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1 The Integrated Modelling Support Environment

The design and modelling of computer systems often require the use of several tools, with dif-
ferent user interfaces and support environments, which are sometimes not easily understandable
and usable.

The Integrated Modelling Support Environment (IMSE) allows the user to perform all the ne-
cessary tasks for system designing, modelling and evaluation in an homogeneous environment,
by integrating several tools in a common workbench. IMSE is an object oriented environment
with a graphical interface. It runs on top of the Emeraude environment [5], an implementation
of the PCTE Public Interface Specification (PCTE is published under the responsibility of the
PCTE Interface Management Board).

Applications, data and storage of files are seen as objects identified by their type and their name.
The tools of IMSE allow the user to perform various activities related to the modelling process,
such as system description, model construction, experimentation and analysis.

There are six main modules, as shown in Fig. 1.

The Workbench provides the common interface for the tools in IMSE: the user can create, select
and eventually modify objects; furthermore, it is possible to call, control and display models
execution.

The Object Store is the database of the environment. All the objects in IMSE are stored in
this module, which provides facilities and routines for their management.

The System Description supports the specification of software and hardware modules and the
construction of workload models.

The Performance Modelling allows system models construction using different solution paradigms.
The Experimentation provides support for designing and executing experiments with models,
and for data interchange.

The Reporter is aimed towards producing documents, and provides all the facilities for statis-
tical data processing in order to have a better view of the data.

Each tool is represented as an object with its own rules and operations. Therefore, the user has
to create and edit the object in order to give the necessary instructions and information about

input data and execution requirements.
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Figure 1: IMSE architecture.

The model execution is performed by the Experimenter [6], which can be used with different
purposes, such as evaluation of a design, validation of a model and debugging.

Note that all the system runs on Sun computers and is built on top of the SDMF [11].



2 The Workload Analyser Tool

Workload characterization is a fundamental part of performance evaluation. The Workload
Analyser Tool (WAT) [3] available within IMSE can be used to derive a manageable and more
compact representation of the workload, in that it allows the construction of workload models
whose characterizing parameters can be used by other tools in the system.

WAT processes raw input data collected by means of the measurement tools and the routines
available on the target systems, and identifies, by means of suitable statistical techniques, a set
of groups (classes) of components having homogeneous characteristics.

Figure 2 shows the overall structure of the tool. Measurements represent the input from exter-
nal world to IMSE. WAT outputs consist of parameters, characterizing workload models, whose
values can be the input for the modelling tools of IMSE.

The Workload Analyser Tool has been designed to be independent of the type of data streams
to be analyzed; the input of WAT can consist of accounting files measured on systems running
under various operating systems (i.e., UNIX, VME) as well as ASCII or binary files.

The user has to specify the structure of the records in the ASCII/BINARY input files, i.e.,
the format of each variable (parameter), and has also to select the variables to be used for the
description of each workload component.

It is possible to specify all these information (e.g., mnemonic names of the variables, type,
length) the first time a certain type of input data is selected and store them in a library of
record structures, i.e., formats.

Another relevant feature included in WAT is the possibility of directly processing accounting
files measured on systems running under UNIX or VME operating systems. A lot of preliminary
work is required to convert such files in a “readable” format since, for efficiency reasons, they
are usually stored in a “compressed” format not easily “decodable”.

For saving disk space, the WAT can accept input from either disk or tape.

After the input description and the selection of the characterizing parameters of each workload
component, the “real” processing of workload data begins. The basic statistical descriptors, such
as, mean, variance, standard deviation, skewness, kurtosis, maximum and minimum values, are

provided.



A preliminary analysis of the input data, which includes application of various types of trans-
formation, trimming of the outliers and sampling, is performed. All these operations are mainly
aimed towards the clustering analysis, which represents the core of the WAT since it allows the
construction of workload models and the identification of the input parameters for the corres-
ponding system models, designed by other tools available within IMSE.

As seen within IMSE, WAT is divided in two logical parts, that correspond to input definition
and data processing.

The first phase is performed by the edit operation on the Wat_model object, the second one by
the Experimenter, a common environment that allows the execution of the different tools and
the communication among them through some data interchange facilities.

In the following sections we will describe the steps needed for the workload analysis, that is how

the user can define input parameters, and run the execution.

Figure 2: Role of the Workload Analyser Tool with respect to IMSE and the external world.

3 Creating a WAT model

The user of WAT has to provide the specifications of the analysis, i.e., input and output speci-
fications, and the description of measurement data by means of the WAT Editor. Therefore, it

is necessary to have a Wat_model type object in the IMSE workbench [10].

