Lecture Notes in Com puter Science :

Metrics for Tes t Plan on O bj ec t - O rient ed B ehavioral D es ign

Y oung Chul Robert Kim 1 * and C. Rob ertCarlson 2

1 Emb edded System Lab

LG Industrial SystemR&D Center robe rtkim@lgis.c om

2 Department ofComp uter Science

Illinois InstituteofTechnology

Chicago, IL606 16 ,US A

IA _CAR LSON@alph1 .iit.ed u

Ab stract This paperdescribesadesign driven approach totest plan gen eration . Itsfoun dation isan object - orien ted software design approach which partitions design schemainto a layered architectureoffun ction al components cal led

^design un its~. A usecase softw are development meth odologyis employed which preserves th is un it architecture on throu gh to th e actualcodestructure. Based on th epartition design sch em aprodu ced du rin gthe design phase of th is methodology, a test pl an is generated wh ich in cludes aset ofun it an dscenario based tests. Asoftw are metric is introduced w hich produces an orderin g of this set to enhanceprodu ctivityan dboth promote an dcapitalize on test case reu sability. Thispapercon tains an applicati on which illu stratesthe proposedapproach.

1. Introduction

This p roposed pape ris based on the use c ase approaches defin ed byJac obson [ 6 ],UML ,

Carlson [ 3 ], and Hu rlbut [ 5 ].Specially, Iva Jacobson told me in Seoul ´ s lec tu re that most pe rson s focus on reusab ility ofsou rce code le vel, bu t should conside r reusab ility on all so ftware de ve lop men t ac tivities . The re fore, fo cusin g on design ph ase , this idea be gins b y considering possible ways to enhance Hu r lbut´s action matrix concept [ 5 ] b ring so ftware testing conc epts into design. Hu rlbu rt´s notion ofan action unit needs to be refin ed based on a conceptual analysis ofthe method sequence s fo und in sequence diagrams (c alled message in te raction diagrams), w hich , bythe way, is the first significant artifac t produced during use case design .Our pre liminary an alysis o fthis issue has re sulted in the introduc tion of the concept o fa ^de sign component~. Several de finitions fo r a design co mponent have emerged fro m our research for t he designer to choose from depend in g on the level o fab straction desired and the preference for testing techniques to be applied .

Even so me definitions ofthis co mponent guilds to generate ske le ton code . To p ro vide an au to mated proce ss b ywh ich an action matrix can be produced , thus, leaving the de signerwith on ly an ad hoc, manu al approach, we ne ed to d eve lop an algorith m to produce the action matrix from sequen tial diagrams (called Interaction diagrams). Such an algorithm would sign ificantly improve the productivity of the d esigner in producing su ch potentiallyuseful information. This conve rsion algorithm is de veloped to id entifyor extrac t each type o fdesign unit fro m the basic inte raction diagram in wh ich deals with single c ont rol ob je ct and the o the rco ntaining multiple c ontro l ob je cts.

The action unit co mponent o fan ac tion matrix is d efined as spec ific design units of sequential diagram (called in te raction d iagram) for e asilyidentifying reusable de sign co mponent with test p l an metrics . Several possib le de finition s o fd esign un its is introduced, each processin g differen t te sting ch aracteristic s. The scen ario componen t ofa ac tion matrix is d efin ed forthe pu rp ose o fge nerating a preliminary te st p lan.

2. A la yered de sign un it architecture

This ide a is b ased on object - oriented behavioral design which partitions design schema into a la yered function al c omponents c alled ^design unit~ . Based on the p artition d esign sche ma p roduced du ring the design phase ofuse case methodolog y, we c an find the information o fre usable de sign un its, and gene rate test plan which inc lude s a set of unit an d sc enario based tests on earlystage ratherthan te st stage .

2.1. Definitio nofDe signunits

One o fth e first arti facts produced durin g the d esign unit ph ase is a sequential diagram based on use case methodology. The message sequen ce defined byth e sequential diagram can be p artitioned into a sequenc e o fdesign units. As a result, differen t testing te chniques may be appropriate depend in g on the cho ic e ofde ign unit.

Based on a th is layered arc hitecture , we c an also identifythe design reu sab le components through ob ject - oriented behavio ral design o fuse case methodology. The re fo re , this provides the design and test te am memberwith d iffere nt opti on s to choo se fro m at design time . Seve ral partitioning strate gies are possible , each resulting in a design un it sp ec ific ation that e xhibits d iffe re nt ch aracteristic s, particularlyat b oundary p oints be twe en adjace nt d esign u nits.

Method u nit :me th od exe cu te d byan o bject in respon se to a message

Con side rthe simple sequential diagram d esc ribed in Figu re 1 . In this case the re are six methods labeled m1,m2,m3,m4,m5, and m6. The re are the d istinc tive design units.

Figu re 1. Example ofa Me th od Uni t

The simp le st choice is to let each method be a design un it. The people assigned to de velop this unit,the re fo re ,be in the best position to perfo rm unit testing bec ause ofthe ir familiarit y with the unit. A d rawbac k to this approach is the large n umbe r of design units

G

G

                                m5
m1

                                                             m4

                              m2

                                                             m3

 m6
to be tested . No addition al properties o f such a de sign un it c an  b e assumed on which to

base  a spe cific te sting ap pro ac h. In th is unit case , we  may not me ntio n th e re usable unit

of all de sign un its.

Reu sable Pattern Unit : Sequ enc e of me th od s exe cu te d by a particular objec t pattern.

 Illustrate a possible groupin g of methods based on (p resu med) reusable  p atte rn

un its. This simple ve nding machine  e xamp le  c ontains just reu sab le  p atte rn s.

                Figure  2. Example of a Reu sab le  Pat tern Unit

If a library o f re usable de sign co mponents was used to  de ve lop the  sequen tial diagram

(called interaction diagram), then they c ould be  used to  define  th e design units. The major

ad van tage  of this choice  is th at both code  and test spe cification s may already exist fo r

these units. Furthe r, stand ard in te rfaces be tween these design units may al re ad y e xit, a

ch arac te ristic  that is essential for system evo lu tion . Each reusable p atte rn  unit in this

example has a single  input and single  output (SISO) c ha racteristic s. In ge neral, a p atte rn

can have any one of the input and ou tput ch aracte ristic s described  in Figure 3. Good

reusab le  patterns are  the  ones whose interface  supports some  de gree  of stand ardization.

This could h ave wo rthwh ile imp lication  for th e de velop ment o f stan dard unit testing

prac tice s

                        Figu re 3. Characteristic interface of  SISO, MISO, SIMO, MIMO

                                                                    a

b

                                                                                   c

                                                             m1
                                                                                         m2

                                                                                                                       m3

                                                                                                                       m4

                                                                                       m5
                                                                m6

Vending machine :

- method:

m1: insert coin

m2: check coin

m3: measure the weight of coin

m4: judge what coin

m5: notify

m6: notify

- reusable pattern unit:

a = m1+ m2;

b = m3 + m4;

c = m5 + m6;

                                                                                        SISO

                                                                                        SIMO MIMO

MISO

                                                          4

                                                         The  cardinality o f pattern´s interface is a ke y factor towards ach ie ving this goal. The

                                                         card in ality can be applied to the nu mber o f message  or ob jects th at d efine th e in te rfac e.

