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Sulautettujen jarjestelmien koko ja monimutkaisuus ovat viime vuosina kasvaneet
kiihtyvalla tahdilla. Siksi suunnittelun tuottavuutta taytyy tehostaa, johon on pyritty
mm. kayttdmalld uudelleenkaytettdvida logiikkakomponentteja. Uudelleenkayton
tehostaminen vaatii uusia suunnittelutyokaluja ja metodeja. IP-XACT on XML-
pohjainen metadata standardi, jolla kuvataan uudelleenkaytettavia
logiikkakomponentteja, eli IP-lohkoja, ty6kalu- toteutus- ja toimittajaneutraalilla
tavalla. Ongelmana IP-XACT:in yleistymisessa on ollut tyokalujen tuki. Saatavilla ei
ole aiemmin ollut vapaan lahdekoodin suunnittelutytkaluja ja kaupalliset vaihtoehdot
ovat Kkalliita, mik& rajoittaa pienten ja keskisuurten yritysten mahdollisuuksia ottaa IP-
XACT kayttéon.

Tassd diplomitydssa esitelladn avoimen l&hdekoodin Kactus2 tyokalu IP-XACT-
pohjaiseen suunnitteluun. Tyon aiheena on tyokalun Kkirjastonhallinta- ja IP-
paketointimoduulit, joiden avulla IP-lohkoille voidaan luoda metadata-kuvaukset ja
hallinnoida lohkoja automatisoidusti. Diplomitydssé esitellddn muutamia lisdyksié,
jotka laajentavat alkuperéistd standardia myos tuotetiedon hallintaan. Ty6ssad seké
suunniteltiin ettd toteutettiin Kirjastonhallinnan ja paketoinnin vaatimat luokat ja
kayttoliittymanakymat.  Toteutuksessa  kdytettiin -~ C++  ohjelmointikieltd ja
ohjelmistokehyksend  ké&ytettiin ~ Qt:n  avoimen l&hdekoodin versiota 4.8.3.
Kehitysymparistona toimi Microsoftin Visual Studio 2008, johon oli asennettu Qt
lisdosa. Qt mahdollistaa jarjestelmariippumattoman koodin Kkirjoittamisen, joten
Kactus2 on julkaistu sek& Windows ettd Linux kayttojarjestelmille.

Esiteltyjen moduulien koot koodiriveind ovat 7.500 kirjastonhallinta- ja 21.000 IP-
paketointimoduulille. Vastaavat luokkien méaarat ovat 26 ja 156. Koko Kactus2:n
koodirivimé&ard on 103.000 rivi. Kirjastonhallinta siséltda kaksi eri nakymaa kirjaston
rakenteesta, sek& oman osan kirjaston hakuehtojen maarittamiseen. Paketointimoduuli
sisaltdd 28 eri editoria. Kayttoliittyméstda on pyritty tekeméén selked ja
helppokéyttdinen, jotta kayttajien olisi helppo omaksua uusia toimintatapoja. Liséksi
tyokaluun on lisatty kontekstipohjainen opastusjarjestelmd, joka reagoi kayttdjén
tekemisiin. Kokonaisuudessaan Kactus2:n eri versioita on ladattu yli 1.700 kertaa.
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The size and complexity of embedded systems have grown at an accelerating pace over
the last years. This causes demand to improve the productivity of the design process e.g.
by enhancing the reusability of logic components, also called IP-blocks. Improving
reusability requires use of new design tools and methods. IP-XACT is a XML based
metadata standard, which describes IP-blocks in a tool, implementation and vendor
neutral way. Previously there hasn’t been open source design tools supporting IP-XACT
and the commercial tools are expensive, thus limiting the ability of small and middle-
sized companies to use IP-XACT.

This thesis presents an open source IP-XACT design tool called Kactus2. The scope of
the thesis is the library management and IP-packaging modules, which enable
automated management of IP-blocks. The thesis presents a few extensions to the
standard, which expand the original scope of IP-XACT towards product management.
The design and implementation of the library management and IP-packaging classes
and the user interfaces are described. The implementation language was C++ and the
used development framework was the open source version 4.8.3 of Qt. The
development environment was Microsoft Visual Studio 2008 with the Qt add-in
installed. Qt enables cross-platform development, which facilitated the release of
Kactus2 for both Windows and Linux operating systems.

The sizes of the presented modules in code lines are 7.500 for library management and
21.000 for IP-packaging. The corresponding class counts are 26 and 156. The code line
count for whole Kactus2 tool is 103.000 lines. Library management contains two views
of the library structure and a segment to define search options. Packaging module
contains 28 editors for different elements of the metadata. The graphical user interface
was designed to be easy to use, enabling users to adopt new design methods. Also, the
tool contains a context based help system, which reacts to user’s actions giving advice
related to the task on hand. The total download count for different Kactus2 versions is
over 1.700.
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LIST OF SYMBOLS AND ABBREVIATIONS

FPGA
IP-block
IP-XACT

SoC
Metadata
Verilog
VHDL

VLNV
XML

Field-programmable gate array

Intellectual property block

XML based metadata-format for automated configuration and
integration of electronic systems.

System-on-Chip

A general term for descriptive data.

Hardware description language for modeling digital circuits.

Very High Speed Integrated Circuit Hardware Description
Language

Vendor, Library, Name, Version.

eXtensible Markup Language.






1 INTRODUCTION

This master’s thesis is related to FPGA-based embedded system design and presents
development work for an open source design tool called Kactus2 [1].

A typical embedded system product consists of a hardware platform and software being
executed on one or more programmable cores. Hardware platforms consist of system-
on-chips (SoC), which consist of reusable intellectual property blocks (IP-blocks). An
IP-block is a reusable unit of logic that is owned by one party [2]. Figure 1.1 depicts an
example case of a system hierarchy. One platform may contain several different
implementations and, on the other hand, same implementation may be ported on several
different platforms.

Sal
FPG A 1 G Documentation

& _—
m T T IR

FPGA 2
Ha
O

Figure 1.1. System hierarchy

Today digital systems are getting larger and more complicated at an increasing pace.
The integration of IP-blocks into larger systems and porting of these systems to
different platforms has become a complex task. Traditionally the solution for these
problems has been to develop IP-libraries in several different implementation languages
such as VHDL, Verilog and C-programming language. This kind of approach results in
having systems, which contain [IP-blocks implemented in several different
implementation languages, radically expanding the range of possible configurations.
The used design tools also require additional information on the systems, which
increases the configuration count even further. This creates demand for tools, which
efficiently manage the different configurations and variations of products on the market.

IP-XACT metadata provides a possibility to package the IP-block’s essential
information in a tool, implementation and vendor neutral way. The purpose of this
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Thesis is to develop a tool, which understands IP-XACT and is able to manage the IP-

library based on IP-XACT. Kactus2 is designed to help the management and integration
of reusable intellectual property blocks.

The Thesis is organized as follows. The next Chapter introduces the concepts of IP-
block and System-on-Chip. It also explains the basics of IP-XACT, a metadata standard
for configuration and integration of IP-blocks. The third Chapter lists related tools on
the market. Chapter four introduces the Kactus2 tool, which is the main focus of this
Thesis. The fifth Chapter lists the use cases of library management and sixth Chapter
the different phases of IP packaging. Chapters seven and eight explain the
implementation details of library management and IP packaging module. The ninth
Chapter contains evaluation of the presented modules and finally Chapter ten contains
the conclusions of the topics discussed on this Thesis.



2 IP INTEGRATION

This Chapter explains the basic principles of IP-blocks and System-on-Chips (SoC),
what they are and what they can be used for. The basics about IP-XACT, a standard
used to package IP-blocks for easier reuse, are also explained. Finally the different
phases to add new IP-blocks to the library and the extensions made to the original
standard are depicted.

2.1 System-on-Chip

A System-on-Chip consists of several IP-blocks and contains almost all different parts
of the system on a single VLSI chip [2]. While testing and verification of a single IP-
block focuses on making sure the block functions correctly, the main focus on SoCs is
checking the cooperation of IP-blocks instantiated on the chip. In case of large designs
the workload can be divided into smaller portions by dividing the system hierarchy into
smaller subsystems. This way each level has fewer components to test, therefore making
the testing and verification process simpler. Figure 2.1 shows an example of a small
SoC, where several IP-blocks are connected together via HIBI-bus [3].

CUIU0 0 vibisegment small 1 hibi_mem_dma_1 & | . ..
Pt rSt_1 rst_n

CCUNE D

--------- ddr2_ctrl_p/[ hibi_p

......... ck_in

BEERRRN St ddr2 p

SESEEEEEY FES 22_ddr2._dimm_168_1

......... alt_ddr2_p phy_dk_out

NEREEEEES BN ==

......... L rst_n P

NEREEEEES BN B hin

......... Ce e e e Soft_rst_n

SEREEEEE B Soiiio picture_manip_1 w8 | o]

......... hibiJjZ[_]hibiJj

R I ool 2] 'y

Y _T """"" rst.n Lol

SEREEEEES EEE e

SEREEEEE B U petombiaxa | o]

......... clk_in| B>

SESBEEEEE B hibi_p1

......... pcie_4x_p

......... rst_n

Figure 2.1. A System-on-Chip containing 4 IP-blocks, a bus and 5 external interfaces.

Figure 2.1 contains a large light blue rectangle which is the HIBI-bus connecting the
other IP-blocks. On the right side, there are blocks performing different functionalities
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such as PCI-Express adapter, memory controller and a DMA-controller. On the edges of

the Figure, the external interfaces of the chip are shown, e.g. the reset interface.

The SoCs today may be very complicated containing several different clock regions and
dozens or hundreds of IP-blocks [4]. An example of modern SoC is the Texas
Instruments OMAP platform for mobile applications [5]. The OMAP platform contains
e.g. two ARM Cortex A9 CPUs, vast scale of 1/0O peripherals, a DSP processor and a
graphics accelerator. This level of complexity sets great demands on testing and
verification processes. Reuse of IP-blocks can greatly ease this workload when one can
use the same blocks and subsystems that have already been tested previously.

In addition to the large number of IP-blocks, also different configurations of the same
system set challenges for the developer. For example, in the example SoC, the PCle-
adapter could be replaced by an Ethernet interface while the rest of the system remains
the same. When developing a new system it is not wise to always start all over from
scratch, but making use of the old systems saves a lot of time and effort. One way to
upgrade the system can be to develop a new software implementation which runs on the
old hardware platform, until a new hardware implementation reaches the market. On the
other hand, old software may be run on a new hardware platform or both of them can be
upgraded simultaneously. In each case, it must be explicit which configurations have
been tested and verified in each product.

2.2 IP-block information contents

As an example, Figure 2.2 depicts the directory structure of the HIBI-bus showing the
different versions (2.0 and 3.0), the documentation files (directory doc), implementation
files (directory vhd) and the test benches (directory tb).
Directory "vhd"

Library on the disk

Directory "doc”

Marme = MName =

SN0 SN

1) ip. application
2 ip.hwep, accelerator
= g ip.hwp. communication
I .svn
[#5) ase_meshi
lga avalon_to_hibi
%) basic_tester
[zl Fh_crossbar
lg) fh_mesh_2d
[ Fh_ring
] g hibi
) .swn
El g 2.0
I svn
Iz doc
12 ip_xact
ez vhd
El g 3.0
I svn
g doc
=) ip_xact
g th
3] 1 |
[ hibi_pe_dma
g nzhz
) packet codec

bj addr_data_demux_read.vhd
bj addr_data_muzx_write,vhd
bj addr_decoder. vhd
bj cfg_init_pkg.whd
bj cfg_mem.vhd
bj double_fifo_demux_wr.vhd
bj double_fifo_mux_rd.vhd
bj dyn_arb.vhd
bj fif o_demux_vr.vhd
bj fifa_rmuux_rd.whd
] hibi_bridge_v2.vhd
bj hibi_orbus_small. vhd
bj hibi_segrent_small. vhd
bj hibi_segment_v3.vhd
bj hibi_wrapper_r1.vhd
bj hibi_wrapper_r3.vhd
bj hibi_wrapper_r4.vhd
k7| hibirv3_pkg vhd
g7 | hibiv3_r4 vhd
g | Fsr vhd
bj receiver,vhd
| rx_contral.vhd
51 struckure. bxt
bj transmitker, vhd

bj kx_contral.vhd

%) Datasheet
51 clock_distribution_readme. bzt
w hibi_w2_ta_w3.ppkx

.gs hibi_w3_datasheet_z011_11_15.pdf

Figure 2.2. The directory structure and files of HIBI-bus.
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The owner of an IP-block may use the block in one's own systems or it can be licensed

to another party. Typically IP-block implements a clearly defined functionality and can
be used in many systems. The block may also be configurable to improve its reusability
in different systems. By using the same block more than once, the cost of development
can be spread among several parties.

The configurability of IP-blocks may vary greatly. Configurability of a transistor-level
design is minor but respectively one can estimate, for example, the performance and
timing limitations very well. In contrast an IP-block which consists of source codes
written in VHDL-language may be very well configurable but the estimates for its
performance are very rough.

One IP-block contains much more than just the source codes, the file count may easily
increase to dozens or even hundreds of files. The better the IP-block is documented, the
easier it is to reuse it in another system. In addition to the source and documentation
files the IP may contain files for testing and verification.

2.2.1 Documentation files

A user manual is the most important subsidiary deliverable. Without the user manual the
IP-block is almost useless for third party developers who do not know the detailed
implementation of the block. In addition to the user manual, the documentation files
may include class, block and sequence diagrams, which explain how the IP-block
functions. For hardware IP-blocks, the datasheets must explain how to configure and
boot the IP. The documentation material should reveal how to connect the block with
the rest of the system and what kind of requirements it sets for the connections. The
interfaces of the IP-block must be documented clearly. For example in software IPs, the
class interfaces must be defined, and for hardware IPs the ports and their timing
diagrams must be included.

2.2.2 Testing and verification files

A test plan should reveal how the testing of the IP-block is planned: what test cases are
planned and how the block is expected to behave in those test cases. The test report
should explain what tests were executed and how the IP actually behaved in those tests.
Especially all deviations between the expected behavior and the actual behavior must be
reported clearly. Test coverage analysis can be used to estimate the quality of the testing
and how reliable the IP-block is. Test log can be used by third parties to repeat the tests
and verify the block behavior with the given test cases themselves. The types of the test
logs may vary from simulation log files to screenshot videos recorded during graphical
user interface testing.

A test bench can be used to automate the testing of the IP-block. The test bench should
include the automatic checking of the test results. For hardware blocks the test bench
may be a VHDL entity which instantiates the design under test. For software there are
several software frameworks, especially for unit testing, which can be used to write
automated tests that check the results of the tests against the expected outputs.
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2.2.3 Source files of the implementation

The most essential part of the IP-block is the implementation files. If there are other IP-
blocks that are needed for the main block to function, then also the source codes of
those blocks must be included. An example of this could be a third party library used by
the IP. For hardware IP-blocks there may also exist some software components, such as
drivers.

2.2.4 Files to help the initialization of the IP-block

The initialization of the IP-block is much easier if the block includes an example use
case where the block is instantiated and used. A makefile will help compiling the IP and
lists its internal dependencies. Synthesis scripts are similar auxiliary files for hardware
IPs.

