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Bringing Context to the Internet of Things
Dr. Emmanuel Frécon

This paper is dedicated to my newly become wife

Abstract—The context manager is aimed at being
the hub of the house, a place where all sensors
report (directly or indirectly) their data, sometimes in
aggregated form, but also where all applications will
search for information relevant to them, i.e. sensor
values, location or information about their surround-
ings. The context is instantiated from a dynamic
model to fit the needs of a variety of scenarios and
settings. The manager provides an easy-to-use Web
API and integrates external cloud services relevant
for applications running in the house.

Index Terms—IoT, Tcl, REST, JSON, Web, Inte-
gration, Web Services, Sensors, Actuators, Middle-
ware, Energy, Smart Homes

I. INTRODUCTION

THE Internet of Things promises a near future

where domestic and work environments, but

also cities and factories, are augmented with sensors

and actuators that all are Internet entities. The

deployment of IPv6 is key to this evolution by

enabling each sensor or actuator to be accessed

from any Internet enabled application or user, thus

from almost anywhere. The Internet of Things

is often seen as the catalyst of more intelligent

environments, where applications will use Things

to perform actions and sense on our behalf, with

little human intervention.

As the number of connected Things will grow,

making sense of what is accessible and can be done

and how they relate to one another will be harder

and harder. For taking good and qualified decisions,

applications will not only need to know how to

access the sensors and actuators, but also where

Emmanuel Frécon is with the Interactive Collaborative
Environments Laboratory, Swedish Institute of Computer
Science, Box 1263, SE-16429 Kista, Sweden, e-mail: em-
manuel@sics.se.

these are located, the people in their vicinity, their

immediate neighbouring Things, etc. The context

manager is a modular Tcl[1] web service that

attempts to provide this contextual information to

applications, i.e. the extra logical layer empowering

applications with the overlaying of dynamic sensor

data on top of locational data of more static na-

ture. While the context manager primarily targets

home environments, it can also be used in other

environments. The context manager relies on simple

PubSub[2] and pull mechanisms to account for the

low resources available on sensors. It also offers a

streaming interface based on WebSockets for push

and pull of sensor and actuator data.

II. RELATED WORK

There starts to exist a number of cloud-based

services that target the IoT (Internet of Things) and

provide APIs to store and later retrieve data that

has been sent for storage into the cloud. Probably

the most well-known of these services is COSM1

(formerly known as pachube). But there are a

number of other services such as sen.se2, nimbits3

or thingspeak4 to mention a few. Common to all

those services is a web-based API that is easily

integrated directly from sensor platforms, providing

tiny (connected) sensors or gateways off-site stor-

age. The same API can be used to retrieve data from

1Cosm is available at https://www.cosm.com/ and is open
for new account registration.

2Sen.se is available at http://open.sen.se/ and is open for beta
testing by the way of invitations only.

3Nimbits is available at http://www.nimbits.com/ and is open
for new account registration. Nimbits also touts private cloud
solutions by allowing the integration of the nimbits solution
within existing architectures.

4Thingspeak is available at https://www.thingspeak.com/ and
is open for new account registration
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the web services, thus opening up for data-mining

activities if ever necessary. Common to those APIs

is the use of REST[3] and JSON[4] for retrieving

and posting data from and to the cloud. This

is to ease integration from low-power consumer-

oriented hardware platforms such as arduino[5] or

gadgeteer[6].

In addition to providing an ”infinite” data stor-

age for sensors and actuators, the power of these

services lies in the community of people around

them and the ability to integrate values from several

sources to reason in improved and more sensible

ways. In short, these services provide a whole

ecosystem of devices, applications and people, by

being able to pinpoint sensors using location ser-

vices and providing ways to get notified whenever

their value change. From the point of view of a

house and household, sen.se seeks to take a step

further by allowing users to build user interfaces to

control their houses. Sen.se provides ways for its

users to visually create applications by connecting

sensors to web-side logic boxes and finally present

the resulting “computation” through its dashboard,

a web-based UI combining output of values with

input of commands to be utterly received by actu-

ators.

However, these services fail to provide more

information about the context within which all these

sensors and actuators are being placed, especially

when it comes to smaller scale installations such as

a house or a building. In order to be able to make

energy-smart decisions, leading to smart actuation

of the devices that are accessible to them, appli-

cations need to know about inhabitants, relative

locations of sensors, external conditions, etc. So far,

the merging of the Semantic Web[7] with sensor

networks, also known as the Sensor Web or the

Sensor Internet [8][9][10][11] has focused on the

creation of specifications for different functional-

ities related to the management of sensor-based

data (observations, measurements, sensor network

descriptions, transducers, data streaming, etc.), and

for the different types of services that may handle

these data sources (planning, alert, observation and

measurement collection and management, etc.). The

cost of providing network abstraction and ontolo-

gies often comes with increased complexity. So

while these middlewares effectively provides ways

to reason about devices and actuators at a high level,

they seldom solve the problem of providing the

general context while still lowering the threshold

for regular users.

III. GOALS

The context manager is aimed at being the nav of

the house, i.e. the place where all relevant sensors

report (directly or indirectly) their data, sometimes

in aggregated form, but also where all applications

will dig for information that is relevant to them,

i.e. both values from some sensors, but also their

location or information about their surroundings.

Being such a nav, the context manager is designed

to be placed and hosted in a home gateway, i.e. a

“number crunching” appliance that provides com-

puting power and intelligence at a lower price in

a central place5. In this context, houses are taken

in their larger forms and can be entire buildings

if necessary, and the design should open up for

federations of context managers to adapt to the

needs and privacy concerns of both building owners

and flat owners (or inhabitants).

The main goal of the context manager is to

provide dynamic ways to model the context, e.g. a

house and all its online devices, be them sensors or

actuators. The dynamism of the context is essential

at different levels: first it is important to be able

to host new devices as they are installed in the

house, secondly it is important to be able to model

the context in various ways because all houses are

far from being the same and because there might

be cultural differences between location that have

an impact on the context itself. Consequently, the

context manager takes an object-oriented approach,

where the possible content of the context, i.e. the

objects themselves is driven and controlled by a

simple schema, i.e. a model of what objects can

be made available in the context, but also a model

5The current implementation of the context manager has
been verified to be fully functional on the open source Beagle-
Board xM, an ARM A8 development board.
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of their relations. The use of schemas could intro-

duce complexity to the conceptual approach, so the

context manager features a simplified schema with

few rules and in a human-readable format. Several

schemas can be aggregated, allowing for experts

to provide base schemas, perhaps somewhat more

complex in their form while still providing power

to the end users and the inhabitants, so as to adapt

to the specific needs of a household, a building or

a custom-made online sensor.

The context manager seeks to provide an open

API that follows the current trends within Web-

based services and development. Web asynchronous

communication is slowly moving from SOAP[12]

and XML[13] standards into REST and JSON for a

number of reasons. One of the advantages of these

new standards are their ease of reading, i.e. core

communication can be tested directly in the web

browser, and the results from a query are easily

read in a textual format that is much more compact

than XML. It is out of the scope of this document

to advocate for either one or the other standard, but

since the context manager aims at providing an easy

interface to application programmers, REST/JSON

are more suitable to the task. Apart from allowing

programmers to test queries against an existing

instance, both the format of the queries and of the

result are in general less cumbersome to parse, thus

easily integrated into existing code and onto low-

power platforms such as mobile phones or even

sensor platforms.

IV. DESIGN

A. Schema and Model

In order to cope with different sorts of environ-

ments and to account for the cultural differences

between housings in various regions of the world,

the context manager is based on a dynamic schema

that directs the content of the objects that will

be instantiated to describe a house or any other

environment. The schema can include remote (web)

schemas, thus providing ways for experts and/or

interested users to collaborate, but also providing

for the inclusion of new classes of objects that

will support newly created sensors. In order to

easily be accessible to technically inclined users,

the schema supports few paradigms: single inher-

itance, a few base types (Boolean, Integer,

Float, String, Timestamp[14] and arrays)

and constraints. Constraints describe rules to which

field values should comply to, providing minimum

and maximum bounds or constraining only a few

possible values. Constraints offer a way to model

physical units and laws: for example, temperature

can be expressed in Celsius and is always greater

than -274.15. The syntax for the schema minimises

idioms and is designed to be human-readable with

lesser effort.

Objects modeling the context are instantiated

from the schema, and sensors and/or external ser-

vices will update the fields of these objects as new

values are measured, made available or acquired.

Initial instantiation will provide decent default val-

ues for all fields and subsequent updates will always

be checked against the possible constraints that

direct the content of one or several fields. The

context manager provides a number of techniques

for remote services to be notified when objects and

their contained fields are modified as time passes.

B. Data Flow and Storage

The context manager reads its schema (and in-

cluded schemas) during initialisation, subsequently

reading a file describing the initial context. Typi-

cally, the initial context will be composed of more

or less transient information such as the rooms com-

posing a house together with their interconnections,

but also an initial instantiation of the objects that

will be involved in the dynamic representation of

devices, sensors, actuators and inhabitants, together

with their spatial relations. Modification of fields

in objects, and queries for the inter-relationships is

supported by a REST/JSON inspired API.

The API supports (basic) authentication and

HTTPS[15] encryption if necessary, because of

their widespread use and their ability to scale down

to the few resources available on sensors. As times

goes by, all values set are automatically mirrored to

a noSQL database (cluster) implemented on top of

REDIS[16]. The API supports access to historical
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data. It also enables setting values in the future,

thus supporting prediction. Whenever the scheduled

time is reached, a value will automatically be set

to the one that had been set in the future. The

API also permits setting values in the past for

the automated storage of historical data. So-called

triggers implement a PubSub mechanism, allowing

remote Web services, applications and sensors to

be notified whenever value(s) in objects change

upon given conditions. Finally, WebSockets[17] can

be kept opened against particular objects, offering

both a way to stream updates from the object as

time passes, but also to update its fields whenever

needed.

C. Extensibility through Conduits

The context manager is extensible through the

concept of “conduits”. Conduits are logical entities

connected to external web services that will direct

data into or from the context depending on a num-

ber of conditions. Typically, conduits will perform

some transformation on the data to or from the ex-

ternal web service, while also retaining data that is

specific to the remote service, e.g. login credentials,

authorisation details, session information, etc. At

present, there are conduits for Twitter, for import

and export of data to the COSM cloud service, to

remote context managers, to nearby UPnP objects

and services and for the control of objects’ values

according to Google calendar bookings. Conduits

are loaded as a set of plugins during the initialisa-

tion phase, they access the context manager through

its modular internal API.

V. IMPLEMENTATION

A. Functionality

The context manager roughly provides the fol-

lowing set of functionality:

• It takes a schema and a model to provide a

logical context of a building. This context can

be accessed and modified using REST/JSON

calls for maximised flexibility and integration.

This means that most operations to and from

Figure 1. The API of the context manager provides
REST/JSON entry points both to query the state of the context,
but also to modify it. In addition, it supports external known
and generic Web Services, while being able to predict and
automatically store historical data through a connected noSQL
database.

the context can actually be made (tested?) from

the comfort of any Web browser6.

• The context manager provides a number of

ground operations to:

– Get the content of whole or part of the

context, including the values of the fields

of the instantiated objects and including

values from the past, whenever they are

accessible.

– Modify values of objects that already are

instantiated, which will be an operation

that is often used when the value of a

sensor changes.

– Provides means to search for objects by

the content of their field, the name of their

class, etc.

– Provides means to understand arrays as a

technique to organise (part of) the model

in a hierarchy and to find specific objects

within such a hierarchy.

– Provides means to trigger external web

services whenever (part of) an object has

changed, i.e. to mediate the content of the

object to remote Web Services. Triggers

offer enough flexibility so as to be able

to:

6There are several JSON formatting extensions for most
of the Web browsers. Such an extension will be necessary
since the context manager minimises output by removing all
unnecessary indentation or line breaks.
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∗ Restrict which field of the object are

under watch and how to mediate their

value to the remote service, i.e. as part

of the URL, in the body of the posted

data, etc.

∗ Specify in details the headers, the

MIME type and the method of the

HTTP request (GET, POST, PUT,

DELETE).

∗ Control the maximum frequency of this

mediation to avoid flooding the net-

work.

∗ Mediate only under certain conditions,

expressed as a mathematical expression

involving any of the fields of the object

(based on the Tcl expr command).

∗ Control if mediation should happen ev-

ery time the value is updated, or only

if it has changed since last time (the

default).

– Provides means to stream the flow of

changes to remote clients via WebSock-

ets, expressed as JSON representations

of the object. This interface provides ap-

proximately the same level of control as

the triggers described above7. WebSockets

have two advantages:

∗ They easily pass through firewalls and

multi-level NAT hierarchies, thus mak-

ing sure that even clients at the edges of

the network can be notified of changes.