                                                         While  a p atte rn may n eed  to suppo rt mu ltiple  message s, it does not me an that mu ltiple

                                                         ob jects are required to  de fine  the  interface. Gre ater control can be achie ved, particular

                                                         ac ross mu ltiple  syste m release s, if the  i nterface  to and from a pattern is limited  to a sin gle

                                                         ob ject. Of the patterns desc ribed in Figure 3, the  SISO pattern is preferre d bec ause it

                                                         simplifies the testing  process. Howe ve r, that may not always b e possible. What we

                                                         don´t wan t it fo r there to be a  cross - product of inpu t/ou tput, i.e ., all po ssib le  combinations

                                                         M*N in  a M IMO pattern. If, howe ver, e ach  input & o utput are  unique ly p aire d {1 - 1} ,

                                                         then  MIMO can be  reduced to a se t of SISO p rotocols as follo ws: {1 - 1}  {2 - 2}  {3 - 3}  in

                                                         MIMO in Figure 3.

                                                         State  Un it : se quence  of   me thods  e xecuted   du ring  the  interval  b ounded

                                                         by c onsec utive

                                                                                                       G state s as d efine d by the c orrespon ding event state mod el.

                                                              illustrates  a  p ossible  e vent  state   transition  scenario for  a G simple AT M

                                                      machine. Byu n´s algorithm [2 ] analyz es the  interac tion  d iagram and  c re ates an event state

                                                      model for subsequen t code gene ration. Our p roposed ac tion  matrix algorithm follows the

                                                      same partitioning sche me to provide design units,

G  thu s pro viding the developer with

needed in fo rmation to ŝtandardize~ code de velopment practices

                                                         G

Figu re 4. Example of State  Un its

                                                                                              m1
m2

m3

m4

                                                                                                                       m5
                                                                                              m6

                                                                     S0 S1

S2

PC

PS

PC

PS

S1

S2

PC                      PS

[ S1, S2]

                                                       From a testing poin t of view, a pred ic ate e xpression  capturin g this stab ility can be

                                                       associated  with  each  state . A state  unit is defin ed by a se quence o f methods exe cu ted

                                                       du ring the interval bounded by conse cutive  state s. A state  unit can be ch aracterized  b y a

                                                       state  p air (Si, Sj) and  c an  b e enh anced  b y th e predicate  c onditions assoc iated with each of

                                                       these states. Thus, a testable state un it c an  be  regarded  as a trip le  (Pre - condition (PC) ,

                                                       State Pair, Post - Condition  (PS) ). This appro ach h as been  coordinated  with the  p arallel

                                                       rese arch  by B yun  [2 ] on the  algorithmic generation of e vent state  tab les . The imp lication

                                                       is th at a syste matic  approach to embedding unit test stubs inte rnal to the event state table

                                                       driven  code  is established . Byu n´s th esis provid es a co mprehensive  analysis of va rious

                                                       interaction diagram features and  how these  featu res affe ct  the automatic generation of an

                                                       event state  model. The fo llowing discu ssion illustrate s how predic ated  exp ression

                                                       associated  with  an inte raction diagram can be used to generate a testable trip le  assoc iated

                                                       with  state  transition pairs.

                                                               The se  rep re sen tation s of th e state are assu med to define the be havio r of the  p articu lar

                                                       ob ject, th at is, the  contro l objec t(s)  in  addition  to  the notation fo r a cho ice with

                                                       possib le  n - ary branches. In this notation a cho ice is represented  b y `a black colo red

                                                       rectan gle ba r´ on ve rtical line  o f the co ntrol objec t.

                                                       The p roposed state boundary based  testing appro ach  will chec k the  cond ition o f a

                                                       particular objec t. For e xamp le , it checks a precond ition when  a me ssage  comes in . If th e

                                                       condition is satisfied , then it will tran sfer to the ne xt state . On a dec ision node with a

                                                       binary bran ch, it will transfe r to either one state or another state  ac co rding to e ach

                                                       postcondition . Thu s, the  state  boundary based  testing will chec k the precondition  o f a

                                                       state  p air (Si, Sj). As a result  of the  cond ition (that is,  PC [ S1, S2 |S3 ] PS1|PS2  ) it will

                                                       transfer to  e ithe r S2 or S3 in  Figure 5.

                                                                                                        Figu re 5. Changing the  State  o n a Decision  No de

                                                       Maximal Linear Unit (MLU) : a  sequen ce of me thods executed  durin g the interval bound

                                                       by c onsec utive  c ho ic es (both ac to r an d objec t ch oices).

                                                        Con side r of this example that an MLU  is  th e same  as  the dialogue un it  i f

                                                       no  c hoice / bran ch no des e xist exc ept fo r th e ac to r.

                                        G

                   s1
s2 s3

s1

P C

P S

                                                                                                                  s2

P C

P S 1 P S 2

s3

                                                     Figu re 6. includes a cho ice node  for th e c on trol ob ject. Thus, the  MLU for this

                                                     int erac tion  d iagram is (a,b), (c), and (d ,e ).

                                                                              The significance  o f this design unit is that it establishes reference points for

                                                     straight line  testing techn iques durin g design. Without an embedded  b re akpoint (de cision,

                                                     branch, or co llec tion  po int) this un it i s the same as the dialogue unit. With a d ec ision

                                                     node with in  a d ialo gue  boundary po in t, each MLU is rep resented by {<Si1, Si2, �Sin >},

                                                     that is, a lin ear se que nce  o f state  c han ges Si1  through Sin and  b ranch es b efo re  and after.

                                                       Figu re 6. Example of MLUs ( Max Line ar Un its)

                                                     Dialog Unit : a sequence of me thods e xecuted  durin g the  interval bounded by inpu t from

                                                     an  actor and the response to th at actor.

                                                                              In an interaction  d iagram with the  choice  no tation  of Figure 7 ,  sequ ences of

                                                     messages / method s are e xecuted  du ring the interval  b ounded  b y  in put fro m an actor

                                                     and the re sponse  to that actor. We can identify al l possib le  p aths from an  actor through

                                                     the system to itse lf suc h as d ialo gue  1  (`a b  c ´), d ialo gue  2  (`a b d e´), and so on.

