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Introduction

The mine pump example is taken from [1] and is used here as an example of a RavenSPARK program.
The problem is a typical real-time application with actuators being set as a result of various sensors in
accordance with some requirement.

A sequential SPARK solution to this problem would have required the use of a single cyclic scheduler.
The application monitors various inputs with various response times which would render this approach
non-trivial. The introduction of the Ravenscar profile to the SPARK language now enables us to
decompose the problem into a number of threads resulting in less coupled, more cohesive,
understandable, extendable and maintainable solution.

The program aims to illustrate many of the RavenSPARK features and how they interrelate to form a
complete system. The solution makes use of: passive sensors (ports), active sensors (interrupt
handlers), periodic and aperiodic tasks, protected and suspension objects. We use techniques such as
protected refinement, interrupt streams and visit synchronisation issues.

Our interpretation of the requirements for the mine pump is given in Appendix A. The design method and

notation used follows that described in [2] with the extension that variable and boundary packages with
bold outlines provide shareable, protected state.
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The Mine Pump

The basic functional requirement of the mine pump is that it pumps water out of a mine when the water
level gets too high. For safety reasons the pump must not operate when the methane level is too high
and the operator must be able to manually override the pump. There must be a visual representation of
system state and all critical events must be recorded in an external log.

Mine Pump Control Panel

The mine pump control panel is made up of a pump switch consisting of three radio buttons which
manually set the pump state and a set of lights providing feedback on the pump and its environment. A
green light signifies a normal situation, a red light an abnormal situation and an amber light an
unknown situation (for example a broken sensor).
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. Auto Pumping Health
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Design

The system architecture is given in section 3.

Inputs

The system has seven inputs: 3 gas sensors, 2 water sensors, the pump switch and the pump state.
Each sensor is either active or passive.

Passive Sensors

The passive sensors (AirSensor, CarbonMonoxideSensor, WaterFlowSensor and MethaneSensor) are
implemented using thread-safe |/0 ports as described in [3]. Take for example the AirSensor:

package Air Sensor

--# own i n RawSensor ;

--# protected in State :

--# SensorPT (Priority => System lInterrupt_Priority'Last,
--# Protects => RawSensor);

The Ai r Sensor package has two items of state that, together, illustrate an example of protected
refinement. Protected refinement is the ability to render unprotected state protected by ensuring that all
access to it are via a protected object. It is achieved via the protects property and gives the protected
object sole access to all the items it protects (in this case only one). A semantic error would be raised if
RawSensor (known as a virtual protected element) appeared in a global list outside the protected
object. Note that the normal SPARK rules for own variable refinement apply for protected own variable
refinement in that if the protected own variable has a mode then all its elements must be virtual
protected elements with the same mode. So in this case we can declare the protected own variable

St at e to be mode in.

Generally protected refinement is used to allow a memory-mapped variable to be accessible by more
than one thread. However, in this case, the air monitor is the only thread that accesses the air sensor.
The reason for the protected object is that the operation returns a timestamp for the reading. In order to
guarantee that the reading of the raw sensor and the time is atomic we have placed them inside a
protected object with maximum priority. Note that the package used to get a system timestamp is not
Ada.Real_Time which is used for scheduling purposes. The Timestamp package exports an own variable
ClockTime which represents the current time. In reality the system would have to provide a mechanism
for the user to enter the current time. How time is tracked would depend on the level of support from
the compiler vendor.

Although RavenSPARK forces the declaration of the protected type to be in the package specification we
can still place it in the private part and make it accessible via exported operations. The object itself can
be located in the package body.

The other passive input to the system is the pump state. This is modelled as a normal in stream as it is
accessed by one thread only.
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Active Sensors

The active sensors (WaterLevelSensor and PumpSwitch) are implemented using interrupt handlers as
described in [3]. Take for example the PumpSwitch.

package PumpSwi tch
--# own protected State :

--# PunpSwi t chPT
--# (Priority => System Interrupt _Priority'Last,
--# I nterrupt)

The package PumpSwitch declares one item of protected state, St at e. The interrupt property is used to
identify that the protected object is responsible for handling interrupts. When an interrupt occurs the
protected object’s internal state is updated to reflect the state of the switch. The package can then be
polled using an exported function to get the contents of the protected object’s state.

Note here that we have used the minimal form of the interrupt property. This causes the interrupt to be
represented by the state variable PumpSwitch.St at e. At the partition level this variable will appear as
an import for anything affected by the interrupt. It will also appear to be derived from itself.

Note that the priority of a protected object that declares interrupt handlers must be in the range
System I nterrupt_Priority.Again, the protected type is hidden in the private part of the
package specification and made its operation made available via an exported function.

protected type PunpSw t chPT

is
pragma Interrupt Priority (Systemlinterrupt Priority'Last);
procedure Autol nterruptHandl er;
--# global in AdacCal endar. Cl ockTi ne;
--# in out LogBuffer. State;
--# out PunpSwi t chPT;
--# derives PunpSwi t chPT from &
--# LogBuffer. State from *,
--# AdaCal endar . Cl ockTi ne;
pragma Attach_Handl er (AutolnterruptHandler, 3);
-- simlar for other interrupts
function ProtectedGetState return Val ue;
--# global in PunpSwi tchPT,
private

CurrentState : Val ue : = Undefi ned;
end PunpSwi t chPT;

Note that the internal state is initialised to undefined. An interrupt must occur for the state to reflect the
real pump switch state. We address this problem in the section on system start-up.
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The interrupt property has an extended form that allows you to map names onto each interrupt by
means of a named association using the handler names as the formals. We refer to the actuals as
interrupt stream variables because they represent a notional stream of interrupts being picked up by
the handler. We have used this form for the water level sensor to illustrate the point.

package WaterLevel Sensor
--# own protected State :

--# Sensor PT

--# (Priority => System Interrupt _Priority'Last,
--# Interrupt => (WaterlsHi ghlnterruptHandl er =>
--# Wat er Level I nterrupt,

--# Wat er| sLowl nt errupt Handl er =>
--# WAt er Level I nterrupt));

The interrupt stream variable is implicitly declared by this mapping and will appear only at the partition
wide level. The advantage of this mechanism is that you can control the granularity of the interrupts at
the partition wide annotation level. In our case we have specified the same interrupt stream variable for
each handler and so we end up with these annotations at the partition level:

--# LightPanel . Wat er Level Li ght from

--# Wat er Level Sensor. Wat er Level I nterrupt &
--#

--# Punp. Act uat or from

--# Wat er Level Sensor . St at e,

--# WAt er Level Sensor. Wat er Level I nt errupt,
--# . &

--# WaterLevel Sensor. State from

--# Wat er Level Sensor . Wat er Level | nt er rupt

The variable Wat er Level Sensor . St at e appears as an import for the pump actuator because the
PunpCont r ol | er task reads the state to determine the actuator state. The water level light however
is set directly from the interrupt handler and so the state plays no part in it. Also note that

Wat er Level Sensor. St at e is now derived from the interrupt stream variable which makes slightly
more sense than being derived from itself. The point here is that we wanted to show that the pump was
dependent on the water level sensor and not its individual interrupts. Had we had an alarm bell that
sounded when the level got too high but not when too low we could have specified distinct stream
variables Wat er Lowl nt er r upt and WAt er Hi ghl nt er r upt and our partition wide annotation
would have been:

--# Li ght Panel . Wat er Level Li ght from

--# Wat er Level Sensor. Wt er Lowi nt errupt,
--# Wat er Level Sensor. Wat er Hi ghl nterrupt &
--#

--# Punp. Act uat or from

--# Wat er Level Sensor. St at e,

--# Wat er Level Sensor. Wat er Lowi nt er rupt,
--# Wat er Level Sensor . Wat er Hi ghl nt er r upt
--# . &

--#

--# Bell.Actuator from WaterLevel Sensor. Wat er Hi ghl nt errupt
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We have thus proved that the requirement on the bell has been satisfied.

