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Abstract

This document describes the integration of an FSM tool - SMI++ - with the JCOP Framework.
The FWFSM Tools available allow the creation of hierarchies of Finite State Machines.

Introduction

The hierarchical controls part of the framework allows the definition and operation of
hierarchies of objects behaving as Finite State Machines. This allows for the sequencing and
automation of operations. In the following chapters we will describe briefly the architecture,
the implementation and finally the tools available.

Controls Hierarchy Architecture

The mechanism adopted for modelling the structure of sub-detectors, sub-systems and
hardware components in a consistent fashion is to use a hierarchical (tree like) structure. This
tree is composed of two types of nodes: “Device Units” which are capable of monitoring and
controlling the equipment to which they correspond and "Control Units" which are
considered to contain Finite State Machine(s) which can model and control the sub-tree
bellow them. As shown in Figure 1. In this Hierarchy "Commands" flow down and "Status
and Alarm Information" flow up.
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Figure 1: Generic Architecture

1.2 Components and their Interfaces

Each component in the tree (Device or Control Unit) provides Information and can receive
Commands. From the point of view of hierarchical control, the Interface between
Components and Components and Operators is "State" flowing up and "Command" flowing
down - State/Command Interface.

1.3 Operators & Ownership

In order to be able to send commands to the different components an operator can reserve the
whole tree or a sub-tree in which case he/she becomes the "owner". Each component has one
and only one owner at any time. All components of a sub-tree have the same owner.

The components can receive commands from only one or from more operators depending on
their Exclusivity mode:

= Exclusive mode - only the owner can send commands.

= Shared mode - any other operator with the correct access rights can also send
commands.
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Only the owner can change from one mode to the other.

1.4 Control Units

Control Units are logical decision units. They can take decisions and act on their children (i.e.
send them "Commands") based on their "States". Any Control Unit and the associated
sub-tree can be a self-contained entity. The logic behaviour of a Control Unit is expressed in
terms of Finite State Machines. State transitions can be triggered by:

= Command Reception (either from its parent or from an operator)
= State changes of its children

State transitions cause the evaluation of logical conditions and possibly "Commands" to be
sent to the children.

This mechanism can be used to propagate actions down the tree, to automate operations and
to recover from error situations.

1.5 Device Units

Device Units implement the interface with the lower level components (Hardware or
Software). They are always a tree "leaf" (i.e. they have no children). They do not implement
logic behaviour. They receive:

e "Commands" and act on the device

= device data and translate it into a "State".

1.6 Partitioning Modes

Each Control Unit knows how to partition "out " or "in" its children. Excluding a child from
the hierarchy implies that it’s state is not taken into account any more by the parent in its
deciding process, that the parent will not send commands to it and that the owner operator
releases ownership so that another operator can work with it. Only the owner can exclude a
component from the hierarchy.

It was felt that Excluding completely a part of the tree was not enough so the following
Partitioning Modes were defined, as in the graphical representation of Figure 3.:

= Included - A component is included in the Hierarchy, it receives "Commands" from
and sends its "State" to its parent. It has the same owner as its parent.

= Excluded - A component is excluded from the hierarchy, it does not receive
"Commands" and its "State" is not taken into account by its parent. It has no owner.
The component is either faulty or ready to work in stand-alone, for calibration, tests,
etc.
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Operator2
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StandAlone - A component is working in stand-alone, it does not belong to the
hierarchy anymore (it became the root of a new hierarchy) and has a new owner.

Figure 2: Partitioning Components

CommandsDisabled - A component is partially excluded from the hierarchy;, it does
not receive "Commands" but its "State" is still taken into account by its parent. An
expert wants to work on it (to fix quickly a problem) since the experiment will not
continue until it is fixed.

Manual - A component is partially excluded from the hierarchy, the expert is working
on it. The expert is the owner, he/she wants to send commands in an exclusive way

Ignored - A component can be ignored meaning that its "State" is not taken into
account by the parent but it still receives "Commands". This mode can be useful if a
component is reporting the wrong state (or is only partially faulty) and the operator
wants to proceed.
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Figure 3: Partitioning Modes

2 Controls Hierarchy Implementation

The hierarchy is composed of Device Units and Control Units. In order to create and configure
components of these types we need to know what they are:

Device Units: A Device Unit corresponds to a Datapoint of a certain Datapoint Type. Device
Types containing an entry in _FwDeviceDefinition are automatically recognized as
Framework Device Types.

Control Unit: Is a complex entity comprizing PVSS datapoints (containing information about
label, panel, ownership, exclusivity modes, etc.) and Finite State Machine processes
(providing information on objects, states, possible actions, etc.). PVSS communicates with the
FSM processes via an APl Manager - PVSS00smi.