                                                      T his design  unit has signif ican ce  fo r e stab lish in g u ser   (actor) acceptance te st

                                                     sp ec ific ation durin g design .  These specific ations should be a re fine ment of u ser

                                                     ac ceptance test specification s defined  b y use  c ase specific ations du ring the requ irements

                                                     ph ase. We can also consider a  re usable design pattern of this deign  units. As  part  of the

                                                     requ irements trac king proce ss, e ach  use case  should be trac ked to a se t of dialogue units

                                                     at d esign  time. DU re pre sents {< Mi1, �. Min>}, that is, the  ac tor initiate s

                                                     Mi1 (me ssage ) an d re ce ives M in (me ssage ) an d all othe r message are internal. Dialogue is

                                                     (Im, Om) where Im is an inp ut me ssage  and  Om is an   o utput message on the ac to r.

G

                                                                          a

                                                                                                      b

                                                                                                          d

                                                                  c

       A c t i o n

S c e n a r i o s
 a     b    c     d    e

S c . 1     1    2     3

                                                                       e

S c . 2     1    2          3    4

      I m 1

    O m 1

    O m 2

M L U 1

                                                                     M L U 1

                                                           M L U 2

                                                                                                M L U 3

M L U 2 M L U 3

                                                        Figure 7. Examp le  o f Dialogu e Units

                                                    3. Refined Action Matrix Appro ach

                                                       From this point, we will exp lain with one c ase study based  on  a `Restauran t

                                                    applic ation´ u se c ase  in Figu re  8 .  Fo cusin g on the custome r ac to r´s view, th ere are th ree

                                                    high - leve l use case scen arios such as the rese rvation, the  normal service, and  the carry -

                                                    ou t  proc ess.

                                                                              Figu re 8. High - leve l Use Case Sce nario `Re stauran t Se rvic e´ Ap plic atio n

                                                        G
a
b
d

                                                                                                                   c

       A ct i o n

S ce n ar i o s
 a     b    c     d    e

S c .1     1    2     3

                                                                                                  e

S c .2     1    2          3    4

                                                             I m 1

                                                            O m 1

                                                            O m 2

D U 1 : ( I m 1 ,  O m 1 )  =  { a , b , c  }

D U 2 : ( I m 1 ,  O m 2 )  =  { a , b , d ,  e  }

                                                                                         D U 1

                                                                                                                        D U 2

G

                      U SE  C A S E  S C E N A R I O  :  no r m a l s e r v ic e

                                            C u sto m e r

                                                                        C u sto m e r

                                                                           p a n el

t ab le

                      U SE  C A S E  S C E N A R I O  :  r e se r v a t io n

                                            C u sto m e r
                                                                           cu s t o m e r

                                                                              p a n el

                                                                                                   R e st au ra n t

                                                                                                     m an a g er

d es s e rt
m ain  m e al
w a itre ss       t ab le

                      U SE  C A S E  S C E N A R I O  :  c a r r y  o u t

                                            C u sto m e r

d es s e rt
m ain  m e al

                                                                                             R e st au ra n t

                                                                                               m an a g er

m ain  m e al
w a itre ss
                                                                                                                    W a i t- in

                                                                                                                    -r o o m

                                                                        cu s t o m e r

                                                                           p a n el

                                                                                             R e st au ra n t

                                                                                               m an a g er

                                                                                                                  W a i t- in

                                                                                                                   -r o o m

w a itre ss

                                                     From the re quirement specific ation and  the  h igh - leve l use case  scen ario  analysis, we  c an

                                                     de sign the  sequ ential d iagrams (called  interac tion  d iagrams) th rou gh passin g se veral steps.

                                                     In thi s paper, I will skip se ve ral steps to  de ve lop three  sequ ential d iagrams from high -

                                                     leve l use case  scen ario s showed  in  Kim [11,12 ]  With  these  sequen tial diagrams  in  Figu re

                                                     9 , I can con vert the ac tion matrix an d use  case map  dialog through p roducin g the se

                                                     sequen tial diagrams based  on h igh - leve l use case  scen arios at design stage . One  o f th ese

                                                     se que ntial diagrams is ` Reservation  u se case ´  in  Figure  9 .

                                                      Figu re 9. Design units of the  Re se rvation  se que ntial  Diagram

                                                                              What is ac tion  matrix?  Hurlbut [5 ] no ted tha t an  action  matrix presen ts  a

                                                     cross - match   between  e ach action  th at  is  included  in  a u se case with each

                                                     scen ario  that pe rforms th e ac tion. scenario includes an ordered  set o f ac tion s th at e xp lains

                                                     its course  of actions. The use c ase action matrix i s in tended to  present the  scenario

                                                     de signed in  a tabu lar fo rm as the main course of action as a collection of actions that

                                                     shows the  co ve rage of its u se  c ase  action by all the variant scenarios  in Figu re  10  (a) .

                                                     Hurlurt also  mentions th at an alte rn ative re presentation of th e matrix is a  u se  c ase dialog

                                                     map  in  Figure  1 0 (b ) .

                                                      Se mantics : Each scen ario consists o f an ordered  collection of ac tion  un its.  The

                                                     extended action matrix is intended  to tabularly rep resen t the scenario designed as the

                                                     main course of act ion un it as a co llec tion  o f ce lls that sho ws th e co verage of its u se  c ase

                                                     ac tion  un it b y all  variant scenarios. Eac h ac tion  un it  consists o f th e c lu ster of the

                                                     consecu tive  messages (methods, the b asic  ac tions) triggered, also re late s between the

                                                     state  and ne xt state , and involve s the particular objec ts wh ic h se nd th ese messages.

                                                                              Notation : In The  first row of a mat rix, e ach  c ell is matched to  a unique  u se case

                                                     ac tion  unit  and  scenario comb in ation. The ro ws of a  matrix are assigned as scen arios and

                                                     the co lu m ns are  assigned  as ac tion  un its. If a  u se  c ase action un it is also inc luded in the

                                                     scen ario , we make a one - to - on e correspond ence be twe en cells and intege rs wh ich re sults

                                                     in sequential ordering of the  use  c ase action un its in the scenario. Wh en a single  use  case

G

                                         C us to m e r

                                          pa n el

                                                                                    R e s ta u ra n t

                                                                                     c o u n ter

              R es er v ati o n

 T a ble

M a in  m ea l

D ess er t

                   R e q u es t  _ B i ll

C o o k _ m e a l

M ad e _ m eal

                                                              S en d _ B il l

 W a it re ss

 W a it _ i n _ R oo m

R e ad y
A s sig n _ T ab l e

A rran g e _  W a it re s s

                                                          A c cep t _ R eq u e st

               A c cep t _ R eq u e st

              R e q u es t _ Or d e r

                                                                                                         R e q u es t _ Or d e r

                                                                                                         S erv e _ M e al

                  S erv e _ M e al

                                                                                                         R e q u es t  _ B i ll

                    S en d _ B il l

                   P ay  _ B il l

                                                               R e ce ip t

                                                              P ay  _ B il l

                    R e ce ip t

    C o o k

 M ea l

M ad e _ m eal

                                                          R e se r v a ti o n

A s sig n _  T ab l e

C a lc u la te _ B il l

                      a 1

e 1
f 1

                                  h 1
g 1
j 1

                                                                                          i 1

                                                                                        k 1

                                                                                         l 1
m 1

                                       n 1

                                                    o 1

                                                       p 1

   S 0

                                                                                                        S 2

S 5

S 6

                                                                                            S 7

S 8

S 9

S 1 0

                                                                                         S 1 2

                                                                                         S 1 1

   S 0
ac tion  unit appears mo re  than once in a scen ario , we can assign multiple no t ne cessarily
contiguous in te gers in each cell. Since a bunch of the consecu tive  u se case  action units
may appe ar ite rative ly in a scenario, we  may parenthe size  a b unch o f int egers th at are
related with   c onsec utive  use  c ase units.