Outputs

The outputs are the pump actuator, the light panel and the system log. The LogBuffer serves as an
intermediate output.

Pump

The pump actuator is implemented as a stream variable.

package Punp
--# own protected out Actuator
--# ActuatorPT (Priority => System Interrupt_Priority'Last);

The pump actuator is only accessed by one task and the protection is used, again, to synchronise the
time with the actuator command in the system log.

LightPanel

The light panel is used to convey information to the operator. Each light is represented by an external
variable. This ensures that the partition wide flow annotation shows the relationship between each light
and its sensors. We can hence ensure that each light is derived from the correct sensors. The package
is accessed by many tasks but each item of state is accessed by only one task so no protection is
required.

SystemLog

The SystemLog records events and their associated times. The package exports a call that writes to the
log. Writing to the log is potentially blocking and must be identified by the decl ar e del ay annotation.

package Systenliog
--# own out State;
is

procedure Wite (Data : in LogBuffer.BufferEntry;
Dat aM ssed : in Bool ean);

--# gl obal out State;

--# derives State from Dat a,

--# Dat aM ssed;

--# decl are del ay;

end Systeniog;

The fact that the call is potentially blocking means that we cannot call it directly from a protected object.
To circumvent this we have an intermediate output LogBuf f er that logs all events to a cyclic buffer.
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424 LogBuffer

The LogBuffer stores the events in a cyclic buffer. These events are read by the logger task (at low
priority) and written to the SystemLog.

protected type Log

is
pragma Interrupt Priority (Systemlinterrupt Priority'Last);
procedure ProtectedWite (Data : in BufferEntry);
--# global in out Log;
--# derives Log from*,
--# Dat a;
entry ProtectedRead (Data : out BufferEntry;
Dat aM ssed : out Bool ean);
--# global in out Log;
--# derives Dat a,
--# Dat aM ssed,
--# Log from Log;
private
TheBuffer : Buffer = EnptyBuffer;
Readl ndex : I ndex = I ndex"' First;
Witelndex : Index = I ndex' First;
HasEntries : Bool ean : = Fal se;
Dat aOverwi tt enSi nceLast Read : Bool ean : = Fal se;
end Log;

The LogBuffer can be written at any time but read only when data is available. The read operation is
therefore implemented as an entry. The accessor operation must therefore declare a suspends
property.
procedure Read (Data : out BufferEntry;
Dat aM ssed : out Bool ean);

--# global in out State;

--# derives State,

--# Dat a,

--# Dat aM ssed from St at e;

--# decl are suspends => State;

The DataMissed parameter indicates that data has been lost due to overflow since the last read.

4.3 Partition Wide Flow Relations

Having defined the system inputs and outputs we can now generate the partition wide flow relation. This
is a very important part of the design process and should be done once all the inputs and outputs have
been defined.
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We know the pump actuator is dependent on the pump switch, methane and water levels. At the
partition level, we’re not interested in the various interrupts that make up this state and would not want
to see them cluttering up the flow relation. The Bl T. PBI TDone suspension object appears in this
annotation as the pump actuator is never set until it is set true. This is discussed in more detail in
section 4.4.

--# derives Punp. Actuator from

--# Met haneSensor. St at e,

--# WAt er Level Sensor . St at e,

--# PunpSwi t ch. St at e,

--# Wat er Level Sensor. Wat er Level I nt errupt,
--# Bl T. PBI TDone &

The way we modelled the state in the lighting package is worth a closer look. One solution would have
been to use protected refinement and declare a single piece of protected state and have it protect the
individual light states. Had we done this, the flow relation for the light panel would have been deri ves
Li ght Panel . St at e fr om<all the sensors>. This may have been acceptable but we would like to
show (for safety reasons) that each light is derived from the correct sensor. To do this we don’t abstract
the light state and hence each individual state appears at the partition level. Another consequence is
that the state does not need to be protected as each light is set by only one thread and hence we have
reduced the number of critical regions in the program.

--# Li ght Panel . AirLight from
--# Ai rSensor. State &
--# Li ght Panel . Car bonMonoxi deLi ght from
Car bonMonoxi deSensor . State &
--# Li ght Panel . Met haneLi ght from
--# Met haneSensor. State &
--# Li ght Panel . Wat er Level Li ght from
Wat er Level Sensor. Wat er Level I nterrupt &
--# Li ght Panel . PunpPunpi ngLi ght from
--# Wat er Fl owSensor . State &

The pump health light is set by comparing the water flow state to the pump state. E.g. if the pump thinks
it's on and no water is flowing it must be broken.

--# Li ght Panel . PunpHeal t hLi ght from
--# Wat er Fl owSensor. St at e,
--# Punp. State &

The system log is generated from all the inputs and the clock for the timestamps.

--# SystenlLog. State from

--# LogBuffer. State,

--f# Ai r Sensor. St at e,

--# Car bonMbnoxi deSensor . St at e,
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--# Met haneSensor. St at e,
--# Wat er Fl owSensor. St at e,
--# Wat er Level Sensor. St at e,
--# WAt er Level Sensor. Wat er Level I nterrupt,
--# PumpSwi t ch. St at e,
--# PunpSwi t ch. PunpSwi t chl nt errupt,
--# Punp. St at e,
--# AdaCal endar . Cl ockTi ne,
--# BI T. PBI TDone &

The log buffer annotation is identical to that for the system log with the exception that it is also derived
from itself. This is because it is initialized to empty at start-up.

The state held by the active sensors is obviously derived from the relevant interrupts. Again we see only
the abstract names for the interrupts.

--# PunpSwi tch. State from
--# PunpSwi t ch. PunpSwi tchlnterrupt &
--# Wat er Level Sensor. State from

WAt er Level Sensor. Wat er Level I nterrupt &

The suspension object PBI TDone is derived from itself. Suspension objects are only ever derived from
themselves at the partition level.

--# BI T. PBI TDone from* &

The clock is read to calculate the delay time for the tasks and is hence being used in a temporal
capacity rather than actually affecting any data flow. Hence nul | is derived from the clock’s own
variable Cl ockTi ne.

--# null from Ada. Real _Ti ne. Cl ockTi ne;

Start-up

It is common for embedded systems to run tests at start-up and while the program is running. Such
tests are known as built-in-tests (BIT). The power-up tests (PBIT) generally check the devices are
initialised properly. The continuous tests (CBIT) perform more dynamic tests. We have encapsulated
these tests in a thread (task) called BIT.

The pump switch and water level state are only updated when an interrupt occurs and hence at start-up
the state is undefined for a short time until the powerup interrupts are detected. The function of PBIT is
to monitor the interrupt driven devices and set a flag when both power-up interrupts have occurred.

The flag takes the form of a suspension object PBI TDone. The pump controller task suspends on
PBITDone and is released by the BIT task when the devices are ready.
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-- Power-up BIT (PBIT)
| oop
PumpSwi t chSt at e :
WAt er Level State :

= PunpSwi t ch. Get St at e;

= Wat er Level Sensor . Get St at e;

exit when PunpSwitchState /= PunpSwi tch. Undefi ned and
Wat er Level State /= Wat er Level Sensor. Undef i ned;

Next Peri od : = NextPeriod + Period;
del ay until NextPeri od;
end | oop;

-- PBIT conplete.
Ada. Synchronous_Task_Control . Set _True (PBI TDone) ;

-- Continuous BIT (CBIT)

| oop
<do CBIT>
Next Peri od : = NextPeriod + Period;
del ay until NextPeri od;

end | oop;

Normal Operation

The threads of control drive the inputs to the outputs in accordance with the system’s requirements. We
have used a mixture of interrupt handlers, periodic and aperodic tasks to achieve the goal. The interrupt
handlers were described in section 4.1.2. The remaining threads are now described.