∗ Once the connection has been estab-

lished, packets containing object data

are kept to a minimal (with almost no

additional overhead or verbose header),

which makes them suitable for trans-

mission across WSN (wireless sensor

networks).

– Automatically saves versions of objects to

a database for later retrieval. Given the

unstructured nature of the context, noSQL

7All control that is only relevant to how the HTTP request
to the external Web service should be made are left aside
since this is not relevant in the case of WebSockets, i.e. in
a framework that keeps the connection opened at all time.

databases are a perfect match, especially

since they form the base of a number of

data-mining techniques.

• The context manager offers a pluggable ar-

chitecture through the concept of “conduits”,

i.e. logical entities connected to external web

services that will direct data to or from the

model depending on a number of conditions.

Typically, conduits will perform some trans-

formation on the data to or from the external

web service, while also retaining data that

is specific to the remote service, e.g. login

credentials, authorisation details, session infor-

mation, etc. There are a number of conduits

already available:

– The COSM conduit is able to pull and

push data from the COSM Cloud service.

The conduit supports both the access of

non-public feeds via an API key and

to public feeds, polling their content at

the necessary frequency whenever needed.

Data can be transformed on the way to

and from the feeds, matching feed names

against fields names in the context man-

ager, but also performing any mathemat-

ical operation supported by the expr
command at copy time.

– The remote context conduit is able to

pull and push data from remote context

managers, using triggers at the remote

managers to get notified of changes. The

conduit can be forced to poll for data

instead to ease firewall and NAT traver-

sal. As for the COSM conduit, data can

be transformed on the way to and from

the remote context. Being able to incor-

porate (parts of) remote context into a

local context opens up for the creation

of federations of context, and the ability

to (re)use the sensors of your neighbours

when taking decisions.

– The local context conduit is a simplifi-

cation of the remote conduit that only

acts between local objects. It allows for

the transfer (and transformation) of fields
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values between different objects of the

context, whenever some conditions are

met.

– The Google calendar conduit binds the

events of a given calendar to a Boolean
that will turn on when there is a booking

in the calendar, and off when there is no

booking. Combined to local conduits and

actuation (see section VII-B2), this can be

used to specify when some devices should

be turned on or off.

– The UPnP[18] conduit is able to pull

and push data from remote UPnP ser-

vices. The conduit is built on top of an

SSDP discovery mechanism, thus being

able to bind objects of the context man-

ager to a service that has a given (discov-

ered) name, or to a service that is at a

given known location. While the conduit

has been designed to bridge the context

manager to objects within the LinkSmart

middleware[11], it makes a number of

assumptions to be able to be used in

more generic cases. Similarly to the other

conduits, the UPnP conduit is able to push

and pull data to and from the known state

variable of a UPnP server. For this to work

in a generic way, the conduit assumes

that the service has methods which name

contains the name of the state variable and

that contain the keywords “get” or “set”

to get or set the content of the variable.

B. Security Mechanisms
There are two intertwined security mechanisms

that will control the access to the context manager.

First of all, the context manager is able to run

on top of HTTPS[15] thus providing encryption

of both requests and their results, so as to avoid

eavesdropping from external parties. HTTPS was

chosen because it is a well-established protocol that

is widely supported across languages and platforms.

The context manager supports both self-signed and

authorised certificates.
Secondly, all web accesses can be controlled by a

user name and password that will be mediated to the

context manager using Basic Authentication[19].

Control should occur at the (virtual) directory level

so as to provide for finer grained access restrictions

if necessary. The goal is to refrain some users from,

for example, setting the values of some objects of

the context. Again, basic authentication was chosen

because it is widely supported across languages and

platforms. Basic Authentication sends the password

from the client to the server unencrypted, however

it should be used in conjunction with HTTPS.

There might be cases where HTTPS encryption

is too heavy for the client platform in terms of

computing resources, for example if sensors send

directly their data to the context and/or need to

reason about other sensors in their vicinity to take

decisions. For those cases, the context manager is

able to provide regular HTTP access. This HTTP

access should be secured by a set of firewalling

rules that will prevent access to the context manager

from any remote client except the ones that need

to access the manager for the reasons detailed

above. Since these cases are most likely to occur

within home networks and since most current home

installations and Internet accesses are based on

NAT techniques, the security risks introduced by

unencrypted access in those cases are deemed to

be low. In those cases, wires or proximity ensures

physical security. This security relies however on

proper configuration of the Internet access and the

different firewalls involved.

C. Startup and Initialisation

On startup, the context manager will perform the

following operations in sequence:

1) The context manager will start a web server

with the proper credentials (see V-B) and

proper encryption settings. Alternatively, the

context manager can be embedded in an

existing server framework if more suitable.

2) The web server will expose the schema and

model that will define the context of the

building or the house that the manager is

controlling and modeling.

3) It will read the schema (see VI-A) that will

describe what classes of objects are allowed

19'th Anuual Tcl Association Tcl/Tk conference 8 Chicago, IL November 14-16, 2012



to appear in the context. This includes possi-

ble access to remote schemas that might be

included from the main schema. Reading of

the main schema might be through accessing

the internal web service if necessary8.

4) It will then read the model (see VI-B) that

describes the particular building that it is

modeling and controlling. All constraints im-

plied by the schema that has just been read

will be applied as the model is being read.

5) All objects instantiated as part of the model

are bound to the noSQL engine so that further

write operations will automatically lead to

new versions of the object being stored and

so that later get operations will be able to get

older data, whenever possible.

6) It will initialise all conduits that are acces-

sible to this context manager. Conduits are

conceptually separated from the remaining of

the code and are plugins communicating with

the remaining of the context manager through

a tiny and well-defined (internal) API.

7) It will read an initial “pairing” state (see

VI-C) that is used to initialise a number of

conduits and to bind a number of objects

to remote services. Pairing is explained later

and mostly a helper functionality that aims

at reinitialising the context manager every

time that it starts and reaching a similar

functioning state.

VI. FILE INTERFACES

Instead of providing an entire specification of

the file formats that are understood by the context

manager, this section focuses on providing real-life

(shortened) examples. These examples are anno-

tated and explained, bringing further insights to the

internal of the context manager and all the facilities

that it offers.

8Actually, reading the main schema via the web is encour-
aged since this will enforce UUIDs that remain constant over
time and are bound to the specific installation. Preferably,
a hostname will be involved in the main URL to bind the
instantiated objects, classes and their UUIDs to a specific and
logical place.

A. Schema

As highlighted before, the context manager pro-

vides techniques to specify the schema that will be

used to describe the context itself. A key require-

ment to the provision of this schema is that it should

be easily approachable not only by IT specialists,

but also by less-knowledgeable people. To this end

the schema brings in object-orientation concepts but

simplifies them to their outermost. For example, it

provides simple inheritance and mixes both object

field specifications and inheritance9. The schema

does not provide concepts such as private variables

or similar, once again for the sake of simplification.

Below is a cut-down example of a schema,

providing a flavour of how a schema looks and

feels like. Roughly, this example schema divides

the space into a number of possible floors and

rooms within a building, and enables each part of

the space to carry a number of devices (inhabitants

are left aside on purpose). The example sports a

single type of device, namely a thermometer, which

demonstrates the (definition and) use of constraints

to provide for a richer expression of units and

properties of the physical world. The constraint

defines temperature (in Celsius) as a floating point

value that always is above the 0K.

Space {

name String
contains Space[]
devices Device[]
Outside {
}
Building {

address Address
pos Coordinate

}
Apartment {

number Integer

}
Floor {

above Floor
below Floor

}
Room {

9While mixing class hierarchy and description in the same
flow might surprise, this solution was chosen for the sake of
simplicity. It has the advantage of presenting all data relevant
to a given schema at a glance.
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Kitchen {
}
Bedroom {
}
Office {
}
Bathroom {
}

}

}
Address {

street String
streetNumber Integer
areaCode Integer
city String
country String

}
Coordinate {

latitude Float
longitude Float

}
Temperature:Float {

intervals {[-273.15,[}
unit "celsius"

}
Device {

name String
SensorDevice {

Weather {

Thermometer {

value Temperature

}

}

}

}

To simplify the approach by non-technical experts,

no forward declaration of classes or constraints is

necessary. All new “types” that are discovered will

be understood as (empty) classes as a start and

converted when their real definition occurs. While

this has the drawback of more complicated parsing

and the possibility of duplicates or of unknown state

— what to do when a class with a given name is

then specified as a constraint under the same name

— these problems are considered minor compared

to the necessity to forward declare classes or con-

straints before being able to use them.

B. Model

The schema only specifies and constraints the

types of the objects that should be placed in a

model. While the schema is essential to the context

manager since it provides guidelines to what can be

instantiated within the model, achieving a concep-

tual model of a home and all its online devices is

the ultimate goal of the context manager. To this

end, the context manager provides a file format

that is easily approachable, allowing people to

quickly model their own house. At later stages, and

depending on the success of the approach, graphical

tools would certainly provide help in specifying the

final model, perhaps based on existing drawings

(blueprints or CAD).

Below is an extract of a model, based on the ex-

ample schema above. The purpose of this example

is to set the scene and provide a flavour for how

model files could look like. Complete models tend

to be more extensive, so the example below is not

complete.
Outside pHataren1 {

name "PositivHataren1"
contains {myHouse}
devices {

outsideTemp

}

}
Address aSoderman10 {

street "August Södermansväg"
streetNumber 10
areaCode 12938
city "Hägersten"
country "Sweden"

}
# Approximate center of our lot.
Coordinate myPosition {

latitude 59.299428
longitude 17.970209

}
# The house contains three floors,
# which will contain the rooms.
Building myHouse {

name "House Frecon-Waller"
address aSoderman10
pos myPosition
contains {

ground cellar top

}

}
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# The different floors in the house,
# here only one for the sake of
# concision.
Floor ground {

name "Ground Floor"
contains {

hall kitchen diningRoom
livingRoom bath vilma

}
above cellar
below top

}
#######
# Devices
Thermometer outsideTemp {

name "Temp. sensor outside"

}

The model uses the schema to control the content

of objects that are created within the model. Every

instance of a class is referenced using an iden-

tifier. Using techniques similar to those used for

the schema, objects can be referenced before they

are actually used, but the model provides enough

feedback whenever the data that is specified does

not correspond to the schema that controls what can

be specified.

In the resulting model, both instantiated objects

within the model and classes are identified by a

UUID[20]. The UUID is of type 3 or 5 and built

using a concatenation of the URL to the model (or

to the schema), the class name and (when relevant)

the reference to the object. This ensures that, even

upon restarts, objects and classes will keep their

UUIDs as long as the file structure, content and

location has not changed.

C. Pairing

In order to be able to restart from a similar state

at all times, the context manager is able to read

from a pairing configuration file once the schema

and the model have been read. The purpose of this

file is to establish all the necessary conduit con-

nections to well-known services. Pairing is made

at the conduit level, thus at the REST/JSON level.

In other words, when initialising the pairing, the

context manager behaves as if it was an external

client to itself. This is to be able to support new

conduits in the future and to fail nicely if some

conduit initialisation did not succeed properly.

Below is an annotated example file showing

how pairing can be initialised at start, the syn-

tax provides some visual markup to highlight the

source and destination objects and uses a number

of heuristics to detect which conduit to use for data

migration. An integer is understood as a COSM

feed, a UUID as an object from the local context

manager, a URL ending with a UUID as an object

in a remote context manager, a URN starting with

gcal: as a Google calendar and a URN starting

with UPnP: as a UPnP service. The “arrow” of the

markup can specify and/or force polling frequency

and indentation is used to further specify how the

value of fields are carried to the remote entity.