                        Presentation Option : An alternative representation of the matrix is possib le  b y
conve rting use case ac tion un its in to  node s in  a direct graph with  the Mealy´s an d the

Moore´s Finite State  Machine  as well as Musa´s Operational Pro file concep t. Wh en the
matrix is presented  in this fashion , it may b e alte rn atively re fe re ed to as a use case  d ialo g
map  that is mentione d by Hurlbut [Hurl98].

                        Mapping :  Each   column  maps  to   a  u se case action unit.  Eac h  ro w
map s  to   a
scen ario . In  a u se  c ase dialog map, we assign e ach  p robab ility of occurrence  to each lin k
as a we ighted  prob ability value , which is adopted b y Mu sa´s  Operational profile [9 ,10] .

Musa´s app ro ach  is a qu antitative  charac te rization o f a  syste m, which  is retained  for the
most - used  part o f th e syste m and is reduced for lesse r - used  parts with the amount of
reduction related  to  the difference in  usage . That is, Musa´s operational p rofile  is
fre quently we ighted by c riticality th at refle ct s bo th  how the system is being used and the
relative impo rtance of the  uses. We may either guess th e probability o f occurre nce  on
each bran ch of th e sp ecific  n ode  (ac tion) or survey t he  c olle ctio n of d ata [ 3, 9,10 ,12,13 ].

      Figu re   1 0 (a) .  Ac tion  Matrix for Restaurant Service App lication

 Figu re 10  (b). Use Case Dialog Map for Restauran t  Service  Ap plic atio n

      G

                                              b 1 d 1

                                         a1

                                                                                   e1

S erv ed

                                                                                                     f1 g 1 h 1 i 1

          E n te r

          &  req u est

                                          c1

 r1

N o  serv ed

                                     R e ser va tio n

                                   C a rr y o u t

                         N o  servi ce ( va ria n t 3 )

                        0 .5

                                    0 .3

                            0 .1

                             N o rma l s erv ice W ai t- in - ro o m

                                                                                 A r ra ng e

                                                                                w a itr ess

                                                                                                   A s si gn

                                                                                                    t a ble

 S erv e

  m eal

                                                                   1

                                                        0 .9 9 1
                                                                                             0 .9

                                                                                                               1
 1

1 1

                                                                                                 0 .1

                                                                                                     0 .0 01

 j 1 l 1 m 1

     C oo k

R e ceip t

1

1

A c cept

R e qu est

    b ill

S en d

  b ill

1
n 1
k 1

                                                                                                                   R e ad y

O rd er

1

 o 1
1
p 1
1
1

C a lcu la te

   b i ll

P a y
b i ll

                                                            1

      G

                                                                    1           2      3     4     5     6      7     8     9     1 0   11    12   13   1 4

                      M ai n P ath

                    (R e se rvat ion.)

                     V a ri ant 1

                 (N o rm al s erv ed)

                                                         1                         2     3      4    5     6     7      8     9    10   1 1  1 2   13

                      V a ri ant 2

                     (C a r ryout)

                                                                    1                                                                                                     2

                      V ari ant 3

                    (N o S erved)

                                                        a1   b 1    c1    d1   e 1    f 1   g 1   h 1   i1    j1    k1   l1      m 1 n1   o 1   p1    r1
T ota l proba bil it y
of o c curre nces

0.5*1* 0.9 *1*1 *1

=  0 . 4 5

0.3*1* 0.9 9*1* 1*1

*0.9*1 =  0.2405 7

0.3*1* 0.0 01*1

=  0.0003

0.2*1* 0.1 *1*1 *1

=  0.02

                                                                              1    2     3             4    5     6      7     8     9     1 0   11   12    13

               A ctio n u nit  \

               S c ena rio

4. A Co nve rsio n a lg orithm fro m sequential diag rams to de sign unit/ Ac tion unit

                        Hurlburt [5 ] provided a tabular approach, t ermed  an  ac tion  matrix, to the
sp ec ific ations of func tion al un its. Bu t, Hu rlbu t failed to  provide  a mechanism that
generates action matrices from inte rac tion  d iagrams. We  h ave  adap ted his app roach  to
clearly re present all possible scenarios without keeping  too  mu ch duplic ation o f ac tion
un its. We  also  use the  action matrix and the  use case dialog map to  organize the
behavio ral prop erties o f th e design, and  to help gene rate  the  prelimin ary te st scheme and
test plan by analyzing the inte ractio n diagram at th e  design stage.

                        The p roposed  algo rithm h as b een  influ enced  by several othe r re se arches. In this
process we  h ave  extended the action matrix and  use case dialog maps b ased on the
ad va ntages of both the Moore [8 ] and Mealy [7 ] models in  that th e Mea ly mode l more
easily rep resents a finite - state  model b y a table and the  Moore  model is a node - weigh ted
fin ite - state  model.  In add ition to  applying these two models, we integrate Musa´s ide a
of ope ration profiles into the refin ed ac tion  model and  use case  dialog map, wh ich helps
de velop  o ur test pla n matrix approach [1 2,13 ].

            The  following assu mption s have be en used  in th e co nstructio n of the  algorithm:

1.  The input o f the conversion algorithm is the b asic in ter action diagram(s) w ith either a single co ntrol

            ob ject or multiple control objects.

2.  The output of th e algorithm is a collection o f design units o f wh ich the action matr ix consists. When

            there are no more external messages, the process is terminated.

3.

4.  When an actor sends an initial external event to the s ystem (that is, the interface object), it initializes a

            state S0 .

5.  Messag es are called internal messag es within  the system ( fr om the in terface object), Messages can b e

            events, methods (functions), or actions.

6.  It happ ens the state ch anges on just the  control object(s), an d has the choice notation(s) which makes

            the decision (can app ly n - ary b ranches) on the control object(s),

7.   The state change on the control object(s)

8.  For while internal messages are traced by the control object, they will b e cluster ed by

            an action unit.

9.  When a message exits the s ystem or  the inter face ob ject send s message to its own actor, the message is

            also called the external event.

10 .  Initialize indexes for identifying each message (m) , clustering messages ( i), setting to change  state(j),

            and clustering dialogue(k).

11 .

            On the choice notation, we traverse the interaction diag ram(s) using Depth - First S earch, called

            recursively.