For a better understanding and use of the components of the graphical interface of IMSE tools,

refer to Appendix A.



By clicking the right mouse button with the mouse cursor located on the workbench canvas,
a menu containing the Create object item will be displayed. As a consequence, a window

labelled “Create Object” (see Fig. 3) is opened.

Figure 3: Creating an object in IMSE workbench.

The user can choose the Object type (sum item). In our case we have Wat_model. The Object
name (string item) and Object version (integer item) identify a unique object of the same type.
Directory is a string item specifying the IMSE pathname where the object has to be stored.
The Abort button discard all the operations. To save the data and to create the object, the user
has to select the Done button. The new object will then appear as an icon on the workbench

canvas, under the specified directory, as shown in Fig. 4.

4 Editing a WAT model

Once the object is created, the user has to select the edit item within the object menu (see Fig.

5). It calls the graphical interface - WAT Editor - which allows the user to define the various
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Figure 4: Wat_model object in IMSE workbench.
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4.1 The “WAT Editor window”

The interface starts by displaying a window labelled “WAT Editor window” (see Fig. 6).

This window, which gathers a few preliminary information, is logically subdivided in four sec-

window”.
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e List of format library: the user can list the contents of the library of ASCII/BINARY

formats. A specific window is opened (see Sect. 4.1.1);

e File type: it allows the user to specify the format of the input data (i.e., the organization
of the data in the input file); this sum item gathers the following standard formats: UNIX
accounting, VME accounting, user pre-defined formats (found in the proper format library
and displayed by name) and new ASCII/BINARY formats.

Let us examine in details the various options:

1. accounting format: the user has the following possibilities within the sum item
File:
— disk: the file is stored on disk; the name of the file containing the data (string
item Filename) must be specified;

— tape: the file is stored on a tape; the user has to specify the name of the device

driver associated to the tape (string item Drive);
2. user pre-defined format: the name of the file containing the data (string item
Filename) is required;

3. new ASCII/BINARY format: the user has to specify the name of the file containing
the measurement data (string item Filename). The structure of the file, i.e., the

format, is defined in the “Format” window (see Sect. 4.1.2).

In all the three cases, the user will also have to specify the information of the parameters he

wants to analyse (see Sect. 4.1.3).

Control Specifications
This section is concerned with the information related to the analysis of the measurement data,

namely:

e Percentile of outliers: the percentile of the distribution of each variable for trimming

of the outliers is specified (integer item); it is also possible to set it as an undefined value,
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that is, as a FREE variable (see Sect. A.7), and to specify it at a later stage, e.g., during

the experiment specification (see Sect. 6);

e Random Sample: the user can select a random sample (sum item); an integer item is
displayed to choose the percentage of data of the sample; it is also possible to set the
percentage as an undefined value, that is, as a FREE variable (see Sect. A.7), and to

specify it at a later stage, e.g., during the experiment specification (see Sect. 6);

e Number of clusters: an integer item allows the user to specify the maximum number of
clusters he wants to obtain with the cluster analysis (see [3] for more details); it is also
possible to set it as an undefined value, that is, as a FREE variable (see Sect. A.7), and

to specify it at a later stage, e.g., during the experiment specification (see Sect. 6);

e Overall transformation: a sum item for the selection of the transformation to be applied

to all the variables in order to scale them to the same range before the cluster analysis.

Display Specifications

This section deals with:

e Display of Statistical Information: the user can select to display the statistical in-

formation during the preliminary analysis of the data (sum item);

e Display of Cluster Distributions: the distributions of the variables can be displayed

for the entire population or for each cluster produced.

Output Specifications

This sections deals with:

e Output object: not yet implemented;

e Output specifications: a list item of the possible output parameters (i.e., center, mini-
mum, standard deviation, and so on) for each cluster in the optimal partition(s); by default

all the possible values are stored.

12



4.1.1 “List of format library” window

Figure 7: The “List of format library” window.

The user can list the contents of the format library, one format at a time. The name of the

format he wants to display has to be selected through the first sum item.

4.1.2 “Format” window

Figure 8: The “Format” window.

This window contains its own help, available, as usual, through the Help button located at the

top of the window, and a few items to define the specific format, namely:

e Format Name: name of the format (string item);

e Formatted: a sum item for the specification of the type of record structure, i.e., formatted

(ASCII), or unformatted (binary);

e Format: list of the format of each variable. Depending on the previous choice (formatted or

unformatted), the user will have to fill the Format list item with the name of each variable

Format:

| Done | [ Save ] [ Abort

Help:
Format Name: ascii_fmt
Formatted: O3 ves N 13

Format:
+: Name: time ¥ Real digits before point: [6]
digits after point: [5]
+: Name: io_hck o Tnt Number of digits: [5]

+: Name: mem TRt Number of digits: [8]




(string item), its type (sum item), i.e., real or integer, and, in the case of formatted records,
with the length (i.e., number of digits) of the field associated to the variable itself (integer

item).