The Finite State Machine (FSM) toolkit incorporated in the framework is called SMI++ (State
Management Interface), very briefly, SMI allows the description of any sub-system as a
collection of objects, each object behaving as a FSM, i.e., objects are allways in a well-defined
state and can receive actions that will make them transit to another state. A logically related
group of objects (a sub-system) is called in SMI terms: a domain.

SMI defines two types of objects: abstract objects and physical objects:
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= Abstract objects implement logic bahaviour, they have a list of allowed states, in each
state a list of allowed actions and when an action gets triggered (either by the
reception of a command or by a state change of another object) they execute
instructions like sending commands to other objects or testing the state of other
objects. The behaviour af the object is coded using a very simple language called
SML.

= Physical objects implement the interface to real devices, they also have a list of
allowed states, and in each state a list of allowed actions, but when they receive a
command they have to act on the device they model, and when the device’s data
changes they have to maybe change state. Physical objects can be coded in any
language (C, C++, or using PVSS scripts).

A Device Unit corresponds to an SMI physical object.

A Control Unit corresponds to an SMI domain, i.e. it is composed of one or more (abstract
and/or physical) objects.

SMI like PVSS allows the definition of object types and the derivation of objects from the type.
So in order to create a hierarchy it is necessary to:
= Create any Device Types (i.e. the types from which Device Units will “inherit”)
= Create any Object Types (i.e. the types from which any abtract objects will “inherit™)
= Create Control Units (i.e. instanciate the devices and/or abstract objects and include
them in a particular domain).
The following steps are necessary in order to create/configure a Device Type:
= Create a Datapoint Type (or use an existing one, the one that implements the device)
e Use the FSM Configuration Tool to:
= Define wich states this device can have
= Define the allowed actions in each state
= Define how the state is derived from the device’s datapoint items

= Define how the actions act on the device’s datapoint items

The following steps are necessary in order to create/configure an Object Type:
« Use the FSM Configuration Tool to:
= Create a new abstract object type
= Define wich states this object can have
= Define the allowed actions in each state

= provide the action “code” with the help of the “wizard”

The following steps are necessary in order to create/configure a Control Unit (i.e. an SMI
domain)

= After having created the necessary device and object types
« Use the FSM Configuration Tool to:

= Create a new domain (either as tree root or under another one)
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= Add Objects and Zor Devices to it by:
= choosing the Object/Device type
e providing a name
The system is then ready to be operated, the Control Unit domains can be started (or stopped,

etc.) and generic panels to visualize and control them and their objects and devices are
available.
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3 The FSM Configuration & Operation Tool

3.1 Defining Device Types and Object Types

% ision_1: fwFSM o i 3

File Panel 7

= o] [7: B[ B

FSM Configuration: ) )
Device Types: Represent User Devices,

I13”31"3'315|Dumains|r::lperatiun they correspond to Data Point Types
created by the User which contain a folder
called “fwDeclarations” of type reference
“ FwDeclarations”. This folder is the
interface to the above levels of the Control
System).

Device Types:

DACIDeviCe

DCSDevice

Logical Object Types: T F
DALTreeMode

Logical Object Types: Represent abstract

OCSTreelade objects which contain the logical behaviour
of the system. They are dynamically
created.

<l

| OCSTreeMade

Create | Delete |

Close |
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3.2 Configuring Device Types

List of states the Device can be in, these
can be added or removed directly in this
panel or by clicking on “Simple Config”.

Device Type: DAQDevice |

The panel specific to this device type
(will be called at run-time). By default the
panel has the same name as the device
type, but it can be changed here.

)

F'anel:l DAL Device.pnl

Simple Config | List of Actions that the
Device can accept in
State List: Action List: each state, these can be
RUNNING added or removed
directly in this panel or
MOT_READY by clicking on “Simple
ERROR Config”.
state: Calor Action. " ! After having defined the states
READY - I | and actions of the object, click
Add | T | Add | T —— | here to specify how the state is
derived from the Device’'s
Each state has a color to be seen at run-time DataPoint items and how the
actions act in the Device's
qu | DataPoint items (if not done by
Configure Device States %<]\ the “SImpIe COﬂfIg”).
Configure Device Actions
Ok | Cancel
Template page 9
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3.3 Simple Device Config

The “Simple Config” allows the definition of the States (and state colors) of the Device,

of the actions allowed in each state and for each action the expected end-state.