                        How to  identify design units to be trac ed  on  the  Inte raction Diagram? First, I
explain a simple algo rith m to  id entify d esign  u nits  in four steps :

                        1)  Identify each meth od  unit  starting from the initial external even t until ther e are no  more

                                     messages on the interaction diagram.

                        2)  Identify  each sta te   on  the  control  object (the so - called ’state ob ject’),  which

                              will  change  whenever a message comes in and out.

                        3)  Also  identify  each  reu sab le  pa tter  u nit  which  is  the  cluster  of seq uenced

                              methods based on the boundary of states.

                        4)  Identify  each  dia lo g  un it  b ased  on  its  resp onse from the system  after each

                           external event occurs.

With the above  steps, I d eve loped an intermediate conve rsion algorithm wh ich con sists of
three modules such  as a main structural ch art, two  func tion al sub  charts of le ft - DFS and
right - DFS as fo llows:

    Figure  11  (a) The main structural chart of c onversion alg.

    Figu re1 1 (b ) The  Func tion al Sub - Stru ctural c hart o f Le ft_DFS

                                                                                          G

Tr acin g eac h m e ssa ge to st ore in to me ssa ge_ reco rd( m )
m  =  m  + 1;

C lust er (i) = C lus t er (i) + m ess age ;

D ialo gue ( k)=  d ialo gue (k)  +  a ctio n_u nit(i );

It s m e s s ag e  arr i ves  A cto r

                                                                                                              ye s no

                                                                                                               a ss i g n   ne w  a c t i o n  u ni t  na m e   t o   c l u st e r  ( i )

                                                                                                               i  =  i  + 1 ;  j  =  j  +  1 ;

                                                                                                               k e ep  c u r r en t  i n f o r m a t i o n

                                                                                                                 D o Wh ile th e  i n te r n a l  m e ss ag e  e xis ts

                                                                                                                C h an g e  D i al o g u e  k   ;  k  =  k  +  1

                                                                                               H ave  th e cur rent  in form ati on su ch as  i, j,k, m ;

Ex it erro r
ro utin e

                                                                                                 go to  th e ver y rig h t po in t  of d ec isio n  n o d e

                                Figu re 11 (c ) The  Func tion al Sub - Stru ctural c hart o f Right_DFS

5. Test Plan Metrics ba se d on Desig n Sta ge

                        Most existing tes tin g me thods for wh ite - bo x te stin g and  blac k - bo x te stin g [1,11]
are developed fo r traditional p rocedural programs. Recen tly, o bject - oriented  so ftware
testing methods h ave  been developed fo r objec t oriented  p ro grams with  wh ite - bo x te stin g.

None of th e existing met hods of testing `design´ at the  de sign  stage can d irectly be
applied for o bject oriented develop ment me thodo lo gies. I propose to deve lop different
metrics for test plan  de ve loped  based design. My te sting app ro ach  emphasize s testin g
so ftware design specific ations in the  design stage wh ile trad itional softwa re  teste rs
concentrate  on te stin g th e program source code. Actually, me tric con cep ts are frequently
used  on rou ting in switching n etworks. But I b rough t the metric concepts to th e software
de velop ment in  t hat the motivation for me trics should come  fro m o rde ring the  un it &
ac ce ptanc e te sts du e to  the  large  n umbe rs & ordering of sce narios in in te gratio n te stin g.

5.1. Te st Plan Metrics

                        This ch apte r focuses on  the so ftware te sting metrics used  in the  gene rat ion of
ob ject o rien ted test p lans as part o f Carlson´s use  case methodology [ 3 ] . T he test plan uses
an  action matrix that contains a collec tion of e xecutab le  sequences of u se  case  action
un its. The ac tion  matrix is generated  fro m the inte raction diagram at the design stage.

So ftware te sting metrics are  e mployed to  improve the  p roductivity of the testing process
through scenario prioritization . In  o ther words, the so ftware test metrics are  available to
evaluate  the use c ase scenarios de fined b y the  ac tion  ma trix so th at a test p lan will
eme rge th at improves the productivity o f th e te sting proce ss. The tester h as a b ro ad range
of o ptions to choose  fro m wh en identifyin g `action units´. The  simplest choice  is to  let
each  method be an action unit. A drawback to t his approach is that the nu mber of ac tion
un its may be  quite large.  If so, the te st p lan generator can choose  one of the other
op tions based  on the  design unit (or test un its) concep t introduced. In selecting `reusable
pattern un its´, the  assumption is th at re usable pattern design un its are also  u sed as part o f

                              G

                              G

                                                             Tr acin g eac h me ss a ge to st ore in to me ss a ge_ reco rd(m )

                                                                 m  = m  +  1 ;

                                                                 Clu ste r ( i) = Clu ste r ( i) + m e ssa ge;

                                                                 Dia log ue(k ) = di alog ue( k) + ac tion _un it( i);

                                              D o Wh ile th e  c o n t ro l ob jec t

                                        H ave  th e cur rent  in for m ati on su ch as  i, j, k, m ;

                                      A ssig n new  acti on na m e  to  c lust er (i);

                                         i= i +1 ; j = j + 1;

                                   G o to the  v ery  righ t outs ide  lo op in  m ain  p rogr am

                                         C han ge Sta te(j );

ar rive s

                                            13

                                           the de sign process. In se lectin g `state  units´, the  assumption is th at an event state  model

                                           has been developed .  Presently, I have a c onversion tool th at an alyzes in te raction

                                           diagrams, an d automatic ally gene rate s `state  un its´. The  same too l can be  used  to

                                           au to matic ally identify `d ialo gue  units´. The basic re ason fo r choosin g one  o f th ese units

                                           is that each offe rs its own  unique appro ach to unit te sting based  on  proven testin g

                                           technique s. For e xamp le , reusab le  p atte rn  test plans c an be  used  with reusable p atte rn .

                                           State based  testing techniques c an  be  used  with  state units. Ac to r based accep tanc e

                                           testing can be  u sed  with dialogu e units. Scenario  based integration te sting techniques can

                                           be  used  with use  c ase scenarios to  iden tify an  orde red list of test scenarios. User

                                           ac ceptance te sting can be used with  use  c ase  require ments. Based on  this choice , the test

                                           plan  contains a set of ac tion  units together with appropriate  unit te sting technique s to  be

                                           applie d to these  units. The  software  me trics desc ribed in the ne xt sec tion  c an be  used  to

                                           yield a more produ ctive order in  wh ic h th ese  u nits c an  b e te sted.

                                                                    The purpose o f th is c hap te r is to `op timize´ the orde r in  which  the  scen arios

                                           de fined by th e ro ws of the  action matrix are execu ted. This app ro ach  was adopted  fro m

                                           Musa´s work on  Operational Profiles [9,10 ]. Musa´s app roach  assumes that the designe r

                                           has su ffic ient insight to assess the `c riticality´ o f ac tion  units and assign  we ightin g factors

                                           to the  e l ements of t he  action matrix [ 7,8 ]. This app ro ach  d iffe rs in that the designe r

                                           an alyz es the scen ario s based  o n the  `reusab ility´ of the ir c ompo nen ts o r subpath s.