Gas Monitors

The periodic Ai r Moni t or task reads the air sensor and sets the light panel appropriately. The
Car bonMonoxi deMoni t or and Met haneMoni t or perform similar functions.

Pump Controller

The PumpController task drives the pump actuator and exhibits periodic and aperiodic behaviour.
BI T. i t Unti | PBI TConpl et e;

Next Peri od := Ada. Real _Ti ne. Cl ock;
| oop
Next Peri od : = NextPeriod + Period;
del ay until NextPeri od;
if <punmp on | ogic> then
Punp. Set State (To => Punp. On);
el se
Pump. Set State (To => Punp. O f);
end if;
end | oop;
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The task must first wait until released by the BIT task. When the task is released we are guaranteed that
all the sensors are providing correct data. Once released the task acts as a periodic scheduler that
reads the three sensors and determines if the pump should be on or off. This task runs with a period of
50ms to ensure that the spark is never given time to ignite the methane.

Logger

From the global and derives annotation on the task specification we can see that the Logger is
responsible for transferring data from the LogBuffer to the SystemLog. The suspends property tells us
that the task exhibits aperiodic behaviour and that the release criteria depends on

LogBuffer. St ate.

task type Logger Task
--# global in out LogBuffer. State;
--# out Systenlog. St ate;
--#
--# derives SystenmLog. State from LogBuffer. State &
--# LogBuffer. State from *;
--# decl are suspends => LogBuffer. State;
is
pragma Priority (SystemPriority First + 1);
end Logger Task;

In fact LogBuf f er . St at e is a protected object with an entry. The logger task waits on this entry and
when released gets the data and writes it to the system log.

| oop
LogBuf fer. Read (TheData, DataM ssed);
SystenLog. Wite (TheData, DataM ssed);
end | oop;

This task is given a low priority and will be pre-empted by more important events.

The Environment Task

The environment task is responsible for elaborating the program and starting the main procedure. The
main procedure in this case is a null statement.
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4.6 Scheduling

The table below shows all the threads, their type, period if applicable and priorities.

Type
Thread Priority

Interrupt Periodic Aperiodic

Handler
PumpSwitch.AutolnterruptHandler ® Highest
PumpSwitch.OnInterruptHandler ® Highest
PumpSwitch.OffInterruptHandler (] Highest
WaterLevelSensor. [ ) Highest
WaterlsHighlnterruptHandler
WaterLevelSensor. ® Highest
WaterlsLowInterruptHandler
PumpController 50ms ° Highest
AirMonitor 100ms High
CarbonMonoxideMonitor 100ms High
MethaneMonitor 100ms High
Logger (] Low
BIT 100ms Lowest
Environment thread Lowest
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Mine Pump Requirements

Pump Operation

The pump has two modes manual and automatic.

In automatic mode the pump will pump water when the water level is too high.
In manual mode the operator shall be able to switch the pump on and off.

The MinePump shall NEVER operate when the methane level is too high. This applies to both manual and
automatic modes.

The MinePump shall NEVER operate when the methane sensor is broken. This applies to both manual and
automatic modes.

System State

The operator shall be informed of the amount of air in the shaft in relation to a threshold that is deemed
safe.

The operator shall be informed of the amount of carbon monoxide in the shaft in relation to a threshold
that is deemed safe.

The operator shall be informed of the amount of methane in the shaft in relation to a threshold that is
deemed safe.

The operator shall be informed of the amount of water in the shaft in relation to the “high” point.

The operator shall be informed when the pump is pumping.
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A.3 Diagnostics

A.3.1 The Operator shall be informed of the status of the following sensors: air, carbon monoxide and methane.

A.3.2 The Operator shall be informed when the pump is broken. The pump is broken when: the pump should be
on and water is not flowing OR water is flowing and the pump should not be on.

A.3.3 Asystem log shall be kept that reports the times of the following events:
Air level normal
Air level too low
Air sensor broken
Carbon monoxide level normal
Carbon monoxide level too high
Carbon monoxide sensor broken
Methane level normal
Methane level too high
Methane sensor broken
Water level normal
Water level too high
Pumpis on
Pump is off

Pump is broken
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Hardware Interface

The pump switch and water level sensors are edge triggered interrupt devices. They do, however, provide
an interrupt on power up.

The pump actuator device powers up in the off state.
The spark caused by operating the pump may ignite methane in 60ms.
The lights power up in the off state.

Sensors do not exhibit intermittent faults. They are either working or broken.
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package Ti meSt anp
--# own protected d ockTine;
is

type Tine is private;

Nul | Time : constant Time,;

function dock return Tine;
--# gl obal d ockTi ng;

private

type Tine is

record
I : Integer;
end record;
Nul I Time : constant Tine := Tinme' (I => 0);

end Ti neSt anp;

wi t h Ti neSt anp;

Tool Development and Support
RavenSPARK Design of the Mine Pump Case Study

wi th System

--# inherit TineStanp,

--# System

package Air Sensor

--# own in RawSensor;

--# protected in State : SensorPT (Priority => System Interrupt_Priority'Last,
--# Protects => RawSensor);

is

type Value is range 0 .. 255;

M ni munsaf eVal ue : constant Val ue : = 100;

procedure Get Readi ng (TheReadi ng : out Val ue;

TheTi me out TinmeStanp. Tine);
--# global in State;
--# in Ti meStanp. d ockTi ne;
--# derives TheReading from State &
--# TheTi me from Ti meSt anp. d ockTi ne;
private

protected type SensorPT is

pragme Interrupt_Priority (SystemInterrupt_Priority' Last);

procedure ProtectedGet Readi ng (TheReadi ng : out Val ue;

TheTi me
--# gl obal in SensorPT,
--# in Ti meStanp. d ockTi ne;
--# derives TheReadi ng from SensorPT &

--# TheTi e

end Sensor PT,;

out Ti neStanp. Ti ne);

from Ti neSt anp. A ockTi ne;

end AirSensor;

S.P0468.76.21
Issue: 1.5
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wi t h Ti neSt anp;

with System

--# inherit TineStanp,

--# System

package Car bonMbnoxi deSensor

--# own in RawSensor;

--# protected in State : SensorPT (Priority => SystemInterrupt_Priority'Last,
--# Protects => RawSensor);

is

type Value is range 0 .. 255;
Maxi munBaf eVal ue : constant Val ue := 100;

procedure Get Readi ng (TheReadi ng : out Val ue;

TheTi ne : out TinmeStanp. Tine);
--# global in State;
--# in TimeStanp. d ockTi ne;
--# derives TheReading from State &
--# TheTi me from Ti meSt anp. d ockTi ne;

private
protected type SensorPT is
pragma Interrupt_Priority (SystemlInterrupt_Priority'Last);

procedure ProtectedGet Readi ng (TheReadi ng : out Val ue;

TheTi ne : out TineStanp. Tine);
--# gl obal in SensorPT,
--# in Ti meStanp. d ockTi ne;
--# derives TheReadi ng from SensorPT &
--# TheTi e from Ti neSt anp. A ockTi ne;
end Sensor PT;
end Car bonMonoxi deSensor ;
wi t h Ti neSt anp;
wi th System
--# inherit TineStanp,
--# System
package MethaneSensor
--# own in RawSensor;
--# protected in State : SensorPT (Priority => System Interrupt_Priority'Last,
--# Protects => RawSensor);
is

type Value is range 0 .. 255;
pragna Atom c (Val ue);

Maxi nunBaf eVal ue : constant Val ue := 100;

procedur e Get Readi ng (TheReadi ng : out Val ue;