# Map my heat pump to the COSM feed with
# identifier 53880. Non-matching
# fields/datastream names will be ignored.
# API key is picked up from the configuration
# of the context manager.
55851044-b290-56a5-3c88-d64ffbfa75e9 -> 53880
# Another COSM mapping, making sure the COSM
# datastream “inside” is mapped to 4 times the
# value of the field “value” in the context
# object,
20ecdbe4-8459-5636-6146-71c618badc71 -> 53882

%inside% = 4.0*%value%

# Reverse COSM mapping, datastream called “2”
# in feed 55180 at COSM is brought the field
# “value” in the context object.
55180 --> 929494fb-84e1-50cb-beea-c04aecda088a

%value% = %2%

# Pick up the weather station of somebody else,
# do some field names / datastream mappings and
# force polling to occur every 180 seconds.
45036 -180-> 684c4e19-c4ed-5861-f127-59109a41bb56

%temperature% = %OutsideTemprature%
%pressure% = %ABSPressure%
%humidity% = %OutsideHumidity%
%rain% = %Rain%
%windDirection% = %WindDir%
%windSpeed% = %WindSpeed%

# Send status of context object to the UPnP
# service named "Dev"
5d9a66e5-9738-598c-d0b0-e707eb0e2a36 -> UPnP:Dev

VII. APPLICATIONS AND EXAMPLES

This work has been carried out within the frame-

work of a European project looking into energy

optimisation. The project uses traditional home

automation in order to attain energy savings while

still offering the same level of comfort. The project
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also seeks to offer “soft” actuation mechanisms, i.e.

providing enough (summarised) information about

some of the decisions taken by devices in the

home to let inhabitants take the final necessary

steps. Ambient displays are used to carry out this

type of information in a form that is aesthetically

acceptable. A number of prototype pilot houses

have been equipped with sensors and actuators of

various forms in order to gather data for future

data-mining activities, but also to experiment with

how smart actuation can turn into energy savings or

reduction of CO2 emissions. This section describes

one of these prototype installations, located in the

outskirts of Stockholm. There are several other

installations, featuring a slightly different feature

set of software and hardware so as to adapt to the

particularities of these households: type of heating,

electricity meter, etc.

A. Heating and (Inner) Climate

1) Heat Pump Analysis (and Control): Live

status from a heat pump (IVT Greenline HT+)

is picked up via its service serial interface using

software from a small Swedish company called

Husdata10. This is connected to a PC running

Windows sitting on top of the pipe system in the

direct vicinity of the heat pump. The default settings

within StatLink, the software provided by Husdata

as part of their offering have been slightly modify

to increase the number of sensors being read and to

regularly dump sensor data to a particular location

on the PC, a location that is served by a tiny

web server11. Raw dump data is (remotely) polled

by a Tcl script at regular intervals and pushed to

the context manager after naming transformations.

Within the context manager, a conduit forwards

10Husdata http://www.husdata.se/ offers a number of hard-
ware modules to connect a computer to a range of heat pump
commonly found in Sweden, from several manufacturers.

11The current installation relies on mongoose, available at
https://github.com/valenok/mongoose.

acquired data to two COSM feeds12.

Figure 2. Husdata provides a hardware module to connect
to the service serial interface of the heat pump, together with
Windows software for analysing the decisions taken by the
pump over time.

Figure 3. A Windows PC collects data from the heat pump,
it is placed on top of a number of copper pipes in direct
connection to the pump. The module with an antenna is the
root node of the WSN network that collects temperature and
main electricity data (see sections VII-A2 and VII-B1).

The current solution only provides gathering of

heat pump sensor data. This has been immensely

valuable since we can now perform long-term anal-

ysis of the behaviour of the heat pump using data-

mining techniques, so as to be able to detect with

12Converted pump data is pushed to https://cosm.com/feeds/
53880, temperature is pushed to one of the datastreams of
https://cosm.com/feeds/53882, additionally raw data, as taken
directly from the husdata software is pushed to https://cosm.
com/feeds/52002. This is being used mainly for debugging
purposes and for detecting possible failures in the context
manager and in the surveillance PC network connection.
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this given household will need warm water. It opens

up for predicting when it will use warm water in the

future, so as to shutdown warm water production

during peak hours and start again at off-hours, be-

fore warm water is needed again. However, taking

these last steps implies being able to control the

internal logic of the heat pump, using the serial pro-

tocol described at http://rago600.sourceforge.net/.

2) Inner Temperature: A TinyNode[21] board

running Contiki[22] and carrying a temperature

sensor is hidden behind a photo frame. Measure-

ments are sent along a mesh network at regular

intervals, captured via the pump computer and sent

on via UDP to a Tcl script. The script automatically

pushes data into an object of the context manager,

and further to COSM13 via a conduit.

Figure 4. The TinyNode measuring temperature hides itself
behind a photo frame in the living room, so as to break the
aesthetics as little as possible. It has been slightly pushed aside
for the sake of documentation and picture taking.

This particular heat pump installation only con-

tains an outside temperature sensor, with which

all decisions are taken when it comes to heating.

The pump is able to host an inner temperature

sensor (cabled) to take better decisions about when

13Temperature is pushed to one of the feeds https://cosm.
com/feeds/53882 that already is used to publish the outside
temperature acquired via the heat pump, though to another
datastream.

and when not to generate heat. Combined with the

planned implementation of serial connection and

control of the pump, the provision of a wireless

inner sensor could provide for better inner climate

without the wiring that is required by regular in-

stallations.

3) Weather: A specially written Tcl script can

be used to update (in the future) an object of the

context manager to reflect the weather forecast for

a given location. The script uses the REST/JSON

API from the Weather Underground14 to access an

hourly forecast for the coming 10 days. As updates

are made in the future for those specific times, they

are automatically stored in the noSQL cluster and

set back as the “current” value as time passes. The

script can be run once in a while or continuously.

It will thus keep updating the object with an up-to-

date weather forecast, allowing other applications

using the context manager to reason about the

current and future weather situation. For example,

an application that would control heating could

make the decision to accept temporary temperature

drops if the outside temperature is only going to

decrease for a few hours/days. The object that the

script sends its data share the same model as a

weather station, thus implementing a virtual private

weather station in combination with the script.

B. Electricity and Energy Consumption

1) Total Measurement: The past decade has seen

the progressive replacement of all electricity meters

in Sweden in favours of so-called smart meters.

These meters are able to report the hourly electricity

consumption to the utility company as time passes,

so as to bed for refined billing and better dimen-

sioning of the grid. Pulses from the electricity meter

are captured by another TinyNode sensor running

Contiki, manufactured by CRL Sweden. Data is

pushed out of the sensor network to the same Tcl

14Documentation for the API is available at http://www.
wunderground.com/weather/api/. There are numerous other
services offering the same type of data, Weather Underground
was chosen because of its ability to chunk several questions
into one request, but also because it is also uses ideas from the
Internet of Things: forecast are improved using the data from
private weather stations, whenever possible.
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bridge as in section VII-A2. The bridge forwards

to another object of the context manager, and thus

automatically to COSM15. This publishes an history

of the instantaneous power used by the household

over time. As electricity is one of these hidden

cost that is seldom understood, an ambient display

is at the planning stage; a display that will both

visualise how much electricity has been used so

far, but also provides feedback to the instantaneous

variations, thus to power, required by new devices

being switched on (or off).

Figure 5. All electricity meters installed in Sweden host a
LED (IR or visible) that flashes a number of time for each
number of Watts used. The pulse metering node, sitting on top
of the meter itself, continuously count these pulses and reports
the total count for the latest period via the WSN network.

2) Measurement and Control at the Device
Level: PlugWise are smart plugs manufactured

by a Dutch company. They form a ZigBee mesh

radio network, allowing access and control from a

computer to which a specific USB key is connected.

They offer three key features.

1) They host a relay, meaning that they are able

to turn on or off all the devices connected to

the plug and this from a distance. The state

of the physical relay can be queried at any

time.

2) They measure the instantaneous power being

used by all devices connected to the plug, a

value that can be requested from a distance.

15The COSM feed https://cosm.com/feeds/60040 is updated
at two minutes interval with the current power consumption of
the whole house

3) They keep an hourly log of the electricity

consumption related to the plug. As this log

is kept in memory in the plug itself, historical

data for the plug can be accessed from a

distance at later time if necessary. The log

rotates with time but keeps a few days worth

of hourly data.

A Tcl script couples one or several objects from

the context manager to as many smart plugs as

there are objects. At the core of the Tcl bridge is a

wrapper library around the command line interface

of one[23] of the open source libraries created to

access the PlugWise hardware and network. The

bridging script connects to object representations

of the plugs in the context manager using the

WebSocket API16 and pushes all information, in-

cluding relay state and historical data, gathered

from the plug. The state of the relay is represented

by a Boolean and turning the field on and off

in the context manager will be propagated to the

physical plug, allowing to turn on and off connected

electrical devices.

Figure 6. The form factor of the smart plugs from PlugWise
(white plugs on the picture) make them easy to install across
the house in order to measure the consumption of particular
devices, but also to automatically turn on and off (sets of)
devices based on heuristic such as the time of the day, the
day of the week, or more advanced schemes in response to
Demand/Response requirements from the grid.

16In order to be able to resist to network equipment that
restrict the use of WebSockets, the plugwise bridge is also able
to poll at regular intervals for the desired state of the physical
relay.
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3) Spot Prices: The Swedish electricity market

has been deregulated for a number of years and

prices vary on an hourly basis, dividing Sweden

in four different geographical regions. Nord Pool

Spot runs the power market in Sweden and offers

day-ahead prices to its customers. A Tcl script

continuously acquire the prices17 for all regions

and updates one or several objects of the context

to reflect the current price at that location.

C. Ambient Interfaces

An off-the-shelf multi-coloured lamp is put under

the control of a REST-based server written in

Tcl. Controlling of the lamp is via the IR from

Dangerous Prototypes18. At present and for time

reason, the solution only works on Windows, on top

of WinLIRC. The lamp can take a wide number of

colours and the REST interface accepts any RGB

codes, approximating to the closest available colour

on the lamp.

Figure 7. The design of the lamp makes it an acceptable
display for home “events” in a number of cases.

A second Tcl REST server offers a Web interface

to “tune” the lamp to various data sources present

in the context manager. The user interface is kept

17Prices are scraped from http://www.nordpoolspot.com/ for
historical reasons.

18The IR toy is a set of open source hardware and soft-
ware available at http://dangerousprototypes.com/docs/USB_
IR_Toy_v2 to record and (re)play the IR codes of most
infrared-based remote controls.

to a bare minimum, but is easily accessible from

both computers and mobile devices, which is the

expected future scenario. Using colours, the lamp

can visualise the live status of the heat pump (from

green when not working to purple when using

external heat), the temperature inside or outside,

the price of the electricity on Spot, etc.

Figure 8. In the figure above, the lamp is tuned to the outside
temperature and the user interface is shown on nearby TV for
demo purposes. The UI uses the COSM connection to display
relevant historical graphs.

VIII. CONCLUSIONS AND FUTURE WORK

This paper has presented the context manager,

a central hub designed both to provide contextual

data to IoT applications and a storage for historical,

present and future sensor and actuator data. The

context manager is designed to lower the learning

curve, letting less technically inclined people model

and reason about their smart homes. Concepts such

as pairing, conduits and triggers lean themselves

easily to be controlled and specified via user in-

terfaces rather than via the file formats that have

been summarised in this document. As such, these

concepts already contain parts of the logic that

would control the flow of data between different

objects, combined to both actuation and visualisa-

tion through external services. Possible extensions

would consist in looking into visual programming

efforts such as App Inventor[24] and ways to in-

corporate some of these ideas into the IoT domain.

Already, colleagues have started to work on the
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building blocks of an “appification” of the home,

i.e. the installations of “apps” that can control parts

of your homes to attain some energy savings, while

providing a (mobile) user interface to input settings

and refine controlling. For this “appification” to

take place, applications will need to be able to

reason about the context in order to adapt to the

specificities of as many homes as possible. They

cannot rely on users or hard-coded objects, instead

the location and search facilities of the context

manager will be key to reasoning about the context

and answers questions such as “give me all the

lamp sources in that room” or “Have all inhabitants

left home now?”. In its current implementation, the

context manager is starting to be able to provide an

answer to this type of questions.

APPENDIX A

INTEGRATING WSN SENSORS AND ACTUATORS

Apart from the TinyNode deployment that has

been described in section VII, additional Tcl scripts

have been written in order to interface with IPv6-

based WSN, one of the areas where the OS

Contiki[22] is widely used. In meshing WSN, it is

essential to restrict the size and number of packets

to a strict minimum in order to keep power require-

ments low. The current implementation of these

scripts relies on the HTTP capabilities of the motes.

HTTP leads to sizable headers and the necessity

to keep the TCP state across the network. Future

directions will look into UDP19 and WebSockets.

Scripts bridging motes to the context manager

will receive or poll for mote data and push this

data as updates to the field of one or several

objects in the context manager. The simplest script

will regularly poll for data at given motes with a

given frequency. However, the more complex script

is inspired by techniques initiated by CoAP[26].

It combines a UDP and HTTP servers, in order

to both support regular HTTP POST and GET

operations, but also to entertain WebSockets con-

nections. On startup, the script contacts all relevant

19Problems with the current UDP implementations in Tcl 8.6
(and in combination with IPv6) have unfortunately put part of
the development on hold.