                                                                     T able 1 illu strates the test plan  me trics such as most critical scenarios, most

                                           re usab le  componen ts, and most re usable subpath s. Th e so ftware te st me trics  d escribed

                                           in this section  fo cus on the length, c ritic ality and re usability prope rties of the  scenarios /

                                           ac tion  u nits as su mmariz ed in Table 5.1.

                                                                      First, the  issue of Le ngth  is two aspects of sh ortest p ath and longest path. I

                                           think it is not important for software design development. But it is useful i f we  use this

                                           issue with  o the r catego ries o f th e metrics.

                                                                    Second, the issu e of Criticality  is important to choose  an o rde red list o f test

                                           sc en arios.

                                                                    Third, the issue of Reusability  is also  important to iden tify and maximize the

                                           reusab le  components. Therefore , we  use scen ario s and  action units to  d evelop a ne w p ath

                                           (i.e., sce nario ) with  the  smalle st numbe r of alte ration s from th e existi ng p aths.

                                                                    To apply te st p lan metrics for e ac h of the approaches described in Table  5.1 will

                                           be  applied to th e ^Re stauran t se rvic e~ applic ation.

                                                                    We calc ulate to tal probabili ty of o ccu rrenc e as follows:

      i

         Use  c ase Sc ena rio
                                                                         i

                                                                                        Í    A Use  Case  R   ( R  is  R estau rant Ap plic atio n)

Fo r all use case scen arios between the starting point and the end in g point, the  particular

sc en ario  Sce nario
                                                              i

                                                                      is in clude d in  a Use case  R .

      i

         ac tio n unit
                                                 i

                                                                  Í    use case  Sc ena rio
i

Fo r all action units within a particu lar use c ase Sc ena rio
 i

 we can c alcu late  the total

prob ability o f occu rrence with  ( Õ  the  we ighed fac to r of Ac tion  un it
i

* prob ability o f

ac tion  u nit
                                     i

                                        )  / ( å  probability
                                                                                                 i

                                                                                                  ).

                                                                                                 Table  1. Test Plan  Metric s

                     w: we ight valu e              ù  : no t

Fig ure 10  (b )  sho ws the  alternative  representation of the ac tion  matrix, the  use case

dialog map, to apply the calculation of the total p robab ility o f occurre n ce  in each  use  c ase

scen arios. Figu re 10  (a ) shows tabularly all possible ac tion  units of e ach  us e case  scenario

in the use  case  re stau rant se rvice. The  Mealy mode l and th e Moo re  mode l are

theo re tically equivalen t, but the  Mealy model is a link - weigh ted mode l and  the  Moo re

model is a node weighted  model [Beiz95]. We app ly with  bo th  we ight conc epts. As  a

resu lt, e ach action unit is assigned a weigh ted value  with  the  value on e and  e ach link is

also a pro bab ility o f oc curre nc e.

Most Critica l  Sc ena rio

                        The  first  metric  is an  adaptation of  Musa´s  `mo st  critical

operational  p ro file ´  ap proach [9,10 ]. This me tric  places greate r we ight on  those

scen ario s that use action un its thou ght to  be most critical. It assumes that the design er c an

make these judgments. Later me trics will not h ave to  assume that someone  is available to

make su ch judgme nts, since  the y can be produ ce d automatically.

Figu re 10  (a) .  sho ws the  action matrix o f the restaurant service  application. The  use case

scen arios defin ed by the rows o f th is matrix include: rese rvation  (varian t 0 ), normal

se rvic e (variant 1) ,  carryo ut (variant 2 ), and  no  served  (variant 3 ) use case  scen arios. The

prob ab ility o f oc currenc e of e ach  scenario is:  varian t 0 (0.45), va rian t 1(0.2673), variant

2 (0 .02), and  variant 3 (0 .0003 ). As this result, we  c an make a decision to choose the

` rese rvation ´ scen ario  because  it has the  highest value  of prob ability of occurr ence .

Figu re 11  disp lays the orde red list o f te st scenarios  as fo l lows:  the  fi rst dire ct path  o f

rese rvation scenario which  consists of the  sequ ence of action un its `a1 - >e1 - >f1 - >g1 - >h1 -

>i1 - >j1 - >k1 - >l1 - >m1 - >n1 - >o1 - >p1´ with  the amounts of we i gh ted value s equ al to 13,

                                Length

                                 Criticality

                               Reusability

                                                                                     1) Shortest path (simple path)  - least steps of actions

                                                                                     2) Longest path (hardest path) - most steps of actions

                                                                                    1) Most critical path

                                                                                     2) Least critical path

 1) Most reusable components

                                                                                     Sub-path

 Most reusable sub-path

 2) Least reusable components

                                                                                     Component

Weight  value

       ( w)

                                                                                                                Measures of test path

w = 1

³
 1
w

³  0
w

³
 0

AND   = 1
w
w  1

w  1
the second dire ct p ath of no rmal se rvice scenario which consists o f sequences of action

un its `b1 - >d1 - >e1 - >f1 - >g1 - >h1 - >i1 - >j1 - >k1 - >l1 - >m1 - >n1 - >o1 - >p1´ with the amounts

of we ighted  values equal to  14,  the third d irec t path  o f carryou t se rvice scenario which

consists of sequen ce of ac tion  un its `c 1 - >d1 - >e1 - >g1 - >h1 - >i1 - >j1 - >k1 - >l1 - >m1 - >n1 -

>o1 - >p1´ with  the  amoun ts o f weigh ted values equ a l to 13, and  the fou rth direc t p ath of

no  se rvice scenario wh ich consists o f sequen ce of ac tion  un its `b1 - >r1 , and othe r

co mbinations  like Figu re 11 .

                                                   Figure 11 . Orde re d List of Test Sc enarios

Most Reusable  Co mpone nts

                        This approach simply measures the  reu sability o f ac tion un its in each ro w of the

ac tion  matrix. This me tric  p laces greater weight on those action units th at are  reu sed the

most by the  c olle ctive group  o f sc en arios  being analyz ed .

                         Figure  12  (a) d isplays three  d i ffe re nt types of geometric  figure s: a  triangle, a

rounded  rec tangle, and  an o val. The triangle  implies a particular component is used just

one time on just a single one  o f the  p aths. The rounded rectangle  implies th at this

co mponent us used  on  two path s. T he  o val implies that th is component is used on  three

path s. The reusab ility weigh t is defined  as the  numbe r of paths th at use the particular

co mpon ent.

                        There fo re , Figu re  12  (b ) shows the values ` reusab ility weigh t´  of e ach  action unit.

The values can  ind i cate  wh ethe r a partic ular ac tion  unit is reu sable or no t. We  ma y say

that th e unit actio n is reu sab le  when  the  value of the  particu la r u nit is at least 2 .

