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! !"#$%&'(")*+,-*.$"*
(%/01&2(,()*)3"#&4#/.&,%*
,+*),+.5/-"*

!  !,*"637/&%*5$8*+,-0/7*)3"#&4#/.&,%*
."#$%&'(")*$"73*9&)#,:"-*3-,17"0)*&%*)8)."0*
-"'(&-"0"%.)*

!  !,*9")#-&1"*.$"*()"*,+*/72"1-/&#*."#$%&'(")*
+,-*&%."-+/#"*)3"#&4#/.&,%*

!  !,*9")#-&1"*.$"*()"*,+*0,9"7;1/)"9*
."#$%&'(")*+,-*1"$/:&,(-/7*)3"#&4#/.&,%*

!  <,-0/7*)3"#&4#/.&,%*&%*.$"*),+.5/-"*3-,#"))*
!  =%."-+/#"*)3"#&4#/.&,%*
!  >"$/:&,(-/7*)3"#&4#/.&,%*

!  <,-0/7*)3"#&4#/.&,%*&)*3/-.*,+*/*0,-"*2"%"-/7*
#,77"#.&,%*,+*."#$%&'(")*.$/.*/-"*?%,5%*/)*@+,-0/7*
0".$,9)A*

!  !$")"*/-"*/77*1/)"9*,%*0/.$"0/.&#/7*-"3-")"%./.&,%*
/%9*/%/78)&)*,+*),+.5/-"*

!  <,-0/7*0".$,9)*&%#7(9"*
!  <,-0/7*)3"#&4#/.&,%*
!  B3"#&4#/.&,%*/%/78)&)*/%9*3-,,+*
!  !-/%)+,-0/.&,%/7*9":"7,30"%.*
!  C-,2-/0*:"-&4#/.&,%*
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!  <,-0/7*0".$,9)*$/:"*%,.*1"#,0"*0/&%).-"/0*
),+.5/-"*9":"7,30"%.*."#$%&'(")*/)*5/)*,%#"*
3-"9&#."9*
!  D.$"-*),+.5/-"*"%2&%""-&%2*."#$%&'(")*$/:"*1""%*
)(##"))+(7*/.*&%#-"/)&%2*)8)."0*'(/7&.8E**

!  F/-?".*#$/%2")*$/:"*0/9"*.&0";.,;0/-?".*-/.$"-*.$/%*
),+.5/-"*5&.$*/*7,5*"--,-*#,(%.*.$"*?"8*+/#.,-E*<,-0/7*
0".$,9)*9,*%,.*-"9(#"*.&0"*.,*0/-?".*

!  <,-0/7*0".$,9)*/-"*$/-9*.,*)#/7"*(3*.,*7/-2"*)8)."0)*

!  !$"&-*3-&%#&3/7*1"%"4.)*/-"*&%*-"9(#&%2*.$"*
%(01"-*,+*"--,-)*&%*)8)."0)*),*.$"&-*0/&%*
/-"/*,+*/337&#/1&7&.8*&)*#-&.&#/7*)8)."0)*

!  =%*.$&)*/-"/G*.$"*()"*,+*+,-0/7*0".$,9)*&)*
0,).*7&?"78*.,*1"*#,).;"H"#.&:"*

!  B3"#&4#/.&,%*/%9*9")&2%*/-"**
&%."-0&%27"9E*

!  I-#$&."#.(-/7*9")&2%*&)*"))"%.&/7*.,*).-(#.(-"*/*
)3"#&4#/.&,%E*

!  <,-0/7*)3"#&4#/.&,%)*/-"*"63-"))"9*&%*/*
0/.$"0/.&#/7*%,./.&,%*5&.$*3-"#&)"78*9"4%"9*
:,#/1(7/-8G*)8%./6*/%9*)"0/%.&#)E*

Specification 

Requirements  
Definition 

Requirements  
Specification 

Architectural  
Design 

Software 
Specification 

High-level 
Design Design 

Increasing Contractor Involvement 

Decreasing Client Involvement 
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Requirements  
Definition 

Requirements  
Specification 

System  
Modeling 

Architectural 
Design 

Formal 
Specification 

High-level 
Design 

!  I72"1-/&#*/33-,/#$*
!  !$"*)8)."0*&)*)3"#&4"9*&%*."-0)*,+*&.)*,3"-/.&,%)*
/%9*.$"&-*-"7/.&,%)$&3)*

! F,9"7;1/)"9*/33-,/#$*
!  !$"*)8)."0*&)*)3"#&4"9*&%*."-0)*,+*/*)./."*0,9"7*
.$/.*&)*#,%).-(#."9*()&%2*0/.$"0/.&#/7*#,%).-(#.)*
)(#$*/)*)".)*/%9*)"'("%#")E*D3"-/.&,%)*/-"*
9"4%"9*18*0,9&4#/.&,%)*.,*.$"*)8)."0A)*)./."*