Figure 9. Two of the supported motes. To the left is a mote
from Tyndall[25] that sports a stackable and pluggable interface
for various sorts of sensors (temperature and humidity on the
picture). To the right is a commercial mote from Flexibility
(see http://www.flexibity.com/) implementing a thermometer,
hygrometer and barometer.

motes and subscribes itself (the proper root/details

to the servers that it implements), together with

a frequency for reception of data. Consequently,

motes will, whenever needed push data to the script,

which will forward it further to the appropriate

objects of the context manager, depending on its

configuration.
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<object data="my://app/plot/time?start=2+vars=basecoop" 
width="100%" height="3in"></object><p>
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timechart %W –vars basecoop –start 2
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myserver ::appserver
myagent register app ::appserver

appserver register / {/?}   \
    text/html [list /:html] \
    {Athena Welcome Page}

    appserver register /actor/{a} {actor/(\w+)/?} \
            text/html [list /actor:html]          \
            "Detail page for actor {a}." 
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proc /actor:html {udict matchArray} {
    upvar 1 $matchArray ""

    set actor [string toupper $(1)]

if {![actor exists $actor]} {
        return –code error –errorcode NOTFOUND \
            "Unknown entity: [dict get $udict url]"
    }
    .
    .
    .
    return $content
}
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<form action="my://app/page/Cal" autosubmit="yes">
<label for="sortby">Sort Cells By:</label>
<input name="sortby" type="enum" content="tcl/enumdict" 
       src="my://app/enum/sortby" value="name">
</form>
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htmlframe .f
ttk::entry .f.first
ttk::entry .f.last

.f layout {
    First Name: <input name=”first”><p>
    Last Name: <input name=”last”><p>
}
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KineTcl

Andreas Kupries ActiveState Software Inc. 409 Granville Vancouver, BC CA

andreask@ActiveState.com

ABSTRACT
This paper describes a package enabling Tcl scripts to talk
to Microsoft’s Kinect and related devices.

Technically KineTcl is a binding to the OpenNI framework
and thus provides access to all depth sensor devices for which
a sensor plugin exists. The best known device so far in that
category is the Kinect.

The paper will describe the internal structure of the pack-
age (i.e. how it matches to the OpenNI API, and weaves
both C and Tcl [12] together to make use of each others
strengths) and point to supporting packages and tools used
in the implementation.

1. OVERVIEW
KineTcl [2] is a new Tcl package providing a binding to

Microsoft’s Kinect [9], and related devices.
The project was started at the behest of the National

Museum of Health and Medicine, Chicago[1] (short: NMHMC)
for use in its exhibition space as one of the pieces of software
linking real world activities and actions to interactive virtual
displays.

Research into existing open source software for Kinect lo-
cated two existing projects, OpenKinect [5] (aka libfreenect),
and Open Natural Interaction (OpenNI [6]).
OpenKinect was created by the OSS and OSH communi-

ties through reverse engineering the Kinect’s USB protocol.
It is a low-level library providing access to the device without
having to care about this USB protocol and the like. While
not quite as low-level as a driver, it is not much higher. The
developers have planned an analysis library for higher level
operations (e.g. user detection and gesture recognition) but
this was not yet implemented at the time of the research.
OpenNI, is a framework abstracting away from hardware

devices and image processing for particular tasks (like user-,
hand-, and skeleton-tracking). It was created and is main-
tained by PrimeSense [8], the developer and manufacturer
of the depth sensor used in the Kinect. OpenNI is also
“an industry-led, not-for-profit organization formed to cer-

Permission to make digital or hard copies of all or part of this work for
personal or classroom use is granted without fee provided that copies are
not made or distributed for profit or commercial advantage and that copies
bear this notice and the full citation on the first page. To copy otherwise, to
republish, to post on servers or to redistribute to lists, requires prior specific
permission and/or a fee.
Tcl ’2012 Chicago, IL, USA
.

tify and promote the compatibility and interoperability of
Natural Interaction (NI) devices, applications and middle-
ware.”[6]. Both the framework itself and a generic sensor
driver “node” for the PrimeSense sensor are available in
source, under the LGPL. A derivative of the latter, special-
ized to the Kinect is available on github[10].

At this point of the research both possibilities were seen
as roughly equivalent.
OpenNI was chosen because of the existence of the

NITE [11] extensions, encapsulating all of the necessary higher
level algorithms (i.e user detection, skeleton/joint tracking,
gesture recognition, etc).

Given the time frame of the project (started in January
2012, a working system needed by May) it was considered
difficult or impossible to invent and write such algorithms
from scratch, as would be needed when using libfreenect.
Having access to these through NITE outweighed the con-
sideration that this part of the system is only available in
binary, and not in source.

The next chapter gives a general overview of KineTcl’s
design, implementation, and features. Following that, chap-
ters 3 and 4 discuss limitations, possible applications and
future directions for the package.

2. DESIGN & IMPLEMENTATION

2.1 OpenNI
OpenNI’s API is written in C, with an underlying class hi-

erarchy 1 where the leaves represent the various data streams
coming from a depth sensor, and the higher classes pro-
vide the general functionality and APIs. This is shown in
figure 1. Note that the classes not only represent data
streams from physical sensors, but also data coming out of
higher level algorithms like user detection and tracking (i.e.
virtual sensors).

These APIs contain the mandatory minimum supported
functions for each class. For sensors going beyond these,
OpenNI defines a series of standard “capabilities” they may
provide. From a different point of view these could be called
aspects, or mixins. As an example, figure 2 shows the capa-
bilities which are defined for user detection and tracking.

For full details, see OpenNI’s reference documentation[7].

2.2 Basic Design
Generally all OpenNI classes and instances are represented

as classes and instances to the Tcl script as well. Whenever

1Underneath the C API is actually C++
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Figure 1: OpenNI class hierarchy

Figure 2: OpenNI User Tracking Capabilities

we mention a class in the future, we will also specify which
of the three layers (OpenNI, C, or Tcl) we are talking about
if it is not clear from the context.

Following the spirit of Poli-C [13] the binding is written
using layers, with a low-level C layer implementing only the
bare necessities which are then glued by the Tcl layer into
the final user-visible API.

As mentioned, the C layer wraps each OpenNI “class”
(which includes capabilities) into a Tcl class command whose
methods map pretty much directly to OpenNI API functions.
This is very much like Tk widgets. However, these classes do
not know about the class hierarchy and superclasses. Each
C class implements a binding to just the methods of their
OpenNI class without regard for inherited methods.

This layering and the connections between the parts in the
different layers is shown in figure 3, using the stack of classes
for “depth image generator” nodes as example. We see not
only the classes, but also the inheritance relationships (in
blue), including the fact that KineTcl’s C layer does not
use inheritance, and the use of instances (in red). The Tcl
level depth image instances contain the C level instances of
their class and all the required superclasses, which share the
OpenNI handle for the node. This last point will be explained
further in section 2.3.

This, and the mixin of the supported capabilities, is all
handled in the Tcl layer. Here all the underlying classes
are wrapped by TclOO [14] classes which instantiate all the
required C classes so that the user may have access to the
full set of methods, direct and inherited. The connection
from the externally visible methods to the C methods is
done through TclOO forwards, which also allows us to hide

Figure 3: Package Layering

all special C methods needed by the Tcl layer which are
irrelevant from the user’s perspective. This includes, for
example, the various introspection methods used to manage
callbacks/events and capability mixing.

2.3 Object Construction
One tricky point in all this is that the various C instances

constructed for the Tcl instance all have to operate on a sin-
gle OpenNI handle for the object in question (see
figure 3). How do we disseminate this information?

First, only the leaf C classes can create a new handle, a
property the binding inherits directly from OpenNI. Know-
ing that the Tcl glue will construct the leaf first then walk
up the Tcl class hierarchy to construct the required C level
superclass instances, the code for a leaf class saves the ob-
tained handle into a per-interpreter structure of the package.
The superclasses’ code then retrieves the handle from there.
Doing things in this manner avoids having to expose and
pass a C level pointer through the Tcl layer.

It should be further noted that the C base class provides
a special method (@unmark) to explicitly clear this handle
store. This is not done automatically by the C base class
during its construction, because of the capabilities. The
handle storage has to be kept around until the Tcl glue has
mixed them in, thus the responsibility to signal its release
falls to the Tcl layer.

2.4 Object to Handle Conversion
Another issue which has to be solved in the cooperation

of C and Tcl layers is that various OpenNI (and thus C)
methods take a second handle as input, requiring us to con-
vert from a Tcl object command to the underlying OpenNI

handle.
At the C level, this is managed by calling out to the Tcl

procedure ::kinetcl::Valid which performs both valida-
tion of a Tcl Obj∗ as a proper Tcl object (command) and
its conversion, leaving the resulting OpenNI handle in the
same storage area as used during object construction. The
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caller can retrieve it from there after the procedure returns.
At the Tcl level, ::kinetcl::Valid uses a dictionary of

the active instances managed by the base class to validate
the argument as a Kinetcl object. For the arguments passing
this test ::kinetcl::Valid then uses its knowledge of the
Tcl object internals, namely the existence and name of the
C base class instance in the object to directly access it and
invoke the special C method (@mark) which will store the
desired handle in the storage area for the C level to pick it
up from.

Figure 4: Object to Handle validation and conver-
sion

Figure 4 shows all of the above in a UML sequence dia-
gram.

2.5 Events and Callbacks
The last area of cooperation to talk about are the 34

OpenNI callbacks. Unfortunately, they are invoked from
OpenNI’s internal threads, making it impossible to use them
”as is” (i.e. let them directly call up into Tcl).

This issue was mainly solved by converting the callbacks
into events, for which we have Tcl API functions to safely en-
queue them regardless of which thread they come from and
are going to. However, even with that we had two problems
left.

First, one of the callbacks is very high-rate, generated
several times per second. I am talking about the ’new frame’
event for all the map generators, signaling the presence of
a new image frame (image, depth, IR, ...). Because a single
such signal is good enough this event is throttled by allowing
only one per object into the event queue and discarding the
remainder until the event in the queue has been processed.

The other remaining issue arises again from the fact that
events are generated by threads outside of Tcl’s control. It
means that new events not only can, but will arrive while
Tcl is processing the queued events. Without safeguards
Tcl’s event queue will never be empty, and the processing
loop will never end, starving out idle-events processing.

While a solution was found for this, it doesn’t look very
nice. Readers of the example applications will see code
like that shown in listing 1. This is essentially an emula-
tion of Tcl’s event loop using while and update, and in-
serting the necessary calls to (a) drive OpenNI’s processing
(waitUpdate) and (b) safeguard (estart, estop) Tcl’s event
loop while processing events. estop causes the system to de-
fer incoming events into a spill-over queue, whereas estart

restores regular processing and moves all defered events into
the main Tcl event queue.

With the pressure for getting a working system now gone,

Listing 1: Event loop
while {1} {

k i n e t c l waitUpdate
k i n e t c l e s top
update
k i n e t c l e s t a r t

}

better solutions for the event integration should be investi-
gated (e.g. Tcl’s API for “Event Sources”).

While OpenNI’s C API for callbacks allows the registration
of an arbitrary number of actual callbacks for a specific event
the C classes were kept simpler, handling only one actual
callback per specific event, managed by associated set and
unset methods.

The distribution of events to many observers is then again
handled by the Tcl glue code, in two TclOO classes which
are superclasses to the nomimal Tcl base class for OpenNI in-
stances (see figure 3). These two classes, kinetcl::eventbase
and kinetcl::nodeevents, provide a more event-like API,
where users can bind to and unbind from events. The var-
ious Tcl sub-classes register the events they support with
them, after using the C classes’ method introspection facili-
ties to determine this set. A small detail of the implementa-
tion is that a C level callback is set if and only if observers
have been bound to the event it will be invoked for. This
part of the functionality relies on a feature of the internally
used uevent [15] package. That is, its ability to watch for
and invoke commands when event bindings are set and re-
moved (available since version 0.3.1).

2.6 Implementation
Now, how do we implement 39 C classes (14 core, 25 ca-

pabilities) quickly yet safely, especially in light of the large
amount of virtually identical boilerplate needed to manage
the class and instance commands and associated data struc-
tures?

By automating as much as possible.
Thus, a significant part of the time was not spent on writ-

ing the binding directly, but on writing the critcl::class

generator package to encapsulate all the boilerplate and its
templating. Having this generator in place, writing the bind-
ing became almost trivial, at least in most places. An only
slighly abbreviated example is shown in listing 2.

Please note that the code in this listing represents the
state of the Kinetcl head and of the critcl::class head
officially released with critcl 3.1 [4], which also makes
use of the additional features for custom argument and result
type processing.

The code currently in use by the NMHMC, found at the
tag “nmhmc” in the KineTcl and critcl repositories is
less streamlined, containing various argument- and result-
processing C code fragments multiple times. For the class
shown, the difference is only about half a kilobyte (4 versus
4.5 KB). This class gets converted into roughly 25 KB of
C code. From this we can estimate that about 84% of the
result is boilerplate code, generated, instead of manually
written.