TheTi ne : out TinmeStanp. Tine);
--# global in State;
--# in TineStanp. d ockTi ne;
--# derives TheReading from State &
--# TheTi me from Ti neSt anp. d ockTi ne;
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private
protected type SensorPT is
pragma Interrupt_Priority (SystemInterrupt_Priority'Last);

procedure ProtectedGet Readi ng (TheReadi ng : out Val ue;

TheTi ne : out TineStanp. Tine);
--# global in SensorPT,
--# in TimeStanp. d ockTi ne;
--# derives TheReadi ng from SensorPT &
--# TheTi ne from Ti neSt anp. A ockTi ne;
end Sensor PT;
end Met haneSensor;
wi th TimeSt anp;
with System
--# inherit TineStanp,
--# System
package Wt er Fl owSensor
--# own in RawSensor;
--# protected in State : SensorPT (Priority => SystemInterrupt_Priority'Last,
--# Protects => RawSensor);
is

type Value is (Flow ng, NotFl ow ng);

procedure Cet Readi ng (TheReadi ng : out Val ue;

TheTi me : out TineStanp. Tine);
--# global in State;
--# in TineStanp. d ockTi ne;
--# derives TheReading from State &
--# TheTi me from Ti neSt anp. d ockTi ne;

private
protected type SensorPT is
pragnme Interrupt_Priority (SystemlInterrupt_Priority'Last);

procedure ProtectedGet Readi ng (TheReadi ng : out Val ue;

TheTi ne : out TinmeStanp. Tine);
--# gl obal in SensorPT,;
--# in Ti meStanp. d ockTi ne;
--# derives TheReadi ng from SensorPT &
--# TheTi ne from Ti neSt anp. A ockTi ne;

end Sensor PT;

end Wat er Fl owSensor ;
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wi th Ti meSt anp;

wi th System

--# inherit TinmeStanp,
--# System
--# Li ght Panel ,
--# LogBuf f er;

package WaterLevel Sensor
--# own protected State :

--# Sensor PT

--# (Priority => SystemInterrupt_Priority'Last,

--# Interrupt => (WaterlsH ghlnterruptHandl er => WaterLevel I nterrupt,
--# Wat erl sLowl nterrupt Handl er => WaterLevel Interrupt));

type Value is (Undefined, Low, Hi gh);

function GetState return Val ue;
--# global in State;

private

protected type SensorPT
is

pragma Interrupt_Priority (SystemlInterrupt_Priority' Last);

procedure Water| sH ghl nterrupt Handl er;

--# global in Ti meSt anp. d ockTi ne;

--# inout LogBuffer. State;

--# out Sensor PT;

--# out Light Panel . at er Level Li ght ;

--# derives SensorPT,

--# Li ght Panel . Wat er Level Light from &

--# LogBuffer. State from?*,

--# Ti meSt anp. d ockTi rre;

pragmae Attach_Handl er (WaterlsH ghlnterruptHandl er, 1);

procedur e \Waterl|sLow nterruptHandl er;

--# global in Ti meSt anp. d ockTi ne;

--# inout LogBuffer. State;

--# out Sensor PT,

--# out LightPanel . Wt er Level Li ght;

--# derives Sensor PT,

--# Li ght Panel . Wat er Level Light from &

--# LogBuffer. State from*,

--# Ti meSt anp. d ockTi ne;

pragma Attach_Handl er (WaterlsLow nterruptHandler, 1);

function ProtectedGetState return Val ue;
--# global in SensorPT;

private
CurrentState : Val ue : = Undefi ned;
end Sensor PT;

end Wat er Level Sensor;
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wi th Ti meSt anp;
wi t h Li ght Panel ;
package body WaterLevel Sensor
is
State : Sensor PT,;
protected body SensorPT is

procedure \Water | sH ghl nt errupt Handl er

--# global in Ti meSt anp. A ockTi ne;
--# inout LogBuffer. State;
--# out Current State;
--# out LightPanel . at er Level Li ght;
--# derives Current State,
--# Li ght Panel . WAt er Level Light from &
--# LogBuffer. State from=*, TinmeStanp. d ockTi ne;
is
TheTime : Ti meStanp. Ti ne;
begi n

QurrentState := Hgh;
TheTi me : = Ti meSt anp. d ock;
Li ght Panel . Swi t chwat er Level Li ght (1sH gh => True,
TheTi neSt anp => TheTi ne);
end Wt er| sHi ghl nt errupt Handl er;

procedure WaterlsLow nterrupt Handl er

--# global in Ti meSt anp. d ockTi ne;
--# inout LogBuffer. State;
--# out Current State;
--# out LightPanel . Wt er Level Li ght;
--# derives Current State,
--# Li ght Panel . Wat er Level Light from &
--# LogBuffer. State from*, TimeStanp. d ockTi ne;
is
TheTi me : Ti neStanp. Ti ne;
begi n

CurrentState : = Low,
TheTine := Ti meSt anp. d ock;
Li ght Panel . Swi t chWat er Level Li ght (IsH gh => Fal se,
TheTi neStanp => TheTi ne);
end Wat er | sLowl nt er r upt Handl er;

function ProtectedGetState return Val ue
--# global in CurrentState;
is
begi n
return Current State,;
end ProtectedCet State;

end Sensor PT;

function GetState return Value is
begi n

return State.ProtectedGetState;
end CGet State;

end Wat er Level Sensor;
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with System

--# inherit TineStanp,

--# System

--# LogBuf f er;

package PunpSwitch
--# own protected State :

--# PunpSwi t chPT

--# (Priority => SystemInterrupt_Priority'Last,
--# interrupt);

is

type Value is (Undefined, Auto, On, Of);

function GetState return Val ue;
--# global State;

private

protected type PunpSwi t chPT
is

pragma Interrupt_Priority (SystemInterrupt_Priority'Last);

procedur e Autol nterruptHandl er;

--# global in Ti meSt anp. d ockTi mne;

--# inout LogBuffer. State;

--# out PunpSwi t chPT;

--# derives PunpSwi t chPT from &

--# LogBuffer. S ate from*,

--# Ti neSt anp. d ockTi ne;

pragma Attach_Handl er (AutolnterruptHandler, 3);

procedure OnlnterruptHandl er;

--# global in Ti meSt anp. d ockTi ne;

--# inout LogBuffer. State;

--# out PunpSwi t chPT;

--# derives PunpSwi t chPT from &

--# LogBuffer. State from *,

--# Ti meSt anp. d ockTi ne;

pragma Attach_Handl er (OnlnterruptHandler, 4);

procedure O flnterr uptHandl er;

--# global in Ti meSt anp. d ockTi ne;

--# inout LogBuffer. State;

--# out PunpSwi t chPT;

--# derives PunpSwi t chPT from &

--# LogBuf fer. State from *,

--# Ti meSt anp. d ockTi ne;

pragma Attach_Handl er (O flnterruptHandl er, 5);

function ProtectedGetState return Val ue;
--# global in PunpSwi tchPT;

private
CurrentState : Val ue : = Undefi ned;
end PunpSwi t chPT;

end PunpSwi t ch;
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wi th Ti meSt anp;

wi t h LogBuffer;

package body PumpSwitch is
State : PunpSwit chPT;

prot ect ed body PunpSwitchPT
is

procedur e Autol nterrupt Handl er

--# global in Ti meSt anp. A ockTi ne;
--# inout LogBuffer. State;
--# out Current State;
--# derives CurrentState from &
--# LogBuffer. State from*, Ti nmeStanp. d ockTi ne;
is
TheTi ne : TineStanp. Ti ne;
begi n