                         Figure  12  (c ) in dicates the  total values of reusab ility co mponents on  e ach  p ath

(scenario). Due  to t he  `most critical scenario´, we say that path 1 (reservation) is bette r

than  p ath 2 (normal service), wh ich is bette r than  path 3 (c arryout), which in tu rn  is be tter

than  path  4 (n o service ). Bu t if we  measu re  each  path  based on the  ` most re usable

co mponen t ´, th en we reco gnize  that path  2 (normal service) is mo re usab le  than p ath 1

(re servation ).

                                            b1 d1

                                       a1

                                                                                 e1

Served

                                                                                                     f1 g1 h1 i1

      Enter

      & request

                                        c1

 r1

No served

                                  Reservation

                                 Carry out

                                                                                                  No service

                      0.5

                                 0.3

                         0.1

                          Normal service Wait-in-room

                                                                             Arrange

                                                                            waitress

                                                                                                 Assign

                                                                                                  table

 Pickup

Carryout

 Serve

  meal

                                                                  1

                                                      0.99 1

                                                                                            0.9
                                                                                                              1

0.9

1 1

                                                                                                0.1

                                                                                                     0.001

 j1 l1 m1

     Cook
Receipt

1
1

Accept

Request

    bill

Send

  bill

1
n1

 q1
k1

                                                                                                                   Ready

Order

0.1

1

 o1

1
p1

1

1

Calculate

 bill

Pay

bill

                                                           1

1

                                                                         Figu re 12 . Most Re usable Comp one n t

Most Reusable  Sub - Paths

                        This me tric  is similar to the previous metric  e xcept that it places gre ater we ight on

scen arios which sh are common subpaths. Figu re  5.4 shows ho w to iden tify e ac h c luster

of the  sequence of reusab le  componen ts in all possible sc enarios o f th e re stauran t u se

case  applic ation. Figu re  13  (a) sh ows th ree different typ es of ge ometric  figure s: an

ellip tical figu re , a sh aded elliptical figu r e, and  a rounded rec tangle. The  elliptic al figure

shows the cluste r over two p aths with  reu sab le  subp aths. The  shaded ellip tical figu re s

show iteratively or re pe atedly the cluster o f re usable subpaths in paths. The rounded

rectan gle displays the smallest c luster, wh ich  consists of two  c omponen ts, in paths, bu t

it is less use fu l bec au se this size is smalle r th an th e smallest dialog unit wit hin th is

ap plic atio n. Figure  1 3  (b ) disp lays the co re  p atte rn  (cluste r) in the use case  d ialo g map.

On path1 and  p ath2, we can see  the  `longest reusable subp ath´ which is `e1 ´ th rough  `p1´

represented b y th e ellipse. On  p ath1, p ath2, and  p ath3, we can  see  the reusab le  subp ath

`g1´ throu gh `p 1´,  represented  by the sh ad ed elliptical figu re s.

                                                                        1                2       3      4      5       6       7      8       9     10     11    12    1 3     14

                       Mai n Path

                     (R ese rvat ion.)

                     Vari ant 1

                 (N ormal s erved)

                                                           1                                  2      3     4       5       6      7       8      9        1 0   11     12    1 3

                      V ari ant 2

                     (C ar ryout)

                                                                        1                                                                                                                               2

                       Vari ant 3

                     (No Served)

                                                         a1     b1    c1     d1     e1       f1     g1    h1     i1     j1      k 1    l1     m1    n1      o1    p 1     r1

                                                                        a1     b1    c1     d1     e 1      f1     g1    h1     i1     j 1      k1    l1     m 1    n1     o1    p1      r1

                        Wei ghted value

                        Reusabil ity We ighty  1       2      1      2       3        2      3      3       3      3        3     3       3       3       3       3       1

                                                                          1       1     1       1      1         1      1      1       1     1        1      1      1       1        1       1      1

                                                                                                          Path 1 Path 2 Path 3 Path 4

                                                                                    #3

                                                                                    #2

                                                                             Total

                                                                            amount

                                                                                                                 11               11             11                  0

                                                                                                                 1                 3                 1                  1

                                                                                                                35              39                35                2

                                                                                     1       2       3              4        5       6      7       8       9      1 0    11     12    13

(a )

(c )

(b)

                                                                         Figu re 13 .  Mo st Re usable Su bpaths

Length of Pa th

                        This metric  is not me aningfu l fo r itse lf in our approach, b ut applies the most

reusab le  subp ath to  me as ure the length  of th e subpath.  Based  on the ordered list of te st

scen arios with the most critic al sc enario, we can fi nd the   sho rtest and longe st length of

all p aths fro m the  starting po int and  the  e nding p oint.

                                 Figu re 14 . Length of Path with  Most Critical Sce nario

                                                                       1           2      3     4     5     6     7     8     9    1 0   11   12  13   14

                          Main Path

                        (Reservation.)

                         Variant 1

                     (Normal s erved)

                                                             1                         2     3      4    5     6     7      8     9    10   11  1 2   13

                          V ariant 2

                         (Carryout)

                                                                       1                                                                                                     2

                          Vari ant 3

                        (No Served)

                                                           a1   b 1   c1    d1   e 1    f1   g 1  h1   i1    j1   k1   l1     m1 n1   o1   p1    r1

Total pr obability

of oc currences

0.5*1*0..9*1*1*1

= 0.45

0.3*1*0.99*1*0.9*1

*1*1= 0.2673

0.3*1*0.001*1

= 0.0003

0.2*1*0.1*1*1*1

= 0.02

                                                                                1    2     3            4    5     6      7     8     9     10   11   12   13

                                           b1 d1

                                     a1

                                                                                 e1

Serv ed

                                                                                                      f1 g1 h1 i1

   Enter

   & request

                                      c1

 r1

No served

                                Reser vati on

                               Carry out

                    No service (variant 3)

                   0.5

                               0.3

                       0.1

                        Normal serv ice Wait-in-room

                                                                               Arrange

                                                                              waitress

                                                                                                   Assign

                                                                                                    t able

 Serv e

  meal

                                                                 1

                                                    0.99 1

                                                                                            0.9
                                                                                                               1

 1

1 1

                                                                                                 0.1

                                                                                                      0.001

 j 1 l1 m1

     Cook
Receipt

1
1

Accept

Request

    bi ll

Send

  bill

1
n1
k1

                                                                                                                     Ready

Order

1

 o1

1
p1

1

1

Calculate

   bill

Pay

bill

                                                          1

(a)

(b)

          Main Path

        (Rese rvation.)

