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Validating Formal Models
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The Idea of Validation

+RZ�FRQILGHQW�FDQ�\RX�EH�WKDW�D�IRUPDO�PRGHO�DFFXUDWHO\�GHVFULEHV�WKH
V\VWHP�WKDW�WKH�FXVWRPHU�ZDQWHG"

��5HTXLUHPHQWV�DUH�RIWHQ�LQFRPSOHWH�DQG�DPELJXRXV��PRGHOOHUV�KDYH
WR�UHVROYH�WKHVH�LQ�XQDPELJXRXV�PRGHOV�

��5HTXLUHPHQWV�RIWHQ�VWDWH�WKH�FOLHQW¶V�LQWHQWLRQ�LQFRUUHFWO\�

�9DOLGDWLRQ��LV�WKH�SURFHVV�RI�LQFUHDVLQJ�FRQILGHQFH�WKDW�D�PRGHO�LV�DQ
DFFXUDWH�UHSUHVHQWDWLRQ�RI�WKH�V\VWHP�XQGHU�FRQVLGHUDWLRQ��7ZR
DVSHFWV�RI�WKLV�

���&KHFNLQJ�LQWHUQDO�FRQVLVWHQF\�RI�D�PRGHO�

���&KHFNLQJ�WKDW�WKH�PRGHO�GHVFULEHV�WKH�UHTXLUHG�EHKDYLRXU�RI
WKH�V\VWHP�EHLQJ�PRGHOOHG�
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The Idea of Validation                                 Internal Consistency

,I�D�PRGHOOLQJ�ODQJXDJH�LV�IRUPDO�WKHQ�LW�PXVW�KDYH�

��D�IRUPDO�V\QWD[��UXOHV�UHVWULFWLQJ�WKH�V\PEROV�LQ�WKH�ODQJXDJH�DQG
VD\LQJ�ZKHUH�WKH\�FDQ�EH�XVHG�

��D�IRUPDO�VHPDQWLFV��UXOHV�IRU�GHWHUPLQLQJ�WKH�PHDQLQJ�RI�D�PRGHO
ZULWWHQ�LQ�DFFRUGDQFH�ZLWK�WKH�IRUPDO�V\QWD[�

,I�WKH�V\QWD[�LV�IRUPDO��WKHQ�ZH�FDQ�FKHFN�LW�ZLWK�WKH�DLG�RI�D�WRRO��F�I�
V\QWD[�FKHFNHU�LQ�D�SURJUDPPLQJ�ODQJXDJH�FRPSLOHU��

,I�WKH�VHPDQWLFV�LV�IRUPDO��WKHQ�ZH�FDQ�FKHFN�DW�OHDVW�VRPH�DVSHFWV�ZLWK
WKH�DLG�RI�D�WRRO��F�I��W\SH�FKHFNHU�LQ�D�SURJUDPPLQJ�ODQJXDJH�FRPSLOHU��

%XW�ZH�FDQ¶W�FKHFN�HYHU\WKLQJ�
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The Idea of Validation                            Behaviour

7KH�RWKHU�DVSHFW�RI�YDOLGDWLRQ�LV�FKHFNLQJ�WKH�DFFXUDF\�ZLWK�ZKLFK�WKH
PRGHO�UHFRUGV�WKH�GHVLUHG�V\VWHP�EHKDYLRXU�

:H�ZLOO�ORRN�DW�WKUHH�DSSURDFKHV�

��$QLPDWLQJ�WKH�PRGHO���ZRUNV�ZHOO�ZLWK�FOLHQWV�XQIDPLOLDU�ZLWK
WKH�PRGHOOLQJ�QRWDWLRQ�EXW�UHTXLUHV�D�JRRG�LQWHUIDFH�

��7HVWLQJ�WKH�PRGHO����FDQ�DVVHVV�FRYHUDJH�EXW�OLPLWHG�WR�WKH
TXDOLW\�RI�WKH�WHVWV�DQG�WKH�PRGHO�PXVW�EH�H[HFXWDEOH�

��3URYLQJ�SURSHUWLHV�RI�WKH�PRGHO���SURYLGHV�H[FHOOHQW�FRYHUDJH
DQG�GRHV�QRW�UHTXLUH�H[HFXWDELOLW\��EXW�QRW�ZHOO�VXSSRUWHG�E\
WRROV�
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Internal consistency: type checking