2.3 IP-XACT-standard

IP-XACT is an XML format standard developed originally by SPIRIT Consortium for
configuration and integration of electronic components and designs [6]. The current
version 1.5, that Kactus2 supports, is also approved as IEEE 1685-2009 standard. The
purpose of the standard is to provide tool, implementation and vendor neutral format to
describe the essential information of an IP-block. Metadata is a general term for
descriptive data. In this case its purpose is to list, for example, the interfaces and file
sets of an IP-block.

The reusability of the block can be increased by making it easier to port it from one
development environment to another. Therefore a tool-neutral approach is very
beneficial. The implementation-neutral approach means that the metadata does not limit
the language the block is implemented in. This way there will be no unnecessary
dependencies in the IP library between implementation languages and different
configurations can be managed easily [7].

The standard defines 7 different types of IP-XACT documents [6]:

1. Component describes a single component in the library. For example the
interfaces and files for the component are listed here.

2. Design contains a hierarchical design which consists of the components
instantiated in this design. It is a kind of textual block diagram of the system.

3. Design configuration defines the configurations used in a hierarchical
design.

4. Bus definition contains the general information of a hardware bus.

5. Abstraction definition defines the logical signals and attributes of a hardware
bus.

6. Generator chain defines a group of scripts that can be used e.g. for
automatic configuration of a component.

7. Abstractor is used to combine designs from different abstraction levels.
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Each document creates a single object in the library. The different objects can be

uniquely identified by a VLNV-identifier. The identifier consists of tuple {vendor,
library, name, and version}. All references between the documents are made using the
VLNV-identifier.

The library can be better managed when the dependencies between IP-blocks are
documented and in a format that can be read by computers. This way it is possible to
clearly display to users the dependencies between the components and how a single
component consists of sub-components. This also facilitates the management of third-
party libraries because the developers are not needed to explain to integrators, what
components depend on each other and what kind of requirements they set for their
interfaces. By agreeing on the naming policies of the VLNV-identifiers, it is also
possible to manage the dependencies across library bounds because the dependencies
are seen in references from one object to another [8].

2.3.1 IP-XACT based IP-block integration

Figure 2.3 depicts the different phases to add a new IP-block to the library.

Design phase Artifacts

|->| IP-blocks | Source J

l 1. Packetize —l,
b A

Library | Component | Source %

metadata 7
Tool . Z.Assemhble
metadata : together ¥
1 Y i
. Design Dog
‘ Generators |<->| Design | W

3. Configure 4. Generate executables

(Specify new)

y
| Product | Executable

Figure 2.3. Adding a new IP-block to the library and composing of new blocks [9].

The left side of the Figure displays the different phases of the design process and the
right side the documents being handled in each phase. When adding a new IP-block to
the library, it must be packaged with IP-XACT metadata. This makes it possible to
automatically manage the IP library when the data is in computer readable format. The
user can search for a single component from the hundreds or thousands of components
in the library by defining search criteria and filters to display only the desired types of
components.

In phase 2 a new hierarchical component is created by creating a design description,
which lists the components instantiated with their mutual connections. The created
hierarchical component is also displayed in the library among the other components and
it can be instantiated itself in some other hierarchical component to create deeper
hierarchies of sub-systems.
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To create a final product, phases 3 and 4 are used. Phase 3 sets the used configurations
and settings for each component instance. Phase 4 generates the needed files, for
example the structural-level VHDL code for the top-level component. Finally the source
codes can be e.g. synthesized using the tools provided by an FPGA-vendor.

Figure 2.4 displays a screenshot of the component editor in Kactus2, used to create a
metadata package for a component. The bottom of the figure displays a part of the saved
metadata for HIBI-bus. The metadata displays the information of a single VHDL file

and what compile options are set for it.
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4 File sets . . . -
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Default file builders I
4 Ties
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vhd copy_of_multick_fifo.vhd
vhddouble_fifo_demux_wr.vhd
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vhd/fifo.vhd
vhd/fifo_muxes. vhd
vhd/hibi_wrapper_r1.vhd
vhd/hibi_wrapper_r3.vhd
vhd/hibi_wrapper_r4.vhd

‘ +

General settings | External dependendes and defines

File name and path

| Mame:  whdte_ctrl.vhd |

Specified file types

vhdlSource

General options

vhdifsr. vhd Logical name: hibi [T only used as default
vhdreceiver.vhd [ File is indude file [] File contains external dedarations

vhdfrx_ctrl.vhd L

vhd/transmitter.vhd Description of the file:

vhdftx_ctrl.vhd
Medel Files contained in this IP-block
Parameters
Address spaces
4 Views
rt
Ports

<spirit:fj
iric: na_rf.e>vhd/tx_c'.t.rl .vhd</spirit:name>

<spirit:fileTypervhdlSource</spiritc:fileType>
<gpirit:isIncludeFile spirit:externalDeclarationz="false">false</spirit:isIncludeFile>

<spirit:logicallame spirit:default="false">hibi</spirit:logicallame>
<spirit:buildCommand>
spirit:replaceDefaultcFlags>false</spirit:replacebDefaultFlagss>

</spirict ommand>

spirit:file>
2 . <spirdeTdefanlcFileBuilder>
<spirit:fileType>vhdlSource</spiric:fileTypes
<spirit:command>veom<,/spirit:command>
<gpirit:flags>-guiet -check synthesis -work hibi_mem_d.ma(,-"spirit:flag3>
<spirit:replaceDefaultFlags>false</spirit:replaceDefaultcFlags>
aultFileBuilder>
L </spirit:fileSet>

Figure 2.4. The component editor and the saved XML data for a single VHDL file.

The part marked with number 1 contains information for the path and options of a single
file. The path is a relative path from the XML file to the source file. The part marked
with number 2 contains the compile commands and options for different file types.

The more detailed and strict the metadata package of an IP-block, the more precise are
the search results and statistics of the library. When the packaged data is correct and up-
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to-date, it is possible to perform different types of data mining operations on the library.

For example, one could generate a weekly report of the library reporting, not only the
number of IP-blocks, but also their maturity levels, complexity and dependencies.

2.3.2 Elements of acomponent

Each IP-block will add at least one component-document to the library. Components
can be used to describe processors, peripherals such as DMA controllers, and buses like
the HIBI-bus. Component contains several elements used to describe different types of
information. Not all elements are required for a single component and different types of
components will use different elements. Table 2.1 describes some of the elements of a
component supported by Kactus2 [6].

Table 2.1. Different elements of a component.

IP-XACT Description

element

VLNV An unambiguous identifier used to identify the component in the
library.

Bus interfaces Describes all external interfaces of a component. Bus interface
groups ports together to form a bus.

Channels Describes interconnections between interfaces inside of the
component. This element can be used to describe a bus connecting
interfaces together.

Address spaces | Describes the addressable space seen from bus interfaces with
interface mode of master. This can be used to describe the address
space seen by a CPU through bus interface.

Memory maps | Describes the addressable area seen through bus interfaces with
interface mode of slave.

Ports Describes a list of ports for the component. These are used to
describe the external connections of the component.

Model Describes the parameters needed to configure the model

parameters implementation specified in a view.

Views Describes the different views of a component. Component may have

different views. For example one view for the RTL implementation
and one for the written documentation of the component.

File sets Describes groups of files that can be e.g. grouped by their function.
One file set may contain the source files and other the documentation
files of the component.

Cpus Describes the programmable processors of the component.

Other clock | Describes clock signals within a component that are not directly

drivers associated with an external port of the component. For example
generated clock signals can be listed here.

Parameters Describes parameters that can be used to configure the component.

Description Contains the textual description of the component. This can be used

to document a human readable description of the component.
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The components in the library can be divided into two categories by their internal
structure:

2.3.3

Non-hierarchical components do not contain any kind of metadata
documentation of their internal subcomponents. They are not dependent of other
components through VLNV-references and contain all source codes and
documentation they need in their own metadata package. The metadata package
of these components refers directly to the files in its file sets. The only VLNV-
references are bus and abstraction definitions, if any.

Hierarchical components consist of other IP-XACT sub-components. These
sub-components can be non-hierarchical or hierarchical to form deeper
hierarchies of system design. A Hierarchical component contains VLNV-
reference to design, which instantiates the sub-components. It does not contain
the files of the sub-components because they are contained in the sub-
component descriptions. The hierarchical component may contain structural
level source codes. The structural level code can also be generated automatically
when the component instances and their connections have been defined, like in
the example SoC on page 3.

Extensions to the standard

Kactus2 uses some extensions to the original IP-XACT standard. These extensions are
designed to improve the usability and efficiency of the tool. The largest extensions are
related to the software design process, which is itself out of the scope of this work.
Figure 2.5 depicts the used extensions and their relation to the original IP-XACT
standard.

Implementation

A
[Comm. abstraction /7'
! 1
System (HW+SW) /I I
! |
Sw ==
N |
/] /1 : |
P _S’odl Chip Board Rrodudt
=T = =1 T | T L
/
Template J_ _ _ — | Pfoduct
T I ,f-llerarchv
Mutable Original scope I ; (Physical
Fixed f = = = = = — e e m = = = & parts)

. Kactus2 Extensions
Firmness (process)

Figure 2.5. The extensions to the scope of IP-XACT standard [10].
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2.3.3.1 New IP-XACT objects

Figure 2.6 displays the extensions on the implementation axis, formulated as a stack.
These extensions are implemented by new IP-XACT object types and interfaces to both
new and standard components:

a) SW component

b) SW design

¢) API (SW) definition

d) COM definition

e) System design (SW architecture mapped to HW)

The new interfaces are API, for software components, and COM, for both HW and SW
components.

COM interface
(communication abstraction) T~

-

[ SW component (application) ] \\\
APlinterface ~==~.__ API com
(SW platform interface) definition definition
’/
[ SW component (SW platform) |-=-----___ ’,—--"
v

COM interface

(Hardware abstraction layer) (communication abstraction)

[ Standard: HW component (HW platform) ]

Bus interface == =--- S BUS ABS
(HW interconnections) definition "1 definition

Figure 2.6. New IP-XACT object and interface types.

API interfaces are used to connect SW components to each other. For example, the API
provided by a driver is documented in API definition, which lists e.g. the functions of
the API. The driver SW component contains an API interface which refers to the API
definition, thus promising to implement the interface requirements. The application SW
component also contains an API interface, which means that the application uses the
API in some way. When the two API interfaces are connected together, this means the
application uses the API provided by the driver component.

The communication between IP-blocks can be abstracted to a higher abstraction level by
using software stacks, which implement a higher level communication mechanism. An
example of this kind of higher level communication abstraction is the Multicore
Association Communications APl (MCAPI) [11].

Usually the communication in higher abstraction levels is implemented by software run
on a processor. The software implements the logical communication channels but the
underlying hardware components do not know of these logical connections. For these
logical communication channels to be functional, some kind of hardware dependent
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software driver is needed. Figure 2.7 depicts how the communication abstractions are

handled in Kactus2.
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Figure 2.7. Higher level communication interfaces in hardware components.

Kactus2 uses extensions called COM definition and COM interface to support higher
level communication. COM definition is an IP-XACT-like XML document, which
describes the transfer types and communication properties used in the communication
method. COM interface is similar to the bus interfaces in standard IP-XACT, which lift
the connection abstraction from port-level to bus-level. COM interfaces are included in
the hardware component and they contain a reference to the COM definition which is
implemented by the interface.

The COM Interface also defines the transfer type used in the interface and the direction
of the communication. Of course, as mentioned before, the hardware component doesn’t
implement the communication abstraction and therefore the COM interface refers to a
software component(s) which provide the implementation. This way, e.g. a DCT
accelerator can be used through an MCAPI endpoint [11] in a software application, even
though the hardware accelerator was not designed to support MCAPI.

The basic IP-XACT standard would require the software drivers to be packaged within
the hardware component’s file sets. The COM extension allows the drivers to be
packaged in their own software component, which defines its own software interfaces to
be used in an application. This way the hardware component still contains reference to
its drivers, but the drivers can also be re-used to build other custom software stacks if



13
needed. Also, the API provided by the drivers is explicitly defined in the library and

could be used e.g. to help the software/hardware co-design.

2.3.3.2 Kactus2 attributes for IP-block

Other extensions are new attributes to describe the hierarchy level, implementation type
and firmness of the IP-block [10]. These attributes are used for categorization of the
blocks and have no effect how the blocks behave in the tool.

Making use of these attributes allows library handler to filter the objects shown to the
user and also to display the object type to user with a correct icon in the library views.

Table 2.2 lists the Kactus?2 attributes, their possible values and their explanations.

Table 2.2. The different Kactus2 attributes.

Attribute scope Attribute value | Description
Global Does not fit into any other category.
Product Represents a final product.
Represents development- or final hardware
Product Hierarchy |Board platform e.g. a circuit board.
Chip Represents a chip e.g. some specific FPGA-chip.
SoC Represents a system-on-chip.
P Represents a single IP-block.
HW Hardware implementation.
Implementation SW Software implementation.
Contains information about the software
component mapping to the underlying hardware
SYS platform.
A model that can be used as a base when creating
new components to the library but can’t be used
Template as such.
Firmness Mutable Component is fully modifiable.
Component contains parameters that can be used
Parameterizable |to configure it but it can't be modified further.
Component can’t be configured in any way and it
Fixed is frozen to its final state.
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3 RELATED TOOLS

The system design tools on the market can be divided into two different categories.
There are tools used to compose systems from higher abstraction level models e.g. by
generating executable program code from UML-models. On the other group are the
tools that manage completed IP-blocks and integrate them into larger entities. The
Kactus2 software, described in this Thesis, belongs to the second group. Typically the
tools in the second group require that the blocks contain some kind of metadata to ease
the integration and configuration of the sub-blocks.

Mentor Graphics provides a tool called HDL Designer, which contains a graphical user
interface to instantiate and connect sub-blocks by drawing lines between the ports of the
blocks. HDL Designer supports IP-XACT standard but also enables functional
descriptions such as state machines [12].

Altera provides a tool called SOPC Builder as a part of their Quartus 11 development
software [13]. In this tool, the IP-blocks are packaged as library components and are
connected to each other by using a graphical tool. When the connections are made,
SOPC Builder generates the needed connection logic automatically between the blocks.
The metadata format used by the tool is not standardized and it is completely tool
specific and the connection network is always Avalon bus developed by Altera. Altera
also provides a tool called QSys which is the newer version of SOPC but the basic
principle of the tool is similar [14].

ARM has developed a tool called CoreLink AMBA Designer [15]. The tool supports IP-
XACT versions 1.2 and 1.4 which are older than the current IEEE standard 1685-2009
which Kactus2 uses. Version 1.4 is quite similar to the latest version but contains
differences e.g. in the register elements. The AMBA Designer uses the ARM Fabric IPs
and allows the integration and configuration of those IP-blocks into larger systems. The
tool outputs a top-level Verilog file which connects the different IPs together and also
the top level IP-XACT description which can be used in the next level of integration.