This was further simplified by agressively using Tcl’s meta
coding abilities to factor out the common parts of the various
classes (leaf vs inner classes, the integer capability classes),
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Listing 2: kinetcl::map implementation excerpt
c r i t c l : : c l a s s de f : : k i n e t c l : :Map {

: : k t a b s t r a c t c l a s s

method bytes−per−pixel proc {} int {
return xnGetBytesPerPixel ( instance−>handle ) ;

}

method modes proc {} ok {
XnStatus s ;
int l c ;
Tcl Obj∗∗ l v = NULL;
XnMapOutputMode∗ modes ;

l c = xnGetSupportedMapOutputModesCount ( instance−>handle ) ;
i f ( l c ) {

int i ;

modes = (XnMapOutputMode∗ ) c k a l l o c ( l c ∗ s i z e o f (XnMapOutputMode ) ) ;
s = xnGetSupportedMapOutputModes ( instance−>hand l e , modes, &lc ) ;
CHECK STATUS GOTO;

lv = ( Tcl Obj∗∗ ) c k a l l o c ( l c ∗ s i z e o f ( Tcl Obj∗ ) ) ;
for ( i = 0 ; i < l c ; i++) {

. . .
}

c k f r e e ( ( char∗ ) modes ) ;
}

Tcl SetObjResult ( i n t e r p , Tcl NewListObj ( l c , l v ) ) ;

i f ( l c ) {
c k f r e e ( ( char∗ ) l v ) ;

}

return TCL OK;
e r r o r :

c k f r e e ( ( char∗ ) modes ) ;
return TCL ERROR;

}

method @mode? proc {} ok {
XnStatus s ;
XnMapOutputMode mode ;
Tcl Obj∗ mv [ 3 ] ;

s = xnGetMapOutputMode ( instance−>hand l e , &mode ) ;
CHECK STATUS RETURN;

. . .

Tc l SetObjResult ( i n t e r p , Tcl NewListObj (3 , mv) ) ;
return TCL OK;

}

method @mode: proc { int xre s int yre s int f p s } XnStatus {
XnMapOutputMode mode ;

mode.nXRes = xre s ;
. . .

return xnSetMapOutputMode ( instance−>hand l e , &mode ) ;
}

: : k t c a l l b a c k mode \
xnRegisterToMapOutputModeChange \
xnUnregisterFromMapOutputModeChange \
{} {}

support {
#de f ine kinetcl NUM PIXELFORMATS (5)

. . .
}

}
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and generating the whole of the callback support from short
descriptions as seen in listing 3.

Listing 3: Callback definition
: : k t c a l l b a c k user−enter \

xnRegisterToUserReEnter \
xnUnregisterFromUserReEnter \
{{XnUserID u}} {

CB DETAIL ( ” user ” , Tcl NewIntObj (u ) ) ;
}

This last was made relatively simple by the very regular
nature of OpenNI’s API for the (de)registration of callbacks,
including the callback signatures. Even the places where
two or even three callbacks were managed by a single pair
of (de)registration functions could be fitted in.

3. LIMITATIONS
A number of OpenNI’s features were not given full atten-

tion, or not implemented at all, because KineTcl’s intended
use in the NMHMC did not require them. These are:

1. The audio, player, recorder, and script classes are mainly
shells without full implementation. They are certainly
not tested.

2. Instances are constructed using only default arguments.
OpenNI actually has an API allowing the user to con-
figure a query object/structure to limit the search for
the type of instance to specific vendors, versions, and
the like. None of this is used.

Create a “user generator”, for example, and the system
will simply provide a handle it believes is the best.

3. Similarly OpenNI has functionality to query it for the
set of installed modules, their vendors, versions, pro-
vided node types, etc. This also includes the ability
to query what node stacks exist (i.e. coherent col-
lections of nodes able to perform a task). For exam-
ple, a “hands tracker” may need a “user generator”
and if multiple modules provide implementations of
either, OpenNI can construct different processing net-
works (node stacks) by mixing and matching them.

None of this functionality is exposed by KineTcl.

4. FUTURE DIRECTIONS
Some of the things we can/may do in the future of KineTcl

are obvious. Just look at the limitations listed in the previ-
ous chapter.

Another relatively obvious direction is to write additional
processing classes directly in Tcl (e.g. implement various
types of gesture recognition). Some work on this has actu-
ally been done, but is not complete (and buggy). See the
files stance.tcl and examples/dance for the experiment
with a FAAST [16] inspired system.

Finally, there is the currently used hack for the final in-
tegration of events. Better solutions for this, such as Tcl’s
API for “Event Sources”, should be investigated.
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Introduction
Most interesting computer models try to 

describe the actions and interactions of living, 
or at the very least animate, things. (The 
study of most dead an inanimate objects 
requiring a bit less computer power.) Living 
things have a tendency to change behavior. 
Until now modeling that change in behavior 
has required keeping track of state as 
variables and encoding every method with a 
patchwork of if/then/switch statements.

This paper will describe a new technique 
that exploits the ability of an object in TclOO 
to change class dynamically. TclOO is 
available as a package for Tcl 8.5, and is 
integrated into the core of the upcoming Tcl 
8.6.

Style Guide

In this paper, I will be using the following 
style conventions:

Built in Tcl command/
keyword

���������

Name of an class, 
object, or variable

��������r

Block of example code 	
����
��
���
�		
���

Nickel Tour of TclOO

This paper exploits many advanced features 
of TclOO. But before we play with the 
advanced features, it may be helpful to go 
back over the basic ones.

A new class is declared with the ��������� 
command:
������	��
�
�	��
�����
���
�
��
��
��	����
�
���
	���
���
	�����




������
��
�	�
����������

���


	
����
��
�
����
��
�

Within the body, one declares the structure 
of the class. The keywords we’ll be focusing 
on in this paper are:

�����

���
 Defines the constructor

����

���
 Defines the destructor

��
�	
� Forward calls for a 
method to another 
command

������� Define a method

�
��
��	�� Define the ancestors of 
this class

Once created, a class is a command. A 
command with several methods, the most 
important is �
�	��.

And once an object is created, it lives as a 
command. To call a method:

If methods look and act a lot like 
procedures, that is by design. They can return 
a value, just like a standard Tcl proc. They 
can also call several built in commands, 
specific to the TclOO environment:

��� Exercise a method of the current 
object

���� Call on an ancestor’s 
implementation of this class

���� Returns a the fully qualified name 
of this object

������
����
���	����
���
�����
	�
�
���
�����
�����
�	���	����

���

������
����
���	����
���
���
����
�����������
���
���
���
����	���������
��������

	����

������
�	����������������� !
��"�#����#�������
��
�����	������
�	�
����#����	����

������
�	�������
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The �� command is an unambiguous way 
for the Tcl parser to discern what commands 
are local to the object, and what commands 
should be resolved globally. It also makes for 
easier reading on the part of the programmer.

In addtion to the ������	�� command, 
TclOO provides ���������� and 
�������������. ���������� is used to 
modify a class dynamically.�������������� 
is used to modify an object dynamically. 
TclOO also enhances the ���� command with 
two new methods: �������	�� and �����
������, As you can imagine, �������	�� 
provides introspection for classes, and �����
������ provides introspection for objects.

Destroying a class

Classes in TclOO are implemented as 
objects, with their own constructors, 
destructors, and methods.

If you destroy a class, you automatically 
destroy any classes or objects derived from 
that class. And of course for every class that 
is destroyed as a result of destroying a class 
you destroy all of its derivatives, and so on. 
Taking our example from above:
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Be careful though, destroying objects by 
destroying their class prevents the object 
destructor from being called.

Multiple Inheritance

One matter that will come up as we develop 
complex hierarchies of classes will be 
multiple inheritance. Given a choice between 
method implementations, TclOO will always 
choose the latest one defined.

� is a common ancestor to the rest, and it 
provides an basic implementation of a method 
called 
		$. � is a descendent of � that 
provides its own implementation of 
		$. � 
and � inherit both � and � explicitly, but in a 
different order. � is a descendent of � that 
provides its own implementation of 
		$.  � 
is a descendent of all of the classes �-�. �%��
demonstrate various combinations of �-��
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You will see that in every example, the 
latest version of the 
		$ that is defined is the 
one that is used. Since � is a descendent of �, 
given a choice between �’s implementation of 
a method and �’s implementation of a 
method, � will always be preferred. Likewise, 
� is a descendent of �. �’s version of a 
method will always be preferred to �’s.

If we do the example differently, sans b 
inheriting a and e inheriting b, we would get a 
different results, and the order in which 
classes are specified in the superclasses 
keyword becomes more important:
���������
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Objects Changing Classes

Within the ��������������command is the 
ability for an object to change class:

 An object can even alter it’s own class from 
within a method:

To demonstrate this process in action, 
imagine two classes, ������ and ������:

Both classes have their own 
implementation of 
��
��
�. The value that 

��
��
� returns isn’t as important as the fact 
that the values returned are different for the 
two different classes. Now with the help of a 
sufficiently rigged demo:
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You can see that ������������� �	����
���	�� 
takes effect immediately. And it doesn’t 
matter whether the call to change class occurs 
from within the object or externally. We can 
even change class several times during the 
execution of a method:

The ������ class now has an additional 
method, �	
����
�����	. Note, that through 
the miracle of modern science, changes to the 
class automatically apply to all objects that 
are instances of that class. So we can now call 
on this new method from our existing test 
object.

The body of �	
����
�����	 is simply calling 
the same method three times. In between the 
calls, we change the class of the object with 
the �	�$� method. The different 
implementations of 
��
��
� give different 
output.

Beware of Disappearing Methods

There are plenty of ways to confuse matters 
by swapping an object’s class. In this 
scenario, we have an event that is 
programmed to go off when an object 
changes class.
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Now, suppose we convert this object from 
����� to ��&:

We get an error! And we get that error 
because the object assumes the new class 
instantly. We just happened to pick a class 
that doesn’t implement the �#�

��	�$� 
method, which the script the object is running 
through tries to call on the next line.

Note, even though we encountered an error, 

��
 remains class ��&. So if we run the �	�$� 
method again:

It runs successfully. We can even make 
��
 
back into a �����:
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 What Happens [next]

Another interesting wrinkle in changing 
classes is how the ���� keyword resolves 
within a method that changes the object’s 
class. Lets say we have an class that uses ���� 
to exercise the ancestral implementation of 
the same method. 

For interactions between � and �, things are 
quite straightforward.

� is our complex case. Its implementation 
of 
��
��
� changes the class of the object. 
And worse, it changes the class to one in 
which there is no ancestor for the ���� 
operator to hop to.

You would expect the system to die horribly 
along the lines of:
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Instead we see:

The pathway through the ���� calls is 
computed before the method is invoked.
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Design Patterns
Now that we have covered the basics, it is 

time to start to develop the LOG framework. 

Storing Properties

When an object expects to change class, 
there is often information specific to that class 
that we would like to access. A variable isn’t 
a good fit for this purpose as its value doesn’t 
change when the class changes. So I like to 
employ methods that return hard coded 
values.

The simplest way would be to declare a 
method for every value we would want to 
return:

For the lazy programmer this system has 
several drawbacks. First, it is difficult to 
distinguish between a method that is a 
property and a, shall we say, livelier method.  
Second, the notation is verbose. It introduces 
the temptation to cut and paste. Third, we 
have no fallback mechanism should a part of 
the system call for a property that has not 
been configured yet, or is simply not 
applicable to the object in question.

LOG adds two new methods:  
$�	$��
������
� and $�	$��
���� 
$�	$��
������
��creates a single value. 
$�	$��
����allow us to specify a key/value 
list. We can do this easily within TclOO 
because, behind the scenes, classes are merely 
a special kind of object. The just happen to be 
of class ������	��.
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We also need to configure all of our client 
classes with a version of the property method.

So to configure a class:

At the same time, if I ask for an item that is 
not configured (or configured yet), I get back 
an empty list instead of an error.

And if we are modeling a system worthy of 
a Lewis Carroll novel, we can alter the 
property of a class on the fly too.
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 Using Classes to Represent State

State machine code becomes notoriously 
complex when there are more than a handful 
of states. I am going to introduce an easier 
way: create a separate class for each state an 
object can be in. Thus, if a method has to 
behave differently, we can just define that 
change for the particular state.

Let us begin with a few ground rules for 
changing an object’s class. Even better, let’s 
have a library of base classes that enforce 
those rules. All classes that are eligible to 
change class will be descendants of a 
common baseclass: �
�
�������
�.

�
�
�������
� provides several methods:

��	�����	��� Change the class (and 
this state) of an object. 
Takes an additional 
argument which can 
pass additional data to 
event scripts.