$�VLPSOH�IRUP�RI�LQWHUQDO�FRQVLVWHQF\�FKHFNLQJ�LV�W\SH�FKHFNLQJ�
&RQVLGHU�D�W\SH�FKHFNLQJ�WRRO�ZRUNLQJ�RQ�WKH�IROORZLQJ�H[WUDFWV�IURP
IXQFWLRQ�GHILQLWLRQV�

Student :: …

Sid = token

Dbase = map Sid to Student

newStudent1: Sid * Student * Dbase -> Dbase

newStudent1(sid,s,db) == db ++ { sid |-> s }

newStudent2: Sid * Student * Dbase -> Dbase

newStudent2(sid,s,db) == db ^ { sid |-> s }

newStudent3: Sid * Student * Dbase -> Dbase

newStudent3(sid,s,db) == db munion { sid |-> s }
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Internal consistency: type checking

newStudent3: Sid * Student * Dbase -> Dbase

newStudent3(sid,s,db) == db munion { sid |-> s }

pre sid in set dom db

:H�NQRZ�WKDW�WKLV�LV�2.��EXW�FRXOG�D�PDFKLQH�ZRUN�LW�RXW"�:KDW�DERXW�«

newStudent3: Sid * Student * Dbase -> Dbase

newStudent3(sid,s,db) == db munion { sid |-> s }

pre sid in set {s1 | s1 : Sid &
    exists y in set rng db & db(s1) = y}

:H�FDQ¶W�SURYLGH�D�FRPSOHWHO\�JHQHUDO�WRRO�WKDW�FDQ�DXWRPDWLFDOO\�FKHFN
WKDW�DOO�XVHV�RI�RSHUDWRUV�DUH�SURSHUO\�SURWHFWHG��SURJUDPPLQJ
ODQJXDJHV�KDYH�WKH�VDPH�SUREOHP���\RX�FDQ¶W�SURGXFH�D�JHQHUDO�WRRO
WKDW�FDQ�DXWRPDWLFDOO\�VWDWLFDOO\�FKHFN�ZKHWKHU�GLYLVLRQ�E\�]HUR�ZLOO
RFFXU�XQOHVV�WKH�ODQJXDJH�LV�YHU\�UHVWULFWHG�DQG�LQH[SUHVVLYH��
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Internal consistency: type checking

Models
Definitely OK

Definitely Wrong

Maybe, maybe not -
a machine can’t tell
you which.

0XFK�RI�WKH�FXUUHQW�UHVHDUFK�LQ�IRUPDO�PRGHOOLQJ�DLPV�WR�GHYHORS
WHFKQLTXHV�DQG�WRROV�WR�UHGXFH�WKH�VL]H�RI�WKH�PLGGOH�DUHD�E\
SHUIRUPLQJ�PRUH�DQG�PRUH�FKHFNV�DXWRPDWLFDOO\�
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Internal consistency: proof obligations

,I�D�FKHFN�FDQQRW�EH�SHUIRUPHG�DXWRPDWLFDOO\��WKH�WHFKQLTXHV�RI
PDWKHPDWLFDO�SURRI�DUH�UHTXLUHG�WR�FRPSOHWH�LW�

7KH�FROOHFWLRQ�RI�DOO�FKHFNV�WR�EH�SHUIRUPHG�RQ�D�9'0�PRGHO�DUH�FDOOHG
SURRI�REOLJDWLRQV��$�SURRI�REOLJDWLRQ�LV�D�ORJLFDO�H[SUHVVLRQ�ZKLFK�PXVW
EH�VKRZQ�WR�KROG�EHIRUH�D�9'0�6/�PRGHO�FDQ�EH�UHJDUGHG�DV�IRUPDOO\
LQWHUQDOO\�FRQVLVWHQW�

:H�ORRN�DW�WKUHH�SURRI�REOLJDWLRQV�RQ�9'0�6/�PRGHOV�

��'RPDLQ�&KHFNLQJ

��6DWLVILDELOLW\�RI�H[SOLFLW�GHILQLWLRQV

��6DWLVILDELOLW\�RI�LPSOLFLW�GHILQLWLRQV
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Proof Obligations         Domain Checking

8VLQJ�D�SDUWLDO�RSHUDWRU�RXWVLGH�LWV�GRPDLQ�RI�GHILQLWLRQ�LV�XVXDOO\�DQ
HUURU�RQ�WKH�SDUW�RI�WKH�PRGHOOHU��7ZR�NLQGV�RI�FRQVWUXFW�DUH�LPSRVVLEOH
WR�FKHFN�DXWRPDWLFDOO\�

��DSSO\LQJ�D�IXQFWLRQ�WKDW�KDV�D�SUH�FRQGLWLRQ��DQG

��DSSO\LQJ�D�SDUWLDO�RSHUDWRU�

6RPH�GHILQLWLRQV�

f:T1 * T2 * … * Tn -> R

f(a1,…,an) == ...

pre ...

:H�FDQ�UHIHU�WR�WKH�SUHFRQGLWLRQ�RI�f �DV�D�%RROHDQ�IXQFWLRQ�ZLWK�WKH
IROORZLQJ�VLJQDWXUH�

pre_f:T1 * T2 * … * Tn -> Bool
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Proof Obligations                           Domain Checking

'RPDLQ�&KHFNLQJ�IRU�)XQFWLRQV�ZLWK�3UH�FRQGLWLRQV

,I�D�IXQFWLRQ g XVHV�D�IXQFWLRQ f:T1*…*Tn -> R  LQ�LWV�ERG\��RFFXUULQJ
DV�DQ�H[SUHVVLRQ f(a1,…,an) ��WKHQ�LW�LV�QHFHVVDU\�WR�VKRZ

pre-f(a1,…,an)

IRU�DQ\ a1,…,an  WKDW�FDQ�DULVH�LQ�WKLV�SRVLWLRQ�

([DPSOH�

Delete: Tracker * ContainerId * PhaseId -> Tracker
Delete(tkr,cid,source) ==
   mk_Tracker({cid} <-: tkr.containers,
              Remove(tkr,cid,source).phases)

pre pre_Remove(tkr,cid,source)

Proof obligation for domain checking:

forall tkr:Tracker, cid:ContainerId, source:PhaseId &
   pre_Delete(tkr,cid,source) => pre_Remove(tkr,cid,source)



11

Proof Obligations         Domain Checking

'RPDLQ�&KHFNLQJ�IRU�3DUWLDO�2SHUDWRUV

(DFK�DSSOLFDWLRQ�RI�D�SDUWLDO�RSHUDWRU�PXVW�EH�SURWHFWHG��)RU�H[DPSOH�
FRQVLGHU�

Introduce: Tracker * ContainerId * real * Material -> Tracker
Introduce(trk,cid,quan,mat)==
   mk_Tracker(trk.containers munion
               {cid |-> mk_Container(quan,mat)},
               trk.phases)
pre cid not in set dom trk.containers

7KH�REOLJDWLRQ�LV�

forall trk:Tracker, cid:ContainerId, quan:real, mat:Material
&
pre_Introduce(trk,cid,quan,mat) =>
  compatible(trk.containers,{cid |-> mk_Container(quan,mat)})
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Proof Obligations                           Domain Checking