Synopsys has a CoreBuilder tool which can be used to create IP-XACT metadata
packages for a component [16]. The tool is similar to the component editor module
presented in this thesis. CoreBuilder supports both the Synopsys’ coreKits and also IP-
XACT components. It asks the user to input the details of the IP block and then creates
the desired package to be used in an integration phase. CoreAssembler is the integration
tool for assembly and configuration of an IP-based subsystem [17].

Duolog provides an integration tool called Socrates Weaver [18]. It supports importing
and exporting of IP-XACT to integrate IP-blocks into larger systems and then creating
the metadata package for the entire system.



15
Magillem has IP packaging tool called Magillem IP-XACT Packager [19]. It enables

user to import existing source files such as VHDL to create an IP-XACT description,
which can be used to build the IP library. Magillem Platform Assembly is the design and
integration tool, which uses the IP-blocks created with the packager to create larger
systems [20].

OpenTLM environment provides tools for the development and verification of
SystemC/TLM IP models. The OpenTLM IDE integrates an IP-XACT editor which can
be used to create/edit IP-XACT metadata packages [21]. The tool is open source and
can be downloaded in the project’s SourceForge page.

There are not many tools for packaging software blocks. Of course the different project
files of development platforms, which contain the files needed by the project, their
dependencies and compilation options, could be considered as metadata. This kind of
metadata is not standardized and the project files are not interoperable between different
tools and sometimes not even with different versions of the same tool. The closest tool
neutral standard for software packaging might be the Linux packet management system
[22] but it is meant for higher level packets used to ease the installation of software for
personal computers.
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4

OVERVIEW OF KACTUS2

Kactus2 is a metadata based design tool for embedded products. It aims to ease the
reuse of IP-blocks with the help of a graphical user interface. The goal is to provide a
tool, implementation, and vendor independent method for IP-integration using IP-
XACT-metadata. The presented Kactus2 version is 2.0. Kactus2 can be used for the
following tasks.

a)
b)

c)

d)
e)
f)
9)
h)

i)
)

Package existing IPs to create “electronic datasheets”.

Manage IP-XACT library by importing libraries from other vendors, checking
library integrity and exporting IP library.

Create quick draft blueprints for IP, System-on-Chip, printed circuit board
(PCB) and product, all stored in IP-XACT format.

Create system designs, used to map SW to HW.

Create SW architecture using higher level communication abstractions.
Configure designs to increase reusability of IPs.

Generate structural top-level VHDL code for HW designs.

Generate code templates, including VHDL entities, ports and C headers, for new
IPs based on their IP-XACT descriptions.

Generate synthesis and simulation scripts for designs.

Generate combined documentation for whole systems through all hierarchy
levels of a product.

Figure 4.1 displays a screenshot of Kactus2 user interface with the IP-packaging module

open.
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Figure 4.1. Screenshot of Kactus2 with component editor.

On the left side of the screenshot is the library management module, which is presented
in Chapter 5. The item in the middle is the component editor which is the module used
to create the IP-XACT packages for components, explained in Chapter 6. These two
modules are presented in this Thesis in detail but the other parts of the software are
introduced only briefly.

The component preview is used to display a preview what the currently selected
component looks like in the integration phase. This helps user to find the correct
component in the library, because it shows the interfaces of the component visually. The
message console is used to print notifications and possible errors to user. The help on
the right is context sensitive and changes when user selects different elements on the
component editor. Figure 4.2 shows another screenshot of Kactus2 with the design
editor.
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Figure 4.2. Screenshot of Kactus2 with HW design editor.

Figure 4.2 displays a design editor in the middle containing three components
instantiated. The design editor is used in the integration phase of the development to
instantiate components created with the component editor. The left side of the Figure
displays a new object dialog where the user can select the type of object to create. On
the right there are several different context specific editors which are used e.g. to edit
the details of the component instances. Whenever user selects an item in the design
editor, an editor for the item is presented. For example, the user has selected a bus
interface and the details of the interface are shown on the right.

Kactus2 uses different icons to display the object type to the user in the library views, as
depicted in Figure 4.3. The VLNV identifying the object is seen on the right side of the
icon.
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Figure 4.3. The icons for different object types.
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4.1 Kactus2 implementation

Kactus2 was implemented in C++-language using cross-platform Qt application and Ul
framework [23]. The version used in this work is Qt 4.8.3. There were several reasons
for selecting Qt as the development framework. Kactus2 is an open source project so a
framework which is released with an open source license was desired. One of the major
reasons was also the ability for cross-platform development, which enabled the release
of Kactus2 for several different operating systems such as Linux, Windows and Mac OS
Xin the future.

Python language was also considered when selecting the framework. It has large
number of GUI frameworks available and some of the features of Kactus2, such as
XML parsing and VHDL code generation would have been easier to implement using
Python. However, this would have made the installation package for Kactus2 more
complex because also installation of Python interpreter would have been needed. Use of
Python was therefore rejected. Java would have also been an option but the visual
outlook of Java GUI frameworks, such as Swing, was not satisfactory to the
development team. The graphical user interface of Kactus2 consists of widgets, which
display information, interact with the user and act as containers for other widgets [24].

The used development environment is Microsoft Visual Studio 2008 [25] with Qt’s
Visual Studio add-in installed, which enables Qt development on Visual Studio.
Although the development and testing has been mostly done on computers running on
Windows operating systems, other platforms have been considered and platform-
dependent code has been avoided. Kactus2 has been tested to run on at least Linux’s
Ubuntu and Debian distributions as well as Windows XP and 7 in both 32 and 64 bit
versions.

Agile software development methods have been used in the development process. There
have been several different parties submitting demands for the tools and the demands
have changed several times during the development. Therefore, the traditional waterfall
method wouldn’t have suited for this type of development because of the rapid changes
in system requirements. The Kactus2 development team contained two key coders,
which performed the unit testing of modules and also part of the system testing. For
system testing, there has been several parties which have used the tool in both the
development and the release environment. The extremely agile nature of the
development has forced re-writing of some of the codes due to major changes in system
requirements.

4.1.1 Signals & slots

The use of signals and slots mechanism of Qt enables the use of very modular code
[26]. Signals and slots are an alternative for the traditional callback mechanism which is
commonly used in GUI programming. The use of signals and slots enables the
communication between two classes which do not know of each other. It is enough that
some code module makes the connection from the signal to the slot. Figure 4.4 depicts
the signals and slots communication mechanism.
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Figure 4.4. The signals and slots communication mechanism.

The implemented modules and the whole Kactus2, use signals and slots to improve the
modularity of the software. For example, the message console has two slots: one for
error messages and one for notifications. None of the other modules are aware of the
message console but when they emit a notification signal, it is forwarded to the message
console, which then prints the message for user to see. The message console prints
notification and error signals with different outlook to provide a clear distinction
between the message types.
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5 MANAGEMENT OF THE LIBRARY

The library management module allows user to navigate through the object hierarchy
and view dependencies between components. The user can search for objects by their
VLNV identifiers or object attributes, which makes finding the correct object easier.
The module also checks the validity of the objects and reports if there are objects with
invalid or missing data.

LibraryHandler is the class which implements the interface for library management
module of Kactus2 software. It does not only manage the components and their designs
but also the interface definitions of hardware buses and software objects. Chapter 7
depicts the implementation of the library management module. The different objects are
identified by using the previously mentioned VLNV-identifier. By creating naming
policies for VLNV-fields, it is possible to unify and clarify the library structure, thus
keeping the IP-blocks easier to manage [8]. Moreover, our extensions (of Chapter 2.3.3)
also aid in management.

Figure 5.1 shows a screen shot of the two library views of library management module.
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TUT:ip.application i ﬁ [1.0]
h.263_encoder_main:1.0 =) soc

4 sltera_de_II_demo
[+ basic_tester hibi_example
(5} de2_samos_soc

=& TUT:ip.hwp.cpu " 1.0

Figure 5.1. The h|erarch|cal view and the VLNV-tree view.

‘ TUT:ip.hwp.accelerator
dct_to_hibi:1.0

The hierarchical tree view on the left displays the dependencies between different
objects. Each component on the tree contains the designs it refers to and the designs
contain the components instantiated in them. The non-hierarchical flat components,
such as SRAM_512KB, obviously do not contain any children because they lack the
design reference. On the view user can see the entire structure of an example product
samos_2012 which is the topmost object on the tree. The product contains a board level
component which contains a chip and so on, until the hierarchy reaches the IP-blocks
written in VHDL-language on the bottom of the hierarchy.

The VLNV tree on the right side is constructed from the VLNVs of the objects. The
appearance of this view can be greatly influenced by naming policies. The tree is
constructed by taking one of the VLNV -fields on each level to create a four-level deep
tree structure. For example the full VLNV of the object on the top of the view is
TUT:board:altera_de2_board:1.0.
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Component de2_samos_soc is marked with red on both views. This means that the

component is not in valid state and contains some errors. The error could be a missing
file or invalid reference to an object that does not exist in the library. User can explicitly
ask the library handler to do error checking on the objects of the library and view the
error reports to fix the objects into valid state. The error reporting is explained in more
detail on Chapter 5.1.2.

Kactus2 attributes extend the scope of IP-XACT, as depicted in Chapter 2.3.3.2,
allowing users to document e.g. the structure of the development board to the IP-XACT
metadata. This way it is possible to control the documentation, source codes and
configurations of an entire product and get the product data management in a machine
readable format. When the library contains information on what configurations and
platforms a product uses, it could be possible for example to build a matching test
environment automatically [27].

Figure 5.2 displays the 11 use cases of the library management module which are
explained in the following Chapters.

7 Get dependenmes

\\\‘ of an item

/"'-- Check I|I.'|rar_'|.r
" Create new “ET_:)

/"_

Search new
ltems on dlsk

integrity

/ -____EPEn itErE:::-)

= Open xml-file T

Saue ltem d_;)

- Expurt rtem _4_;‘)
Remuue item
&_____ _f__,)

B Q‘__ Fllter item typi)

I/"" Search for rtem .
in libra
\HR v

Figure 5.2. Use cases of library management.

5.1 Entire library

Some operations are directed to the entire library instead of single items. For example,
searching for new items on the hard drive will cause all items to be re-parsed.
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5.1.1 Search for new items on the disk

The "Library" section in the ribbon menu on top of Kactus2 contains icon to set the
directory paths for the libraries. Figure 5.3 shows the icon in the user interface of
Kactus2.

ﬁ N
E‘ Configure Library |

Figure 5.3. Set library paths for Kactus2.

The user can define library paths that are used as base when starting to search for new
library items. When Kactus2 is started it takes these paths and starts to search for IP-
XACT objects in those directories and their subdirectories. The found objects are
displayed to the user in library views described earlier. IP-XACT objects are searched
by seeking for IP-XACT-related tags in all files with XML suffix. User may start the
library search at any time when Kactus2 is running. Together with the search, an
integrity check is done to the library objects to find possible errors in the library.
Integrity check is explained in more detail in Chapter 5.1.2. The different phases when
searching for objects on the disk are explained in Chapter 7.5.2.

5.1.2 Checking library integrity

Most of the library objects contain references to other objects via VLNV-identifiers. All
hierarchical components require these references to design and configuration files but
also non-hierarchical components may contain bus interfaces that refer to a bus
definition. Components also contain references to files saved on the disk in form of
relative file paths. Third category is references within a document. For example, bus
interface groups ports together to form a bus by listing port names that belong to the
interface.

If any of these refers to an item that does not exist, the object is no longer in valid state
and it might not work correctly. A source file may be missing or renamed, thus breaking
the IP-block. On the other hand, a bus interface may refer to a port that does not exist,
which causes a conflict between metadata and the actual source implementation and will
result in problems during the integration phase.

Figure 5.1 displays the library views where one object is displayed in red meaning that
the object is not valid. The objects can be opened to an editor for closer inspection and
errors can be corrected. During the integrity check the library handler also provides an
error report, which is printed to the message console in Kactus2 user interface,
displayed in Figure 4.1. Each erroneous object is listed and beneath it, the errors it
contains. Finally, a summary of different error types found in the library is printed.
Figure 5.4 displays an example of an error report and the summary of integrity check.



Processing item:
Vendaor: TUT
Library: soc
Mame: udp_flood_example_dma000a
Version: 1.0

Error; File vhd/udp_flood_example_dm3000a.vhd was not found in the file system,

Processing item:
‘Viendor: TUT
Library: system

Mame: image_manipulator_swmapping_picture_manip_1.design

Version: 1.0
Library integrity check complete, found 12 errors within & item(s).
Structural errors within item(s): 5
Invalid VLMY references: 4
Invalid file references: 3
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Figure 5.4. The summary of integrity check and an example of an error.

5.1.3 Parsing item dependencies

The hierarchical view visualizes both the direct and indirect dependencies of the
components. The library handler also provides interface for other modules to get a list
of dependencies of the library object. The handler can tell which other objects a
component needs, but also which components need the specified object. This way it is

possible to check the dependencies in both directions of the hierarchy.

This functionality can be used e.g. when opening a component in the component editor.
If the component is instantiated in one or more designs, the user is informed which
components are affected. Figure 5.5 shows a dialog where the user is asked if he is sure
he wants to edit the component, which is a sub-component in a hierarchical component

named de2_sdram_example.

-.il Kactus2 @
Are you sure you want to unlock the document?
! % Changes to the document can affect 1 other documents. If you choose yes, this
will not be asked next time for this document.
Yes || Ne | |[Hide Details..

The component has been instantiated in the following 1 component(s):
*TUT:socde_sdrarm_examplel.0

Figure 5.5. A warning informing about the implications of editing the component.

5.2 Item management

The following use cases are directed specifically to the selected item. These use cases

are available through the context menu in the library views.

5.2.1 Create new item

Library handler allows a user to create new items to the library through the context

menus in library views. See Figure 5.6 for an example.
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= TUT
= ip.hwwp. communication
i [ hibi_orbus
C . Y ER
i [ hibi_segmenl  Open Component
i [ hibi_wrapper
i [ hibi_wrappet
- iphwp interface

HW Component

[ ip.swp.driver Open ¥ML File H Design
Expart W Design
Delete Item

Figure 5.6. Adding a new item to the library.

The context menu allows the user to select what type of object is to be created. After
selecting the correct action, a dialog is opened where the user can input the VLNV for
the new object. The VLNV of the selected object is automatically set to the dialog as
default for usability reasons.

5.2.2 Open item for viewing or editing

Library handler displays the objects in the library in two different views as explained
earlier. Both views enable the user to open the object in an editor for more detailed
viewing. Figure 5.7 displays the context menu used to open the editor.

= TUT
El- board
- altera_dez_board

G- PC Cpen HW Design
- xilin_sparts
= chip Open Component
B clock_oscillal ,
[H- cyclone_II Hew

B dawicon_dn _
[ push_butkor Open XML File
[ SDRAM_SIME
[H- SM3C_LANG
G- SRAM_S12K Delete Ikem
[+ xilimy_spartan_xcaoo0le

Figure 5.7. Open object for editing.

Export

Different object types have their own editors on Kactus2. Components are edited by the
component editor, which is explained in this thesis. Other editors are not addressed on
the thesis but the library handler selects the correct editor automatically based on the
object type. When opening an object, the library handler reads the XML formatted IP-
XACT file saved on the disk and parses its contents into a data structure. After this, the
library handler selects the correct editor for the object type and forwards the data
structure to it.