All the specifications are saved by selecting either the Done or Save buttons. Alternatively, they

can be discarded by selecting the Abort button.

WARNING
The save operation does not write permanently the format information in the library. This
operation simply means “keep the information for the current session”. The format will be saved

in the library when the user will save the whole specifications in the “WAT Editor window”.

4.1.3 “Variables” window

Figure 9: The “Variables” window.

This window contains its own help, available, as usual, through the Help button, and a list item
to specify the parameters the user wants to analyse and how to perform this analysis.

This list consists of four components:

e Name: name of the variable; this item is a string item in case of a new ASCII/BINARY
format or a sum item otherwise. Let us remark that for a new ASCII/BINARY format

the name must correspond to a name of the variable given in the format definition;
e New: to associate a new name to the variable (string item);

e Transform.: to specify the transformation(s) to be applied to each variable (sum item);

Variables:

Done | Save | | Abort

ascii_fmt VYariables:

+:z Name: ¥ mem New: mem_use, Transform. : e(x—min)/(max—min) Outliers:

+: Name: 3 io_bck New: Transform.: ¥ None Outliers:




e Outliers: to specify if the user wants to remove the outliers for a specific variable (sum

item).

The Done or Save buttons and the Abort button allow the user to save and discard all the

selections, respectively.

5 Running a WAT model

IMSE supplies a common environment (the Experimenter) which acts as an interface for all the
applications that need to run an experiment, separating the execution and the model definition
phases. With the same generic operation it is possible, for example, to execute different tools,

to exchange information among them, to define compound and conditional experiments.

In order to run a WAT model, the user has to create a Plan object, where the frame for the
experiment will be defined, following the same steps as for the Wat_model object creation (see
Sect. 3). The creation of a Plan object implies also the edit operation, which opens a canvas

labelled “Experimental Plan Editor”.

5.1 Editing a Plan object

In the Experimental Plan Editor canvas the user has to create a MODEL node, by using the middle
mouse button with the mouse cursor on the empty canvas and by selecting the icon labelled

“MODEL” (see Fig. 10).
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5.1.1 Setting the attributes

Once the MODEL node icon is selected from its menu, the user can choose the Set node attributes
item and open an “Attributes” window (see Fig. 11) which contains some information about
the model to be run.

More precisely, we have the following information:

e Local Name: a string item that identifies the current frame;

e OMS Name: a string item for the name of the object to be run (in our case the newly created

Wat_model), including the version number.

Object type: S Plan
Object name: wat_plan

Object version: %

Directory: /

OTe O1E Ore nTge
perimental Plan Editor: wat_planil} [modified]
(Done ) [ Save ] (Abort ]
Left button - Move object
Middle button - Create node
Right button

- show operation menu

ure 11: The “Attributes” winddw.

tttributes of Frame.l

[ Dane [ Sawve ] [T |

Executing: 2 Model Local Hame: wat_model
OMS Name: wat(1) AN

Solution method: O dnalypys Solver: &3 Default

Solution condition:
At:

Change to: O Analysis Solver: O Default




For a simple run of the experiment the user can leave all the other values of this window
unchanged. The details about more complex executions are out of the scope of this report (refer

to Experimenter documents for more details).

5.1.2 Loading the specifications

The selection of the Load specifications item on the MODEL node menu will attach two other

nodes to it, the INPUT and OUTPUT nodes, respectively.

5.1.3 The INPUT node

The INPUT node contains the values left undefined in the WAT editing session, such as Number
of clusters, which the user can see by using the Set node attributes item on the menu of
this node.

The “Attributes” window contains a list of the undefined values identified by their label (Parameter
Name) and their type (Parameter Value). A default value is associated to this list. However, it

can be modified by the user by setting one or more values from a list item menu (see Sect. 6).

5.1.4 The OUTPUT node

It contains the list of the output variables selected in the WAT editing session. By using the
Set node attributes item, the user can display the list and, by switching the Selected sum

item, he can choose which values are to be displayed as outputs.

In order to complete the model definition the user needs to add another node, labelled ANALYSTS,
to be linked to the OUTPUT node, as shown in Fig. 12. The Done and Save buttons in each window

save the selections, while the Abort button discards them.

