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Constructing a Model

A guided tour through a model in VDM-SL

Deriving a Model

The Chemical Plant Alarm System:

• Requirements

• Data Types and invariants

• Functions and pre-conditions

The example is derived from a subcomponent of a large alarm and
callout system developed by IFAD, a Danish high-technology firm for the
local telephone company Tele Danmark Process.



2

The contents of a model in VDM-SL

Type Definitions, e.g.

Altitude = real
inv alt == alt >= 0

Position :: lat  : Latitude
            long : Longitude
            alt  : Altitude

Function definitions, e.g.

Move: Id * Position * ATCSystem  ->  ATCSystem
Move(id, pos, sys) == … expression …
pre … expression …
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The contents of a model in VDM-SL

'DWD�7\SHV�EXLOW�IURP�EDVLF�W\SHV��int��real��char��bool�HWF��
XVLQJ�W\SH�FRQVWUXFWRUV��VHWV��VHTXHQFHV��PDSSLQJV��UHFRUGV��

1HZO\�FRQVWUXFWHG�W\SHV�FDQ�EH�QDPHG�DQG�XVHG�WKURXJKRXW�WKH
PRGHO�

$�GDWD�W\SH�LQYDULDQW�LV�D�%RROHDQ�H[SUHVVLRQ�WKDW�LV�XVHG�WR
UHVWULFW�D�GDWD�W\SH�WR�FRQWDLQ�RQO\�WKRVH�YDOXHV�WKDW�VDWLVI\�WKH
H[SUHVVLRQ�

)XQFWLRQV�GHILQH�WKH�IXQFWLRQDOLW\�RI�WKH�V\VWHP��)XQFWLRQV�DUH
UHIHUHQWLDOO\�WUDQVSDUHQW���QR�VLGH�HIIHFWV�DQG�QR�JOREDO
YDULDEOHV��,Q�FDVHV�ZKHUH�LW�LV�LQWXLWLYH�WR�KDYH�JOREDO�YDULDEOHV�
D�GLIIHUHQW�RSHUDWLRQDO�VW\OH�RI�PRGHOOLQJ�LV�XVHG�

$�SUH�FRQGLWLRQ�LV�D�%RROHDQ�H[SUHVVLRQ�RYHU�WKH�LQSXW
YDULDEOHV�WKDW�LV�XVHG�WR�UHFRUG�UHVWULFWLRQV�DVVXPHG�WR�KROG�RQ
WKH�LQSXWV�
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The contents of a model in VDM-SL

'DWD�DEVWUDFWLRQ�LV�SURYLGHG�E\�WKH�XQFRQVWUDLQHG�QDWXUH�RI�WKH
GDWD�W\SHV�LQ�9'0�6/��6HWV��VHTXHQFHV�DQG�PDSSLQJV��DOWKRXJK
ILQLWH��DUH�XQERXQGHG�

)XQFWLRQ�DEVWUDFWLRQ��ZKHQ�UHTXLUHG��LV�SURYLGHG�E\�LPSOLFLW
VSHFLILFDWLRQ�

SquareRoot(x:nat)r:real

pre  x >= 0

post r*r = x

3RVW�FRQGLWLRQV�DUH�%RROHDQ�H[SUHVVLRQV�UHODWLQJ�LQSXWV�DQG
RXWSXWV��3RVW�FRQGLWLRQV�DUH�XVHG�ZKHQ�ZH�GR�QRW�ZLVK�WR�H[SOLFLWO\
GHILQH�ZKLFK�RXWSXW�LV�WR�EH�UHWXUQHG��RU�ZKHUH�WKH�H[SOLFLW
GHILQLWLRQ�ZRXOG�EH�WRR�FRQFUHWH�
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Deriving a Formal Model from Scratch
• No right or wrong way to construct a formal model from a
requirements description.

• Always begin by considering a model’s purpose, as this guides
abstraction decisions during development.