Figure 5.7 displays two options to open a hierarchical component. The selected option
on top "Open HW Design” opens the hierarchical view of the component, which
displays the contents of the design and the components instantiated in the design. The
operations of opening a hierarchical design are explained in Chapter 7.5.1. The lower
"Open Component” opens the component editor, which is explained in detail in Chapter
6.
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5.2.3 Open the metadata to XML editor

Sometimes the user may need to open the selected document in an XML editor instead
of the IP-XACT editors in Kactus2, see Figure 5.8 for example. This option opens the
file in operating system’s default XML editor. However, usage of Kactus2 editors is
recommended because they provide support for error checking and help the user when
creating references between objects.

= TUT
[=I- ip, hwp. comrmunication
- hibi_orbus
[ hibi_segment Cpen Component
B hibi_wr apper
[+ hibi_wrapper_
- jp. b interface
[+ ip.swp.driver

e >

Open XML File

Expork

Delete Ikem

Figure 5.8. Open document in XML editor.

5.2.4 Save item

As mentioned before, each object type has its own editor that handles the modification
of the data structures. However, the library handler takes care of the saving process
itself. When the user wants to save the modified object, the library handler takes the
modified data structure and writes it to the disk. If the object is new and is not yet in the
library, the user is asked to select a path to which the XML file is written into. If the
object was already in the library, the handler knows the location and overwrites the
previous file. Because the files are overwritten, it is recommended to use some version
control system, such as SVN or Git, to help restore previous versions of the objects.

5.2.5 Exportitem

The user may wish to hand over a single IP-block, or part of the library, for a third party
without disclosing the whole library. To make this easier, the library handler contains an
export function that can be selected in the context menu, as in Figure 5.9. Kactus2
prompts the user to select a destination directory to export the selected object to. The
target may be another directory on the same disk, a directory on network disk, or e.g. a
USB-memory. After this, the library management module copies the selected object,
and all its dependencies, to the new location. Both direct dependencies of the object and
indirect dependencies through other objects are copied to maintain the objects in a valid
state. This way, all needed IP-XACT objects and files are copied with a single click and
files are not lost accidentally.



28

= TUT
[=I- ip, b, communication
= hibi_orbus
[+ hibi_segment  ©pen Companenk
- hibi_wirapper

- hibi_wrapper  Mew ’
-~ jp.bwpinterface
- ip.swp.driver Dpen XML File

Expork

Delete Ikem

Figure 5.9. Export item.

The exporting of files to a new location is only possible when the file references within
components are made with relative file paths. This is why component editor always
selects relative paths when adding files to the component metadata.

5.2.6 Remove item

The VLNV-tree view allows the user to remove objects from the library. When the
object is selected to be removed, the handler checks the library if there are other objects
in the library that are tightly associated with it and should also be removed. This check
is done to keep the library as clean as possible and to avoid accidentally leaving
unnecessary objects to the library. Also, when removing a component, its files might
need to be removed from the disk.

Tightly associated objects are:

e In case of hardware buses, bus definition and abstraction definition. If the other
is removed, it is often unnecessary to preserve the other. This is why the tool
suggests removing both objects.

e Hierarchical components contain a design configuration and a design. A
hierarchical component may contain several different configurations and designs
and when removed also all of these are suggested to be removed.

Before anything is removed, the user is presented a dialog to select which library
objects and files to remove. After clicking "Ok™" these items are removed from the
library and disk. If the user wants to save some of the items, they can be unchecked in
the dialog and they will not be removed. Figure 5.10 displays the dialog asking if the
user is sure he wants to remove a hierarchical component altera_de_Il_demo and its
configuration and design. Also the files contained in the component are listed.
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\y. Select items to be removed @
Name Type it
TUT:zoc:altera_de_II_demo:1.0 VLMV ohject
TUT:socialtera_de II demo.designefg:l.0 VLMV object
TUT:socialtera_de II demo.design:1.0 VLMV chject

m

D:/TP_library/funbase_ip_library/trunk/TUT/soc/altera_de Il demo/1.0/vhd/altera_de_I dem... File
D:/TP_library/funbase_ip_library/trunk/TUT/soc/altera_de_II_demao/1.0/quartus/atom_netlists... File
Dy/IP_library/funbase_ip_library/trunk/TUT/soc/altera_de_II_demo/1.0/doc/Altera DE 2 dem...  File
D:/TP_library/funbase_ip_library/trunk/TUT/soc/altera_de_II demo/1.0/sim/create_makefile File 8

D:/TP_library/funbase_ip_library/trunk/TUT/soc/altera_de II_demo/1.0/sim/sim.do File

-

Select/deselect all [ " Ok ] [ QCancel ]

Figure 5.10. The confirmation dialog for the user to select, which items to remove.

5.3 Viewing

The following use cases affect how the library looks like. They do not change the
library structure but only the visual outlook of the library views.

5.3.1 Search for item in the library

The number of objects in the library may become very large, making it hard to locate a
specific object in the library. This is why the library handler provides a search-
functionality in the VLNV-fields. Only objects that match search criteria are displayed
in the library views. Figure 5.11 shows how the search looks like in the user interface.

‘iendor Library Name \ersion

| TuT ~>fip || hibi ~| |
Hierarchy YLNY Tree I

Library items |
= TUT

(=" ip.hwp.communication
[+ hibi_bus.absdef
hibi_bus.busdef
hibi_ip_r1.absdef
hibi_ip_r1.busdef
hibi_ip_r3.absdef
hibi_ip_r3.busdef
hibi_ip_r4.absdef
hibi_ip_r4.busdef
hibi_orbus

@ 30

hibi_segment
¥ 30
B+ hibi_wrapper _r3
[#)- hibi_wrapper_r4
= ip.hwp.interface
[=) hibi_clocks
By 1.0
[# hibi_clocks. absDef
=) ip.swp.driver
(= hibi_pe_dma
i o
[*- hibi_pe_dma. apiDef

Figure 5.11. Only items that match the search criteria are shown in the search results.
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Only objects that's VLNV-identifiers contain the given keywords are shown. The search

results contain all object types such as hibi_segment component and hibi_clocks bus
definition. The user may also use wildcards (?) and (*) to replace characters in search
terms.

5.3.2 Filter item types

In addition to the search functionality, the library handler provides option to filter
objects based on the object types. This can be used together with the search terms e.g. in
order to search for “mutable” hardware components containing name "hibi". Filtering
uses the Kactus2 attributes (Chapter 2.3.3.2) and allows the user to select which
attribute options are to be shown in the library views. Figure 5.12 displays the menu for
selecting the filtering conditions.

—Item Type

[V Component IV Busjapijcom | Advanced
k Implementation

vV Hw ™ sw [V System
~Product Hierarchy -

v Global IV Product [V Board

v chip vV soC v 1P
—Firmness

[V Template [V Mutable [V Parameterizable IV Fixed

Figure 5.12. Selecting the filtering conditions.
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6 PACKAGING OF AN IP-BLOCK WITH
COMPONENT EDITOR

The component editor module is used to package IP-XACT components. It provides
help and advice but also reports errors in the metadata to help the packaging process.
The visual user interface is much more user friendly than the traditional XML editing
tools. This editor is used in the phase 1 of the Figure on page 7. When the essential
information of an IP-block is packaged in the component metadata, it is easier to
manage and reuse the block. Figure 6.1 displays the user interface of the component
editor.

ames

General
=I-File sets
=1 skruckural_vhdlSource
. Jvhdhibi_segment.vhd
Model parameters
Parameters
#-Memory maps
= Address spaces

Max: transfer lenath

Mame: addrspace | Addressable unit

Display Mame: 15 Il |

Description:
seqgmjent 1

FFEFEF

addrspace
4 Views
Software views General
System views
Ports
=I- Bus interfaces
clocks_0

Navigation

ip_m3law

clocks_1
tr &aster_l
_elave_1
ip_mMaster_3
ip_rmMasker_2
ip_mSlave_3
clocks_3
ip_mslave_2
clocks_#
Channels
Cpus
DOther clock drivers
COM interfaces
Software properties

Addressable unit size |5

" Editor area
-..for different

Mame lém ems Description
segmente ]

segmentz | 0x4000000 | 125M
segments  |0xC000000 | 32M
segmentd | 0x15000000 | 125M

Parameters

Marne tialue Descripion

Figure 6.1. The user interface of the component editor.

On the left side of the Figure 6.1 is the navigation tree of the editor, which corresponds
to the IP-XACT elements in Table 2.1. This tree can be used to browse between
different elements of the component. When clicking an item in the tree the
corresponding editor for that element is opened to the editor area in the middle. On the
right side is the area reserved for element visualizations. Currently, only address spaces
contain a visualization widget but more will be implemented in future versions of
Kactus2. When the user adds new elements to the component, e.g. a new file set, they
are added to the tree. The implementation of the component editor is explained in
Chapter 8.

The following Chapters will explain the 23 different element-editors and their purposes
in more detail. Each Chapter contains a screen shot of the editor interface and an
explanation of the different fields. The editors edit the IP-XACT metadata of their
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corresponding elements within a component and more detailed description of the

different fields can be found in the IP-XACT standard [6].

There are two types of editors. Summaries contain a table displaying the settings of the
items. Some elements, such as parameters, only contain a summary editor because all
element fields can be accessed in the table. Some more complicated elements, such as
files, require several editors to handle different levels of detail. All elements contain a
name field, used to identify the element, and a textual description explaining the
purpose of the element in question. The mandatory fields of each editor are marked with
yellow color. If some information is invalid, such as reference to a missing element, or
mandatory fields are empty, the element is displayed in red color.

6.1 General Editor

General Editor is the first editor shown to the user when he opens the component editor.
It contains the general information of a component, such as description. Figure 6.2
shows the user interface of the general editor.

Vendor: TUT

Library: ip.hwp.communication

MName:  hibi_segment_small

Version: 2.0

Path:  D:/fIP_library/funbase_ip_library ftrunk/TUT fip. hwp. communication fhibi/hibi_segment_small/2.0/hibi_segment_small. 2.0.xml

Kactus Attributes

Product Hierarchy: |IP -
Firmness: Parameterizable -

Implementation:  HW

Description

HIEBI segment block induding two r4_wrapper and one r3_wrapper interfaces.

hibi_segment_small | - - - - -

dk_in ddr2_clrl_p <5~ - o

hibi_p1 hibi_p2i < - - - - - o

Figure 6.2. The user interface of general editor.

VLNV-identifier and the path to the XML file are shown on the top of the editor. These
fields can’t be modified and if the user wants to change the VLNV then the component
must be saved as a new component. Kactus2 attributes contain the hierarchy, firmness
and implementation, of which the implementation can’t be modified (see Chapter
2.3.3.2).

The component preview box on the bottom displays how the component will look like
when instantiated in a design. The preview displays the bus interfaces of the component
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and also the ports that are marked to be seen as ad hoc ports. In this case, there are 5 bus

interfaces.

6.2 File set summary

The files of a component are grouped together by file sets. The grouping can be based
on e.g. the file types (sources, documentation, simulation, etc.). There are 3 different
editors for the file packaging: the file set summary, file set specific editor and file
editor. File set summary is seen in Figure 6.3.

File sets summary

Marme Description Group identifiers
hdl5Sources Contains the source files for the component. sourceFiles
documentation Contains the documentaticn files for the component.  documentation
simulaticn Contains the simulation files for the component. simulaticn

| Double click to add a new item. |

Figure 6.3. The user interface of file sets editor.

Group identifiers can be used to describe the function or purpose of the file set with a
single word. All columns can be modified in the editor to set the general information of
the different file sets. If a file set is in invalid state then the editor displays the
associated row in red.

Group identifiers can contain several identifiers and the possible options are not limited.
However, the editor suggests the following options for the group identifiers:

a) Diagnostics

b) Documentation

c) ProjectFiles

d) Simulation

e) SourceFiles

6.2.1 File set editor

File set editor sets the details of a single file set and adds and removes files. File sets
basically group files together so they can be easily referenced by other sections of a
component. Figure 6.4 displays the user interface of the file set editor.
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Mames
MName: hdlSources
Display Mame:

Description:

Contains the source files for the component.

Files
File name File path File types Description it
hibiv2_pkg.vhd vhd/hibiv2_pkg.whd vhdlSource
Hibi_segment.whd vhd/Hibi_segment.vhd vhdlSource
addr_data_demuxes.vhd vhd/addr_data_demuxes.vhd vhdlSource
addr data mives whd thdfarldr rata rareees whed shellSmirre S
== add Files
Defauit file build commands
Filejtype Command Flags Replace default flags
vhdlSource wcom -quiet -check_synthesis -work hibi_mem_dma false

| Double click to add a new item.

Group identifiers Dependent directories

‘sourceFiles

Figure 6.4. The user interface of file set editor.

The file path of each file is the relative path from the component’s XML file. File types
column displays the file types defined for the file and the description contains the
textual description of a single file. The file types and description columns are editable
but the file name and file path are not. The “Add Files” button opens a dialog used to
select files on the disk to add to the file set.

If a file is in invalid state, e.g. missing a mandatory file type, then the file is displayed in
red color. The order of files is maintained and can be changed by dragging rows. If the
compilation order of files is important then the files should be listed in the order needed
by the compilation.

The default build command applies to all files of the specified type. For example, all
VHDL files in this file set are compiled with Modelsim’s vcom and the given flags.
Replacing default flags means that flags defined in higher level will be replaced by the
flags defined in this file set. For example, the flags may be defined in the views of
component. If files are not replaced then they are appended to the default flags. Group
identifiers are used to describe the purpose of the file set and they are same as in
Chapter 6.2.

Dependent directories can be used to describe a list of paths to directories containing
files on which the file set depends, such as third party libraries.
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6.2.1.1 File editor

File editor sets the details of a single file within a file set. This allows a more detailed
description of the file and its dependencies. Figure 6.5 displays the user interface of a
file editor.

General settings | External dependencies and defines

File name and path

MName:  vhd/fifo,vhd

Specified file types

vhdlSource
whdlSource-87

| Double click to add new item. i

General options
Logical name: hibi [ only used as default

[ File is indude file [ File contains external dedarations
Description of the file:

Build command

Command:  vcom

Flags: -check_synthesis -guiet -work work [T Replace default flags

Taraget file:

Figure 6.5. The user interface of file editor.

The top part of the editor contains the same information as the previous editor.

The logical name of a file can be used e.g. to specify a VHDL library for a VHDL-file.
If the “only used as default”-check box is checked then the logical name can be
overridden by another process. For example in case of VHDL, the library where
component is compiled to, could change by changing the compilation flags.

The “is include file” and “contains external declarations” -check boxes can be used to
specify the file is an include file and that the file contains external declarations and is
needed by other files in this file set.

The description and the build command can be defined also file-by-file. Replacing the
default flags means that only these flags are used to build the file. Otherwise the flags
are appended to the flags received e.g. from the file set. The target name specifies a path
to the file that is derived from this file when the build process is run. It is not needed
with VHDL but is useful e.g. with C++.
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6.3 Model parameters editor

Model parameters editor is used to add, remove and modify the model parameters of a
component. Model parameters are often used in HDL languages to pass information to
the model to configure it, e.g. generics in VHDL. Figure 6.6 displays the user interface
of a model parameters editor.