18
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5.3 The Run operation

The user has to select the run item from the menu of the Plan object in the IMSE workbench
(see Fig. 19). After a few preliminary operations related to the support environment (see [6]),
the WAT execution starts, following the specifications selected in the WAT and Plan editing
sessions. During the execution a few objects are created which are not visible from the IMSE
directories. They can be displayed by following the object links.

In the Wat_model object a link to a Run object is created which in turn is linked to an Output
object, containing the WAT results. The user can display these values by selecting the view
item on the Output object icon menu. The outputs can be used as input for other tools, as we

will explain in the example (see Sect. 6).

6 An example

In order to make clearer the description of the integrated version of the WAT within IMSE and
to make easier its use, we will present an analysis performed on a real set of data.

The problem we approach in this example is the analysis of measurements collected on an Eth-
ernet local area network. The workload model obtained by the WAT provides the characterizing
values used by QNET [4] as input parameters of the queueing network model of the Ethernet.
The data coming from the external world refer to the packets sent over the network from either
terminal servers and disk servers. Among the various information describing each packet we

have selected two parameters:

e packet length (expressed in bytes),

e interarrival time (expressed in seconds).
Figure 13 shows the structure of the file containing these data which will be taken as input
by the Workload Analyser Tool. The first column represents the packet length, named length

in what follows (integer of four digits, see format description in Fig. 15), and the second one

is the interarrival time, named delta (real of two and four digits before and after the point,
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respectively, see format description in Fig. 15).
In what follows, we will present a few figures displaying the sequence of the operations to be

performed in order to specify the parameters of the analysis.

74 0.0009
60 0.0031
1345 0.0034
60 0.0033
60 0.0017
1345 0.0049
60 0.0005
60 0.0008
64 0.0021
577 0.0006
60 0.0027
1345 0.0068
64 0.0006
60 0.0010
60 0.0010
104 0.0049
1345 0.0018

Figure 13: Example of the input file for the WAT.
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Figure 16: Example of use of FREE variables. The id{ntifier n_clust is associated to the item
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Once the specifications have been defined, the user can create and edit a Plan object. Figure
18 shows how to set the value of the Number of clusters, left undefined in the WAT editing

session.

Imse Workbench - root chject i
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After exiting from the Experimental Plan Editor, the run item selection will cause the WAT

execution to start (see Fig. 19).

Figure 19: Run of the WAT.

The results obtained from the WAT run, using the data shown in Fig. 13, can be seen in the

Output object, reachable following the links from the Wat_model object through the Run (see

Figs. 20 and 21).

Figure 20: The link from the Wat_model to the Run object.
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Figure 21: The link from the Run to the Output object.

The values within the Output object (see Fig. 22) can be used now as input for modelling tools

of IMSE, such as the QNET, using the dot notation facility.

Figure 22: The output values, written in SDDL code, within the Output object.

Figure 23 shows the Plan Editor with a QNET model. In the INPUT node the values are changed

with a string item referring to the Qutput object generated by WAT. The first part of the string

Imse Workbench - root ohject
OIlp C

i

the Output object, which can be read in the window

b IMSE workbench started. [|At the end of the pathname, the user has to add a

ed by the name of the var
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hble contained in the Output object (see Fig. 23).
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WAT Editor tool

APPENDIX

A Use of the components of the interface

The interface is a set of basic components defined in the SDMF tool [11]. To facilitate the use

of this interface, we will briefly review the various components.

A.1 Buttons

There are two different kinds of buttons within the interface:

1. action buttons

2. subform buttons

Both of them can be activated by simply clicking the left mouse button with the mouse cursor

located on the image of the button (i.e., the square surrounded label).

Figure 24: Examples of action buttons (Done, Save or Abort) and subform buttons (Help or

List format library).

A.2 Menus

There are different types of menu within the interface which can be invoked and used in the same

way. The following figures show a few examples of the menus provided within the interface.
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Figure 25: Example of a window banner menu.

Figure 26: Example of a FREE variable menu.

To open a menu (that is, to display all the items it consists of), the user needs to press the right
mouse button with the mouse cursor located on the image of the menu (e.g., the banner of the
window, the sum item or the string item).

To select an item, the user, with the mouse button pressed, needs to drag the mouse cursor to
locate it on the image of the item. When the mouse button is released, the item is selected and

the action associated to it executed.

A.3 Sum items

Sum items are compositions of buttons and menus and can be used in either one or the other

“mode”.