• Following steps:

1. Read the requirements.

2. Extract a list of possible data types (often from nouns) and
functions (often from verbs/actions).

3. Sketch out representations for the data types.
4. Sketch out signatures for the functions.
5. Complete type definitions by determining invariants.

6. Complete the function definitions, modifying data type
definitions if required.

7. Review the requirements, noting how each clause has been
treated in the model.
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Requirements for the Alarm Example
$�FKHPLFDO�SODQW�KDV�PRQLWRUV�ZKLFK�FDQ�UDLVH�DODUPV�LQ�UHVSRQVH�WR
FRQGLWLRQV�LQ�WKH�SODQW��:KHQ�DQ�DODUP�LV�UDLVHG��DQ�H[SHUW�PXVW�EH�FDOOHG
WR�WKH�VFHQH��([SHUWV�KDYH�GLIIHUHQW�TXDOLILFDWLRQV�IRU�FRSLQJ�ZLWK�GLIIHUHQW
NLQGV�RI�DODUP�

5���$�FRPSXWHU�EDVHG�V\VWHP�LV�WR�EH�GHYHORSHG�WR�PDQDJH�H[SHUW�FDOO�
RXW�LQ�UHVSRQVH�WR�DODUPV�

5���)RXU�TXDOLILFDWLRQV��HOHFWULFDO��PHFKDQLFDO��ELRORJLFDO�DQG�FKHPLFDO�

5���7KHUH�PXVW�EH�H[SHUWV�RQ�GXW\�DW�DOO�WLPHV�

5���(DFK�H[SHUW�FDQ�KDYH�D�ZKROH�OLVW�RI�TXDOLILFDWLRQV��QRW�MXVW�RQH�

5���(DFK�DODUP�KDV�D�GHVFULSWLRQ��WH[W�IRU�WKH�H[SHUW��DQG�D�TXDOLILFDWLRQ�

5���:KHQ�DQ�DODUP�LV�UDLVHG��WKH�V\VWHP�VKRXOG�RXWSXW�WKH�QDPH�RI�D
TXDOLILHG�DQG�DYDLODEOH�H[SHUW�ZKR�FDQ�WKHQ�EH�FDOOHG�LQ�

5���,W�VKDOO�EH�SRVVLEOH�WR�FKHFN�ZKHQ�D�JLYHQ�H[SHUW�LV�DYDLODEOH�

5���,W�VKDOO�EH�SRVVLEOH�WR�DVVHVV�WKH�QXPEHU�RI�H[SHUWV�RQ�GXW\�DW�D
JLYHQ�SHULRG
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Purpose of the model ...

7R�FODULI\�WKH�UXOHV�JRYHUQLQJ�WKH�GXW\�URWD�DQG�WKH�FDOOLQJ
RXW�RI�H[SHUWV�LQ�UHVSRQVH�WR�DODUPV�

$VLGH��:H�RIWHQ�ILQG�LQ�SURIHVVLRQDO�SUDFWLFH�WKDW�WKH�SXUSRVH�IRU
ZKLFK�D�PRGHO�LV�WR�EH�GHYHORSHG�LV�RQO\�UDUHO\�PDGH�FOHDU��<HW�LW�LV
WKLV�SXUSRVH�ZKLFK�VKRXOG�JRYHUQ�WKH�FKRLFH�RI�DEVWUDFWLRQV�PDGH�LQ
WKH�GHYHORSPHQW�RI�WKH�PRGHO�DQG�KHQFH�WKH�VXFFHVV��HDVH�RI�XVH
HWF��RI�WKH�PRGHO�LWVHOI�
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Possible data types and functions

7\SHV )XQFWLRQV
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Sketching type representations  Enumerated types