Device Type Configuration:

State Colar

[READY -~ B
[noTREADY - [ ]
| 5
[ERROR -~

State depends on OP ltem:

Actions

ISTOF‘ j Remaove |
Ly [reay 7] |Add ]
| START ~| _Remove |
[CONFIGURE  ~| _Remove |

Ly [ReADY - A |

<—

STOR -= READY
FAKE_ERROR -» ERROR

START -= RUNNING

CONFIGURE -» READY

| + Specify here what Datapoint item is used to

Ii compute the new state and what datapoint item is
- set when an action arrives. This panel will

|RECOVER 1 generate simple scripts, for

Ly [NOT READY | behaviour please use the “Configure Device”
button on the previous panel.

more complex

Actions act on DP term:

status j

Istatus j

Apply Cancel
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3.4 Complex Device Config: from DP Items to Device States

+ config_device_states I =l
if status jE"ﬂuat |> j|1 Ithenj

RUNMIMNG
else if | status jﬁllﬂoat |> jID Ithen j

READY
else if | status jE"ﬂuat |:> j|1 |then j

MOT READY
else

ERROR

Configuring device states: Select the item(s) and what values it/they should have
in order for the device to be in a particular state. Clicking on “Apply” will generate
a script that you can modify by clicking on the “Complex Parametrization” button.

Note: clicking on “Apply” after having modified the script will overwrite it.

Apply Complex Parametrization
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3.5 An example Script that calculates the new State

‘device_state editor - 0] x|

Draql evice_valueChanged| string device,
ibk status | sting BhwState)

iffztatus = 1]

frState = "RUMNNING";
elze iffstatuz » 0

frState = "READY",
elze iffstatuz » -1]

fwState = "NOT_READY";

elze
{
fwState = "ERROR";
H
t
I
QIR cancel
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3.6 Complex Device Config: from Device Actions to DP Items

i config_device_actions : ; (o] x|
STOP Bet | status ] BEfffoar o [t and
FAKE_ERROR B ot =] EEf[ioat Ta [-1 and
START Bet | status <] EE[[ea To |2 and
CONFIGURE Set | status ] BE[[ieat To [ and
RECOVER R oiatus ] BE[ffoat To [0 and

Configuring device actions: Select the item(s) and what values it/they should be
set to when an action is received. Clicking on “Apply” will generate a script that
you can modify by clicking on the “Complex Parametrization” button.

Note: clicking on “Apply” after having modified the script will overwrite it.

Anply Complex Parametrization Clasel <:__JJ
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3.7 An example Script called when an Action is received

 device_action_editor i o ]
DagDevice_doCommand(sting device, string command)
{ if [command =="STOP"
{ dpSet{device+" statug_aonaginal._wvalue"1];
i}f [command =="START"
{ dpSet{device+' statuz_onginal_wvalue",2];
i}f [command == "COMFIGURE"]
{ dpSet{device+' statuz_onginal_wvalue",1];
if [command == "RECOVER")
{ dpSet{device+" statug:_original._wvalue",0];
}
|

D cancel
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3.8 Configuring Object Types

- : : The panel specific to this object type
List of states the Object can be in, these (will be called at run-time). By default
can be added or removed directly in this the panel has the same name as the
panel or by clicking on “Simple Config”. object type, but it can be changed here.

-
Object Type: _ DCSTreeNode | Panel] DCSTreeNode.pnl \'l—/

List of Actions that the

j Object can accept in each
state, can also be done in
“Simple Config”. By double
clicking on each action you
can see/modify the FSM
code corresponding to this
action

Simple Config | Coj p from type: IDemDNnde
Action List:
State: Colar: Action: [
[ NOT_READY - [ r
Add | Remowe | add | Rermove
| Each state has a color to be seen at run-time

When List:

when [ $ANYSFwCHILDREM in state ERROR ) do MY GOTO E|
when { BALLEFwWCHILDREM in_state READY ) do NV _GOTO_RH

List of conditions that can trigger an
action or a state change while in this
state. By clicking on “Add” you can
specify a new “when” condition, by
double clicking on one of them you
can modify it. "Simple Config” can
also generate conditions.

L . =

Audd | Remave

Template
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3.9 Simple Object Configuration

The “Simple Config” allows the definition of the States (and state colors) of the
Device, of the actions allowed in each state and for each action the expected end-
state.

Object Type Configuration: <‘L_/’J

Initial State Colar  Actions

[ [reser ~| _Remove | [RESET-> NOT_READY
- [noTreapy -] [ [CONFIGURE -] Remove | [CONFIGURE -> READY
e | A0 <] Remoee |

N
c | S =] Remove |

Y e
~ |ERROR | [ | RECOVER | Remove | [RECOVER -» NOT_READY
- Im - I'Il'lﬂ:is panel will generate the FSM code for

the object, you can view it and modify it for
more complex behaviour by double clicking
on each state in the previous panel.