Model parameters

Name Data type Usage type Value Description .
data_width_g integer nontyped 16
disable_arp_g integer nontyped 0
packet_len_g integer nontyped 1000
source_ip_port_g integer nontyped 6000

target_ MAC_addr_g std_logic_vector(47 downto0) nontyped x"ACDCABBACDO1"
target_ip_addr_g std_logic_vector(31 downto0) nontyped x"0A000001"
target_ip_port_g integer nontyped 5000

| Double click to add a new item. |

Figure 6.6. The user interface of model parameters editor.

Each model parameter has a name and a type, which is language specific. The usage
type can be either typed or nontyped. Typed parameters appear in object-oriented
languages, e.g. in C++. Non-typed parameters are found in all languages, e.g. in VHDL
all types are non-typed. Value contains the default value of the model parameter if it
isn’t assigned in the design upon instantiation.

6.4 Parameters editor

Parameters editor is used to add, remove and modify parameters of a component. Figure
6.7 shows the user interface of the parameters editor. Some sub-elements within the
component also contain parameters but the scope of parameters is always restricted to
the containing element, e.g. parameters of a view can only be used within that view.
Component’s parameters have the scope of the entire component. Value contains the
default value of the parameter.

Parameters
Name Value Description
parameterl valuel
parameter2 value2

| Double click to add a new item. |

Figure 6.7. The user interface of parameters editor.

6.5 Memory map summary

Memory map summary is used to add and remove memory maps. Memory map
specifies the addressable area seen through a slave bus interface, e.g. the registers that
other components can access (status, control). Figure 6.8 displays the user interface of
the memory maps editor.
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Memory maps summary

Memory map  Address unit

e bits Description

memoryMap 8 The memory map for slave interface data_in

[ Double click to add a new item. ]

Figure 6.8. The user interface of memory maps editor.

The address unit bits-column is used to define the number of data bits each address
increment of the memory map contains. The default setting for a memory map is byte
addressable (8 bits).

6.5.1 Memory map editor

Memory map editor is used to set the details of a single memory map by defining
address blocks. The memory maps use 4 editors, each of them extending to different
level of detail. Address blocks may either define registers or a contiguous block of
memory but not both at the same time. Figure 6.9 depicts the different levels of memory
map.

Memory map

Address block
Usage: register

Register

EEEEE H o‘
/

Field

Address block
Usage: memory

Contains a contiguous
block of memory

Figure 6.9. The hierarchy of memory map.

Figure 6.10 displays the user interface of the memory map editor.

Address blocks summary
Usage Add:‘e:::'“k Base address Range Width Description Access  Volatile
register  registers 0x0 512 32 Status and control registers  read-write true
memory ROM 0x200 256k 32 Read only memory read-only false
memory RAM 0x40000 M 32 Random access memory read-write false

[ Double click to add a new item. }

Figure 6.10. The user interface of memory map editor.
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Usage specifies the type of the address block. The possible values are:

a) Memory specifies the entire address block as memory.

b) Register specifies the entire block to contain registers and nothing else.

c) Reserved specifies the entire block as reserved for unknown usage.
The only type that may contain registers is the usage type of register.

Base address specifies the starting address for the address block. It is expressed in
addressing units from the containing memory map. Range of the address block is also
expressed in addressing units and specifies how many units the block contains. Width is
the bit width of a row in the address block.

The access column is used to specify the accessibility of the block. The possible values
are:

a) Read-write

b) Read-only

c) Write-only

d) Read-writeOnce

e) writeOnce

Value true in volatile column indicates that the stored value may change without
assigning a write operation. For example, a register may change its value in case of an
interrupt.

6.5.1.1 Address block editor

This editor is used to define registers to the address block. Each row in the editor
specifies a single register, Figure 6.11

Registers summary

Register

S Offset Size Dimension Description  ‘olatil  Access Reset value Reset mask
INTERRUPT 00 32 0 Interrupt vectors false read-write 0x0
STATUS 0x20 32 0 Status register  true read-only 0x80001000 OxFFFFF000
CONTROL 0x40 32 0 Control register false write-only 0x0

| Double click to add a new item. |

Figure 6.11. The user interface of address block editor.

Each register has a name and a textual description. Offset specifies the location of the
register from the start of the containing address block expressed as the number of
addressing units. Size defines the number of bits the register contains. Dimension
assigns an unbounded dimension to the register. Volatile indicates if the register value
may change without a write operation to it, e.g. by an interrupt event. Access specifies
the accessibility of the register, the possible values are listed in the Chapter 6.5.1.

The user can set the value that register gets on reset. Reset mask defines the bits of the
register that have a known reset value. Bit value of 1 means that the corresponding bit
has a known reset value. 0 means that the value is unknown, e.g. the 20 top-most bits of
STATUS are set.
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6.5.1.2 Register editor

Register sets the details of a single register by assigning bit fields to it. A bit field may
contain just one bit, the whole register or something in between. Figure 6.12 displays
the user interface of the register editor.

Fields summary

Field Modified Read Test

S Description Offset Width Volatile  Access e [l Testable ot
ADCS  A/D conversion clock select 6 2 false read-write true unConstrained
CHS Channel select bits 3 3 false read-write true unConstrained
ADON A/D on bit 0 1 true write-only  oneToSet true unConstrained

| Double click to add a new item. |

Figure 6.12. The user interface of the register editor.

Offset describes the starting bit of the field within the containing register. Width
specifies how many bits are included in the field. Volatile indicates that there is no
guarantee what a read operation will return because the register may change its value
without write operations e.g. as a result of an interrupt. Access column specifies the
accessibility of the field, the possible values are listed in Chapter 6.5.1.

The modified write value describes how the data in the field is manipulated on a write
operation. For example, bits can be set, cleared, toggled or the value written is stored to
the field as such.

Read action specifies the action that happens after a read operation, the possible values
are:
a) Empty setting indicates that field is not modified after a read operation.
b) Clear indicates that all bits in the field are cleared after a read operation.
c) Set indicates that all bits in the field are set after a read operation.
d) Modify indicates that the bits in the field are modified in some way after a read
operation.

Testable specifies if the field is testable by an automated register test. Test constraint
specifies the constraints for the automated tests for the field, the possible values are:
a) UnConstrained indicates that there are no constraints for the written or read
data. This is the default setting.
b) Restore indicates that the field’s value must be restored to its original value
before accessing another register.
c) WriteAsRead indicates that the data written to a field must be same that was
read previously from the field.
d) ReadOnly indicates that the field can only be read.
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6.5.1.3 Field editor

The field editor sets the details of a register field. For example, it defines enumerated
values as the legal bit patterns. Figure 6.13 shows an example.

Enumerated values

Enumeration name Value Usage
FOSC/2 00 read-write
FOSC/8 01 read-write
FOSC/32 10 read-write
Derived from internal oscillator 11 read-write

| Double click to add a new item. |

Write value constraints
No constraints
Write as read
@ Use enumerated values
Set minimum and maximum limits

Minimum

Maximum

Figure 6.13. The user interface of field editor.

The table defines the bit patterns, which can be identified by a name. This can be used
to define the legal bit patterns for a field or to define some default settings to help
configuration.

The write value constraints define the legal values the user may write to a field. The
options are:
a) No constraints indicating that there are no constraints for values to be written.
b) Write as read indicating that only legal values to be written are the same that
were previously read from the field.
c) Use enumerated values indicating that the defined enumerated values are the
only legal values that can be written.
d) Set minimum and maximum limits indicating that the user may set the
minimum and maximum limits for the values written to the field.
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6.6 Address space summary

Address space summary is used to add and remove address spaces. The summary
enables the user to set the general information of an address space, see Figure 6.14 for
the user interface.

Address spaces summary

Addressable
unit size

Name Width Range Description

instr_mem 8 32 2G

[ Double click to add a new item. }

Figure 6.14. The user interface of address spaces editor.

Addressable unit size specifies the number of bits each address increment contains. The
default is 8, which means byte addressable. Width means the width of a row in the
address space in bits. The range of an address space is expressed as addressable units,
e.g. in this case the address space is 2G * 8b = 2GB.

6.6.1 Address space editor

Address space editor is used to set the details of a single address space. Address space
defines a logical address space used by a CPU. Figure 6.15 shows the user interface of
the address space editor.

Names
Name:

instr_mem

Display Name:
Description:

General
Addressable unitsze 8 B
Width of address block 32 =
Range of address block 2G

Segments

Name Offset Range Description
segmentl 0x0 128M
segment2 0x8000000 512M
segment3  0x28000000 1G

Double click to add a new item. ]

Parameters

Name Value Description

Figure 6.15. The user interface of address space editor. The example shows a 2GB
address space, which is divided into 3 segments.
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On the left side are the editor fields that can be used to set the details of an address
space. The right side has a visualization displaying the address space in its current state.
The general group contains the same settings that can be set through the address spaces
summary, presented in Chapter 6.6.

Each address space can be divided into segments. The user can specify the starting
offset for the segment and define how many addressable units the segment has (range).
The visualization on the right side reacts on the changes in both the general settings and
segment changes to display how the segments are situated in the address space. The
width of the address space sets the maximum transfer length of a single transaction.

Address space can have parameters. They are set similarly as in Chapter 6.4 but their
scope is limited to the containing address space.
6.7 View summary

View summary, Figure 6.16, is used to add and remove views. The views are used to
provide different configurations of the component. For example, the component may
contain one view for simulation and one for synthesis purposes.

Views summary

Name View type Description
rtl non-hierarchical The flat view containing the component source files
structural hierarchical Hierarchical view of the design
acc_only hierarchical Hierarchical view without general purpose processors

| Double click to add a new item. |

Figure 6.16. The user interface of views editor.

The view type is not editable and is used to inform the user if the view is hierarchical or
not. A hierarchical view contains a reference to a design or configuration which
instantiates sub-components. A non-hierarchical view references the file sets within the
containing component. Views that are currently in an invalid state will be displayed in
red.

6.7.1 View editor

View editor sets the details of a single view. There are 2 types of views: hierarchical
and non-hierarchical, as depicted in Chapter 2.3.2. Some elements are common for both
view types, Figure 6.17, but some change according to the type, Figure 6.18. The view
type can be changed, thus changing the outlook of the editor.
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View name and description
Mame ril

Display Mame:
Description:

The flat view containing the component source files,

Environment identifiers

Language Toaol Vendor specific
vhdl Kactus?
Double click to add a new item. |

Figure 6.17. The common elements of the view editor.

The name and description are common for all views as well as the environment
identifiers specifying information about the tool environment of the view.

View type | non-hierarchical -
Language VHDL Strict
Model name
Fila set references
hdiSources
View type | hierarchical -
Heerarchy reference
: : Vendor: TUT
Default file buld commands “
) ) Library: soc
File type  Command Flags place default fla
. . Mame:  wdp_flood_example_dm3000a
vhdliource voom -check_synthesis -quiet false
Version: 1.0
vVendorExtension: Reference to a topevel implementation view rd -
Parameters
Mame Value Description

view_param  value

Figure 6.18. The view type specific elements.

The view type is used to select between non-hierarchical and hierarchical views. The
left side of the Figure 6.18 displays the elements for non-hierarchical, and the right side
for hierarchical views.

Language specifies the HDL for the view, e.g. this may be VHDL or verilog. Model
name is language-specific and therefore depends on the implementation language of the
view. For VHDL, this may be a configuration name or the entity(architecture) name.
File set references contain a list of file set names within the component, used by this
view. Default file build commands contain a list of build commands and flags for the
files contained in the file sets.



44
The hierarchy reference contains a VLNV-reference to a design configuration or design

document. These documents list the sub-components instantiated in the hierarchical
design and their configurations. The design objects can be edited by a design editor,
omitted from this Thesis.

The reference to a top-level implementation view is a Kactus2 specific extension used
to refer to a non-hierarchical view containing the rtl-implementation of the component.
Usually a component contains a non-hierarchical view which contains the top-level
structural VHDL. This extension refers to the view to include the source codes, e.g.
when generating a compilation script for simulation or synthesis. Figure 6.19 depicts the
reference to other views.

¢ A
Hierarchical view which | The design object |
| holds the reference to | which instantiates the|

’ \
1 I
1
1

I the design \ sub-components I
- - -~ = = == == - e mm e mm = = -—
S~ 1\ [’ -~ -
View: structural Design object
* hierarchy ref L VLNV > =
; reference
1
Extension
1
Referen‘ce View: rtl vhdlSources
\
\ . .
N Iangulage. VITIDL ‘ Nl Fileset
mgde name: entityName(rtl) roferonce
* Build commands
7
SR A _————
. . \ , \
View contammgthel [ File set |
: rtlimplementation ! containing the |
y of the component 1 | top level vhdl |
|

\ source file

_— e = = —

Figure 6.19. The references between views and other objects.

6.8 Ports editor

Ports editor provides a table containing all the ports of a component. This editor is used
to add, remove and edit the ports. Figure 6.20 shows the user interface and an example
of the matching VHDL code.
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Ports
’ o . Left  Right Type .
Name Direction Width (higher) (lower) Type definition Description Ad-hoc
beund bound
70 agent_full_out & out 1 0 0 std_logic IEEE.std_legic_1164.all =
71 agent_full_out_7 out 1 0 0 std_logic IEEE.std_logic_1164.all =
72 agent_full_out 8 out 1 0 0 std_legic IEEE.std_legic_1164.all 0
73 agent_msg_addr_in_17 in 32 31 0 std_logic_vector  IEEE.std_legic_1164.all =
74 agent_msg_addr_ocut_ 17 out 32 31 0 std_logic_vector  IEEE.std_legic_1164.all 0=
75  agent_msg_comm_in_17 in 3 2 0 std_logic_vector IEEE.std_legic_1164.all 0
76 agent_msg_comm_out_17 out 3 2 0 std_logic_vector  IEEE.std_legic_1164.all =
77 agent_msg_data_in_17 in 32 31 0 std_legic_vector  [EEE.std_legic_1164.all 0
T8  agent_msg_data_out 17 out 32 31 0 std_logic_vector  IEEE.std_legic_1164.all =
7% agent_msg_empty_out 17 out 1 0 0 std_logic IEEE.std_logic_1164.all =

_. Import CSM‘—ﬁIe‘ l w Export C5y-file

VHDL code:

agent_addr_in 17 :

in std logic wector( downto 0);

agent_comm_in 17 : in std_logic_wvector (2 downto 2);

agent_data_in 17 : in std logic_vector( downto C0);

agent msg addr in 17 |1 in std logic wvector( downto 0) ;
agent_msag comm in 17 : in =std logic wector(2 downto 0):
agent_msg_data in 17 : in =td logic wector( downto O0)

agent_msg_re in 17 : in std logicy

Figure 6.20. The user interface of ports editor and an example of VHDL code declaring
the ports.

Port name identifies each port and must match the name of the port in the
implementation language. For example, in case of VHDL the ports listed in the entity
declaration are to be listed here.

The direction column specifies the direction of the port and has 4 options:
a) In for input ports.
b) Out for output ports.
¢) Inout for bidirectional and tri-state ports.
d) Phantom for ports that exist on the IP-XACT component but not on the
implementation.