Figure 27: Example of a sum item menu.

ascii_fmt Variables:
+: Name: ¥ io_bck New: io_block Transform. : {}(xfmean)jsg - dev

Mone
Logarithmic

W (n-mean)/std_dewv
(x-ming/ (max-min)
Tor d_dev

Tog & max-min
max-min & log

+: Name: ¥ mem New: mem_use Transform.: 2 Naore




Format:

Using the “button mode”, the user will change the value of the sum item, by selecting the value
of the sum item immediately after the current one. A few clicks will allow the user to scan
sequentially the list of values one by one.

Using the “menu mode”, the user will display the list of values of the sum item and directly

select one.

Figure 28: Example of a sum item.

A.4 Integer range items

Integer range items are composed of two parts: an information part which displays the current

value of the integer range item and a slider which is used to change the value itself.

Figure 29: Example of an integer range item.

It is possible to move the slider to a specific position by clicking the left mouse button with
the mouse cursor located in the specified position within the slider rectangle. The user can also
make the cursor sliding by pressing the left mouse button with the mouse cursor located on the
black cursor of the slider and dragging the mouse to the left or to the right hand side. While
sliding the slider cursor, the changes of the values of the integer range item are displayed. The
value is set when the mouse button is released.

When the mouse cursor goes out of the slider rectangle, the slider cursor returns to its original

position.

Help:
Format MName: data_fmt
Formatted: ¥ ves

Format:
+: Name: delta type: O Real digits before point: [2]
digits after point: [4]




A.5 String items

A string item is a field containing either integer, real or textual values specified from the key-

board.

Figure 30: Example of a string item.

When the user wants to enter a value, he just needs to position the mouse cursor on the field
he wants to edit and then he can type the value.

Each field has a predefined type associated to it. A test on the type is performed to avoid
possible errors (e.g., typing a character in an integer field).

The DELETE key placed on the keyboard is the cancellation character.

A.6 List items

List items are the building blocks of other types of item. This means that an element of a list
item can be a composition of any of the other types of item.
List items can be displayed in two different formats depending on the initial number of elements

in the list (see Figs. 31 and 32).

Figure 31: Example of a list item with no initial element.

In the first case (see Fig. 31), there are no initial elements in the list, the user only needs to
click on the Extend List button to add a new element to the list.

In the second case (see Fig. 32), one or more elements already exist, by clicking on the “+”

Variables:

| =
WAT Editor Window

Done | | Save | Abort

Output variables: (E¥Eend List K Outlier: &ves




Figure 32: Example of a list item with initial elements.

button at the left hand side of any element of the list with the right mouse button a menu is
displayed (see Fig. 33). It is possible to:

e insert a new element (just before the current one);

e append a new element (just after the current one);

o delete the current element of the list.

When the last element of the list is deleted, an empty list is obtained (see Fig. 31).

Figure 33: Example of the menu of a list item.

A.7 TUndefined values

Making values undefined is a feature supplied by the SDMF through a special type of variables,
called FREE.

This facility gives the user the possibility to postpone the setting of the values of a few param-
eters just before the execution, that is at a later stage than the WAT editing, e.g., within the
Experimental Plan Editor. This allows the user to run compound experiments with the same
general specifications, and to exchange data among the tools through the dot notation facility

(see Sect. 6).

WAT Editor Window

Output variables:
append Element ent:
Frepend Element
Delete Element

Haks Yolug Undsfined




In order to leave a value not defined (where it is possible) the user has to click the right mouse
button with the mouse cursor located on the selected item. A menu showing Make Value
Undefined item will appear. Once selected, it will display the “Unknown:<label>" item (see

Fig. 34). Note that <label> is a string item, acting as an identifier for the Experimenter.

Figure 34: Examples of different uses of FREE variables.

The Unknown item has a menu associated to its label, in which the user can select the Edit
Value Info option, which displays an editor window (see Fig. 35) where additional information
or comments can be added. These information, which provide some explanation about the use

of the parameter, can be displayed either in the INPUT or OUTPUT nodes of the Plan.

Imse Workhench - root ohject i

BTR DTR bTR Figuge 35: Bxample oframinfo ¢ditor window.
TR RR BR u
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| Help:
Input Specifications:
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Yariables:
Help: 35

Control Specifications:
Percentile of outliers: 0

Random Sample: O No ( Done [ Save thort )
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A.8 Resizing a window

In many cases, especially when list items are used, it is necessary to resize the window in order
to completely display its contents. This operation can be performed in various ways. The
standard windowing procedures are available. An alternative simple approach is to use the item
Fit contents in the menu of the window banner (submenu Resize, see Fig. 25), which will

automatically resize the window according to its contents.
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