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Steam Boiler Control: Scenario

System Components

a
- s steam boiler
4 \ & water level measuring device
\ s four pumps
\ w/ k,
s four pump controlers
- W__. . . .
min s steam quantity measuring device
@ s, s valve for emptying the boiler
\'J
pl1/.../p4
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Steam Boiler Control: Scenario

Physical constants

Wnin minimal water level
@ Wimax maximal water level
Y4
4 [ water amount per p\
\\ A iax maximal quantity of
\ Wik, exiting the boiler
~Win Op error in the value of
@ /s 04 error in steam
p1/.../p4 ! measurement
Koy / oo/ Koy
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Steam Boiler Control: Scenario

Measured values

w water level

. d  amount of steam exiting
4 the boiler
\ .
\ k,; pump i works/broken
\ “w/ k
w - .
k,  water level measuring device
W min works/broken
@ IR k;  steam amount measuring

o1/.../p4 v device works/broken
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Steam Boiler Control: Scenario

4 Control values
Y4
p; pump i on/off
4
\\ v valve open/closed
k :
' Wik, a boiler on/off
_ W .
min z  state init/norm/broken/stop
@ JER
\")

pl1/.../p4
Ko/ ol Koy

B. Beckert: Formal Specification of Software - p.5



Steam Boiler Control

Types

State ::= init | norm | broken | stop

OnOff == on | off

OpenClosed ::= open | closed
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Steam Boiler Control

Physical constants

Wiin - N
Winax - N

[: N

op: N

5d - N

Winin < Winax
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Steam Boiler Control

Physical constants

Wiin * N
Winax - N
[:N
Amax : N
op: N
5dZN

Winin < Wimax

Measured values

_Input
w?: N
d? : N
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Steam Boiler Control

Control values

— Pumps
P1,P2,P3, P4 - OnOff

_ SteamBoilerQ
Pumps

v : OpenClosed
a: OnOff

z : State
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Auxiliary Schemata

Auxiliary Schemata

_ PumpsOff
Pumps’

Py =off Apy =off Aps=off Apy=off

_ PumpsOn
Pumps’

pr=o0nA\py,=on/p;=on/\p,=on
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Steam Boiler Initial State

SteamBoilerInitQ
SteamBoilerQ’

off

nit

a/
Z/
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Operations for Initialisation

SInitNormalQ
ASteamBoilerQ
Input

z = init

d? =0

w? > Winin T+ dmax
W? < Wiax

PumpsOff
7zl = norm
v’ = closed
a =on
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Operations for Initialisation

SInitStop(
ASteamBoiler(
Input

z = init
d? >0
z' = stop
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Operations for Initialisation

SInitFill0
ASteamBoilerQ
Input

z = init

d? =0

w? < Winin + dmax
PumpsOn

7l =z

v = closed

a’ = off
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Operations for Initialisation

SInitEmpty0
ASteamBoiler(
Input

z = init

a? =0

W? > Wiax
PumpsOff
7z =z

v’ = open

a’ = off
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Operations for Initialisation

Controllnit0 = SInitNormal(Q
SInitStop0
SInitFill0
SInitEmpty0

< <<
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Operations for Normal State

SNormalFill0
ASteamBoilerQ
Input

Z = norm
w? > Wi

PumpsOn
v =closed N\a' =on Nz =z

Note:
Simplified version where all four pumps are switched simultaneously
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Operations for Normal State

SNormalContinue(
=SteamBoilerQ
Input

Z = Norm

w? > Wopt — 31

w? < Wopt
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Operations for Normal State

SNormalNotFill0
ASteamBoilerQ
Input

Z = norm
W? < Wiax
PumpsOff
v =closed Na' =on Nz =z
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Operations for Normal State

SNormalStop0
ASteamBoilerQ
Input

Z = norm

a' = off \z' = stop
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Complete Operation

ControlNormal0 = SNormalFill0
V' SNormalContinueQ
V'  SNormalNotFill0

V' SNormalStop(

Control0 = ControllnitQ
V  ControlNormal(Q
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Extended Solution

Additional Type

WorksBroken ::= works | broken
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Extended Solution

Additional Type

WorksBroken ::= works | broken

Additional measured values

_Controllnput
k.,? : WorksBroken
k;? : WorksBroken
ky1? : WorksBroken
kyp? : WorksBroken
ky3? : WorksBroken
kpa? : WorksBroken
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Extended Solution

Control values

__ SteamBoilerl
SteamBoiler(Q
s: N
0: N
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Extended Solution

Control values

__ SteamBoilerl
SteamBoiler(Q
s: N
0: N

Initial State

_ SteamBoilerInitl
SteamBoiler1’

a = off

7' = init
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Extended Auxiliary Schemata

Auxiliary Functions

pswitch : (OnOff x WorksBroken) — OnOff

pswitch(on, works) = on
pswitch(on, broken) = off

pswitch(off , works) = off
pswitch(off , broken) = off

pamount : (OnOff x WorksBroken) — N

Vx : OnOff,y : WorksBroken
| x = off V y = broken e pamount(x,y) =0
pamount(on, works) = 1
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Extended Auxiliary Schemata

Auxiliary Schemata

_ PumpsControlledOn
Pumps’
Controllnput

p} = pswitch(on, kp1?) A ps, = pswitch(on, kp2?)
p5 = pswitch(on, ky3?) N p, = pswitch(on, kpa?)