��	����


��� Return the current class 
(thus state) of an object

��	�������
 Script to run when an 
object enters the 
configured state

��	������� Script to run when and 
object exits the current 
state

 Example: Lifecycle of a Frog

Let is show off our newly developed 
�
�
�������
� with a demonstration: The 
lifecycle of a frog.

The baseclass ��	� is a series of general 
assumptions one could make about any frog, 
stored as properties. One of those properties 
�
�
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�'
 tells us what developmental state 
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follows the current state. For an adult ��	�, 
we have no �
�
��
�'
, so we configure an 
empty set.

To model our frog’s lifecycle, a program 
can simply walk from one state to another, 
reading the properties as it goes.
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Discrete Time Phases

Discrete time simulations are similar to 
tabletop games. Actors (or players) take turns. 
And the rules of the game govern which 
interactions are valid during which part of a 
game turn.

In 1Risk™, each turn has three phases: 
placing reinforcements, attack, and fortifying. 
Players are only allowed to add troops to the 
battlefield at a certain time. There is only one 
phase in which we would expect troops to be 
removed from the battlefield (as casualties.) 
And there is only one point in the turn where 
troops can move. Phases make the outcome of 
a series of events more consistent.

Table games are engineered to have a 
definite “winner”. The actor with priority is 
allowed to have a significant impact on the 
outcome of the scenario.

With scientific simulations, we don’t want a 
“winner.” We want to devise a series of rules 
such that we get the same outcome whether 
the actors are run in sorted order, reverse 
sorted order, random order, or whatever that 
subtle, non-random, but sufficiently 
inscrutable order we get from ������
���
� . 

We also want to create the illusion that all 
of the actions in a given time phase occur 
simultaneously. So rather than let one actor 
run through all of the phases, followed by 
another, we give each actor an opportunity to 
act during every phase.
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1 Risk™, Trademark Parker Brothers
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In simulators which allow objects to change 
class, I found it best to restrict any such 
changes to a specific phase in the time step. 
Preferably one in which nothing else is going 
on.

When an object wants to change state, the 
new state is recorded as a local state variable. 
The actual change does not take place until 
the morph phase comes around.
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Example: Agent Based Modeling

The Integrated Recovery Model simulates a 
ship and her crew during a shipboard 
catastrophe. Part of the simulation entails 
crew members changing roles. In the model, 
each role is represented by a distinct class.

Any number of events can lead to a crew 
member changing role. The most common 
role changes are in response to an order. 
Some orders are direct. For instance, a leader 
telling a crew member under his/her 
command “You do this.” Other orders are 
indirect. When a crew member hears the call 
to go to General Quarters, he/she switches 
from whatever they were doing to their 
assigned role at GQ.

But the hardest ballet to choreograph by far 
was the transitions that occur when a crew 
member is assigned to a fire team. Most crew 
don’t wear a fire suit as part of their regular 
duties. Thus a crew member newly assigned 
to a fire team must find a set of gear, put it on, 
and connect with a team that may already be 
on scene. Those behaviors were complex 
enough to merit a separate role.

In IRM, each agent is configured with a 
property that lists what tasks they want to 
perform, and in what priority. Each task, in 
turn, has criteria that govern when it should 
activate, when it should abort, and a coroutine 
to carry out once activated.

Our 
����$�	�$��
 class has the following 
task list:
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action-station Gather tools, report to 
action station

safety-check Reflexes for fleeing from 
danger

join-team Join the team we are 
assigned to

go-home Return to action station 
(only called if join-team 
fails)

 Every agent has an ��
�	
%�
�
�	
 task. It 
has a method that produces a list of 
equipment required for the role assigned. It 
checks to see that the agent has a working 
version of each. And if a device is missing, 
exhausted, or damaged, the agent gets a new 
one.

Normally agents produce their own list of 
needed equipment, based on information 
configured by the model maker. For this 
paper, the pseudocode uses a simple property.
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Because the 
����$�	�$��
 role is it’s own 
class, we can override the standard �
������ 
method with one that queries the team this 
agent will join.

Thus:
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Application State

When designing a GUI, we also wrestle 
with state. Whether it be a megawidget, or a 
toplevel object that is managing the 
application, LOG can help.

In IRM our principle display interface is 
managed through a Tk canvas. Onto that 
canvas, we draw objects, color them, and 
respond to mouse gestures.

We divide our model’s world into drawing 
layers. There are specific rules for rending a 
wall that are different than, say, a piece of 
equipment. Likewise, a user double clicking 
on a wall expects a different dialog box if 
clicking a crew member versus a portal.

Window objects call out which layers are 
active and in which state as a method of the 
window:

When devising a set of visuals, I put 
together two sets of classes. One is the 
application window, the other is a drawing 
layer that is modified to produce the visual.
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In this case we are putting together a special 
mode that highlights damaged objects with a 
special color.

When applying a new state, the window 
object will call forth into being an object to 
represent each layer, and configured with the 
appropriate class. If the layer already exists it 
simply changes class.

In our example, the modified drawing layer 
colors all damaged components red.

Application window states can also specify 
bindings for the canvas. In the next example, 
upon entering the new state the canvas gets 
new bindings. Once the user clicks on an 
object the window translates motion to drag 
actions. When the user releases the dragged 
object, the window reverts back to its normal 
state.
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Conclusion
Lifecycle Object Generators are not the 

solution to every problem in Object Oriented 
programming. But they are quite useful for 
complex state-based logic. I am developing 
these concepts into a fully featured toolkit, 
which is available for download at:

http://www.etoyoc.com/tcl

Image Credits:
Cover Image: 
“Entwicklung des Krötenfrosches”, By 
Meyers Konversations-Lexikon [Public 
domain], via Wikimedia Commons, accessed 
17 October 2012, <http://
commons.wikimedia.org/wiki/File
%3AMetamorphosis_frog_Meyers.png>
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editTableA Generic Display and Edit
Widget for Database Applications

Clif Flynt
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8888 Black Pine Ln,
Whitmore Lake, MI 48189,

http://www.noucorp.com
clif at noucorp dot com

October 24, 2012

Abstract

An application that includes a database always requires a set of pages
to edit the contents of the database.

The bulk of the edit pages are simple and easy to write. Even with
Tk’s ease in constructing simple data-entry pagespages, writing a dozen
procedures takes time that could be spent on the more interesting parts of
a project.

The goal of the EditTables package is to provide a set of good enough
pages with no effort on the part of the programmer, better pages with a bit
of effort, and a framework for building the fully featured pages an end user
will demand.

The implementation uses TclOO for a base class with mixins to provide
customized behavior for particular database engines. The test engines are
sqlite3 and TDBC.

1 Introduction

One application of the 80/20 rule is that 80 percent of an application is the code
that’s boring to write, and 20 percent will be fun. In a database application with
many data entry screens this ratio could push 95-5.

It would be nice if the 95 percent part of a database application could be
generated without requiring 95 percent of the programmer’s time.

It turns out that this can be done.
There is enough information in an SQL schema to create a simple entry

screen. The following schema can be used to generate an adequate GUI:

19'th Anuual Tcl Association Tcl/Tk conference 89 Chicago, IL November 14-16, 2012



table create phoneList {
id integer unique,
name text, -- person
phone text, -- phone number
type text -- home, work, mobile

}

The GUI would resemble:

Figure 1: Simple, uninstrumented GUI

By adding some extra information about the fields, the GUI can be im-
proved to resemble the following image:

Figure 2: Simple, instrumented GUI

To paraphrase many lolcats, Simple tables are Simple. In order to be useful,
the EditTables package needed handle one-to-one mapping schemas, such
those containing references to other tables.

table create phoneList {
id integer unique,
name text,
num text,
typeid integer references types

}
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Figure 3: Reference, instrumented GUI

The package also needs to handle many-to-one mapping, perhaps a fixed
number of fields as shown below:

table create person {
id integer unique,
name text,
address text,

}
}

table create phone {
id integer unique,
num text,
personid integer references person,
typeid integer references types

}

Figure 4: Reference to table, instrumented GUI
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The trick to generating these sorts of GUI’s instead of just a simple GUI
from the pure schema requires adding some layout instructions.

The next requirement is to validate inputs. This may need to be done on
a per-field basis, or when the user submits a page. Both of these options are
supported in this package.

Finally, a useful package needs to work with multiple database back ends.
It would be nice to only support TDBC, but in the real world, TDBC doesn’t
have enough penetration (yet).

There are features in Tcl 8.6 that allow all of the requirements to be met.
The package is written using TclOO. The base package understands Tk and

how an SQL schema is laid out. It provides some primitives that the other
classes can use to find a primary field, find references, etc.

If the project starts using the EditTable package, the layout instructions
can be embedded into the SQL schema and extracted as needed. If EditTable
is being shoe-horned onto an existing database, or if you find the idea of mixing
layout commands and data definitions distasteful, the instrumentation can be
provided by modifying the method that acquires the layout commands in the
Tcl object.

Validation is accomplished by adding flags to fields with some common
validation routines available in the main class, and the capability of adding
custom validation if an application requires it.

Finally, support for multiple database backends is accomplished using TclOO’s
mixin feature.

The current version of editTable is the fourth or fifth iteration of ideas.
It’s being used in a commercial product. It’s also likely to see a number of
modifications before it gets used in another product.

2 Using EditTable package

2.1 Creation

The EditTable package is constructed using the TclOO megawidget design
pattern described by Donal Fellows (Tcl/Tk Proceedings 2009) and in my book
(Tcl/Tk: A Developer’s Guide, Chapter 11). This pattern emulates a
standard Tcl widget, allowing the new editTable object to be created like
any other Tk widget.

Syntax: editTable widgetName mixin dbEngine args

widgetName Name of the widget, normal Tk style
mixin Name of the db engine mixin
dbEngine Name of the db engine to use
args Optional arguments for opening the db engine

Creating an editTable connected to an SQLite database named test.db
would resemble:
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set obj [editTable .t1 SQLITE3_support sqlite3 -dbArgs test.db]

Doing the same with a TDBC engine that’s connected to the SQLite database
would resemble:

set obj [editTable .t1 TDBC_support sqlite3 test.db]

Once an editTable object has been created, it can be used to query vari-
ous parameters using the config or configure commands (both map to the
same underlying code.)

Like Tk, the configure command will accept no arguments to return all
configuration options and values, a single argument to report the value of an
option, or a pair of arguments to set a value.

One of the options that can be extracted is the underlying database pointer.
Extracting this allows an application to interact directely with the database ob-
ject opened by editTable. This end-run functionality allows applications to
easily extend the behavior of the editTable class.

The next snippet shows creating an editTable object, extracting the TDBC
database object and using that to create a table in the underlying sqlite3 database.

set obj [editTable .t1 TDBC_support sqlite3 test.db]
set db [$obj config db]
$db allrows {
CREATE TABLE person (
id integer unique primary key,
loginid text, -- loginID
fname text, -- First name
lname text, -- Last name
addrRef integer references addr
);

}

There are several methods defined for the editTable object. The most
commonly used are:

• editObj config

• editObj getSchema

• editObj makeGUI

• editObj populateBySearch

The config command will let the application query or set configuration op-
tions. If it is called with no key, it will return a list of all currently defined keys
and values.
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Syntax: editObj config ?key? ?value?

editObj A widget created with editTable command
config Query or set a config option
key Name of the config option or blank
?value? Optional value to define an option

The getSchemamethod will retrieve a schema for a table from the database,
or optional schema retrieval process. The default behavior is to query the
database. This is used internally to build GUIs for tables containing relations.

Syntax: editObj getSchema tableName

editObj A widget created with editTable command
getSchema Return the schema for a table
tableName Name of the table to return Schema for

The makeGUImethod is the workhorse that builds a GUI within the editTable
frame. It can build a GUI for any table defined within the database. The
editTable object can rebuild itself to display a different table as necessary.
The default GUI includes buttons to perform simple searches, and add, delete
or modify a record.

Syntax: editObj makeGUI schema

editObj A widget created with editTable command
makeGUI Construct a GUI within the editTable object frame.
schema a Schema - may be return from getSchema

The populateBySearch method will load values into the fields of a GUI.
The query can be any valid query suitable for an SQL SELECT on the currently
active table.