           Variant 1

       (Normal served)

                                              1                         2     3     4    5     6     7     8     9    10   11  12   13

                                                                    1    2     3            4    5     6     7     8     9    10   11  12   13

          Variant 2

         (Carryout)

                                                         1                                                                                                    2

          Variant 3

        (No Served)

                                             a1   b1   c1   d1   e1    f1   g1  h1   i1    j1   k1   l1     m1 n1   o1   p1   r1

0.5*1*0..9*1*

1*1= 0.45

 0.3*1*0.9.9*1

*0.9* 1*1*1

 = 0.2673

0.3*1*0.001*1

= 0.0003

0.2*1*0.1*1*

1*1= 0.02

Total pr obability

 of oc currences

Weight ed

   values

13

14

13

2

                                                          1           2     3     4     5    6     7     8     9    10   11   12  13   14

If we  ju st use  this metric to identify a important p ath, it is not mea ningfu l th at p ath 4 is

the shortest p ath with two action un its and path 2 is th e longest p ath with fourte en  action

un its in Figure 5.4.  In reality, we say that th e shortest path (no  service ) is a dummy p ath

(no se rvice ). After done  by most critical scenar io, we had b ette r apply this metric to

reco gnize  the  most important  subp ath.  Therefore,  we c an  use  this me tric o f th e

sh orte st

and the  longest p ath on the  concepts o f mo st c ritical sc enario and  most reusable

co mpon ent.

Collection of T otal Reusable We ight Values and Total Critic al Weigh t Value s . Finally,

we can calculate the collection of total re usable values and to tal critical weigh t valu es to

fin d the signific an t un it/path. We adapt Musa´s frequent weighted approach

[Mu sa92,93]to our critic al weight ed  issue .

We calc ulate to tal weigh te d value s with the formula below:

Intern al share d path (ISP) =

    å  (Ce nter - weigh t (CW)  + We stside - weigh te d (WW) + Eastside - weigh te d (EW) ).

        F igure 15 .  Colle ctio n of To tal Re usable We ight and To tal Critic al  We ight Valu es

I  get the same result as th e issue of the  mo st r eusable component in Figu re  15  As a re su lt,

we can clearly de te rmine  a b asic main path , by first makin g an orde re d list of all paths.

6. Conc lusion

 Traditional so ftware te sters concentrate  on testing the prog ra m sourc e code  in  the

implemen tation  stage or te stin g stage , while our testin g approach  will emph asiz e testin g

so ftware design specification  (action matrix or state transition  diagram/table) in the

de sign stage. In  the  design  phase of our object oriented de velop ment methodology, I  will

focus on testing `action matrix & use case dialog maps´ th at i s gene rated from sequential

diagram (c alled interac tion  diagram), wh ich represen ts the beh avioral p rop erties of

system design. That is ac tu ally testing  ^spe ci fic ations~  be fo re  imp le menting re al

program source codes (program statemen ts). We  shall su ggest scenario b ased te stin g

which  is consisted of most critical scenario, mo st reusab le  co mpon ents, and most

          Main Path

        (Rese rvat ion.)

           V ari ant 1

       (Normal s erved)

                                              1    0     0      0     2     3      3    3     3     3     3     3     3    3     3     2     0        35

                                               0    0     2     3      2     0     2      3    3     3     3      3     3    3     3      2     0       33

          Variant 2

         (Car ryout)

                                              0     1     0     0      0     0     0      0    0     0     0     0     0     0     0    0     1        2

          V ari ant 3

        (N o Served)

                                            a1   b 1   c1   d1   e 1    f1   g1  h 1   i1    j1    k1   l1      m1 n1   o 1   p1    r1

  Total  Wei -

 ghted  val ues

                                              0     1     0     2      3     3     3     3     3     3     3     3     3    3     3     2     0       38

0.5*1*0.9*1*

1*1= 0.45

0.3*1*0.99*1*

0.9*1*1*1=

 0.2673

0.3*1*0.001*1

= 0.0003

0.2*1*0.1*1*

1*1= 0.02

 Tota l  proba bil it y

  of oc curre nces

                                                      reusable subpa ths.  Scenario b ased te sting will make a decision  to order o f all possible

                                                      scen arios to  test first, to maximize  reusabilit y, and  to minimiz e te st c ases. As  a  result, th is

                                                      can lead for de signer to de sign better system  with  informatio n of reusable  de sign

                                                      co mpon ents

                                                      Referenc es

                                                      [1] Breize r, Boris, ^Blac k - Box T esting~ , John Wile y & So ns, In c, NY, 19 95

                                                      [2] Byun, k. U s e case  based  app ro ach  to algo rithm e vent state  tab le , Ph .D, The sis Illin ois

                                                      Institu te  o f Te chn olo gy , Chicago , IL 199 9

                                                      [3 ] Carlson, C.R.^Objec t - Oriented Informatio n Systems: Arch itec tu ral Strategies~,

                                                      Viking Tec hno lo gies Inc ., Chicago, 1 997 .

                                                      [4 ] Firesmith, D. ^Use cases: Th e Pros and Con s,~ ROAD, Vo l.2,No2 ,p p2 - 6, 199 5.

                                                      [5 ] Hurlbut, R. ^Managing Domain Architect ure Evo lu tion thou gh Adaptive  Use Case

                                                      an d Busin ess Rule Mo dels~ , PH.D The sis, Illino is Institute of T ech nology,1998 .

                                                      [6 ] Jacobson, I., et al, ^Objet - Oriented Softwa re  En ginee ring: A Use  Case Drive n

                                                      App ro ach ~, Ad dison - Wesle y/ACM p re ss,19 92.

                                                      [7 ] Mealy, G.H.  ^A Method  for S ynthesizing Sequential Circuits~, Bell System Technic al

                                                      Jo urnal Vol 3 4, 1 955 .

                                                      [8 ] Moo re , E. F. ^Gedanken Experiments on Sequential Machines~, In Automata Studies.

                                                      Ann als of Math ematical Studies # 34. Princ eton,Nj: Prince to n University Pre ss,  195 6.

                                                      [9 ] Musa, J.D. ^The Ope ration al Profile in Software  Reliability Engineerin g: An

                                                      Ove rvie w~, AT&T B ell Lab s. NJ,199 2.

                                                      [10 ] Musa, J.D. ^Operational Profile in  Softwa re  Reliability En ginee ring: An Ove rvie w~,

                                                      AT&T Bell Labs. NJ,1 993 .

                                                      [11 ] Marick, B rian, ^ The C raft  o f software te sting: subsyste m testing inc ludin g Object -

                                                      Based  and Objec t - Orie nted testing~ , Pren tice  Hall Series, NJ, 199 5.

                                                      [12 ] Kim, Youn gChul,  Carlson , C.R. ^Scen ario based integration  testing for Objec t -

                                                      oriented  software de velop ment~, IEEE T he  Eighth  Asian Te st Symposium (ATS´99 ),

                                                      Novembe r 16 - 18 , 19 99, Shanghai, China.

�bd

            ]  Kim, Youn gC hu l , Carlson, C.R  "Adative Design Based Te stin g fo r OO Software ",

ISC A 15th In te rn ational Con fe re nce  on Computers and  Their App licat ions (CATA - 2000),

New Orle ans, Lou isiana, March 20 00