QurrentState : = Auto;
TheTi me : = Ti meSt anp. d ock;
LogBuffer. Wite (Data => LogBuffer.BufferEntry’
(TheDevi ce => LogBuffer. PunpSwi t ch,
TheState => LogBuffer.| sAuto,
TheTi meSt anp => TheTi ne));
end Aut ol nt errupt Handl er;

procedure Onlnterrupt Handl er

--# global in Ti meSt anp. d ockTi ne;
--# inout LogBuffer. State;
--# out Current State;
--# derives CurrentState from &
--# LogBuffer. State from*, Ti meStanp. d ockTi ne;
is
TheTi me : Ti neStanp. Ti ne;
begi n

CurrentState := On;
TheTi me : = Ti meStanp. d ock;
LogBuffer. Wite (Data => LogBuffer.BufferEntry'
(TheDevi ce => LogBuf fer. PunpSwi t ch,
TheState => LogBuffer.|sOn,
TheTi meSt anp => TheTi nme));
end Onl nt errupt Handl er;

procedure O flnterruptHandl er

--# global in Ti meSt anp. d ockTi ne;
--# inout LogBuffer. State;
--# out Current State;
--# derives CurrentState from &
--# LogBuf fer. State from*, Ti meStanp. G ockTi ne;
is
TheTine : Ti meStanp. Ti ng;
begi n

CQurrentState := Of;
TheTi me : = Ti meStanp. d ock;
LogBuffer. Wite (Data => LogBuffer.BufferEntry'
(TheDevi ce => LogBuffer. PunpSwi t ch,
TheState => LogBuffer.|sCf,
TheTi neStanp => TheTi ne));
end O f | nterrupt Handl er;

function ProtectedGetState return Val ue
--# global in CurrentState;
is
begi n
return Current State;
end ProtectedCet State;
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end PunpSwi t chPT;

function GetState return Value is
begi n

return State.ProtectedGetState;
end Get State;

end PunpSwi t ch;

with System

--# inherit TineStanp,

--# System

--# LogBuf f er;

package Punp

--# own protected out Actuator :

--# ActuatorPT (Priority => SystemInterrupt_Priority'Last);
--# in State;

is

type PunpState is (On, Of);

procedure SetState (To : in PunpState);

--# global in Ti neSt anp. d ockTi ne;

--# in out LogBuffer. State;

--# out Actuator;

--# derives Actuator fromTo &

--# LogBuffer. State from *,

--# To,

--# Ti meSt anp. A ockTi ne;

function I1sOn return Bool ean;
--# global in State;

private
protected type ActuatorPT is
pragme Interrupt_Priority (SystemInterrupt_Priority'Last);

procedure protectedSetState (To : in PunpState);

--# global in Ti meSt anp. d ockTi ne;

--# inout LogBuffer. State;

--# out Actuator;

--# derives Actuator fromTo &

--# LogBuf fer. State from *,

--# To,

--# Ti meSt anp. d ockTi ne;

end Act uat or PT;
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h Ti meSt anp;
inherit TineStanp,
LogBuf f er;
kage Li ght Panel
own out Al r Li ght;
out Car bonMbnoxi delLi ght ;
out Met hanelLi ght ;
out PunpHeal t hLi ght ;
out PunpPunpi ngLi ght ;

prot ect ed Wat er Level Li ght;

type Level is (Normal, Dangerous, Unknown);

type HealthStatus is (Healthy, Unhealthy, Unavail able);

type PunpingStatus i s (Punping, NotPunping, Punpi ngUnknown);
procedure SwitchAirLight (To . in Level;

TheTimeStanp : in TinmeStanp. Tine);
--# global in out LogBuffer. State;

--# out AirlLight;

--# derives AirlLight fromTo &

--# LogBuffer. State from *,

--# To,

--# TheTi neSt anp;

procedure Sw t chCar bonMonoxi deLi ght (To . in Level;

TheTi meStanp : in Ti meStanp. Tine);
--# global in out LogBuffer.State;

--# out Car bonMbnoxi deLi ght ;

--# derives LogBuffer. State from?*,

- # To,

--# TheTi neStanp &
--# Car bonMonoxi deLi ght from To;

procedure Sw t chMet haneLi ght (To : in Level;

TheTimeStanp : in TineStanp. Tine);
--# global in out LogBuffer.State;

--# out Met hanelLi ght;

--# derives LogBuffer.State from*,

--# To,

--# TheTi neStanp &

--# Met haneLi ght from To;

procedure Swi tchWat er Level Li ght (1sH gh : in Bool ean;

TheTineStanp : in Ti meStanp. Ti ne);
--# global in out LogBuffer. State;

--# out WaterLevel Li ght;

--# derives LogBuf fer.State from*,

--# TheTi neSt anp,
--# IsH gh &

--# Wat er Level Li ght from | sH gh;

procedure Swit chPunpHeal t hLi ght (To : in Heal t hSt at us;
TheTi neStanp : in TineStanp. Tine);
--# global in out LogBuffer.State;

--# out PunpHeal t hLi ght;

--# derives LogBuffer. State from*,

-t To,

--# TheTi neStanp &
--# PunpHeal t hLi ght from To;
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procedur e Swi t chPunpPunpi ngLi ght (To : in PunpingSt at us;
TheTimeStanp : in TinmeStanp. Tine);
--# global in out LogBuffer.State;

--# out PunpPunpi nglLi ght;

--# derives LogBuffer.State from*,

--# To,

--# TheTi meStanp &
--# PunpPunpi ngLi ght from To;

wi t h Ti neSt anp;

with System

--# inherit TineStanp,

--# System

package LogBuffer

--# own protected State : Log (Priority => SystemInterrupt_Priority'Last,
--# Suspendabl e) ;

is

type Device is
(UnknownDevi ce,
Ai r Sensor
Car bonMonoxi deSensor ,
Met haneSensor,
Wt er Level Sensor,
\Wat er Fl owSensor,
Li ghts,
Punp,
PunpSwi t ch) ;

type DeviceState is
(UnknownSt at e,
I s,
IsOFf,
| sAut o,
| sDanger ous,
| sBroken,
| sCk,
| sHi gh);

type BufferEntry is
record
TheDevi ce : Devi ce;
TheState : DeviceState;
TheTi neStanp : Ti meSt anp. Ti ne;
end record;

Nul | Buf ferEntry : constant BufferEntry : =
Buf f er Entry' (TheDevi ce => UnknownDevi ce,
TheState => UnknownSt at e,

TheTi neStanp => Ti meSt anp. Nul | Ti ne) ;

procedure Wite (Data : in BufferEntry);
--# global in out State;

--# derives State from *,

--# Dat a;
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procedure Read (Data . out BufferEntry;
Dat aM ssed : out Bool ean);

--# global in out State;

--# derives State,

--# Dat a,

--# Dat aM ssed from State;
--# decl are suspends => State;
vat e

MaxEntries : constant := 1024;

type Index is nod MaxEntri es;
type Buffer is array (lndex) of BufferEntry;
EnptyBuffer : constant Buffer := Buffer'(others => Null BufferEntry);

protected type Log
is

pragme Interrupt_Priority (SystemInterrupt_Priority'Last);

procedure ProtectedWite (Data : in BufferEntry);
--# global in out Log;

--# derives Log from*,

--# Dat a;

entry ProtectedRead (Data : out BufferEntry;
Dat aM ssed : out Bool ean);

--# global in out Log;

--# derives Data,

--# Dat aM ssed,

--# Log from Log;
private

TheBuffer : Buffer = EnptyBuffer;

Readl ndex : | ndex ;= I ndex' First;

Witelndex : |ndex ;= Index' First;

HasEntries : Bool ean : = Fal se;

Dat aOverwri tt enSi nceLast Read : Bool ean : = Fal se;
end Log;

end LogBuffer;

package body LogBuffer

is

State : Log;

protected body Log
is

procedure ProtectedWite (Data : in BufferEntry)
--# global in out TheBuffer;