Sequential Concurrent 

Algebraic Larch Lotos 

Model-based 1.  Z 
2.  VDM 
3.  B 

1.  CSP 
2.  Petri Nets 

!  <,-0/7*)3"#&4#/.&,%*&%:,7:")*&%:").&%2*0,-"*"H,-.*
&%*.$"*"/-78*3$/)")*,+*),+.5/-"*9":"7,30"%.**

!  !$&)*-"9(#")*-"'(&-"0"%.)*"--,-)*/)*&.*+,-#")*/*
9"./&7"9*/%/78)&)*,+*.$"*-"'(&-"0"%.)**

!  =%#,037"."%"))*/%9*&%#,%)&)."%#&")*#/%*1"*
9&)#,:"-"9*/%9*-"),7:"9*

!  J"%#"G*)/:&%2)*/)*0/9"*/)*.$"*/0,(%.*,+*-"5,-?*
9("*.,*-"'(&-"0"%.)*3-,17"0)*&)*-"9(#"9*
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Without formal specification With formal specification

Co
st

!  K/-2"*)8)."0)*/-"*9"#,03,)"9*&%.,*)(1)8)."0)*
5&.$*5"77;9"4%"9*&%."-+/#")*1".5""%*.$")"*
)(1)8)."0)*

!  B3"#&4#/.&,%*,+*)(1)8)."0*&%."-+/#")*/77,5)*
&%9"3"%9"%.*9":"7,30"%.*,+*.$"*9&H"-"%.*
)(1)8)."0)*

!  =%."-+/#")*0/8*1"*9"4%"9*/)*/1).-/#.*9/./*.83")*,-*
,1L"#.*#7/))")*

!  !$"*/72"1-/&#*/33-,/#$*.,*+,-0/7*)3"#&4#/.&,%*&)*
3/-.&#(7/-78*5"77;)(&."9*.,*&%."-+/#"*)3"#&4#/.&,%*

Sub-system 
A 

Sub-system 
B 

Interface 
objects 

Sort <name> 
Imports <list of specification names> 

Informal description of the sort and its operations 

Operation signatures setting out the names and the 
types of the parameters to the operations defined 
over the sort 
Axioms defining the operations over the sort 

<Specification Name> (Generic Parameter) 
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!  =%.-,9(#.&,%*
!  M"4%")*.$"*),-.*N.$"*.83"*%/0"O*/%9*9"#7/-")*,.$"-*
)3"#&4#/.&,%)*.$/.*/-"*()"9*

!  M")#-&3.&,%*
!  =%+,-0/778*9")#-&1")*.$"*,3"-/.&,%)*,%*.$"*.83"*

!  B&2%/.(-" **
!  M"4%")*.$"*)8%./6*,+*.$"*,3"-/.&,%)*&%*.$"*&%."-+/#"*/%9*
.$"&-*3/-/0"."-)*

!  I6&,0)*
!  M"4%")*.$"*,3"-/.&,%*)"0/%.&#)*18*9"4%&%2*/6&,0)*5$&#$*
#$/-/#."-&)"*1"$/:&,(-*

!  I72"1-/&#*)3"#&4#/.&,%)*,+*/*)8)."0*0/8*1"*
9":"7,3"9*&%*/*)8)."0/.&#*5/8*
!  B3"#&4#/.&,%*).-(#.(-&%2E***
!  B3"#&4#/.&,%*%/0&%2E***
!  D3"-/.&,%*)"7"#.&,%E***
!  =%+,-0/7*,3"-/.&,%*)3"#&4#/.&,%*
!  B8%./6*9"4%&.&,%*
!  I6&,0*9"4%&.&,%*

!  P,%).-(#.,-*,3"-/.&,%)E*D3"-/.&,%)*5$&#$*
#-"/."*"%.&.&")*,+*.$"*.83"*1"&%2*)3"#&4"9*

!  =%)3"#.&,%*,3"-/.&,%)E*D3"-/.&,%)*5$&#$*
":/7(/."*"%.&.&")*,+*.$"*.83"*1"&%2*)3"#&4"9*

!  !,*)3"#&+8*1"$/:&,(-G*9"4%"*.$"*&%)3"#.,-*
,3"-/.&,%)*+,-*"/#$*#,%).-(#.,-*,3"-/.&,%*

!  P,%)&9"-*/%*/&-*.-/Q#*#,%.-,7*)8)."0*5$"-"*/&-#-/+.*
R8*.$-,(2$*0/%/2"9*)"#.,-)*,+*/&-)3/#"*

!  S/#$*)"#.,-*0/8*&%#7(9"*/*%(01"-*,+*/&-#-/+.*1(.G*
+,-*)/+".8*-"/),%)G*.$")"*0().*1"*)"3/-/."9*

!  =%*.$&)*"6/037"G*/*)&037"*:"-.&#/7*)"3/-/.&,%*,+*TUU0*
&)*3-,3,)"9*

!  !$"*)8)."0*)$,(79*5/-%*.$"*#,%.-,77"-*&+*/&-#-/+.*/-"*
&%).-(#."9*.,*0,:"*),*.$/.*.$"*)"3/-/.&,%*-(7"*&)*
1-"/#$"9*
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!  P-&.&#/7*,3"-/.&,%)*,%*/%*,1L"#.*-"3-")"%.&%2*
/*#,%.-,77"9*)"#.,-*/-"*
!  S%."-E*I99*/%*/&-#-/+.*.,*.$"*#,%.-,77"9*/&-)3/#"*
!  K"/:"E*V"0,:"*/%*/&-#-/+.*+-,0*.$"*#,%.-,77"9*
/&-)3/#"*