3DUWLDO�RSHUDWRUV�FDQ�EH�SURWHFWHG�E\�SUH�FRQGLWLRQV��DV�LQ�WKH
3HUPLVVLRQ�H[DPSOH��RU�E\�LQFOXGLQJ�DQ�H[SOLFLW�FKHFN�LQ�WKH�ERG\�RI�WKH
IXQFWLRQ��H�J�

Permission: Tracker * ContainerId * PhaseId -> bool
Permission(mk_Tracker(containers,phases), cid, dest) ==
  cid in set dom containers and
  dest in set dom phases and
  card phases(dest).contents < phases(dest).capacity and
  containers(cid).material in set
     phases(dest).expected_materials

3URRI�REOLJDWLRQ

forall mk_Tracker(containers,phases):Tracker,
         cid:ContainerId, dest:PhaseId &
         (cid in set dom containers and
          dest in set dom phases) => dest in set dom phases
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Proof Obligations                           Domain Checking

([HUFLVH��:KDW�LV�WKH�SURRI�REOLJDWLRQ�JHQHUDWHG�E\�WKH�KLJKOLJKWHG
H[SUHVVLRQ�EHORZ"

Move: Tracker * ContainerId * PhaseId * PhaseId -> Tracker

Move(trk,cid,ptoid,pfromid) ==

  let pha = mk_Phase(trk.phases(ptoid).contents union {cid},

                     trk.phases(ptoid).capacity)

  in

  mk_Tracker(trk.containers,

             Remove(trk,cid,pfromid).phases ++ {ptoid |-> pha})

pre Permission(trk,cid,ptoid) and pre_Remove(trk,cid,pfromid)
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Proof Obligations                           Domain Checking

It can be difficult to decide what to include in a pre-condition.

• Some conditions are determined by the requirements.

• Many conditions are there to guard applications of partial operators and
functions.

When you write a function definition, read through it systematically, highlighting
each application of a partial operator, and ensure that you have guarded against
misapplication of that operator by adding a suitable conjunct to the precondition.
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Proof Obligations                  Satisfiability

$Q�H[SOLFLW�IXQFWLRQ�ZLWKRXW�D�SUH�FRQGLWLRQ�GHILQHG

  f:T1*...*Tn -> R

  f(a1,...,an) == ...

LV�VDLG�WR�EH�VDWLVILDEOH�LI��IRU�DOO�LQSXWV��WKH�UHVXOW�GHILQHG�E\�WKH
IXQFWLRQ�ERG\�LV�RI�WKH�FRUUHFW�W\SH��)RUPDOO\�

  forall p1:T1,…,pn:Tn &  f(p1,…,pn) : R

$Q�H[SOLFLW�IXQFWLRQ�ZLWK�D�SUH�FRQGLWLRQ�

  f:T1*...*Tn -> R

  f(a1,...,an) ==  ...

LV�VDLG�WR�EH�VDWLVILDEOH�LI��IRU�DOO�LQSXWV�VDWLVI\LQJ�WKH�SUH�FRQGLWLRQ�
WKH�UHVXOW�GHILQHG�E\�WKH�IXQFWLRQ�ERG\�LV�RI�WKH�FRUUHFW�W\SH��)RUPDOO\�

  forall p1:T1,…,pn:Tn &

    pre_f(p1,…,pn) => f(p1,…,pn) : R
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Proof Obligations                                    Satisfiability

)RU�H[DPSOH��FRQVLGHU

Introduce: Tracker * ContainerId * real * Material ->
           Tracker
Introduce(trk,cid,quan,mat)==
   mk_Tracker(trk.containers munion
               {cid |-> mk_Container(quan,mat)},
               trk.phases)
pre cid not in set dom trk.containers

7KH�VDWLVILDELOLW\�SURRI�REOLJDWLRQ�LV�
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Proof Obligations                                    Satisfiability