5���)RXU�TXDOLILFDWLRQV��HOHFWULFDO��PHFKDQLFDO��ELRORJLFDO�DQG
FKHPLFDO�

Qualification = <Elec> | <Mech> | <Bio> | <Chem>

• 7KH�|�FRQVWUXFWV�WKH�XQLRQ�RI�VHYHUDO�W\SHV�RU�TXRWH�OLWHUDOV

��7KH�LQGLYLGXDO�TXRWHG�YDOXHV�DUH�SXW�LQ�DQJOH�EUDFNHWV�<«>

��7KLV�W\SH�KDV�IRXU�HOHPHQWV�FRUUHVSRQGLQJ�WR�WKH�IRXU�NLQGV
RI�DODUP�DQG�TXDOLILFDWLRQ�

��-XVW�OLNH�DQ�HQXPHUDWHG�W\SH�LQ�D�SURJUDPPLQJ�ODQJXDJH�
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Sketching type representations                  Record types

R5: Each alarm has a description (text for the expert) and a qualification.

,W�LV�DOZD\V�ZRUWK�DVNLQJ
FOLHQWV�ZKHWKHU�WKH\�PHDQ�´Dµ
RU�´VRPHµ�RU�´DW�OHDVW�RQHµ�

Alarm :: alarmtext : seq of char
         quali     : Qualification
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Sketching type representations           Record types

Alarm :: alarmtext : seq of char
         quali     : Qualification

7R�VD\�WKDW�D�YDOXH v KDV�W\SH T��ZH�ZULWH

v : T

6R��WR�VWDWH�WKDW a LV�DQ�DODUP��ZH�ZULWH

a : Alarm

7R�H[WUDFW�WKH�ILHOGV�IURP�D�UHFRUG��ZH�XVH�D�GRW�QRWDWLRQ�

a.alarmtext

7R�VD\�WKDW a LV�PDGH�XS�IURP�VRPH�YDOXHV��ZH�XVH�D�UHFRUG
FRQVWUXFWRU “mk_” :

a = mk_Alarm(“Disaster - get here fast!”, <Elec> )

7KLV�FRQVWUXFWRU�EXLOGV�D�UHFRUG
IURP�WKH�YDOXHV�IRU�LWV�ILHOGV



12

Sketching type representations                 Set types

R4: Each expert can have a whole list of qualifications, not just one.

$VN�WKH�FOLHQW�´'LG�\RX�UHDOO\
PHDQ�D�OLVW��L�H��WKH�RUGHU�LQ
ZKLFK�WKH\�DUH�SUHVHQWHG�LV
LPSRUWDQW"

Expert :: expertId : ExpertId
          quali    : set of Qualification

6RPHWLPHV�UHTXLUHPHQWV�JLYHQ�LQ�QDWXUDO�ODQJXDJH�GR�QRW�PHDQ�H[DFWO\
ZKDW�WKH\�VD\��,I�LQ�GRXEW��FRQVXOW�DQ�DXWKRULW\�RU�WKH�FOLHQW��+HQFH�D�VHW
KHUH�UDWKHU�WKDQ�D�VHTXHQFH�

:H�WU\�WR�NHHS�WKH�IRUPDO�PRGHO�DV�DEVWUDFW�DV�SRVVLEOH���ZH�RQO\�UHFRUG
WKH�LQIRUPDWLRQ�WKDW�ZH�QHHG�IRU�WKH�SXUSRVH�RI�WKH�PRGHO��7KH�FKRLFH�RI
ZKDW�LV�UHOHYDQW�DQG�ZKDW�LV�QRW�UHOHYDQW�LV�D�PDWWHU�RI�VHULRXV�HQJLQHHULQJ
MXGJHPHQW��HVSHFLDOO\�ZKHUH�VDIHW\�LV�FRQFHUQHG�
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Sketching type representations             Token types

7KH�LQIRUPDO�UHTXLUHPHQWV�JLYH�XV�OLWWOH�LQGLFDWLRQ�WKDW�ZH�ZLOO�QHHG
WR�ORRN�LQVLGH�WKH�H[SHUWV¶�LGHQWLILHUV��:KHQ�ZH�QHHG�D�W\SH��EXW�QR
GHWDLOHG�UHSUHVHQWDWLRQ��ZH�XVH�WKH�VSHFLDO�V\PERO�token�

ExpertId = token

7KH�VDPH�LV�DOVR�WUXH�IRU�WKH�SHULRGV�LQWR�ZKLFK�WKH�SODQW¶V
WLPHWDEOH�LV�VSOLW�

Period = token
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Sketching type representations         Mapping types

5���7KHUH�PXVW�EH�H[SHUWV�RQ�GXW\�DW�DOO�WLPHV�

5���,W�VKDOO�EH�SRVVLEOH�WR�FKHFN�ZKHQ�D�JLYHQ�H[SHUW�LV�DYDLODEOH�

7KHVH�UHTXLUHPHQWV�LPSO\�WKDW�WKHUH�PXVW�EH�VRPH�VRUW�RI
VFKHGXOH�UHODWLQJ�HDFK�SHULRG�RI�WLPH�WR�WKH�VHW�RI�H[SHUWV�ZKR
DUH�RQ�GXW\�GXULQJ�WKDW�SHULRG�

Monday a.m.

Monday p.m.

Tuesday p.m.

Tuesday a.m.

{e1, e7}

{e5, e3, e4}

{e2}

Schedule = map Period to (set of Expert)
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Sketching type representations       The whole plant

5���$�FRPSXWHU�EDVHG�V\VWHP�LV�WR�EH�GHYHORSHG�WR�PDQDJH
H[SHUW�FDOO�RXW�LQ�UHVSRQVH�WR�DODUPV�

Plant :: sch    : Schedule
         alarms : set of Alarm
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The model so far - type definitions

Plant :: sch    : Schedule
         alarms : set of Alarm

Schedule = map Period to set of Expert

Period = token

Expert :: expertid : ExpertId
          quali    : set of Qualification

ExpertId = token

Qualification = <Elec> | <Mech> | <Bio> | <Chem>

Alarm :: alarmtext : seq of char
         quali     : Qualification
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Sketching function signatures

3RVVLEOH�IXQFWLRQV�ZHUH� ExpertToPage

ExpertIsOnDuty

NumberOfExperts

$�IXQFWLRQ�GHILQLWLRQ�VKRZV�WKH�W\SHV�RI�WKH�LQSXW�SDUDPHWHUV�DQG
WKH�UHVXOW�LQ�D�VLJQDWXUH�

ExpertToPage: Alarm * Period * Plant -> Expert

ExpertIsOnDuty: Expert * plant -> set of Period

NumberOfExperts: Period * Plant -> nat
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Complete type definition           Data type invariants

$GGLWLRQDO�FRQVWUDLQWV�RQ�WKH�YDOXHV�LQ�WKH�V\VWHP�ZKLFK�PXVW�KROG�DW�DOO
WLPHV�DUH�FDOOHG�GDWD�W\SH�LQYDULDQWV�

([DPSOH��VXSSRVH�ZH�DJUHH�ZLWK�WKH�FOLHQW�WKDW�H[SHUWV�VKRXOG�DOZD\V�KDYH
DW�OHDVW�RQH�TXDOLILFDWLRQ��7KLV�LV�D�UHVWULFWLRQ�RQ�WKH�W\SH Expert. 7R�VWDWH
WKH�UHVWULFWLRQ��FRQVLGHU�D�W\SLFDO�YDOXH ex RI�W\SH Expert

ex.quali <> {}

:H�DWWDFK�LQYDULDQWV�WR�WKH�GHILQLWLRQ�RI�WKH�UHOHYDQW�GDWD�W\SH�

Expert :: expertid : ExpertId
          quali    : set of Qualification
inv ex == ex.quali <> {}