Syntax: editObj populateBySearch query

editObj A widget created with editTable command
populateBySearch Populates the values in a GUI
query An SQL query

The next example shows initializing a sample database and creating a sim-
ple GUI for a table.

toplevel .tt
set obj [editTable .tt.t1 TDBC_support sqlite3 -dbArgs test2.db]
set db [$obj config db]

$db allrows {
CREATE TABLE person (
id integer unique primary key,

19'th Anuual Tcl Association Tcl/Tk conference 94 Chicago, IL November 14-16, 2012



loginid text, -- loginID
fname text, -- First name
lname text, -- Last name
addrRef integer references addr
);
CREATE TABLE addr (
id integer unique primary key,
street text, -- Address
city text, -- Address
state text -- Address

)
}

$db allrows {INSERT INTO addr VALUES (1, ’123 St’, ’Acity’, ’AA’)}
$db allrows {INSERT INTO addr VALUES (2, ’234 St’, ’Bcity’, ’BB’)}
$db allrows {INSERT INTO person VALUES (1, ’aaa’, ’Alpha’, ’Adam’, 1)}
$db allrows {INSERT INTO person VALUES (2, ’bbb’, ’Beta’, ’Blocker’, 2)}
$db allrows {INSERT INTO person VALUES (3, ’aa2’, ’Abel’, ’Adam’, 2)}
$db allrows {INSERT INTO person VALUES (4, ’aa3’, ’Aard’, ’Adam’, 2)}

$obj makeGUI [$obj getSchema person]
$obj config -table person
$obj populateBySearch "loginid = ’aaa’"

pack .tt.t1

The generated GUI resembles this:

Figure 5: default GUI

2.2 Layout Information

Because we are polite and civilized, we will not call the previous example butt-
ugly.

But it is.
An SQL schema is designed to convey the logical date relationships be-

tween fields and tables. It is not designed to convey any information about
aesthetics.

The aesthetic information is conveyed as a six element list attached to each
field that is to be displayed. The elements are shown in the following list. The
first 2 are required, the others have default values that may be adequate.
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help A message to display in a popup help balloon
label The label to display with this field
reference If this field references another table, this ele-

ment will contain the table.field name of
the referenced table. If this field contains non-
referential data, this element is blank.

widget arguments arguments for the entry or combobox wid-
get that will be created. These might include
-width or -background arguments.

row column A list of the row and column where this field
is to be displayed.

grid options Arguments to be attached to a grid com-
mand for this field. These might include
-columnspan for example.

This technique for conveying layout info is sub-optimal. The requirements
grew as the complexity of the application grew.

But it works.
The layout information is included in a Schema by adopting a modification

of the standard SQL comment.
An instrumented schema has the layout string appended to a field defini-

tion with a triple-dash comment.
A simple GUI can be created like this:

set obj [editTable .t1 "" "" -table phoneList]

$obj makeGUI {
table create phoneList (
id integer unique,
name text, --- {First Last} {Name} {} {-width 40} {1 1} {-columnspan 2}
num text, --- {Number with area code} {Phone Number} {} {} {2 1}
type text --- {Type of phone} {Type} {} {} {2 2}
);
}

grid .t1
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Figure 6: simple GUI with layout info

The editTable widget requires that the SQL schema follow strict rules
and a field which references another table must include a references clause.

The presence or absense of the references clause determines how the
third field - the reference element is to be treated.

If a references clause is present, then the reference element contains
the database field name, or list of field names, to display in each element of a
combobox. The fields to display must be named as tableName.fieldName.

One pattern used with references is for a table to reference one of several
options. The next example is a database in which the book table has a string
for title and a reference for author. The author table has separate fields for first
and last name. The combination of first and last is displayed in the combobox
for selecting an author.

set obj [editTable .book SQLITE3_support sqlite3 -dbArgs test4.db]
set db [$obj config db]

$db eval {
CREATE TABLE book (
id integer unique primary key,
title text, --- {} {Title} {} {-width 40} {1 1} {-columnspan 2}
authorid integer references author

--- {} {Author} {author.first author.last} {} {2 1}
);

CREATE TABLE author (
id integer unique primary key,
first text, --- {First Name} {First} {}
last text --- {Last Name} {Last} {}
);
}

$db eval "INSERT INTO author VALUES (1, ’Clif’, ’Flynt’)"
$db eval "INSERT INTO author VALUES (2, ’Mark’, ’Twain’)"
$db eval "INSERT INTO book VALUES (1,’Tcl/Tk: A Developer’’s Guide’, 1)"
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$db eval "INSERT INTO book VALUES (2,’Tom Sawyer’, 2)"
$db eval "INSERT INTO book VALUES (3,’Huckleberry Finn’, 2)"

$obj makeGUI [$obj getSchema book]
$obj config -table book
$obj populateBySearch "title like ’%Tcl%’"
grid .book

The GUI generated from this code looks like this:

Figure 7: Schema with reference and layout info

Another common pattern is the many-to-one mapping implemented by
having a field in one table point back to another table. In a book database,
there are an undefined number of keywords that might be attached to a book.

The schema for this pattern would resemble:

CREATE TABLE book (
id integer unique primary key,
title text,

);
CREATE TABLE keyword (
id integer unique primary key,
key text,
bookid integer references book

);

To generate a GUI for this database pattern, the reference element in the
layout field in the keyword table is used to hold the name of a table. When a
GUI is generated for a table listed in the reference element, an Associated
values section is created in the GUI.

Expanding the previous example to include a reference table, the new table
resembles this

CREATE TABLE keyword (
id integer unique primary key,
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key text, --- {Keyword} {Category} {book} {} {}
bookid integer references book --- {book} {Title} {book.title} {} {}

);

Which creates the following GUI:

Figure 8: Schema with reference and layout info

The E button in the previous image opens a new toplevel to edit a keyword
which will be associated with this table row.

2.3 Customization

The editTable widget follows the Tk dictum of being adequate with no
tweaking, and open for customization if the application isn’t suited to the base
GUI.

Various degrees of customization are supported. These techniques include:

• using the layout elements

• configuring options for screen or field validation

• building a separate mix-in or inherited class

• tweaking the GUI before using it

Using layout elements to modify the appearance of the GUI works as de-
scribed.

By default, a editTable GUI has no validation. Per-Field validation can
be enabled by configuring the validate,fieldName attributes for a GUI.
The validation attributes accept a script to evaluate when focus leaves that
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field. The widget name (entry or combobox) and field name are appended
to the script when it’s invoked.

The editTable class includes some trivial validation methods including
validatePhone and validateNumeric.

2.4 Extending the class

The current implementation of editTable has mixins for Sqlite3 and TDBC.
A programmer can add a new mixin to support another database engine by
coding the engine-specific methods:

init Initialize a connection to the database.
getSchema Retrieve the schema for a given table. Setting

save sets this to be the active table.)
doSQL Execute an SQL command and return whatever

the command returns. This provides a generic ac-
cess to the underlying database.

getTables Return a list of the tables defined by this database.
getPrimary Retrieve the name of the primary key.
doReplace Update the DB row based on the contents of the

GUI.
doNew Create a new row in the DB based on the contents

of the GUI.
populateBySearch Populate the GUI based on an SQL query.
getValues Return a set of values based on a list of

tableName.fieldName values
getValueByRef Returns a value from table $tbl for field $fld

where the primary is $value
populateWithFwdRef Populate a GUI that includes forward references

based on an SQL query
closeDB Close the connection to the DB

2.4.1 GUI Modification

Since the GUI follows a fixed pattern, it can be modified post-makeGUI and
before display.

For example, if users are only allowed to view and edit fields, the the delete
button can be removed with a command like:

$obj makeGUI $specialSchema noClose
$obj configure -table book

Getting more aggressive, rather than showing the Associated values
for a row, as they are displayed by default, an application can define a fixed
quantity of associated values and a custom display procedure while taking
advantage of the bulk of the editTables widget.
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The next example demonstrates a book database that emulates a card cat-
alog via a slider on the side to select books, and a simplified display of key-
words.

It does this by with a special procedure to construct the GUI and a new
procedure to extend the normal editTable population methods. The new
procedure for creating the GUI (bldBookGUI) defines a modified schema with
a couple extra fields to hold the keywords. The showItem procedure uses
the populateBySearch method to populate the fields that are defined in the
book schema, and has extra code to populate the extra fields.

Figure 9: Schema with reference and layout info

toplevel .t3

set obj [editTable .t3.t2 SQLITE3_support sqlite3 -dbArgs test3.db]

proc bldBookGUI {obj} {
set specialSchema {
CREATE TABLE book (
id integer unique primary key,
title text, --- {Title} {Title} {} {-width 40} {1 1} {-columnspan 2}
authorid integer references author, --- {Author} {Author} {author.first autho
keyword1 text --- {Keyword} {Keyword 1} {keyword.key} {} {3 1}
keyword2 text --- {Keyword} {Keyword 2} {keyword.key} {} {3 2}

);
}

$obj makeGUI $specialSchema noClose
$obj configure -table book
destroy $obj.buttons.b_Delete
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set prim [$obj getPrimary book]
set count [$obj doSQL "SELECT count($prim) FROM book"]

set scale [scale .t3.sc -from 0 -to $count \
-command [list showItem $obj $specialSchema .t3.sc ]]

grid $obj $scale
}

proc showItem {obj schema scale num} {
$obj populateBySearch "id=$num"

set pos 0
foreach l [split $schema \n] {
lassign [$obj splitSchemaLine $l] def layout
lassign $layout help label ref args rowcol gridO
if {($ref ne "") && ([string first "references" $l] < 0)} {
set dfld [lindex $l 0]
lassign [split $ref .] tbl fld
set lst [$obj doSQL "SELECT $fld FROM $tbl WHERE bookid=$num"]
set item [lindex $lst $pos]
incr pos
$obj configure -value,$dfld $item

}

}
}
bldBookGUI $obj

3 Implementation

The editTable widget is implemented as a TclOO Megawidget with mixins
to provide database engine customization.

Another standard pattern would have been to make each database engine a
class that inherited the base functions from editTable. I considered and dis-
carded this pattern in order to have a single widget class (editTable) rather
than multiple classes (editSQLite, editTDBC, etc.).

The editTable class uses the technique for creating a megawidget de-
scribed by Donal Fellows in his 2009 paper, and also described in my book
(Tcl/Tk: A Developer’s Guide, Chapter 11) (Shameless plug).

This technique uses a classmethod call to create an unknownmethod that
checks to see if the first argument is a window name, and if so proceeds to
create the new widget.
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# Create a class method
# Avoid redefining classmethod if it already exists.
if {[info proc ::oo::define::classmethod] eq ""} {
proc ::oo::define::classmethod {name {args ""} {body ""}} {

# Create the method on the class if the caller gave
# arguments and body
if {[llength [info level 0]] == 4} {

uplevel 1 [list self method $name $args $body]
}
# Get the name of the class being defined
set cls [lindex [info level -1] 1]
# Make connection to private class "my" command by
# forwarding
uplevel forward $name [info object namespace $cls]::my $name

}
}

oo::class create editTable {
classmethod unknown {w args} {

# puts "UNKL: $w -- $args"
if {[string match .* $w]} {
[self] new $w {*}$args
return $w

}
next $w {*}$args

}
...
}

When a new instance is created, one of the arguments describes the mixin
to be added. Since mixins don’t have constructors, the editTable constructor
calls a initmethod defined within the mixin to perform special initializations.

The editTable class can create objects that have lives of their own. These
includes GUI widgets, open database connections and may include slaved
editTable GUIs. Because of these additional elements to the editTable
class, the editTable class requires a destructor.

Each editTable object contains a list of cloned and referenced objects. The
desstructor descends upon these like a wolf upon the fold destroying them
in gay abandon.

While the editTable class is happy to have multiple channels to databases,
many database engines are less happy with this. The init method in the mix-
ins avoids opening multiple channels. The editTable class must also avoid
closing a database channel until all users have been destroyed.

A class variable is used to keep track of the number of open database con-
nections. Again, this code was stolen from Donal Fellows’ 2009 talk and my
book.

19'th Anuual Tcl Association Tcl/Tk conference 103 Chicago, IL November 14-16, 2012



if {[info proc ::oo::Helpers::classvar] eq ""} {
proc ::oo::Helpers::classvar {args} {

# Get reference to classs namespace
set ns [info object namespace [uplevel 1 {self class}]]
# Double up the list of varnames
foreach v $args {
uplevel 1 namespace upvar $ns $v $v

}
}
}

4 Future

The method of conveying the layout information, and what information is re-
quired has been evolutionary. It is subject to a rework before the this package
gets used in another application.

The schema parsing is a quick and dirty approach that assumes each field
definition is contained on a single line. The schema parsing will be enhanced
as a method of the base editTable class.

It may be possible to reduce the number of methods in the mixin classes
by better use of the basic methods in the editTables class.

5 Summary

The current status of the editTable class is functional. It’s in use in a
commercial product and is scheduled for a several other in-house and out-
house projects.

What started as a simple way to generate a good enough GUI that reflected
the underlying database schema has expanded into a package that can generate
a commercial-grade GUI with capability of hiding the schema and providing a
simple interface to a user.