Apply Cancel ﬁ:‘:—_-J/}
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3.10 Example FSM Action code

i action_editor i =10] x|

Instructions:

I propagate vl it [ $ALL$FWCHILDREM nat_in_state READY | then

do CONFIGURE $ALL$FWCHILDREM

terminate_action/state=NOT_READY
endif
terminate_action/state=READY

Example of FSM code corresponding to an
Action. It can be modified directly or with the
help of a wizard obtained by selecting an
instruction in the menu.For example “do”™:

(0] 4 I cancel |
Linstr_do - o ] 4|

Sendto [ ALL | Objects nnype:j

DA TreeMode
DCEDevice

M Teanblada
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3.11 Example FSM “when” condition wizard

+instr_when :.:- =10 x|
When

|ALL | |Objects of Type: »| [DAQDevice | |in_state  v| |RUNNING |

|ALL =] | Objects of Type: ~| x| |in_state =] |READY |
DAQDevi

| [ | = DA@Tr?aV;dende | [ | [

! =l [ DCSTreehode ! | | [

| = [] | EN o | [

™ Megate Expression

Led Lo

Execute Action: I STOP j
QO
[

Go To State: I NOT_READY

when [ [ $aLLIDALD evice in_state RUNMIMNG ] and
[$4LLEDCSDevice in_state READY' )] do NY_GOTO_MOT_READY

(0] cancel
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3.12 Configuring Hierarchies of FSM Domains

% Vision_1: fwFSM o ] 4
File Panel *
=|af| [ E|®] This tree represents a hierarchy of FSM

domains. Each domain can be expanded or
collapsed by double clicking on it. You can
Add/Remove domains using the “Add” and
“Remove” buttons or the right mouse button
when the domain is selected.

F5M Configuration:

Objects Domains |Dperatic

ECS = J
-DAL <::J)
Det1 DAL
Det2 DAL
" Det1DCS
Det1Devl
Det1Dev?
Det20C5
By double clicking here (on the domain
name) you can configure it. The “CU” flag
stands for “Control Unit” meaning this is a
domain or just a device.
OCs cCU~

Type: |DCSTreeNnde ~

Add |  Remave | | The domains have to be regenerated if the
Object or Device types are modified.

(Generate Al |

Close |

Template page 19
o]

7




JCOP Framework

Hierarchical Controls
Version/Issue: 1/1

3.13 Configuring FSM Domains

{smi_domain

Daomain: Det1DCE

=101 x|

Lahel Det1DCS

Panel;

CObject List:

DC=TreeMode. pnl

|Det1DCS

Det1Den

Object Type:

|Dcsnewce

Cbject Mame:

[

L

IDEH Dl - r
Add Fermowe
Apply | | Close

Label and Panel of this domain, to be used
at run-time.

List of Objects and Devices in this domain,
to be added or removed by using the “Add”
and “Remove” buttons

If an Object or Device is added with “CU”
flag set, this means create also an
independent domain for it

T
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3.14 Operating the Hierarchy of Domains

A% Vision_1: FFSMY, _ |0 x|

File Panel 2

= e [ E| &

FSM Configuration:

Dhjeu::tsl Domains  Operation |

-DAG
Det1DAQ - -
Det2DAQ This tree represents a hierarchy of FSM
-DCS domains. Each domain can be started,
-Det1DCs stopped or restarted by itself or all
Bm} Be‘g domains at the same time. You can
et ey visualize the domains and send
Det2DCs . .
commands to them by using the right
mouse button (once they are running).
T/
ECS
Stanfﬁestaﬂ Stap |

...............................

Start/Restart All | =) (el

Close
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3.15 Operating the FSM Domains

Domain’s Children (other Domains, Objects or
Devices) :

Name, State and Partitioning mode

Double Click on Name to open panel

Click on State for sending actions

Click on partitioning mo;ie for changing mode

Domain’s top level Object :
Name, State and Partitioning mode
Click on State for sending actions
Click on partitioning mode for

. ,// changing mode

% ECS: System1:vnnager3 =10l x
=7 | 1toezoot 185016
I
YN o [y S 1
LT e T T L T 1
User b e S B a1
fic 1 :
Specific || Sub-System Fill Number: 103 Live Time:!
90 | pag —
— 100%,
| Dcs Run Number: | 234522 = I
= I
I LHe ok
| Trigger Rate: = 1
I 0. G = 50% \\
| E \
| and M3l = \
I = \
I G 1{0 = R P
i s R S e i e R SR Fo 0% I ~\
s sames s e o s Domain
Specific
11-Jun-2001 16:48:46 - Run 234522 Started banel
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