7KH�ERG\�RI�WKH�LQYDULDQW�LV�D
%RROHDQ�H[SUHVVLRQ�UHFRUGLQJ�WKH
UHVWULFWLRQ�RQ�WKH�IRUPDO
SDUDPHWHU�ZKLFK�UHSUHVHQWV�D
W\SLFDO�HOHPHQW�RI�WKH�W\SH�

7KLV�LV�D�IRUPDO
SDUDPHWHU�VWDQGLQJ�IRU�D
W\SLFDO�HOHPHQW�RI�WKH
W\SH�
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Complete type definitions                      Data type invariants

5���7KHUH�PXVW�EH�H[SHUWV�RQ�GXW\�DW�DOO�WLPHV�

7KLV�LV�D�UHVWULFWLRQ�RQ�WKH�VFKHGXOH�WR�PDNH�VXUH�WKDW��IRU�DOO
SHULRGV��WKH�VHW�RI�H[SHUWV�LV�QRW�HPSW\�

$JDLQ��ZH�VWDWH�WKLV�IRUPDOO\��&RQVLGHU�D�W\SLFDO�VFKHGXOH��FDOOHG
sch

forall exs in set rng sch & exs <> {}

$WWDFKLQJ�WKLV�WR�WKH�UHOHYDQW�W\SH�GHILQLWLRQ�

Schedule = map Period to set of Expert
inv sch == forall exs in set rng sch & exs <> {}
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Complete function definitions

$�IXQFWLRQ�GHILQLWLRQ�FRQWDLQV�

$�VLJQDWXUH

NumberOfExperts: Period * Plant -> nat

$�SDUDPHWHU�OLVW

NumberOfExperts(per,pl) ==

$�ERG\

card pl.sch(per)

$�SUH�FRQGLWLRQ��RSWLRQDO�

pre per in set dom pl.sch

,I�RPLWWHG��WKH�SUH�FRQGLWLRQ�LV�DVVXPHG�WR�EH�true�VR�WKH
IXQFWLRQ�FDQ�EH�DSSOLHG�WR�DQ\�LQSXWV�RI�WKH�FRUUHFW�W\SH�
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Complete function definitions

5���,W�VKDOO�EH�SRVVLEOH�WR�FKHFN�ZKHQ�D�JLYHQ�H[SHUW�LV�DYDLODEOH�

ExpertIsOnDuty: Expert * Plant -> set of Period
ExpertIsOnDuty(ex,pl) ==

{per | per in set dom pl.sch &
ex in set pl.sch(per)}

)RU�FRQYHQLHQFH��ZH�FDQ�XVH�WKH�UHFRUG�FRQVWUXFWRU�LQ�WKH�LQSXW
SDUDPHWHU�WR�PDNH�WKH�ILHOGV�RI�WKH�UHFRUG pl DYDLODEOH�LQ�WKH
ERG\�RI�WKH�IXQFWLRQ�ZLWKRXW�KDYLQJ�WR�XVH�WKH�VHOHFWRUV�

ExpertIsOnDuty: Expert * Plant -> set of Period
ExpertIsOnDuty(ex,mk_Plant(sch,alarms)) ==
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Complete Function Definitions

ExpertIsOnDuty: Expert * Plant -> set of Period

ExpertIsOnDuty(ex, mk_Plant(sch,-)) ==

7KH alarms FRPSRQHQW�RI�WKH mk_Plant(sch,alarms)
SDUDPHWHU�LV�QRW�DFWXDOO\�XVHG�LQ�WKH�ERG\�RI�WKH�IXQFWLRQ�DQG
VR�PD\�EH�UHSODFHG�E\�D�-��7KH�ILQDO�YHUVLRQ�RI�WKH�IXQFWLRQ�LV�
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Complete Function Definitions
5���:KHQ�DQ�DODUP�LV�UDLVHG��WKH�V\VWHP�VKRXOG�RXWSXW�WKH�QDPH
RI�D�TXDOLILHG�DQG�DYDLODEOH�H[SHUW�ZKR�FDQ�WKHQ�EH�FDOOHG�LQ�

ExpertToPage: Alarm * Period * Plant -> Expert
ExpertToPage(al,per,pl) == ???