! F,:"E*F,:"*/%*/&-#-/+.*+-,0*,%"*$"&2$.*.,*
/%,.$"-*

!  K,,?(3E*W&:"%*/%*/&-#-/+.*&9"%.&4"-G*-".(-%*&.)*
#(--"%.*$"&2$.*

!  =.*&)*),0".&0")*%"#"))/-8*.,*&%.-,9(#"*/99&.&,%/7*
,3"-/.&,%)*.,*)&037&+8*.$"*)3"#&4#/.&,%*

!  !$"*,.$"-*,3"-/.&,%)*#/%*.$"%*1"*9"4%"9*()&%2*
.$")"*0,-"*3-&0&.&:"*,3"-/.&,%)*

!  C-&0&.&:"*,3"-/.&,%)*
!  P-"/."E*>-&%2*/%*&%)./%#"*,+*/*)"#.,-*&%.,*"6&)."%#"*
!  C(.E*I99*/%*/&-#-/+.*5&.$,(.*)/+".8*#$"#?)*
!  =%;)3/#"E*M"."-0&%"*&+*/*2&:"%*/&-#-/+.*&)*&%*.$"*)"#.,-*
!  D##(3&"9E*W&:"%*/*$"&2$.G*9"."-0&%"*&+*.$"-"*&)*/%*/&-#-/+.*
5&.$&%*TUU0*,+*.$/.*$"&2$.*

Enter (S, CS, H) =
    if        In-space (S, CS )  then  S exception (Aircraft already in sector)
    elsif   Occupied (S, H) then  S exception (Height conflict)
    else    Put (S, CS, H)

Leave (Create, CS) = Create exception (Aircraft not in sector)
Leave (Put (S, CS1, H1), CS) =
      if CS = CS1 then S else Put (Leave (S, CS), CS1, H1)

Move (S, CS, H) =
     if S = Create then Create  exception (No aircraft in sector)
    elsif not In-space (S, CS) then S  exception (Aircraft not in sector)
    elsif   Occupied (S, H) then S exception (Height conflict)
    else   Put (Leave (S, CS), CS, H)

-- NO-HEIGHT is a constant indicating that a valid height cannot be returned

Lookup (Create, CS) =  NO-HEIGHT  exception (Aircraft not in sector)
Lookup (Put (S, CS1, H1), CS) =
     if CS = CS1  then H1 else Lookup (S, CS)

Occupied (Create, H) = false
Occupied (Put (S, CS1, H1), H) =
      if (H1 > H and H1 - H ! 300) or (H > H1 and  H - H1 ! 300)  then true
     else Occupied (S, H)

In-space (Create, CS) = false
In-space (Put (S, CS1, H1), CS ) =
     if CS = CS1 then true else In-space (S, CS)

sort Sector
imports INTEGER, BOOLEAN

Enter - adds an aircraft to the sector if safety conditions are satisfed
Leave - removes an aircraft from the sector
Move - moves an aircraft from one height to another if safe to do so
Lookup - Finds the height of an aircraft in the sector

Create - creates an empty sector
Put - adds an aircraft to a sector with no constraint checks
In-space - checks if an aircraft is already in a sector
Occupied - checks if a specified height is available

Enter (Sector, Call-sign, Height)  " Sector
Leave (Sector, Call-sign)  " Sector
Move (Sector, Call-sign, Height)  " Sector
Lookup (Sector, Call-sign) " Height

Create  " Sector
Put (Sector, Call-sign, Height)  " Sector
In-space (Sector, Call-sign)  " Boolean
Occupied (Sector, Height)  " Boolean

SECTOR

!  X)"*.$"*1/)&#*#,%).-(#.,-)*P-"/."*/%9*C(.*.,*
)3"#&+8*,.$"-*,3"-/.&,%)*

!  M"4%"*D##(3&"9*/%9*=%;)3/#"*()&%2*P-"/."*
/%9*C(.*/%9*()"*.$"0*.,*0/?"*#$"#?)*&%*
,.$"-*,3"-/.&,%*9"4%&.&,%)*

!  I77*,3"-/.&,%)*.$/.*-")(7.*&%*#$/%2")*.,*.$"*
)"#.,-*0().*#$"#?*.$/.*.$"*)/+".8*#-&."-&,%*
$,79)*