The left and right bound define the width of the port in case of vectored ports. The
width of the port is left bound — right bound + 1. In case of scalar ports left bound =
right bound.

The port type specifies the type of the port in the implementation language. In case of
VHDL, the typical values for scalar and vectored ports are std logic and
std_logic_vector. The type definition is a language specific reference to where the type
is defined. For the previous example the type definition is IEEE.std_logic_1164.all. In
case of SystemC the type definition is the include file name, e.g. systemc.h.

The default value is used to assign a value for an unconnected port. This is used, for
example, when generating a structural VHDL for the top-level hierarchical component
to assign values to input ports that are not connected to any other port within the design.

The ad hoc column is a Kactus2 specific extension which is used in the graphical user
interface of a hierarchical design. Figure 6.21 displays an example of a component
instance that has ports set as ad hoc ports.
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led_packet_codec

clk from_hibi

led pkt_codec

rst_n led_out
rx_av_in

Figure 6.21. The ad hoc ports on a component instance.

In this case the instance has 5 bus interfaces: clk, led, rst_n, from_hibi and pkt_codec.
Normally, this is all that the user sees of the interfaces of a component, but if the user
selects ports to be ad hoc then they are also shown. Figure 6.21 displays two ad hoc
ports: rx_av_in and led_out, the directions of the ports can also be seen by the port icon.

6.9 Bus interface summary

The bus interface summary, Figure 6.22, is used to add and remove bus interfaces. Bus
interface groups ports together to form interfaces that e.g. fulfill requirements of a bus
protocol.

Bus interfaces

Bus Abstraction Interface

T Definition definition mode Description
clk_in TUT:ip.hwp.interface:clock.busdef:1.0 TUT:ip.hwp.interface:clock.absDef:1.0 slave
ddr2_ctrl_p TUT:ip.hwp.communication:hibi_ip_r3.busdef:2.0  TUT:ip.hwp.communication:hibi_ip_r3.absdef:20  mirroredMaster
hibi_pl TUT:ip.hwp.communication:hibi_ip_rd. busdef:2.0  TUT:ip.hwp.communication:hibi_ip_rd.absdef:20  mirreredMaster
hibi_p2 TUT:ip.hwp.communication:hibi_ip_rd.busdef:2.0  TUT:ip.hwp.communication:hibi_ip_rd.absdef:20  mirreredMaster

rst_n

TUT:ip.hwp.interface:reset.busdef:1.0 TUT:ip.hwp.interfacereset.absDef:1.0 slave

| Double click te add a new item. |

Figure 6.22. The user interface of bus interfaces editor.

The bus and abstraction definition columns are not editable and they display the VLNV-
identifiers of the IP-XACT documents defining qualities of the hardware bus that the
interface fulfills. The next two subsections explain how they are edited.

The interface column is used to select the interface mode of a bus interface. There are 7
different interface modes:
a) Master indicates that this interface initiates transactions.
b) Slave responds to transactions.
c) System is something that does not fit into the master or slave category.
d) Mirrored slave is the mirrored version of slave interface and may provide
address offsets to the connected slave interfaces.
e) Mirrored master is the mirrored version of master interface.
f) Mirrored system is the mirrored version of system interface.
g) Monitor is an interface that can be used for verification process. This interface
type gathers data from other interfaces.
The mirrored interfaces have the same ports as the normal interfaces but the directions
of the ports are inverted. Table 6.1 depicts the connectivity of different interface modes.
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Table 6.1. The connectivity of interface modes.
Interface | Master | Slave | System | Mirrored | Mirrored | Mirrored Monitor
mode Slave master system
Master No
Slave Yes* | No
System No No Yes
Mirrored No Yes No No
slave
Mirrored Yes No No No No
master
Mirrored No No Yes No No No
system
Monitor Yes** | Yes** | Yes** | Yes** Yes** Yes** No

* The direct master-slave connection can be enabled or disabled in the interface’s bus

definition

** Each monitor interface defines itself what interface modes it can be connected to.
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6.9.1 Bus interface editor

The bus interface editor, Figure 6.23, contains two tabs: the general tab to set the
general settings of the interface and the port maps tab which groups ports to the
interface.

General | Port maps .

Name and description

Name: ddr2_ctrl_p
Display Name:
Description:
Bus definition Abstraction definition
Vendor: TUT Vendor: TUT
Library:  ip.hwp.communication Library:  ip.hwp.communication
Name:  hibi_ip_r3.busdef Name:  hibi_ip_r3.absdef
Version: 2.0 Version: 2.0
Interface mode |slave Rd |
Slave
Memory map [mem_map ']
Bridges
Master bus interface Opaque ‘
hibi_p1 I
hibi_p2 7
General

Number of bits in least addressable unit 8 -

Endianness

Bit steering Enable
Connection required
Parameters

{ Name Value Description |

‘ busif_param value

Figure 6.23. The user interface of bus interface editor.

Bus definition and abstraction definition contain VLNV-references to the IP-XACT
documents associated with this interface. Those documents define the qualities this
interface must meet, e.g. the abstraction definition defines the logical signals that
belong to the bus. These logical signals are used to define how the physical ports of the
component are connected in the bus. This is explained in Chapter 6.9.1.1.
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Interface mode selects the interface mode of the bus interface, e.g. slave. Below the

combo box are the interface mode specific fields used to edit options of the currently
selected interface mode. With slave, these include memory map and bridge info.

In the general group the addressable unit size defines how many bits are included in the
least addressable unit of the bus. The default setting is byte addressable (8 bits). The
endianness indicates whether the interface is big-endian or little-endian. The bit steering
can be set to on or off. The bit steering on implies that the interface is able to align data
on different byte channels in case of addressable interfaces. The default setting when the
bit steering is not set is off. When checked, the connection required indicates that when
instantiated in a design, this interface must be connected to some other interface.

6.9.1.1 Port maps

The port maps tab, Figure 6.24, of a bus interface editor groups the physical ports of the
containing component to the logical signals listed in the associated abstraction
definition.

General | Portmaps

1to 1 ] [ 1 to many 4 Clean up ¥ Connect
Logical ports Physical ports
ADDRESS | | data_in
WRITE_ENABLE addr_in
valid_out
Lot_:;ical Logical Logical Physical Physical Physical
left right name name left right
COMM comm_out 0 0
READ_ENABLE re_out 0 0
DATA data_out 7 4

Figure 6.24. The user interface of port maps editor.

The top-left corner contains a list of the logical signals that were defined in the
abstraction definition assigned in the general tab. The top-right corner contains a list of
the physical ports of the component. The bottom table displays the mappings between
logical signals and physical ports. A mapping can be created by dragging an item from
one of the top lists to the another or by selecting an item in the both lists and pressing
enter or clicking the connect button. After this, the selected items disappear from the top
lists and appear as mapped on the port map table.

If the user selects several items on both lists and connects them, then mappings between
the ports are made in the order which the items were listed. If a mapping from one port
to many is desired, then the user may toggle the “1 to many” button and select a single
item on either list and connect it to all selected ports on the other list. The user can
remove the mappings from the bottom table by selecting the row and pressing delete or
selecting “Remove mapping” from the context menu. When a mapping is removed, the
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associated ports return to the top lists. Pressing the clean up-button will remove any

duplicate ports from the lists. Figure 6.25 depicts how the physical ports between two
component instances are connected through their bus interfaces.

Port map of a single component

/" Businterface
with interface

/" Businterface

i withinterface

I I
I — . :
I’ mode master Logical signals | mode slave |
I ; defined in an i 3
M Physical ports of | abstraction Hl Physical ports of
:5 acomponentA definition 8l acomponentB |
: comm_out COMM comm_in |
1| re_out i READ_ENABLE | - re_in

I i H i

| :‘ data_in ! DATA : = data_in

11| data_out ' WRITE_ENABLE ! | | data_out

Figure 6.25. The association between physical ports and logical signals.

On the left side is a list of physical ports found on the component A. The right side lists
the physical ports found on a component B. The lines between the physical ports and the
logical signals represent the created port mappings in the bus interfaces. For example,
component A has mapped its port comm_out to the logical signal COMM. Because the
component B has mapped its port comm_in to the same logical signal this means that
the ports are connected together if the user connects these interfaces together in a
design.

Of course, if no connection is made between the component instances in the design then
no ports are connected. All ports of the component do not need to be mapped in the
interface nor do all the logical signals of the abstraction definition need to be associated
with a physical port. Abstraction definition defines the directions of the signals in
different interface modes, thus making it possible to validate connections so that two
output ports are not accidentally connected to each other. In the Figure 6.25 the
abstraction definition could have defined the DATA signal to have direction out in
master interfaces and in at slave interfaces.

A vectored physical port can be sliced to connect only part of it by assigning left and
right bounds in the mapping table. Figure 6.26 depicts how a part of the physical port
can be connected.
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Port map of component A

Logical Logical Logical | Physical Physical
left right name name right

3 0 DATA data_out 7 4

76543210

Port “data_out” oncomponent A [ [ [ [ [ [ [ [ |

3210
Logical signal: DATA [ [ [ | |

76543210

Port “data_in” oncomponentB | [ | [ [ | | | |

Port map of component B

Logical Logical | Logical Physical | Physical Physical
left right name name left right

3 0 DATA data_in 3 0

Figure 6.26. Connecting only a part of a vectored port in port map.

6.10 Channels editor

Channels editor provides a summary of the channels in the component. A Channel is
used within a bus component to describe which bus interfaces are connected via bus.
Only mirrored interfaces can be connected via channel. Figure 6.27 shows the user
interface of the channels editor.

Channels
- Interface L
MName Display name references Description
HIEIchannel hibi_pl hibi_p2 ddr2_ctrl_p

Double click to add a new item. l

Figure 6.27. The user interface of channels editor.

Interface references contain the names of the mirrored bus interfaces that are grouped to
a same channel. Figure 6.28 illustrates the connections between mirrored bus interfaces.

Mirrored bus interface 3

Mirrored bus interface 1

Mirrored bus interface 4
Mirrored bus interface 2

Figure 6.28. A channel connecting bus interfaces within a component.
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6.11 Cpus editor

The cpus editor, Figure 6.29, displays the programmable cores the component contains.

CPUs
Name Display name s Description
references
x86 instr_mem Process supporting the x86 instruction set

| Double click to add a new item. |

Figure 6.29. The user interface of cpus editor.

Address space references contain the address spaces specifying the logical address
space of the CPU. The master interfaces of a component may refer to the same address
spaces to create a link between programmable core and interface.

6.12 Other clock drivers editor

Other clock drivers-editor, Figure 6.30, shows the clocks within the component, which
are not directly associated with a top-level port. These kinds of clocks could be e.g.
virtual clocks or generated clocks.

Other clock drivers

Clock Clock Clock Period Pulse Offset Pulse Pulse Duration

name source period unit offset unit value duration unit
virtClock 5 ns 0 ns 1 35 ns
genClock i_clkGen/clkl 20 ps 4 ps 0 5 ps

| Double click to add a new item. |

Figure 6.30. The user interface of other clock drivers editor.

The clock source specifies the physical path and name of the clock generation cell. The
rest of the columns are used to describe the waveform of the clock signal. The time
units are either ps (picoseconds) or ns (nanoseconds). Figure 6.31 depicts the
association of the different columns to the waveform of a clock pulse.

. Clock period
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Figure 6.31. The waveform of a clock pulse.

The clock period defines the length of one cycle of clock pulse. Pulse offset describes
the time delay from start of the pulse to the first transition. Pulse value defines the logic
value which the transition is made to. Pulse duration specifies how long the value
defined in pulse value is held.
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LibraryHandler implements the interface for library management module providing
services for other modules in Kactus2. It contains both a graphical user interface for the
user to interact with library objects and also a programmatic interface for other program
modules. Figure 7.1 shows the class structure of the library management module.

#C++Structs <C++Structs FC+H+Structs #C+H+Structs
TypeOptions Firmness0Options ImplementationOptions HierarchyOptions
1 1 1 1
1
* * * E] x
|TypeGruup | |FirmnessGroup | ‘ImplementatiunGruup ‘ |HierarchyGruup | |Lihrary1tem |
1 1 1 1 * 1
T 11 11N
*
LibraryData |Fi|tennﬁdget | |I]ialerW1dget
1 11 1 1
I
Hierarchyitem
x
! 1 1 1
1 1 1
"Hierarchyl'u'ludel EHUDialer ‘LihraryTreeMudel
1 11 1 1 1 1
* * * *
|Hierarch}rFiIter | |LihraryTreeFiIter ‘
1 1 1 1
* *
HierarchyView LibraryTreeView
1 1
1 1 1 1
£ £
LibraryComponent Hierarchy\idget LibraryTreeWidget |
* 1 1

w0
LibraryHandler

Figure 7.1. The structure of library management module.

The graphical user interface of the library management is explained in Chapter 5. The
main class is LibraryHandler, on the bottom of the Figure. It consists of 3 data classes:

LibraryData, HierarchyModel,

and LibraryTreeModel, which contain the data
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structures. It also contains two widgets: HierarchyWidget and LibraryTreeWidget,

which contain the library views shown to user. The two library views, presented in
Chapter 5, are implemented by HierarchyView and LibraryTreeView, which are
connected to corresponding filter classes to enable the use of the search and filtering
options. The library views follow the model/view architecture depicted in Chapter 8.1.2
and the model classes for the views and filters are HierarchyModel and
LibraryTreeModel. Figure 7.2 shows which classes are visible in the graphical user
interface of library management module.
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Figure 7.2. The GUI classes of library management module. The hierarchical view is on
the left and VLNV tree on the right.

VLNVDialer is the container class for the search and filtering options in the GUI.
FilterWidget implements the filtering options for different groups of attributes.
DialerWidget implements the search widget, enabling searching for text in different
VLNV-fields. VLNVDialer is connected to both filter classes to update changes in
search conditions.

One of the most important services in the programmatic interface of library handler is
the parsing of IP-XACT XML files into data structures. LibraryComponent is the base
class for all IP-XACT data structures, such as components and designs, and
libraryHandler keeps a cache of these classes to provide faster parsing of library items.
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7.1 Data structures

Library management module contains several different data structures to enable
different views to the library and to allow navigating the library structure and
dependencies. Librarylnterface is the interface class which all other modules use to
access the library management services. It is an abstract class and doesn’t contain any
implementation code, which makes it easy to change the implementation of the library
services if necessary, e.g. changing the library management to use data bases. The
interface contains 17 functions to retrieve data or information from the library, 11 slots
to perform actions to the library and 12 signals to pass information from the library to
other modules.

LibraryHandler is the class that implements the functions declared in Librarylnterface.
Some of the services it provides itself and some it forwards to one of its member
classes. LibraryData is the main data class for the library management module. It does
the parsing and searching of IP-XACT files on the disk as well as checks the library
integrity. Figure 7.3 displays the class diagram of the data classes within library
management, the connections with the GUI classes are omitted from this Figure.
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Figure 7.3. The data classes used in library management module.

As mentioned before, LibraryData searches for IP-XACT files on the disk and saves the
VLNV-identifiers and file paths of the found objects to its libraryitems_ -map structure.
After the files are searched, the found VLNVs are forwarded to LibraryTreeModel and
HierarchyModel. These classes use the VLNV-identifiers to build their own data
structures to provide the library views seen in the GUI of library management module,
(see Figure 7.2). When LibraryHandler needs an object to be parsed from a file, it calls
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for LibraryData which has the file path in its map structure and reads the file. Figure 7.4
displays the class diagram for the HierarchyModel and Hierarchyltem.
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-parerttem_: Hierarchytem""

-istvalid_: boaol

-izDuplicate_: boal

ype_: ObjectType

-instanceCount_: Ghap=*LMY int=
~viewilame_: QString
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Figure 7.4. The class diagram of hierarchy tree model.

HierarchyModel provides the hierarchical data structure which can be seen in the library
management user interface. It constructs a tree structure, which represents the object
dependencies in the library. For example, a hierarchical component contains its design
objects under it in the tree, such as hibi_segment in Figure 7.2. Hierarchyltem
represents one item in the tree. All instances of Hierarchyltem identify a single object in
the library. HierarchyModel owns only one instance of Hierarchyltem which is the tree
root not shown to the user. The root item then owns the other items which are visible.
Hierarchyltem provides several functions to manipulate the tree e.g. in case of delete

operation.

Figure 7.5 displays the class diagram of the VLNV tree model, which is the other

library view in the GUI.



58

Libraryttem

-name_: 2String

-level_: Lewvel

-childitems_ : Glist=Librarytem""=
-parentitem_ : Librarytem""
=wlmse o WL

+Libraryitem name : Q=tring"const2", parent | QObject™" )

+Librarytemn winw VLMY constE", level : Level, parent . Libraryttem"" )
+~Libraryttem)

+createChildl viny @ YLK const&", level | Level ) waoid

+parert) : Librarytem™" gquery

+getMlamel) - QString{guery |

+etlevell) | Leveliouesry

+child index : int ) : Librarytem"*"{query

+rower) - int

+gettumberOfChildrent) : int{guery

+oetW LMY LR guery |

+getinde=Cf tem © Libraryhem"" ) int

+getRowe) © int

+hasChildren) : bool{ouery

+ojetLMY s winvList @ Glist="YLM="8" 7 void

+removeChild] childitem : Librarytem"*" 3 waoid

+findHighestUnigquer childitem : Librarytem " =07 Libraryhem""
+findHighestUniguer, viny - %LANY"const&" ) - Librarytem""

+findikemt viny ; WLR"const&" 7 Likrarytem""

+etWInw viny - YLR"E" ) woid

+clear) ; void

+getiendors validstor © GRegExp alidator"consta" 1 Glist=Librarytem™"={gquery}
+getvendars() ;. GList=Librarytem"*"={query |

+getlibraries( validstor © GRegExp Y alidator"consta" 1 Glist=Librarytem™"={query;
+getlibraries()  Qlizt=Librarytem"*"={gquery S
+getMames) ;. Glist=Libraryttem""={ouery 1
+getversions() - Qlist=Librarytem"*={guery

[

LibraryTreeModel

-dataSource_ : LibraryData"
-ractiem_: GSharedPointer=Librarytems
-handler_: Libraryinterface""

+LikraryTreetdodel handler ; Libraryinterface"", sourcebodel : LibraryData"", parent  QObject""=0)
+~LibraryTreemtodel )

+headerDatal section : int, arientation : Crientation, role : int=Ct @ DizplayRole ) cvariant{ouery
+columnCount; parent | Skodelindex"const & "=0Modellindex ) ; int{guery
+roweCount parent ; Ghodelindex"const & " =GModelindex 1 1 - int{guery
+inclex( rosy © int, column ;@ int, parent | Ghodelindex"const&"=Ckodelnde=) 1 GModelndex{oguery;
+parent child . CGhiodelndex"const&" ) - Ghodelindex{guery |

+ofatal index : GModelindex"const&", role | int=Ct: DizplayRole ) ovariantiguery
+hazChildreni parert : Ohodelndex"constE"=CMadelnde=() 1 : boal{guery }
+flagsl index ;: Ghodellndex"const&" 1 kemFlags{guery

+getRoat) : Librarytem""ouery

+index( tem : Libraryiem™" 1 Ghlodellndex

ASIGMAL errordMessagel message | QString"consta" 1 waid

REIGMAL noticeMeszage( message | OXtring "consta" 1 woid

ASIGNAL openDesignl wins : YLMNY"consts" 7 woid

ASIGMAL openSWhesignt viny : WLNY " const&" ) waoid

REIGMAL opensSystembDesignl viny  WLMY"const&" 1 woid

ASIGMAL edittemt viny : VLMY "const&" ) wvaid

RSIGMAL createBusl viny © %LMY"consta" ) 0 woid

ASIGNAL crestesbsDef viny  WLNY"const&" 3 wvaoid

ASIGMAL cresteComponent] viny © VLMY "const&" ) void

ASIGHNAL cresteDesigni winy ; VLMY " const&" 30 woid

ASIGNAL cresteSWDesign viny : WLMNY"consts" ) waid

REIGMAL createSystemDesigni viny  WLNY"const&" 3 void

ASIGNAL cresteComDef( viny : WLRMY"const&" 1 woid

REIGMAL createApiDefi winy - WLNY "const&" ) - waid

ASIGNAL remoyve LMW vinws - Qlist=LMNY= 1 woid

AEIGMAL exporttemsl list @ Glist=LMN"="const" ) woid

RSIGMAL showErrars] winw | WL "const&" ) 0 woid

ASIGNAL invalidsteFiter) : woid

REIGMAL refreshDialer() - woid

+SLOT onOpenDesigng index  Ghiodelndex"consts" 1 waid

+5LOT onOpensSWDesign( index . Ghiodellndex"const&" 10 woid

+SLOT onOpenSystembDesignl index © Ghodelndex"const&" 3 woid
+SLOT anpenComponent] index : Ghodelindex"const&" 1 woid

+5LOT onCreatebesw Component( index | Ghodelindex"const&" ) © woid
+SLOT onCreateMesyDesignl index  Ghodelndex"const&" 1 void

+5LOT onCreateblesw =Whesign index | Ohodelindex"const&" ) - waoid
+SLOT onCreateMeww SystembDesignl index : Ghodelindex"const&" 1 woid
+5LOT anDeletetem index : GModelndex"const2" ) void

+5LOT onExportieml index | @hodelindex"const&" ) © woid

+SLOT anShowErrorsl index : Ghdodelindex"consta" ) waid

+5LOT onOpenBusl index - Ghodelndex"const&" ) - void

+SLOT onOpenCombDef( index : Qhodelndex"const&" ) woid
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Figure 7.5. The class diagram of vinv tree model.
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LibraryTreeModel provides the VLNV tree structure, seen in the user interface of

library management module. It uses the VLNV-identifiers of the library objects to
construct a tree, which holds 4 levels: one for each VLNV-field. Libraryltem is the class
to represent one item in the tree. LibraryTreeModel owns one instance of Libraryltem,
which is the tree root. The root item owns the items in vendor level and so on. Only the
leaf-items which display the version-fields can identify a single object in the library. All
other higher level items represent a group of objects. Figure 7.6 depicts how the items

form the VLNV tree.

[
This item identifies j

2 single object [

== e e e = = = = = — — o - -

I This item identifies a
| group of objects

Version
[ 1.0”

“dct_to_hibi”
Version2
Vendor Library

Root “TuT” “ip.hwp.ac...”
Versionl
(not visible)
Vendor2...

Version2

Figure 7.6. Items in the VLNV tree.

7.2  Hierarchy view

Hierarchy view displays the library hierarchy in a tree structure. Hierarchy view follows
the model/view architecture, see Chapter 8.1.2 for details. HierarchyWidget is the
container class, which owns the view and filter classes and sets the layout for the
hierarchy view. Figure 7.7 displays the class diagram containing the 3 classes related to
hierarchy view.
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HierarchyView
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-ghowwErrorsction_ ; GAction™"
-openBusAction_ : Gaction"*!
-addSignalzAction_: Gbction""

-cresteBus Action_ : GAction”
-openCombefAction_ : Gidction"
-cresteComDefAction_ @ QAction"*"
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HSIGNAL createflewwDesign index | Ghodelnde:x"const&" ) woid
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AEIGNAL cresteflew SystemDesign( indesx | GModelndex"const2" ) woid
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ASIGNAL componentSelected! viny | VLN const&" ) void
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#mouseboubleClickEvent( event : GhouseEvert™" ) : void
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AmousedoveEvent] event | GhlouseEvert"*" 1 waid
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-zetupdctions(): void

=

+HierarchyFiter( dialer : VLN Dialer"", parent : GO0bject™" )

+~HierarchyFiter()

+=LOT onendor Changed( vendorText ;: GString"consta" 1 : woid

+ELOT onLibraryChanged:, libraryText | QString"const&" ) 0 woid

+ELOT onMameChanged( nameText | GString"const&" ) waid

+5LOT onversionChanged! versionText | QString"consta" ) void

+5LOT onFirmnessChanged( options : Firmness Options"const&" ) wvoid

+SLOT onlmplementationChanged! options : ImplementationOptions"consta&" ) : void
+SLOT onTypeChanged options : TypeOptions"const&" ) : woid

+SLOT onHierarchyChanged options : HierarchyOptions"const2" ) woid

#fitter scceptzRowl source_rove : int, source_parent | Ghlodelindex"constd" ) bool{guery )
-checkFirmness( component | GSharedPointer=Component= 1 bool{guery
-checkimplementation companent | GSharedPointer=Component= ) ¢ bool{guery -
-checkHierarchyl compaonent @ QSharedPointer<Camponent= ) boal{guery
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q * *
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HierarchyWidget
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+~HierarchyWidget()
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#SIGMNAL errorMessagel mag - QString"consta" ) void
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-setupConnections( dataModel © Hisrarchyhode"" ) : woid

Figure 7.7. The hierarchy view classes.

HierarchyModel contains the actual tree data structure displayed to the user, explained
in Chapter 7.1. HierarchyFilter acts as an intermediate class between the model and
view and filters the items to display based on settings received from VLNVDialer.
HierarchyView is the tree view class which is shown in the GUI.
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VLNV tree view displays the library objects based on their VLNV-identifiers. It follows
the model/view architecture depicted in Chapter 8.1.2. LibraryTreeWidget is the
container class, which owns the view and filter classes and sets the layout for the VLNV
tree view. Figure 7.8 displays the class diagram containing the classes related to the

VLNV tree view.
LibraryTreeview <CH+5tructs <C++5Structs «CH+5tructs «C++5tructs

-handler_: Libraryinterface" FirmnessOptions TypeOptions HierarchyOptions | (ImplementationOptions
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-startPos_: GPoint +rmutakle_: bool +huzes_: bool +product_: bool +ayw_ hiool
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-openSystemaction_: GLACtion"*"
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+Library Treeiew( handler : Libraryinterface™" fitter : LibraryTreeFiter"", parent © GiVidget"*"=0 1
+~LibraryTreeiiew ()

#ASIGNAL openDesigni index : Aodelindex:"consta" ) void
#SIGNAL openSWDesignt index | Ghiodelndex"const&" ) waid
#SIGNAL openSystemDesignl index ; Ghodelindex"constd" 1 void
#SIGNAL openComponent( index ; Ghodelndex"const&" 1 void
RSIGNAL createMewComponent! index : Ohadelndex"const&" ) wvoid
HSIGNAL createMesDesigni index | Ghodelindex"const&" ) void
#EIGNAL createMew SWDesignd index : Ghiodelindex"const&" 1 : woid
#HSIGNAL createMewSystemDesion index ; Ghiodelindex"const&" 1 void
#SIGNAL deleteteml index : Ghodelindex"const&" 1 vaid
ASIGNAL exportttem? index : GModelindex"consta" 12 waid
#SIGNAL showErrors( index : Shiodelindex"constd" 1 void
#ZIGNAL openBus( index ; GModelndex"const&" 1: woid

#SIGNAL openComDefl index : GModelindex"const&" 1 woid
RASIGNAL openspiDefl index : Oodelindex:"consta" ) void
HSIGNAL createBust index | Ghodelindex"const&" 17 waid
#EIGNAL createsbsDef index . GModelinde:x"const&" 1 : woid
#SIGNAL createComDef( index : OModelindex:"constd" 1 void
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#SIGNAL errorMessagel message ; GString"constE" ) void
#SIGNAL noticeMessagel message ;| GString"consta" ) woid
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+SL0T onDeletection) ; woid
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+5L0T onOpenComDef() : void

+SL0OT onOpenApiDet() ; void
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+5L0OT onCreatepiDet() : void
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#mouzePressEvent( event | OhlouseEvert™" ) void
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-dialer_: VLMY Digler""

-firmness_ ; FirmnessOptions
-implemertation_ ; ImplementstionOptions
type_: TypeCptions

-hierarchy_: HigtarchyOptions
-wendoralidator_: GRegExp'alicstor
-libraryalidator_ : GRegExp alidstor
-namealidator _: GRegExp'Yalidator
-versionYalidator_: GRegExpvalidstar
-wendor_: GString

library_: GEtring

-name_; G=tring

-wErEion_: @Siing

+LibraryTreeFiter] handler : Libraryinterface™", dialer : YL Dialer"*" | sourcedodel : Gidbstractiembdodel"*" 3
+~LibraryTreeFiter ()

+onv'endorChanged vendorText : GString"const&" ) woid

+onLibraryChanged libraryText : GString"consta" 1 vaoid

+onfameChanged] nameTe:xt ; QString"const&" ) woid

+onersionChanged! versionText : GString"const&" 1 woid

+onFirmnessChanged] options : FirmnessOptions"constd" 1 woid
+onlimplementationChanged] options © ImplementationOptions"const3" ) void
+onTypeChanged; options : TypeOptions"const&" ) woid

+onHierarchyChanged( options : HierarchyOptions"consta" ) woid

#itter AcceptsRow( sourceRovy ; int, sourceParent | Ghodelndex"consta" 1 bookguery:
-checkFirmness( component : GSharedPointer=Component= 1 boal{guery
-checkimplementation( component : GSharedPointer=Component= ) boaljguery
-checkHierarchy( component : GSharedPointer=Component= ) bool{guery
-checkYLMY's( list | Glist="LM="const&" 1: bookguery

1 * 1 *

1 1

VLHVDialer LibraryTreeModel

LibraryTreeWidget

-wiemw_: Library Treeifiew:
-fitter_; LibraryTreeFiter
-dlstabodel_: LibraryTreehodel"*"

+Library Treetidget! dialer : LMY Dialer"", handler : Libraryinterface™", dataModel © Library Treetodel"*" )
+~Library Treetidget()

+zelectttemi; vinw ; YLN const&" ) woid

#SIGHAL noticeMessagel msy © GiString"constd" ) void

ASIGHAL errorhessagel msg : GString"consta" ) waoid

#FEIGHNAL temSelected! vinw - VLNV const&" ) waid

-setupConnections( databModel : Library Treebdode!"" 7 woid

Figure 7.8. The VLNV tree view classes.

The tree structure shown to the user is contained in the LibraryTreeModel which is the
model class, explained in Chapter 7.1. LibraryTreeFilter is connected to VLNVDialer to
receive the filtering settings used to select which objects are shown in the view.
LibraryTreeView is the view class which is visible to the user.
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7.4 VLNV dialer

VLNV dialer, Figure 7.9, contains the implementations to set filtering and search
options, which specify the objects to show in the library views.