_ PumpsControlled Off
Pumps’
Controllnput

pll — pSZUitch(Off, kpl?) A plz — pSWitCh(Off, kpz?)
p5 = pswitch(off , kp3?) A py = pswitch(off , kps?)
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Operations for Initialisation

SInitNormall
ASteamBoiler1
Input
Controllnput

z = init

d? =20

kw = works N kj; = works
w? > Winin T+ dmax

W? < Wiy
7z = norm
v’ = closed
a =on
s’ = w?
PumpsOff
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Operations for Initialisation

SInitFilll
ASteamBoiler]
Input
Controllnput

z = init

d? =20

kw = works N kj; = works
w? < Winin T+ dmax

7z =z

v’ = closed
a' = off
PumpsOn
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Operations for Initialisation

SInitEmptyl
ASteamBoiler]
Input
Controllnput

z = init

d? =0

wW? > Wiy
72/ =z

v’ = open

a’ = off
PumpsOff
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Operations for Initialisation

SInitStopl
ASteamBoiler]
Input
Controllnput

z = init
d? > 0V ky, = broken V k; = broken
z' = stop
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Operations for Initialisation

Controllnitl

<

SInitNormall
SInitFilll
SInitEmptyl
SInitStopl
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Operations for Normal State

SNormalFill1
ASteamBoiler]
Input
Controllnput

Z = norm
k,, = works

wW? > Wyin

w? < Wopr — 31

s’ =w?

PumpsControlledOn

v =closed Na' =on Nz =z
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Operations for Normal State

SNormalContinuel

ASteamBoilerl

Input

Controllnput

Z = norm

k,, = works

w? > Wopt — 31

w? < Wopt

p} = pswitch(p1, k) N psy = pswitch(p, ky»)
p5 = pswitch(pz, ky3) A py = pswitch(ps, kya)
s’ = w?

vV=uvANad =aNZ =z
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Operations for Normal State

SNormalNotFilll
ASteamBoiler1
Input
Controllnput

Z = norm
k,, = works

S/:w7

Pumps.Cont‘rolledOﬁf
v/ =closed Na' =on ANz =z
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Operations for Normal State

SNormalWaterStopl
ASteamBoiler]

Input

Controllnput

z = norm \ z = broken
k,, = works

W? < Wyin V W? > Winax
a' = off \z' = stop
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Operations for Normal State

SNormalControlStopl
ASteamBoiler]

Input

Controllnput

Z = norm
kw = broken A k; = broken

a' = off \z' = stop
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Schema AmountComputation

AmountComputation
SteamBoilerl
Controllnput

amount : N

5pumps N

amount = I x (pamount(py, ky1?) + pamount(py, kyp?) +
pamount(ps, k,3?) + pamount(py, kps?))

Opumps = Op * (pamount(py, works) + pamount(p,, works) +
pamount(ps, works) 4+ pamount(py, works))
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Operations for Normal State

SNormalBroken1
ASteamBoiler]
Input
Controllnput
AmountComputation

Z = norm
k., = broken
k; = works

s’ = s+ amount — d?

6" = dpumps + 0g

s’ 2 Wiin + o'

s < Wigx — 0’

s" < (Wpin + Wmax) /2 — PumpsControlledOn
s" > (Win + Wiax) /2 — PumpsControlledOff
v = closed N\ a' = on

z' = broken
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Complete Operation

ControlNormall = SNormalFilll
SNormalContinuel
SNormalNotFilll
SNormalWaterStopl
SNormalControlStopl
SNormalBrokenl

< << < < <K
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Operations for Broken State

SBrokenContinuel
ASteamBoiler]
Input
Controllnput
AmountComputation

z = broken

k., = broken

k; = works

s’ = s 4 amount — d?

6" = & + Spumps + 94

s’ >w,,, + 06

s’ < Wiax — o

s" < (Wpin + Wmax) /2 — PumpsControlledOn
s" > (Wiin + Wiax) /2 — PumpsControlledOff
v’ = closed N\ a' = on

7z = broken

B. Beckert: Formal Specification of Software — p.38



Operations for Broken State

SBrokenNormall
ASteamBoiler]
Input
Controllnput
AmountComputation

z = broken
k., = works

W? < Wiax

W? < (Wiyin + Wmax) /2 — PumpsControlledOn
W? > (Wyin + Wmax) /2 — PumpsControlledOff
s' =w?

v' = closed N\ a’ = on

7! = norm
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Operations for Broken State

SBrokenControlStopl
ASteamBoiler]

Input

Controllnput

z = broken
k,, = broken
k; = broken

a' = off \z' = stop
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Operations for Broken State

SBrokenWaterStopl
ASteamBoiler]
Input

Controllnput
AmountComputation

z = broken \ z = norm
k., = broken
k; = works

s’ = s + amount — d?

z = broken — 6" = 0 + Spumps + 04
z=norm — 0 = 5ums+5d

s’ <wyi, +060"' Vs > W —

a' = off \z' = stop
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Operations for Broken State

SBrokenContinuel
V' SBrokenNormall
SBrokenControlStopl
V' SBrokenWaterStop1

ControlBrokenl

<
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Complete Operation

Controllnitl
V  ControlNormall
V  ControlBrokenl

Controll
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