0RVW�RI�WKH�ZRUN�LQ�VKRZLQJ�VDWLVILDELOLW\�FRPHV�LQ�VKRZLQJ��QRW�WKDW
WKH�UHVXOW�UHWXUQHG�EHORQJV�WR�WKH�FRUUHFW�JHQHUDO�W\SH��EXW�WKDW�LW
UHVSHFWV�WKH�LQYDULDQW�RQ�WKDW�W\SH�
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Proof Obligations                                    Satisfiability

6DWLVILDELOLW\�RI�LPSOLFLW�IXQFWLRQ�GHILQLWLRQV

$�IXQFWLRQ f GHILQHG�LPSOLFLWO\�DV�IROORZV

  f(a1:T1,…,an:Tn) r:R

  pre ...

  post ...

LV�VDLG�WR�EH�VDWLVILDEOH�LI��IRU�DOO�LQSXWV�VDWLVI\LQJ�WKH�SUH�FRQGLWLRQ�
WKHUH�H[LVWV�D�UHVXOW�RI�WKH�FRUUHFW�W\SH�VDWLVI\LQJ�WKH�SRVW�FRQGLWLRQ�
)RUPDOO\�

   forall p1:T1,…,pn:Tn &
     pre_f(p1,…,pn) =>
        exists x:R & post_f(p1,…,pn,x)
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Proof Obligations                                    Satisfiability

([DPSOH�

Find(trk:Tracker,cid:ContainerId) p:(PhaseId|<NotAllocated>)
pre cid in set dom trk.containers
post if exists pid in set dom trk.phases &
               cid in set trk.phases(pid).contents
     then p in set dom trk.phases and
          cid in set trk.phases(p).contents
     else p = <NotAllocated>

7KH�VDWLVILDELOLW\�SURRI�REOLJDWLRQ�LV�DV�IROORZV�
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Animation

7KH�JRDO�RI�YDOLGDWLRQ�LV�WR�LQFUHDVH�FRQILGHQFH�WKDW�D�PRGHO�DFFXUDWHO\
UHIOHFWV�WKH�FXVWRPHU¶V�LQWHQWLRQV�

+RZHYHU��FXVWRPHUV�UDUHO\�XQGHUVWDQG�WKH�PRGHOOLQJ�ODQJXDJH�XVHG�
ZKHWKHU�LW�LV�IRUPDO�RU�QRW�

$QLPDWLRQ�LV�WKH�H[HFXWLRQ�RI�WKH�PRGHO�WKURXJK�DQ�LQWHUIDFH��7KH
LQWHUIDFH�FDQ�EH�FRGHG�LQ�D�SURJUDPPLQJ�ODQJXDJH�RI�FKRLFH�VR�ORQJ�DV
D�G\QDPLF�OLQN�IDFLOLW\�H[LVWV�IRU�OLQNLQJ�WKH�LQWHUIDFH�FRGH�WR�WKH�PRGHO�

Formal
model

Interpreter

Interface



21

Animation

7KH�LQWHUIDFH�IXQFWLRQV��LQ�&����KDYH�WR�EH�PDGH�NQRZQ�WR�WKH�9'0�
6/�OD\HU��7KLV�FDQ�EH�GRQH�LQ�D�G\QDPLF�OLQN�PRGXOH�ZKLFK�DOVR
SURYLGHV�D�ILOH�QDPH�UHIHUHQFH�WR�WKH�FRPSLOHG�&���FRGH��)RU
H[DPSOH�

  SelectFun: () -> <Intro>|<Perm>|<Move>|<Rem>|<Del>|<Stop>

indicates the button selected by the user

  GetMove: () -> ContainerId * PhaseId * PhaseId

handle a pop-up for assigning a container to a phase

  ShowErr: seq of char -> bool

show an error display

  ShowTracker: Tracker -> bool

update the tracker overview
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Animation
$W�WKH�9'0�OHYHO��D�WRS�OHYHO�³0DLQ´�IXQFWLRQ�KDQGOHV�WKH�VHOHFWLRQ�DQG
FDOOV�ORZHU�OHYHO�IXQFWLRQV�WR�KDQGOH�WKH�LQSXW�
  Main: Tracker -> Tracker
  Main(trk) ==
    cases SelectFun():
      <Intro> -> EvalIntro(trk),
      <Perm>  -> EvalPerm(trk),
      <Move>  -> EvalMove(trk),
      <Rem>   -> EvalRem(trk),
      <Del>   -> EvalDel(trk)
      <Quit>  -> trk
    end

  EvalMove: Tracker -> Tracker
  EvalMove(trk) ==
    let mk_(cid,ptoid,pfromid) = GetMove() in
      if pre_Move(trk,cid,ptoid,pfromid)
      then if ShowTracker(Move(trk,cid,ptoid,pfromid)
           then Main(trk)
           else trk
      else if ShowErr(“Permission for assignment not granted”)
           then Main(trk)
           else trk
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Systematic Testing

7KH�OHYHO�RI�FRQILGHQFH�JDLQHG�WKURXJK�DQ�DQLPDWLRQ�LV�RQO\�DV�JRRG�DV
WKH�SDUWLFXODU�FKRLFH�RI�VFHQDULRV�H[HFXWHG�E\�WKH�XVHU�WKURXJK�WKH
LQWHUIDFH�

0RUH�V\VWHPDWLF�WHVWLQJ�LV�DOVR�SRVVLEOH�

GHILQH�D�FROOHFWLRQ�RI�WHVW�FDVHV

H[HFXWH�HDFK�WHVW�FDVH�RQ�WKH�IRUPDO�PRGHO

FRPSDUH�ZLWK�H[SHFWDWLRQ

7HVW�FDVHV�FDQ�EH�JHQHUDWHG�E\�KDQG�RU�DXWRPDWLFDOO\��$XWRPDWLF
JHQHUDWLRQ�FDQ�KRZHYHU�SURGXFH�D�YDVW�QXPEHU�RI�LQGLYLGXDO�WHVW�FDVHV�

7HFKQLTXHV�IRU�WHVW�JHQHUDWLRQ�LQ�IXQFWLRQDO�SURJUDPV�FDUU\�RYHU�WR
IRUPDO�PRGHOV�
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Systematic Testing

([HFXWLQJ�WKH�WHVW�

Permission(mk_Tracker({|->},{|->}),mk_token(1),mk_token(2))

\LHOGV�IDOVH��:H�FDQ�DOVR�WHOO�ZKLFK�SDUWV�RI�WKH�SHUPLVVLRQ�IXQFWLRQ
KDYH�EHHQ�H[HUFLVHG��³FRYHUHG´��E\�WKH�WHVW�

Permission: Tracker * ContainerId * PhaseId -> bool
Permission(mk_Tracker(containers,phases), cid, dest) ==
  cid in set dom containers and
  dest in set dom phases and
  card phases(dest).contents < phases(dest).capacity and
  containers(cid).material in set
     phases(dest).expected_materials

,W�LV�SRVVLEOH�WR�KDYH�D�WRRO�KLJKOLJKW�SDUWV�RI�WKH�PRGHO�WKDW�DUH�QRW
H[HUFLVHG�E\�D�WHVW�DQG�XVH�WKLV�LQIRUPDWLRQ�WR�GHYLVH�RWKHU�WHVWV�
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Validation by Proof

6\VWHPDWLF�WHVWLQJ�DQG�DQLPDWLRQ�DUH�RQO\�DV�JRRG�DV�WKH�WHVWV�DQG
VFHQDULRV�XVHG��3URRI�DOORZV�WKH�PRGHOOHU�WR�DVVHVV�WKH�EHKDYLRXU�RI�D
WKH�PRGHO�IRU�ZKROH�FODVVHV�RI�LQSXWV�LQ�RQH�DQDO\VLV�

,

Q�RUGHU�WR�SURYH�D�SURSHUW\�RI�D�PRGHO��WKH�SURSHUW\�KDV�WR�EH
IRUPXODWHG�DV�D�ORJLFDO�H[SUHVVLRQ��OLNH�D�SURRI�REOLJDWLRQ���$�ORJLFDO
H[SUHVVLRQ�GHVFULELQJ�D�SURSHUW\�ZKLFK�LV�H[SHFWHG�WR�KROG�LQ�D�PRGHO
LV�FDOOHG�D�YDOLGDWLRQ�FRQMHFWXUH�

3URRIV�FDQ�EH�WLPH�FRQVXPLQJ��0DFKLQH�VXSSRUW�LV�PXFK�PRUH�OLPLWHG�
LW�LV�QRW�SRVVLEOH�WR�EXLOG�D�PDFKLQH�WKDW�FDQ�DXWRPDWLFDOO\�FRQVWUXFW
SURRIV�RI�FRQMHFWXUHV�LQ�JHQHUDO��EXW�LW�LV�SRVVLEOH�WR�EXLOG�D�WRRO�WKDW
FDQ�FKHFN�D�SURRI�RQFH�WKH�SURRI�LWVHOI�LV�FRQVWUXFWHG��&RQVLGHUDEOH�VNLOO
LV�UHTXLUHG�WR�FRQVWUXFW�D�SURRI���EXW�D�VXFFHVVIXO�SURRI�JLYHV�KLJK
DVVXUDQFH�RI�WKH�WUXWK�RI�WKH�FRQMHFWXUH�DERXW�WKH�PRGHO�
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Validation by Proof

/HYHOV�RI�3URRI�

��³7H[WERRN´���DUJXPHQW�LQ�QDWXUDO�ODQJXDJH�VXSSRUWHG�E\�IRUPXODH�
-XVWLILFDWLRQV�LQ�WKH�VWHSV�RI�WKH�UHDVRQLQJ�DSSHDO�WR�KXPDQ�LQVLJKW
�³&OHDUO\�«´��³%\�WKH�SURSHUWLHV�RI�SULPH�QXPEHUV�«´�HWF����(DVLHVW�VW\OH
WR�UHDG��EXW�FDQ�RQO\�EH�FKHFNHG�E\�KXPDQV�

��)RUPDO��DW�WKH�RWKHU�H[WUHPH��+LJKO\�VWUXFWXUHG�VHTXHQFHV�RI
IRUPXODH��(DFK�VWHS�LQ�WKH�UHDVRQLQJ�LV�MXVWLILHG�E\�DSSHDOLQJ�WR�D
IRUPDOO\�VWDWHG�UXOH�RI�LQIHUHQFH��HDFK�UXOH�FDQ�EH�D[LRPDWLF�RU�LWVHOI�D
SURYHG�UHVXOW���&DQ�EH�FKHFNHG�E\�D�PDFKLQH��&RQVWUXFWLRQ�YHU\
ODERULRXV��EXW�\LHOGV�KLJK�DVVXUDQFH��XVHG�LQ�FULWLFDO�DSSOLFDWLRQV�

��5LJRURXV��KLJKO\�VWUXFWXUHG�VHTXHQFH�RI�IRUPXODH��EXW�UHOD[HV
UHVWULFWLRQV�RQ�MXVWLILFDWLRQV�VR�WKDW�WKH\�PD\�DSSHDO�WR�JHQHUDO�WKHRULHV
UDWKHU�WKDQ�VSHFLILF�LQIHUHQFH�UXOHV�
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Choosing a validation technique

• Level of Confidence Required:

• Costs:
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Review

Validation: the process of increasing confidence that a model accurately
reflects the client requirements.

• Internal consistency:

• domain checking: partial ops and functions with precondition

• satisfiability of explicit and implicit function

• Checking accuracy:

• animation

• testing

• proof