The underlying simple display has been retained with potential tweaks to
extend the behavior beyond simple.

As the class is force-fed to other applications I expect to discover more
things it should do, and streamline the current feature set.

The current escape is available at http://www.noucorp.com.
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An Efficient Method for Rendering Design Schematics Using Tcl/Tk, and Distributed 
Relational Databases.

Manu Goel(manu_goel@mentor.com),  Antara Ghosh(Antara_ghosh@mentor.com)                     
Mentor Graphics Corporation

Abstract: 

Debugging a design in EDA is always a challenging and time consuming process. 
Designers need to have access to an efficient tool which can provide them the design 
connectivity in a logical and efficient manner. This paper discusses various challenges 
faced while writing such a tool for debugging a design and how were they handled to 
provide a fast and efficient solution. Schematic browser is a Tcl/Tk based GUI 
application, which user can use interactively to debug and understand the design.

Glossary: 

Description of terms used in the paper:

Schematic Browser – Widget to view/trace the RTL level connectivity of a signal in a 
design
Incremental Mode – Browse the connectivity incrementally based on need
Full View Mode – View the connectivity of a particular segment of design in one go
Waveform Viewer – Widget to view the signal waveforms
  
Introduction: 

The widget being discussed here is the schematic widget, which is a part of GUI 
provided with a typical simulator. The GUI is used to run simulation, view waveforms
and then debug user design in case of any issues, using Schematic window/Wave 
window. Typically, user needs to compile the design with flags to turn on debugging and 
then use the GUI to verify/debug the design. 

Schematic browser shows a graphical representation of a user’s design. The tool 
converts the RTL constructs of user design, to their equivalent graphical symbols and 
presents them. The tool should be easy to use interactively to debug or understand the 
design. Viewing the design graphically, results into much faster debugging and clear 
insight in the design, making it easy for the user to correlate quickly about how his chip 
is going to behave.

Schematic window has two modes – 
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1. Interactive Design Mode: The purpose of this mode is to debug the design 
incrementally. For example, if the user finds any mismatch in his design 
output, they will start tracing the design in schematic window starting with the 
first signal which shows mismatch. User can then select any net and can 
choose to see the drivers or readers of the selected net to see the 
connectivity between various constructs around the net of interest. This 
mechanism can help him in identifying any misconnection or any 
unconnected logic.

2. Full Design mode: This mode is used to create full understanding of the 
design and it shows one full module at a time. This mode provides a compact 
view initially. User can expand to see more details on their area of interest 
and can compact that again whenever needed.

3. Batch Mode: There is a mode in this tool, where user can use the tool even 
without bringing up the GUI. This is called batch mode. In this mode, user
gets an interactive prompt at the terminal itself, where user can perform 
certain operations. User can still use some of the above mentioned features 
in this mode. For example, they can request certain details through command 
and the details will be provided in text format.
Even when the GUI is up, user still has access to the prompt, and from there 
as well user can perform certain operations without actually opening up the 
Schematic browser GUI.

  
The GUI and the Schematic widget in discussion here are based on Tcl/Tk and the 
debug information is stored in a database software tool. User has the flexibility to open
multiple instances of the Schematic browser and can perform independent operations in 
all of them in parallel.

Problem Statement:

As discussed, schematic viewer should be a intuitive tool for debugging any design. The 
Schematic viewer must give absolute clarity and maximum insight in the design to user, 
in real time. However, when the design is big, so is the netlist debug database. To 
manage such huge amount of data, fetch relevant information and drawing it in real time 
is a daunting task. To achieve that one must make sure there is as little as possible 
database interaction. That is, same query should not go to the database again and 
again.

So in one hand, the data access should be managed in a way, so that user can open 
debug netlist in multiple windows separately. These windows should be completely 
modular in behavior. Any change in one window, should not affect other windows in any 
manner. Consider a typical schematic rendering flow. Whenever logic is drawn in 
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schematic window, there are safeguards to avoid painting same logic again. The 
scenario of repeated rendering can occur in two cases. One case is, the design has 
some looped logic, and while path browsing and incrementally drawing, the tool might 
go through same logic repeatedly. Second case is, the user has issued command to 
draw same logic more than once. To avoid these, there should be information present 
against every window, about what logic is already present in Schematic window. These 
caches of information is checked before drawing any logic, so that for an already drawn 
logic, the whole process of data fetching, processing and drawing is not repeated. Every
netlist object must be processed (processing being the cycle from data fetching to netlist 
rendering) only once. However the tool must make sure, if the same net is drawn in 
different schematic window, which should be allowed. This is needed to maintain the 
window functional modularity as mentioned above.

On the other hand the tool needs to keep database interaction minimum. For example, 
as mentioned above, same logic should not be drawn in single Schematic window more 
than once, but same logic can be drawn in different schematic window. However, the 
effort of information fetching and processing should not be repeated for same logic. This 
is cardinal as, multiple accesses to debug database is costly and should be strictly 
guarded against.

The solution for this is to keep the data pool common among different Schematic 
window. Database access and initial data processing, which is same for all logic, 
regardless of which schematic window needs the information, should be done in a way 
so that the effort is not repeated. This is a must for good performance.

So the system has two apparently clashing goals. One is to keep the data model as 
mutually exclusive as possible to have correct functionality of multiple schematic 
viewers. The other is to have a common data pool and data processing algorithm.

Added to this is, another use of the system is working of Batch mode. As discussed in 
the introduction, this mode does not need any GUI window, so the system of information 
caching needed for schematic windows are not needed here. However this mode can 
also use the common data pool. 

Lastly one must understand, as design gets bigger, DB size also gets bigger impacting 
the performance in multiple ways – 

- Loading the whole DB may take a lot of time
- If full DB is loaded in memory, then memory footprint will increase causing the 

system to slow down.
- Fetching the required information will be slower

So handling of database also have to be clever. Creating a monolithic database for 
whole design, and loading the whole database in memory, irrespective of user debug 
interest locality is wasteful and will harm netlist drawer’s performance.
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So to sum up, for schematic to be truly useful, it must have correct functionality, it must 
be reentrant and fast. The performance (time and memory) is almost as important as 
functionality is, for schematic debugging.

Solution  

In order to create such a tool, the basic requirements are
- Tool should support multiple windows, which can  provide similar functionality, but 

should be completely independent
- It should provide a clear interface to database from where all the necessary 

information can be fetched
- Whatever information is once processed should not be processed again.
- Non-GUI mode should also work

In order to provide the above functionality, advantage of object oriented Tcl/Tk is 
taken to create the main Schematic window widget. All common functionality that has to 
be provided and needed to be localized to a single window can be encapsulated inside 
a class. This class should have functionality of both, incremental and full view mode. 
Information, once loaded in a window needs to be cached, so that it can be brought 
back very quickly if user performs the same operation in that particular window. Such 
information is dependent on context of the window. So a localized caching is a must for 
such operations. This caching data structure, resides in the class created for the 
window. The class will also store all the user specified preferences for that particular 
window.

Second part of the problem is, to fetch the necessary information from the database to 
show the required functionality in GUI windows, as well as in non-GUI mode. Since a lot 
of information may be shared among various windows, keeping the code to fetch and 
store the information separate is a good idea. Since this information may be needed for
non-GUI mode as well, it has to be outside the scope of main class creating the widget.
Apart from this, since the design connectivity information will be same irrespective of the 
window from where the information is being requested, all information fetched for this is 
cached and can cater to future requests without having to go to debug database. So 
Namespace feature of Tcl/Tk came very handy here.

All interface APIs were protected inside the name space. The caching arrays were also 
protected inside the name space avoiding any misuse of these caches. Further, keeping 
these interfaces and caching outside the main class also helps batch mode, because 
that is not associated to any window, so the tool does not need to create any window 
object for non-GUI mode. It can simply work through fetching the information directly 
from these name space APIs.

Since the tool uses a lot of caching and the advantage of cache can be fully achieved 
only if the cached information can be fetched real quickly. The associative arrays of 
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Tcl were of great help for such a purpose. The logic of interest automatically became
the key for such an array to store the information in the cache, and to fetch. One simply 
needs to check if such an entry exists in the concerned cache or not, and if it exists then 
the information is available very quickly. It does not require any hashing function 
implementation to store or retrieve the information form cache.

The information to be cached in these arrays is of the form of 
Readers_of_net(/top/mid/in1) {/top/mid/o1 /top/mid/o2…} 

Figure 1: Window widget and debug data pool database

This is how the GUI side problem was solved, now comes the problem of managing the 
big database. Once that problem is solved, one can achieve a real efficient functionality 
that is needed. For this, again, Tcl came in very handy. The handling of a big database 
is divided into two parts. One, database should be modeled in such a way that data can 
be accessed efficiently. Two the data already fetched into memory should be cached 
and shared in judicious way among the different processes can access it independently. 
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The usual size of designs that simulator handle is hundreds of million gates. The debug 
database size can easily run into several hundred gigabytes. To keep a single 
monolithic database of that size and fetching information from it is time consuming. So 
instead of keeping single large design database, GUI should have several small 
databases for different parts of design. 

Dividing databases into several parts also gives GUI the flexibility of generating different 
amount of debug information for different parts of the design, depending on the user’s
requirement. The simulator tool’s debug database is arranged in a way that the tool 
maintains several databases for different parts of the design. These databases may 
have different amount of granularity of information on the parts of design it represents. 
This depth of the information for each part is dictated by the user. There is always one 
top node database that does the book keeping for the whole design. It would keep 
record of what part of design resides in which database. Also it keeps all the global 
information of the database.

Figure 2: Debug database structure

The above picture shows flow of handling debug database by GUI rendering tool. The 
design is partitioned into Despart1, Despart2 and Despart3. The segregated parts of 
design produces separate debug databases. Different colors on the databases indicate 
that the debug data dumped for that part of the design are different. User has flexibility 
to modulate amount of database that will be dumped for different parts of design. This is 
the structure of database that the tool needs to handle.

DesPart1 DB
DesPart2 DB DesPart3 DB

Global 
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GUI rendering tool 
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Any standard database tool allows the user to access multiple databases through the 
handles they supply to user. The user must request the database tool to open a 
particular database (say db1) for information access; the tool does that and returns a 
handle (db1_handle). The user then must interact (execute queries to fetch relevant 
information) with the database (db1) through this handle (db1_handle).

The database structure for debugging as described above will have several databases 
and thus database handles for each. The top (or global) database will supply the 
databases with the path to each of these databases; however GUI must handle 
opening, accessing right database and closing them on its own. For this purpose the 
associative array of Tcl language comes in very handy once again. One can easily 
create an associative array for database handles. For example, for the above case 
discussed, the Tcl storage would be – 

array set db_handle_array {} 

set db_handle_array(db1)  db1_handle 

Now, one can simply find out which queries should be carried out on which database 
(say db1) through the global database, and execute the queries on the database handle 
($db_handle_array(db1) stored in the associative array. Because the array is 
associative, the worst time complexity to pick the correct handle is constant. 

The second requirement of having a multiple database in a flexible GUI tool is, one 
opens a database only when that part of the design is accessed. So the database 
handles are created on the fly while drawing the part of the design that database holds. 
This again needs to be a fast (preferably in constant time) action for GUI. The GUI must 
in constant time determine if a database is already opened and handle is available if not 
then create that handle. Tcl gives a solution through where one can check if there is any 
value stored in an associative array against a particular key. So the algorithm of 
handling this flow would be - 

If { [info exists db_handle_array(db1)] } {

 Use existing db handle 

} else { 

 Open db handle for db1 

 Set db_handle_array(db1) db1_handle 

}

The last requirement of handling multiple databases is, one must close all these 
handles before exiting GUI. Any database on which handle is kept open, might not 
behave correctly if a subsequent process tries to access it. However the flexibility that 
Tcl offers while accessing associative array fixes this problem. One can easily traverse
an associative array like a list. The “array names” functionality brings all the keys of an 
associative array for the database handle arrays. The flow of closing all databases is – 
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foreach key [array names db_handle_array] {

 Close database whose handle is stored in 

$db_handle_array($key)

}

Conclusion: 

Using the above described approaches made as develop an efficient schematic widget 
tool. IncrTcl helped us in creating the main window providing the needed functionality 
and storing window specific information locally. Name spaced helped us in providing 
well defined interface to fetch the required data and to manage a common cache of 
data. This also helped in keeping the GUI side clean and clear from code to interact with 
database and keeping the GUI code thin. Associative arrays helped significantly in 
managing multiple databases parallel and at also helped in caching and retrieving the 
data quickly and easily.
When all of these constructs of Tcl gets combined, then comes the real power of Tcl 
through which, however complex the widget is, looks easy and trivial to create and 
maintain. 
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