--# inout Witelndex;

--# i n out Readl ndex;

--# i n out DataOverwittenSi nceLast Read;

--# inout HasEntries;

--# derives Readl ndex,

--# Dat aOverwrittenSi nceLast Read from*,

--# Readl ndex,
--# Wit el ndex,
--# HasEntries &
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--# Wi tel ndex from=* &
--# HasEntri es from &
--# TheBuf f er from?*,
--# Wit el ndex,
--# Dat a;
is
begi n

TheBuffer (Witel ndex)

Dat a;

if HasEntries and
Wi tel ndex = Readl ndex
t hen
- - Wehave just overwritten the oldest entry
- - Movetheread pointer to the next oldest entry and mark that
- - data has been overwitten.
Readl ndex := Readl ndex + 1;
Dat aOverwr i ttenSi nceLast Read : = True;

end if;
Witelndex := Witelndex + 1;
HasEntries := True;

end ProtectedWite;

entry ProtectedRead (Data : out BufferEntry;
Dat aM ssed : out Bool ean) when HasEntries

--# global in TheBuffer;
--# in Wit el ndex;
--# i n out Readl ndex;
--# i n out DataOverwittenSi nceLast Read;
--# out HasEntries;
--# derives Readl ndex from* &
--# Dat aOverw i ttenSi nceLast Read from &
--# HasEntri es f r om Readl ndex,
--# Witelndex &
--# Dat a f r om Readl ndex,
--# TheBuffer &
--# Dat aM ssed fromDat aOverwittenSi nceLast Read;
is
begi n

Dat a = TheBuffer (Readlndex);

Readl ndex = Readl ndex + 1;

HasEntries : = Readlndex /= Witel ndex;

Dat aM ssed : = DataOverwittenSi nceLast Read;
Dat aOverwri ttenSi nceLast Read : = Fal se;
end Prot ect edRead;

end Log;

procedure Wite (Data : in BufferEntry)

is
begi n
State.ProtectedWite (Data);
end Wite;
procedure Read (Data : out BufferEntry;
Dat aM ssed : out Bool ean)
is
begi n
State. Protect edRead (Data, DataM ssed);
end Read;

end LogBuffer;
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procedure Wite (Data : in LogBuffer.BufferEntry;

--# gl obal

- #

Dat aM ssed : in Bool ean);

out State;
--# derives State from Dat a,

Dat aM ssed;

--# decl are del ay;

end Systenlog;

with AirMonitor;
wi t h Car bonMonoxi deMoni t or
wi t h Met haneMoni t or;

wi th Water Level Sensor;

wi t h PunpController;

with BIT;

wi t h PunpSwi t ch;

wi t h Logger;

--# inherit TineStanp,

Ada. Real _Ti ne,

Ai r Moni tor,

Ai r Sensor,

Car bonMonoxi deMoni t or,
Car bonMonoxi deSensor,

Met hanelbni t or,

Met haneSensor,

Wt er Fl owSensor,

Wat er Level Sensor,

Li ght Panel ,

Punp,
PumpControl l er,
BIT,
PunpSwi t ch,
Syst enlog,
LogBuf f er,
Logger;

--# nai n_program

- - Partition wide annotation.

--# gl obal

5353333 3333333

out
out
out
out
out
out

Ai r Sensor. St at e;

Car bonMonoxi deSensor. St at g;
Met haneSensor . St at e;

Wt er Fl owSensor. St at e;

Pump. State;

Ti meSt anp. A ockTi ne;

Ada. Real _Ti nme. d ockTi rre;
Wt er Level Sensor. Wat er Level I nterrupt;
Wat er Level Sensor. St at e;
PunpSwi t ch. St at e;

LogBuffer. State;

Bl T. PBI TDone;

SystenlLog. St at e;

Li ght Panel . Ai rLi ght;
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Li ght Panel . Car bonMonoxi deLi ght ;

Li ght Panel . Met haneLi ght ;

Li ght Panel . Wt er Level Li ght;
Li ght Panel . PunpHeal t hLi ght ;
Li ght Panel . PunpPunpi ngLi ght ;

Punp. Act uat or;

--# derives SystenlLog. State

--# LogBuffer. State

--# Li ght Panel . Ai r Li ght

--# Li ght Panel . Car bonMonoxi deLi ght

--# Li ght Panel . Met hanelLi ght

--# Li ght Panel . Wat er Level Li ght

--# Li ght Panel . PunpHeal t hLi ght

--# Li ght Panel . PunpPunpi ngLi ght

--# Punp. Act uat or

--# PumpSwi t ch. Stat e
--# Wt er Level Sensor. St at e

--# BI T. PBI TDone

--# nul |

procedure Main
--# derives ;
is

pragma Priority (1);

begi n
nul |;
end Mi n;

from LogBuffer. State,
Ai r Sensor. St at e,
Car bonMonoxi deSensor. St at e,
Met haneSensor. St at e,
\Wat er Fl owSensor . St at e,
Wat er Level Sensor. St at e,
Wat er Level Sensor. Wat er Level I nterrupt,
PurmpSwi t ch. St at e,
Punp. St at e,
Ti meSt anp. A ockTi ne,
BI T. PBl TDone &

from*,
Ai r Sensor. St at e,
Car bonMonoxi deSensor . St at e,
Met haneSensor. St at e,
\Wat er Fl owSensor . St at e,
\Wat er Level Sensor. Stat e,
Wat er Level Sensor. Wat er Level I nterrupt,
PunpSwi t ch. St at e,
Punp. St at e,
Ti meSt anp. d ockTi ne,
BI T. PBl TDone &

fromAirSensor. State &

from Car bonMonoxi deSensor. State &

from Met haneSensor. State &

from Wat er Level Sensor. Wat er Level Interrupt &

from Wat er Fl owSensor . St at e,
Punp. State &

from Wat er Fl owSensor. State &

from Met haneSensor. St at e,
Wt er Level Sensor. State,
Wt er Level Sensor. Wat er Level | nterrupt,
PunpSwi t ch. St at e,
Bl T. PBl TDone &

from PunpSwi tch. State &
from Wat er Level Sensor. Wt er Level I nterrupt &

from* &
from Ada. Real _Ti me. O ockTi ne;
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wi th System

--# inherit Ada.Real _Tineg,

--# Ti neSt anp,

--# Ai r Sensor,

--# Li ght Panel ,

--# System

--# LogBuf f er;

package AirMonitor
--# own task TheMonitor : Monitor;

is
private
task type Monitor
--# global in AirSensor. State;
--# in Ada. Real _Ti ne. d ockTi ne;
--# in Ti neSt anp. d ockTi ne;
--# in out LogBuffer.State;
--# out LightPanel . AirLight;
--# derives LightPanel . AirLight fromAirSensor.State &
--# LogBuffer. State from=,
--# Ai r Sensor. St at e,
--# Ti meSt anp. A ockTinme &
--# nul | from Ada. Real _Ti me. d ockTi ne;
is
pragma Priority (SystemPriority'Last);
end Monitor;

end AirMonitor;

wi t h Ada. Real _Ti ne;
wi t h Ti neSt anp;
with AirSensor;

wi t h Li ght Panel ;

use type AirSensor. Val ue;
use type Ada. Real _Ti nme. Ti ne;

package body AirMbnitor
is

TheMonitor : Monitor;

task body Monitor
is

Period : constant Ada. Real _Tinme. Tinme_Span := Ada Real _Tine.MIIliseconds (100);