&DQ�ZH�VSHFLI\�ZKDW�UHVXOW�KDV�WR�EH�UHWXUQHG�ZLWKRXW�ZRUU\LQJ
DERXW�KRZ�ZH�ILQG�LW"�8VH�DQ�LPSOLFLW�GHILQLWLRQ�

ExpertToPage(al:Alarm, per:Period, pl:Plant) r:Expert
pre   …
post  r in set pl.sch(per) and
      al.quali in set r.quali
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Have you spotted a problem with the system?

7KH�UHTXLUHPHQWV�ZHUH�VLOHQW�DERXW�HQVXULQJ�WKDW�WKHUH�LV�DOZD\V
DQ�H[SHUW�ZLWK�WKH�FRUUHFW�TXDOLILFDWLRQV�DYDLODEOH��$IWHU�FRQVXOWLQJ
ZLWK�WKH�FOLHQW��LW�DSSHDUV�WR�EH�QHFHVVDU\�WR�HQVXUH�WKDW�WKHUH�LV
DOZD\V�DW�OHDVW�RQH�H[SHUW�ZLWK�HDFK�NLQG�RI�TXDOLILFDWLRQ�DYDLODEOH�
+RZ�FRXOG�ZH�UHFRUG�WKLV�LQ�WKH�PRGHO"

Plant :: sch    : Schedule
         alarms : set of Alarm
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Finally, review the requirements

5���V\VWHP�WR�PDQDJH�H[SHUW�FDOO�RXW�LQ�UHVSRQVH�WR�DODUPV�

5���)RXU�TXDOLILFDWLRQV�

5���H[SHUWV�RQ�GXW\�DW�DOO�WLPHV�

5���H[SHUW�FDQ�KDYH�OLVW�RI�TXDOLILFDWLRQV�

5���(DFK�DODUP�KDV�GHVFULSWLRQ�	�TXDOLILFDWLRQ�

5���RXWSXW�WKH�QDPH�RI�D�TXDOLILHG�DQG�DYDLODEOH�H[SHUW

5���FKHFN�ZKHQ�D�JLYHQ�H[SHUW�LV�DYDLODEOH�

5���DVVHVV�WKH�QXPEHU�RI�H[SHUWV�RQ�GXW\�DW�D�JLYHQ�SHULRG
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Weaknesses in the requirements

��6LOHQFH�RQ�HQVXULQJ�WKDW�DW�OHDVW�RQH�VXLWDEOH�H[SHUW�LV�DYDLODEOH�

��8VH�RI�LGHQWLILHUV�IRU�H[SHUWV�ZDV�LPSOLFLW�

��³/LVW´�UHDOO\�PHDQW�³VHW´�

��6LOHQFH�RQ�WKH�IDFW�WKDW�H[SHUWV�ZLWKRXW�TXDOLILFDWLRQV�DUH�XVHOHVV�

��³$�TXDOLILFDWLRQ´�PHDQW�³VHYHUDO�TXDOLILFDWLRQV´�
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Summary

3URFHVV�RI�GHYHORSLQJ�D�PRGHO�GHSHQGV�FUXFLDOO\�RQ�WKH�VWDWHPHQW
RI�WKH�PRGHO¶V�SXUSRVH�

9'0�6/�PRGHOV�DUH�EDVHG�URXQG�W\SH�GHILQLWLRQV�DQG�IXQFWLRQV�
$EVWUDFWLRQ�SURYLGHG�E\�WKH�EDVLF�GDWD�W\SHV�DQG�W\SH�FRQVWUXFWRUV
DQG�WKH�DELOLW\�WR�JLYH�LPSOLFLW�IXQFWLRQ�GHILQLWLRQV�

%DVLF�W\SHV�

7\SH�FRQVWUXFWRUV�

,QYDULDQWV�

)XQFWLRQV�


