z
7
/* 005 */ DECISION 9 = 4; = é
/* 006 */ { TRUE |: : Here is the decision The decision at block 5 has 1
j: ggg :’/f R )i § two branches: one from block 5
to block 6, and the other
. . from block 5 to block 7.
Here are the branches of this decision.
1+ 007 */ | The TRUE branch has already been covered. Z
2
/* 008 */ INPUT mediwn error; . =
/* 008 */ OUTFUT dm { m , 4 ); The ELSE branch has a weight of 1.
/+ 008 */ NEXTSTATE —;
/* “NDSTATE;
[ I I |
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Design Philosophy for Testing/Maintenance Tools
* When you develop a testing/maintenance tool, youldhmonsider

— Ease of use

— Visualization

— Prioritization

— Granularity

— Incrementability

— Extensibility

— Portability

— etc.
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Alternating Bit Protocol (1)

* Thealternating bit protocowhich is a simple form of thesliding
window protocdl with a window size of 1, is used as the example.

* [t can be used to provideliable communicatioovernon-reliable
network channelthrough aone-bit sequence numb@vhich alternates
between 0 and 1)
iIn each message.

alternating_bit
sender_block
SENOEer_process
mediurm

system alternating_bit

alternating_bit.ssy
sender_hblock.shk
SENCer_process.sor
mediurm.shk

222222322

mediumz mediumz2.spr
rnedlumﬂ mem.um1 spr SEI’!E!E.‘F_NDI:K rmedium
recetver_hiock receter_block.shk sender_higher_interface sengder_lower_intertace
FECEVEr PrOCESS reCeiver process.spr [
pt.t] [m._mamm_erra] [:In]
recejver_higher_interface
rer_gner_ receiver_block
[o=]
I - (I |
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Alternating Bit Protocol (2)

* The alternating bit protocol is constituted by a sfrahd a receiver who
exchange messages through two channels, Medium1 adaiiv 2.

—When the sender sends a message (containing &@irbtg O or 1) to the
receiver througtiMedium 1 it sends the messag®peated/y(with the
corresponding protocol bit) until receiving an agWtedgment from the
receiver that contains the same protocol bit asitégsage being sent.

—When the receiver receives a message, it sendskapwaledgment to the
sender througMedium 2and includes the protocol bit of the message
received.

— The first time the message is received, the proteo/ers the message for
processingSubsequent messages with the same bit are sinpipwledged.

—When the sender receives an acknowledgment comggiine same bit as the
message it is currently transmittingstops transmitting that messadjgs
the protocol bitand repeats the protocol for the next message.

— This implies that the sender associates each messtilg a protocol bit which
Is alternated between 0 and 1 to differentiate ecnive messages.
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T |
Alternating Bit Protocol (3)
T |
put(‘world’)
from: env
A
[put]
\ 4
bit: @ 1 bito
get('wor_ld’)
v medium1 from:receiver
sender receiver
dm(‘world’, 1) dm(‘world’, 1)

from:sender

A\ 4

A
y

am(1)
from: medium2

medium?2

from:medium1

A 4

m_errof]

am(1)

from: receiver

[am, mg @ [am
o— —
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Questions

* Do you know how much of your SDL code has been t@sted

* What is still missing?

* How to generate additional test cases to executenitavared code in an
effective way?
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CALy,: A Coverage Analysis Tool for SDL Specifications

e Given an SDL specification, CAJ, performs instrumentation on it by
inserting a probe, a user-defined function, at aptglocations.

e The resulting instrumented specification is then egabto an SDL
simulator, {Telelogic Taun our case) for simulation.

* Afile is created to record the trace informatiominlg the simulation.

e As subsequent simulation continues, the trace infoomadi appended to
the trace file which is then exported back to G4 Tfor coverage
analysis.

T —— m— —
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ToolSuite for Testing & Diagno:

TestSession Tools Visualiz:

OBl Opecision O auses Ocuse Opuse

Summary

TestCase  Properties  Update

‘Show Definitions/Deci

Help

s

£ ToulSuie for Testing 6 Diagnosising SOL. Specifications v. 1,0 -Session AB-nocomments.prj

TestSession Tools Visuakization Summary Test Case

Block 2 Decision ) AilUses O Clise O Pse

Stow D

OIS WL o5
STRTE sait_put

TETT 3us (n);
CUIPIT dn i m ;1) L |
NEECSTATE a3 o

EmsmaTe;

030 omerm et e

- 024 44 DETL an | 3 )
razzston 3 =

R

L2 ]

File: AB-nocommsnts.pr  Line:620f220  Coverage:Block  Highlighting: AllPriotized

< Organizer, rw alternating_bit.sdt
Fie Edt vew Generste Took Boskmarks MSCtSDL He

=l & s (33 M| &[0 e R B 2@ 2]

W CAO-Place-H

W CAO-PlaceH

alternating_bit
sendar_black

sendar_process

altemating_bit ssy
sendar_black. stk
sendar_procass.pr
medium. stk
medium2.spr
medium_spr
receiver_black sk
receiver_process. spr

medium2
mediumi

receiver_black
receiver_process

EEE R

Analysis Model
Usad Files
SDL System Structure

TTCN Test Soecification

Organizer rw alternating_bit.sdt
Fle Edt Vew Generste Tods Booknarks MSCtoSOL Help

I DR PR =P

o COP

. C:D-Place-Holder-A\Suds-SDLiexamples 2008\AB-demat

alternating_bit ssy
cander_block.sbic
sender_procase spr
medyn.sbic
medium2.spr

alterating_bit
ender_black
sender_process

jum’ . spr
receiver_black sbk
recaiver_pracess.spr

2zzzeeee

recaiver_pracese
— Analysis Model

— UsedFiles

— SDL System Structure

— TTCN Test Spacificatian

522 e lernating b sk

FEEECE

Fle Edt View Generate Took Bookmarks MSCtoSDL Help

B[ ] &9

B3 || Bl#l 2|

— Analysis Model
— Used Files

— DL System Stucture
— TTCN Test Specifcation

== Other Documents

- C\Telelogic\3DL_TTCN_Suited 4\hin'wini386\

Telelogic Tau Version 4,40 , Copyright (¢) 2002 Tellogic A6,

e SDL. Simulator Ul - alternating._bit_smc.exe
Fle Vew Suttons Log Geners Exene Exame Charge Shom Trawo Greokpork Help

= B = 2

@ Beoute, Group

Symool 50 sreaic
Transtion_| _Unit Timer

@ Send Signal Group

SendTo | SendVia | _SendNone

© Examine Group

Process List | _ variable | Varin Scope

@ Trace Group
msc soL Text

eleome to the SDL SINULATOR. Simulaving system alternating bit.

crmsnd @ Start-Intersctive-NSC-Log 1
lscarcing msC. ..

(cormana |

Gommand |

7+ 003 4/ STATE uast_sw;
/+ 008 +/ TPUT an (3 )
/+ 005 +/ DECISTON 3 = 3

OB |

File: AB-nocomments.pr
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£ ToolSuite for Testing & Diagnosising SDL Specifications v. 1.0

Test Session Properties

I
ey




£ ToolSuite for Testing & Diagnosising SDL Specifications v. 1.0 - Session AB-nocomments. prj

1

-

/% 000
A% 000

e[
ks R
A% 002
i TEiEE
i 003

A+ 004

/% oo1

Test Session Tools Visualization

' Block (' Decision

Summary Test Case Properties Lpdate

) AllUses 0 C-Use (0 P-Use Shon DeffaRanaDeEnns
THEG; _A!
START ; =
NEXTSTATE wait put;
ﬁTATE Walt put;

INFUT put [ m );
OUTEUT dm [ m , i );
NEXTSTATE wait am;

ENDZTATE;
STATE wait am;

INEUT am [ 5 };

PECIETON 5 = &4

B

Help |

File: AB-nocomments.pr Line: 62 of 220 Coverage: Block Highlighting: All Priorized

(4]
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| Organizer
File Edit Wiew Generate Tools Bookmarks MSCEosSDL  Help

=H 8 =Fa bl H &t B 28 2

ry  ChTelelogichSDL TTCN Suited dibintwiniJog'

Analysis Model

Used Files

sDL System Structure
TTCM Test Specification

Other Documents

Telelogic Tau Version 4.4.0 . Copyright () 2002 Telelogic AB.




==k

2 Organizer rw alternating_bit.sdt
File Edit Bookmarks MSZ ko SDL Help

= | & s B3 H &0t 8l 28 7
r
[ ] alternating_bit

sender_block
sender_process

View Generate Tools

C:A0-Place-Holder-AhvxSuds-SD e xamples-200585%A8-demo-non-instrumenttalternating_bit. sdt
CMO-Place-Holder-Ahv: Suds-SD e xample s-2006888-demo-non-instrument

alternating_bit. ssy
sender_block shk
sender_process.spr

medium
mediumz
medium

rmedium. shk
medium2. spr
medium1.spr

receiver_block.shk
receiver_process. spr

124 f%24%

receiver_hlock
receiver_process
Analysis Model

Lsed Files

S0OL System Structure

—_— TTCHN Test Soecification

System File alternating_bit, sde




='| Organizer rw alternating _bit.sdt

File Edit Wiew Generate Tools Bookmarks MSC ko SDL Help
= H & e P E s tEE Bl Le 27

e CVO-Place-Holder-Avx Suds-S0DLvexamples-20060AB-demotalternating_bit. sdt

ey CVO-Place-Holder-AvSuds-SDlexamples-20060AB- dema’,

l___| alternating_bit alternating_bit.ssy
sender_block ree  sender_block shk
a sender_process sender_process. spr
medium medikgn. sbk
mediumz medium2. spr
mediurm medium1. spr

receiver_hlock receiver_hlock. sbk
FECEIVEF_PIOCESS

reCever_process.spr
Analysis Model

£222 232

Ilsed Files

SDL Systern Structure

TTCH Test Specification

Svyskem File alternating_bit, sdt




= B4 = 2]

Ys SDL Simulator LI - alternating_bit_smc.exe

File Wiew Buttons Log General Execute Examine Change Show  Trace Breakpoint  Help

¥ Execute Sroup
Symbol ‘ l:?':' ‘ Break ‘ Welcome to the 3DL SIMULATOR. Simulating system slternating bit,
Transition | UntiIuTimer | Command Start-Interactive-M3C-Log 1
Jtarting M3C. ..
W Send Signal Sroup cormmnd -
sendTo | Sendwia | Sendmane |
v Examine Group
PrucessLBt| “ariable | Varn15cupe|
W Trace Sraup
MsC | so. | TtEXT |

Command ;|

P B i

P EIEE S d

Tl

STATE wait aun;
INPUT &m [ 3 ):

LECe LR e ===

CATg,,

File: AB-nocomments.pr

Line: 54 of 220 Coverage: Block

Highlighting: All Priorized

Return



Research Issues on Coverage Testing (1)

e How to reduce the amount of instrumentation?

— That is, how taeduce the number of probes inserted in the socode?
0 One probe per line of code
0 One probe per block
0 One probe per superblock
o What are the pros and cons?

e What kind of information should be collected at rume?
— Executed or not executed
— Execution counts of each testable attribute
— Execution sequence

* What kind of information should be collected at pag8in
— Number of testable attributes
— Locations of each testable attribute

e Can the techniques used for coverage testing softvia¥éimdows be
applied to coverage testing embedded software? Realapplications?

To— —
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Research Issues on Coverage Testing (2)

* In addition to reporting what has been tested and slsdill missing, we
would also like to

— Decompose coverage information based on users’ needs

(do not just report a single number with respedltthe tests for the entire
program)

— Provide useful hints for efficient test generatioreffectively increase the
coverage of the program being tested

— Use coverage as a filter to show how the numbe&zsifcasesan be reduced
significantly without sacrificing the overall codeverage

— Test cases in the reduced subset have a higheitytabe executed when
revalidating the program during the regressionrgst

— Conduct effective fault localizatidobased on how the program is executed by
each test
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