TheAi r Readi ng : AirSensor. Val ue;
TheTi me . TineStanp. Ti ne;
Next Peri od : Ada. Real _Ti ne. Ti n®;
NewLi ght Setting : LightPanel.Level;
begi n
Next Peri od : = Ada. Real _Ti ne. d ock;
| oop
Al r Sensor. Get Readi ng ( TheReadi ng => TheAi r Readi ng,
TheTi ne => TheTi ne);

if TheAirReading Valid then
i f TheAi r Readi ng >= AirSensor. M ni nunSaf eVal ue t hen
NewLi ght Setti ng : = Li ght Panel . Nor nal ;
el se
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NewLi ght Setting : = Li ght Panel . Danger ous;

end if;
el se

NewLi ght Setting : = Light Panel . Unknown;
end if;

Li ght Panel . Swi t chAi rLi ght (To => NewLi ght Setti ng,
TheTi neSt anp => TheTi ne);

Next Peri od : = NextPeriod + Period;
del ay until NextPeri od;

end | oop;
end Monitor;

end AirMonitor;

with System

--# inherit Ada.Real _Tineg,

--# Ti neSt anp,

--# Car bonMonoxi deSensor,
--# Li ght Panel ,

--# System

--# LogBuf f er;

package Car bonMonoxi deMoni t or

--# own task TheMonitor : Mnitor;
is

private

task type Monitor

--# global in Car bonMonoxi deSensor . St at e;
--# in Ada. Real _Ti nme. d ockTi nre;
--# in Ti meSt anp. d ockTi ne;
--# in out LogBuffer. State;
--# out Li ght Panel . Car bonMonoxi delLi ght ;
--#
--# derives LightPanel.CarbonMnoxi deLi ght from CarbonMnoxi deSensor. State &
--# LogBuffer. State from *,
--# Car bonMonoxi deSensor . St at e,
--# Ti meSt anp. A ockTine &
--# nul | from Ada. Real _Ti me. O ockTi ne;
is
pragma Priority (SystemPriority'Last);
end Monitor;

end Car bonMonoxi deMoni t or;
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wi t h Ada. Real _Ti nE;

wi t h Ti neSt anp;

wi t h Car bonMonoxi deSensor ;
wi t h Li ght Panel ;

use type CarbonMonoxi deSensor. Val ue;
use type Ada. Real _Ti ne. Ti ne;

package body Car bonMonoxi deMoni t or

is
TheMonitor : Monitor;
task body Monitor
is
Period : constant Ada.Real _Tine. Time_Span := Ada. Real _Tine.MIIliseconds (100);
TheCOReadi ng : Car bonMonoxi deSensor. Val ue;
TheTi ne : TineStanp. Ti ne;
Next Peri od . Ada. Real _Ti ne. Ti ne;
NewLi ght Val ue : Li ght Panel . Level ;
begi n
Next Peri od : = Ada. Real _Ti ne. d ock;
| oop
Car bonMonoxi deSensor . Get Readi ng ( TheReadi ng => TheCOReadi ng,
TheTi e => TheTi ne);
if TheCOReading' Valid then
i f TheCOReadi ng <= Car bonMbonoxi deSensor . Maxi nuntaf eVal ue t hen
NewLi ght Val ue : = Li ght Panel . Nor nal ;
el se
NewLi ght Val ue : = Li ght Panel . Danger ous;
end if;
el se
NewLi ght Val ue : = Li ght Panel . Unknown;
end if;
Li ght Panel . Swi t chCar bonMonoxi delLi ght
(To => NewLi ght Val ue,
TheTi meSt anp => TheTi ne);
Next Period : = NextPeriod + Period,;
del ay until NextPeriod;
end | oop;
end Monitor;

end Car bonMonoxi deMoni t or;
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with System

--# inherit Ada.Real _Tineg,

--# Ti neSt anp,

--# Met haneSensor,

--# Li ght Panel ,

--# System

--# LogBuf f er;

package Met haneMoni t or

--# own task TheMonitor : Mnitor;
is

private

task type Monitor

--# global in Met haneSensor. St at e;

--# in Ada. Real _Ti ne. d ockTi rre;

--# in Ti meSt anp. A ockTi ne;

--# in out LogBuffer. State;

--# out Light Panel . Met haneLi ght ;

--#

--# derives LightPanel.MthaneLi ght from Met haneSensor. State &

--# LogBuffer. State from*,

--# Met haneSensor . St at e,

--# Ti neSt anp. d ockTi me &

--# nul | from Ada. Real _Ti ne. d ockTi ne;
is

pragma Priority (SystemPriority'Last);
end Monitor;

end MethaneMbnitor;

wi t h Ada. Real _Ti ne;
wi t h Ti neSt anp;

wi t h Met haneSensor;
wi t h Li ght Panel ;

use type MethaneSensor. Val ue;
use type Ada. Real _Tinme. Tine;

package body Met hanelbnitor
is

TheMonitor : Monitor;

task body Monitor
is

Period : constant Ada.Real _Tine. Ti ne_Span := Ada. Real _Tine.MIliseconds (100);

TheMet haneReadi ng : Met haneSensor. Val ue;

TheTi ne . TimeStanp. Ti ne;
Next Peri od . Ada. Real _Ti ne. Ti ne;
NewLi ght Val ue . Li ght Panel . Level ;
begi n
Next Peri od : = Ada. Real _Ti me. d ock;
| oop
Met haneSensor . Get Readi ng ( TheReadi ng => TheMet haneReadi ng,
TheTi e => TheTi ne);
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i f TheMet haneReadi ng' Val i d t hen
i f TheMet haneReadi ng <= Met haneSensor . Maxi munfaf eVal ue t hen
NewLi ght Val ue : = Li ght Panel . Nor nal ;

el se
NewLi ght Val ue : = Li ght Panel . Danger ous;
end if;
el se
NewLi ght Val ue : = Li ght Panel . Unknown;
end if;

Li ght Panel . Swi t chMet haneLi ght
(To => NewLi ght Val ue,
TheTi meSt anp => TheTi ne);

Next Peri od := NextPeriod + Peri od,
del ay until NextPeriod;

end | oop;
end Monitor;

end Met haneMoni tor;

with System

--# inherit Ada. Real _Ti ne,

--# Ada. Synchronous_Task_Control ,
--# Ti neSt anp,

--# Wat er Fl owSensor ,

--# Punp,

--# PunmpSwi t ch,

--# Li ght Panel ,

--# System

--# LogBuf f er,

--# Wat er Level Sensor ;

package BI T

--# own task TheMonitor : Mnitor;

--# prot ect ed PBI TDone (suspendabl e);
is

procedure WaitUntil PBI TConpl et e;
--# gl obal PBI TDone;

--# derives PBl TDone from ;

--# decl are suspends => PBI TDone;

private

task type Monitor

--# global in Wt er Fl owSensor . St at e;

--# in Punp. St at e;

--# in Ti neSt anp. d ockTi ne;

--# in Ada. Real _Ti me. A ockTi ne;

--# in PunpSwi t ch. St at e;

--# in Wat er Level Sensor . St at e;

--# in out LogBuffer. State;

--# out PBI TDone,

--# out Li ghtPanel . PunpHeal t hLi ght ;

--# out Li ght Panel . PunpPunpi ngLi ght ;

--# derives Li ght Panel . PunpHeal t hLi ght from Punp. St ate,

--# Wat er Fl owSensor. State &
--# Li ght Panel . PunpPunpi ngLi ght from Wt er Fl owSensor. State &
--# LogBuffer. State from *,

--# Punp. St at e,

--# Wt er Fl owSensor . St at e,

S.P0468.76.21
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--# Ti neSt anp. d ockTinme &
--# PBI TDone from &
--# nul | from Ada. Real _Ti nme. d ockTi ne,
--# PunpSwi t ch. St at e,
--# \Wat er Level Sensor. St at e;
is
pragme Priority (SystemPriority' First);
end Monitor;
end BIT;

wi t h Ada. Real _Ti nE;

wi t h Ada. Synchr onous_Task_Control ;
wi t h Wat er Fl owSensor ;

wi t h Li ght Panel ;

wi th Punp;

wi t h PunpSwi t ch;

wi t h Wat er Level Sensor;

wi t h Ti neSt anp;

use type Ada. Real _Ti ne. Ti ne;

use type WaterFl owSensor. Val ue;
use type WaterlLevel Sensor. Val ue;
use type PunmpSwitch. Val ue;

package body BIT
is

PBI TDone : Ada. Synchronous_Task_Control . Suspensi on_(j ect ;
TheMonitor : Mbonitor;

task body Monitor
is

Period : constant Ada. Real _Tinme. Time_Span := Ada.Real _Tine.MIIliseconds (100);

Punpl sCn . Bool ean;

Wat er Fl owReadi ng : Wt er Fl owSensor . Val ue;
PunpSwi tchState : PunpSwitch. Val ue;

Water Level State : WaterLevel Sensor. Val ue;
TheTi e : TineStanp. Ti ne;

Next Peri od . Ada. Real _Ti ne. Ti n®;
NewPunpi ngSt at us : Li ght Panel . Punpi ngSt at us;
NewHeal t hStatus : Li ght Panel . Heal t hSt at us;

begi n
Next Peri od := Ada. Real _Ti me. d ock;

-- Power-up BIT (PBIT)
| oop
PunpSwi tchState : = PunmpSwi tch. Get St at e;
Wat er Level State : = Wat er Level Sensor. Get St at €;

exit when PunmpSwitchState /= PunpSwi tch. Undefined and
Wat er Level State /= \Wat er Level Sensor . Undef i ned;

Next Peri od : = NextPeriod + Period;
del ay until NextPeriod;
end | oop;

-- PBIT complete.
Ada. Synchr onous_Task_Control . Set _True (PBl TDone);
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-- ContinuousBIT (CBIT)

| oop
Next Period := NextPeriod + Period,
del ay until NextPeri od;

Wat er Fl owSensor . Get Readi ng ( TheReadi ng => Wat er Fl owReadi ng,
TheTi ne => TheTine);

i f \WaterFl owReadi ng' Valid then

i f \Wat er Fl owReadi ng = Wat er Fl owSensor . Fl owi ng then
NewPunpi ngSt at us : = Li ght Panel . Punpi ng;

el se
NewPunpi ngSt at us : = Li ght Panel . Not Punpi ng;

end if;

Punpl sOn : = Punp. I sOn;

i f PunplsOn xor
Wt er Fl owReadi ng = Wt er Fl owSensor . Fl owi ng t hen
NewHeal t hSt at us : = Li ght Panel . Unheal t hy;
el se
NewHeal t hSt at us : = Li ght Panel . Heal t hy;
end if;
el se
NewPunpi ngSt at us : = Li ght Panel . Punpi ngUnknown;
NewHeal t hSt at us : = Li ght Panel . Unavai | abl e;
end if;

Li ght Panel . Swi t chPunpPunpi ngLi ght (To => NewPunpi ngSt at us,
TheTi neSt anp => TheTi ne) ;

Li ght Panel . Swi t chPunpHeal t hLi ght (To => NewHeal t hSt at us,
TheTi neStanp => TheTi ne);
end | oop;
end Monitor;

procedure VaitUntil PBI TConpl ete
is
begi n
Ada. Synchronous_Task_Control . Suspend_Unti | _True (PBI TDone);
end WaitUntil PBlI TConpl et e;

end BIT;
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with System

--# inherit Ada.Real _Tineg,
--# Ti neSt anp,

--# BIT,

--# Met haneSensor,
--# Wat er Level Sensor ,
--# Punp,

--# PunpSwi t ch,
--# LogBuf f er,

--# System

--# Li ght Panel ;

package PunpControl |l er
--# own task TheController : Controller;

is

private

task type Controller

--# gl obal

--# derives

--# decl are
is

n Wt er Level Sensor . St at e;
Met haneSensor . St at e;
PurmpSwi t ch. St at e;
Ada. Real _Ti me. A ockTi ne;
Ti neSt anp. d ockTi ne;
n out LogBuffer. State;

out BI T. PBI TDone;

out Punp. Act uat or;

Punp. Act uat or from Wat er Level Sensor . St at e,
Met haneSensor . St at e,
PunpSwi tch. State &
LogBuffer. State from *,
Wat er Level Sensor. St at e,
Met haneSensor . St at e,
PunpSwi t ch. St at e,
Ti meSt anp. A ockTi me &
Bl T. PBI TDone from &
nul | from Ada. Real _Ti me. A ockTi me;
suspends => BI T. PBl TDone;

pragme Interrupt_Priority (SystemInterrupt_Priority'Last);
end Controller;

end PunpController;

S.P0468.76.21
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wi t h Ada. Real _Ti nE;

wi t h Ti neSt anp;

with BIT,

wi t h Met haneSensor ;

wi th Punp;

wi t h PunpSwi t ch;

wi t h Wat er Level Sensor;

use type Ada. Real _Ti ne. Ti ne;
use type MethaneSensor. Val ue;
use type PunpSwitch. Val ue;
use type WaterlLevel Sensor. Val ue;
package body PunpController
is

TheController : Controller;

task body Controller is

Period : constant Ada. Real _Tine.Tine_Span := Ada.Real _Tinme. M11liseconds (50);

TheMet haneReadi ng : Met haneSensor . Val ue;

PunpSwi tchState : PunpSwi tch. Val ue;
Wt er Level St at e . Wt er Level Sensor. Val ue;
UnusedTi meSt anp . Ti meStanp. Ti ng;
Next Peri od . Ada. Real _Ti ne. Ti n¥;
begi n

Bl T. Vi t Unt i | PBI TConpl et e;

Next Peri od : = Ada. Real _Ti ne. d ock;

| oop
Next Peri od : = NextPeriod + Period;
del ay until NextPeriod;

Met haneSensor . Get Readi ng ( TheReadi ng => TheMet haneReadi ng,
TheTi ne => UnusedTi meSt anp) ;

i f TheMet haneReadi ng' Valid and t hen
TheMet haneReadi ng <= Met haneSensor . Maxi nunBaf eVal ue then

PumpSwi t chState :
Wat er Level State :

= PunmpSwi t ch. Get St at e;
= WaterLevel Sensor. CGet St at e;
i f PumpSwitchState = PunpSwitch. Auto then
i f WaterLevel State = Water Level Sensor. Hi gh then
Punp. Set State (To => Punp. On);
el se
Punp. Set State (To => Punp. O f);
end if;
el sif PunpSwi tchState = PunpSwi tch. On then
Punp. Set State (To => Punp. On);
el se
Punp. Set State (To => Punp. O f);
end if;

el se
- - Methane sensor is broken or the methane level not safe.
- - Switch off the pump.
Punp. Set State (To => Punp. O f);
end if;
end | oop;
end Controller;

end PunpController;
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with System

--# inherit LogBuffer,

--# Syst enlLog,

--# System

package Logger
--# own task ThelLogger : Logger Task;

is
private
task type Logger Task
--# global in out LogBuffer. State;
--# out Systeniog. State;
--#
--# derives SystenlLog. State fromLogBuffer.State &
--# LogBuffer. State from *;
--# decl are suspends => LogBuffer. State;
is
pragma Priority (SystemPriority First + 1);
end Logger Task;
end Logger;

wi t h LogBuffer;
wi t h Systeniog;

package body Logger
is

TheLogger : Logger Task;

task body Logger Task

is
TheDat a . LogBuffer.BufferEntry;
Dat aM ssed : Bool ean;

begi n

| oop
LogBuf fer. Read (TheData, DataM ssed);
SystenLog. Wite (TheData, DataM ssed);
end | oop;
end Logger Task;

end Logger;
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