Libraryitem

Dialerwidget
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-level_: Lewvel
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+gethlumberOfChildrent) : irt{oguery

+oett LMY YL ey

+etinclexOf et : Librarybem™" ) int
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+clear() : void
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+getlibraries)) . GList=Librarytem"="={gquery
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-names_: Glist=Librarytem"*"=

-versionz_: Glist=Libraryltem"*"=

+Dialetidget] parent ; Gidget"" )

+~Dizgleridget()

+zetRocttem( rootitetn ;. Librarykem"const™ 1 woid

= RSIGHNAL vendorChanged! vendorText © QString"const&" ) void
ASIGMAL libraryChanged libraryText | QString"const&" ) woid
ASIGMAL nameChangedl nameText | QString"const&" 1 woid
ASIGMAL versionChanged( versionText | GString"const&" ) woid
+S5LOT refreshvendors() ; void

-SLOT onVendorChanged! vendorText : QString"const&" ) woid
-SLOT onLibraryChangedd libraryText © GString"consts" ) void
-SLOT onkMameChanged! nameText : QString"const&" 1 woid
-SLOT onVersionChanged( versionText : 2String"const&" 1 woid
-disconnectBoxes() : void

-connectBoxes() : woid

Filterwidget VLHVDialer
-firmness_: FirmnessGroup -fiters_: Fitterywidoet
-implementation_ : ImplementstionGrougp -dialer _: Dialericdget
Stype_ TypeGroup -hideButtan_ : GPushBEutton
-hierarchy _ : HigrarchyGroup -hidden_: kool
+Fitteridget parent ;. Chidget"*" ) +WL MY Digler parent © ChAidget"*" )
+~FitterWidget() +~% LY Dialer()

ASIGMAL firmnessChanged options © FirmnessOptions"const&" ) waid

ASIGMAL implementationChanged] options | ImplementationCptions"const&" ) woid
ASIGHNAL typeChanged] options @ TypeOptions"const&" 1 woid

ASIGMAL hierarchyChanged] options ;. HierarchyOptions"const&" 1 waoid

1

+zetRoottemi roctitem : Libraryfem"const™ 1 vaoid

ASIGNAL vendorChanged! vendorText @ GEtring'const&" ) 0 woid

ASIGMAL libraryChanged? libraryText @ 2String"consta" ) void

ASIGNAL nameChanged! nameText | QString"const&" 1. woid

ASIGMAL versionChanged( versionText © String"consts" ) void

ASIGHAL firmnessChanged! options : FirmnessOptions"const&" ) woid

ASIGHNAL implementationChanged] aptions © ImplementationOptions"const&" 1 void
ASIGHAL typeChanged( options ;. TypeOptions"const&" ) void

ASIGNAL hierarchyChanged! options © HierarchyOptions"const&" 1 woid

+SLOT refreshlibrary()  woid

1

-SLOT onHideShowClick() : woid

Figure 7.9. The class diagram of VLNV dialer.

VLNVDialer is a container which sets the layout for two classes. FilterWidget contains
the check boxes to select which object types, hierarchy levels, etc. to show in the views.

DialerWidget contains the implementation for the text search within VLNV-identifiers,
see Chapter 5.3.1. It contains four combo boxes, each matching one of the fields in the
VLNV-identifier. It is connected to the root item of the VLNV tree view to allow

navigation through the VLNV data structure.



7.4.1 Filter widget

63

Filter widget, Figure 7.10, provides functionality to select different filtering options to
hide/show certain types of library objects from the user.
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%

1
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-SLOT onintegrationChanged;, state © int ) : wvoid
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-SLOT onProductChangel state :int 1 void
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Figure 7.10. The class diagram of filter widget.

FilterWidget, see Chapter 5.3.2, contains four different group boxes with each of them
handling the options for corresponding type. TypeGroup’s settings are based on the IP-
XACT object types. ImplementationGroup, FirmnessGroup and HierarchyGroup base
their filtering settings to the Kactus?2 attributes depicted in Chapter 2.3.3.2.
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7.5 Use cases as sequence diagrams

This Section contains 4 sequence diagrams to demonstrate the communication between
classes in some of the use cases presented earlier in Chapter 5.

7.5.1 Open hierarchical component in an editor

Figure 7.11 depicts the different phases when the user selects a hierarchical component
in the hierarchical library view to be opened in the design editor.
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Figure 7.11. Open hierarchical component to an editor.

_____ |

1. The user selects the desired component through the hierarchical library view.
2. The view forwards the request to the model class HierarchyModel
3. HierarchyModel identifies the selected component based on the model index and
forwards the VLNV-identifier to LibraryHandler.
4. LibraryHandler calls LibraryData to parse the component XML file on the disk
to Component data structure.
5. LibraryData reads the data on the disk and parses the XML into data structure.
6. LibraryData returns pointer to the parsed data to LibraryHandler which takes

ownership of the class.

7. Component is asked for a list of its hierarchical views.

8. A list of strings is returned which contains the hierarchical view names.

9. LibraryHandler forwards the VLNV-identifier of the component and the
hierarchical view name to MainWindow, which manages the editors.



65
7.5.2 Search for objects on the disk

Figure 7.12 depicts the different phases when the user wants to search the disk for new
IP-XACT objects.

User : MainWindow : LibraryHandler : LibraryData QSettings
| | | | | | | | |

T
1 Search for objects | |
| |

;| searchForlPXactFiles() |
|

I

| 2]

3 parselibrary()
4: kglueMlibrarylocations™)

5 @Stringlist
e _— _— S

o
loo |

1
[1 & parselirectary(directoryPath=)
T

]
7. parseFilelfilePath=)
T

g
- - - = _: — : IPXactModel

]
9 geth LY 1_/ |

100 VLMY
e — — —= — — Iy IRy [ —

11: checkLibrarﬂrftegrﬂy(showprogress‘l—-j

e - - — — al :Librarndmpnnen‘l|
T

]
13 isValide) N
T

]
]
]
]
1 . |
A BTN il
]
]
]
|
]

| |
| |
18 getDependentV!l_N\-"s() |

16 Glist | U
e _________________

e — — — — L

; = - - - — - ™

&
i
5]
Z
=

1E-
[

[

[

[

[

[

| f

Figure 7.12. Searching for IP-XACT objects on the disk.

1. The user clicks to search for new objects in the MainWindow user interface.

2. MainWindow forwards the request to LibraryHandler

3. LibraryHandler forwards the request to LibraryData which manages the library
paths.

4. LibraryData uses QSettings to read the saved library paths from a settings file.

5. QSettings returns the library paths in a string list.

6. LibraryData calls for its own parseDirectory() function to parse the directory
structure recursively. Phases 6-10 are repeated for each library path and their
subdirectories.

7. The files in the directory are checked to see if they are XML files.

8. Each XML file is parsed to check if it is an IP-XACT object.
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9.

10.
11.

12.
13.
14.

15.
16.

17.
18.

19.

When an IP-XACT object is found, its VLNV searched.

The VLNV of the object is saved along with the file path to the object.

When all files and folders have been scanned, the integrity of the found IP-
XACT objects is checked.

The objects are parsed into data structures which contain the information of the
XML files.

First the internal integrity of the object is checked.

The information on the integrity is returned along with the possible error reports.
The object dependencies are requested.

A list of VLNV-identifiers is returned which contains the dependencies of the
object. If one of these refers to an object not found in the library, the object is
not valid.

The file references are requested from the object.

A list of relative file paths is returned. If one of these files is not found in the
disk then the object is not valid.

The possible error reports of the object are printed to the message console for the
user to read.
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7.5.3 Exporting acomponent

Figure 7.13 displays a sequence diagram showing the different phases when selecting a
component to be exported to a new location on the disk.

| User | | : HierarchyView | ‘ : HierarchyModel ‘ ‘ : LibraryHandler | | : LibraryData |
T T T T T
[} R [} | [} [}
[ 10 Expoart) i | | [
L
2 onExparitemiindex=const QMDdellmﬂex& inclex) : :
= | |
3 anExporttemvine=const VLNV% wlrv) :
™
]
]
4 targetPath |
.| ]
[}
a0 QEtrin
_____ I L N o !
B copyFilesttarget=, winv=, handledFiles=, yesTodl=, naToAll=)
7. getvpdelivinv=const M-"LNEQf virw)
T8
- -
9. @SharedPainter
= — — — — i
| |
10: geiDeper{dentFiles() |
L
]
11 QStrnaglist
o e paist L]
: |
]
12 getDepend!erWLN\f‘s() |
Ll
[}
13 GUlist
PR o S N
| |
14 A | |
15 - - - - = - T : I
16: - - - - = T | | I
= — — — -7 | | | :
| | | | |
| | | | |
| | | | |
| | | | |
T | | | | |

Figure 7.13. Exporting a component to a new location.

1. The user selects a component to be exported to a new location.

2. HierarchyView forwards the request to the model class.

3. HierarchyModel identifies the object and forwards its VLNV-identifier to
LibraryHandler.

4. LibraryHandler asks the user to input a target directory to export the object to.

5. The user selects the target directory.

6. LibraryHandler calls for its own copyFiles() function to copy all dependencies
of an object to a new location.

7. LibraryHandler asks LibraryData to parse the object from the disk. Note: if the
object is already parsed in the memory then parsing is not necessary.

8. LibraryData parses the object to a data structure.

9. Pointer to the parsed data structure is returned to LibraryHandler.

10. LibraryHandler asks the object for its file dependencies.

11. The object returns the file paths in a list.

12. LibraryHandler asks the object for dependencies to other IP-XACT objects.

13. The VLNV-identifiers of the references are returned in a list.

14. All files are copied to a new location.
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7.5.4 Deleting acomponent

Figure 7.14 depicts the different phases of selecting a component to be removed from
the library and the disk.
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Figure 7.14. Deleting a component from the library.

1. The user selects the component to be removed in the VLNV-tree view.

2. LibraryTreeView forwards the request to the model class.

3. LibraryTreeModel identifies the tree item and requests the VLNV-identifiers of
the objects the item represents in the tree.

4. The VLNV-identifiers are returned in a list.

5. LibraryTreeModel forwards the VLNV-identifiers to LibraryHandler.

6. LibraryHandler constructs an instance of ObjectRemoveDialog, which
implements the dialog to select which objects and files are to be removed.

7. LibraryHandler adds the VLNV of the selected object to the dialog.

8. Now the dialog contains the VLNV of the selected object.
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LibraryHandler requests LibraryData to parse the selected object. Note: If the

object is already parsed in the memory then parsing is not necessary.
LibraryData parses the object to a data structure.

A pointer to the parsed data structure is returned.

LibraryHandler requests the object for its file references.

The file paths are returned in a list.

LibraryHandler adds the file paths to the dialog.

The dialog now contains both the VLNV-identifiers and the file references.
Dialog is executed and the user is prompted to confirm the objects to remove.
LibraryHandler checks if the user accepted the dialog.

LibraryHandler requests the objects that the user selected to be removed.

The list of objects is returned to LibraryHandler. The list is processed. In case of
file paths the file is removed from the disk and in case of VLNV reference the
XML file of the identified object is removed.

Finally the directories, which were left empty after the delete operations, are
removed from the disk. If some directories still contain other files, they are left
intact.
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8 COMPONENT EDITOR MODULE

Component editor module is used to create the IP-XACT metadata package for an IP-
block. It operates on a data structure which is parsed from component IP-XACT-
document type. The different elements of component are explained briefly in Chapter
2.3.2. Each element has its own sub-editor class and some elements are even divided
into several editors due to their complicated structure. Figure 8.1 displays the class
diagram that contains the basic structure of component editor module and the relations
between navigation tree and 21 sub-editors.
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Figure 8.1. The class diagram of component editor and its navigation tree.

=y

The top part of the Figure shows classes that form the basic structure of the editor.
TabDocument is the base class for all editors of Kactus2 and defines the interface to be
implemented in its sub-classes. Figure 8.2 displays the basic structure in more detail.

The bottom part of the Figure 8.1, shows the items that form the navigation tree in the
component editor. On the left are the tree items which match the different IP-XACT
elements in the standard. Each item is a sub-class of ComponentEditorltem, which
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contains the basic functionality for a tree item. On the right side are the different editors
for each tree item. When a tree item is clicked in the navigation tree the matching editor
is displayed to the user. All editors are sub-classes of ItemEditor which defines the
interface for all sub-editors. ComponentEditorRootltem is the root of the navigation tree
and it is not displayed to the user. Therefore it doesn't have an editor assigned for it.
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Figure 8.2. The structure of the component editor.
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The graphical user interface of ComponentEditor can be divided into three parts:
navigation tree, editor area and visualization area. On the left side of the GUI is the
navigation tree which is implemented by ComponentTreeView acting as the view class
and ComponentEditorTreeModel acting as the model class. This follows the model/view
architecture explained in Chapter 8.1.2. The tree model contains only one instance of
ComponentEditorRootltem which is the tree root. All other tree items are located either
directly or indirectly under the root item. ComponentEditorltem is the base class for all
tree items and contains all functionality for managing the tree structure. The defined
abstract functions that must be implemented in sub-classes contain element and editor
specific functionality, such as checking the validity of the item.

ComponentEditorGroupSlot is a placeholder for widgets in the component editor's
layout. When the user selects a tree item, ComponentEditor asks it for the matching
editor and places the editor inside editorSlot_ instance of the group slot. The
visualizerSlot_ within ComponentEditor is reserved for items that have a visualization
widget to help the user to see the effects of editing the element. On the current version
of Kactus2, the visualization is used only on address spaces but this functionality will be
extended to other elements in future versions. If the selected tree item does not contain a
visualizer-widget, then the slot is hidden and will not take up space on user's screen.
Figure 8.3 depicts the different classes in the user interface of component editor.
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Figure 8.3. The GUI classes of component editor module.
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8.1 Common editors and classes

Component editor uses some common classes within several editors whenever possible
to make the code easier to maintain. For example, name and description are fields
contained in several different elements making it logical to use the same generic editor
for them. Also, some classes can be used as base classes, and only the editor specific
functionality is implemented in sub-classes. Below is listed the common classes so their
detailed descriptions can be omitted from editor specific chapters.

8.1.1 Item editor interface class

Item editor, Figure 8.4, is the base class for all editors used in the component editor. It
declares the interface, which is used to connect the different editors to the component
editor’s skeleton.
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Figure 8.4. The ItemEditor base class.

The pure virtual functions isValid() and refresh() must be implemented in base classes
to perform the editor specific validation and refreshing of the editor’s elements. The
contentChanged() signal is used to inform that the user has edited the component’s data
structure somehow and the component must be saved in order for the changes to take
effect. Signals errorMessage() and noticeMessage() can be used to print notifications to
the user in the message console of Kactus2. Signal helpUrIRequested() is associated
with the context sensitive help system to open a correct help page for the editor when it
is shown to the user. The childAdded(), -Removed() and -Moved() signals are used to
inform the navigation tree that it should add, remove or relocate its children under the
selected branch.

8.1.2 Model/view architecture in Kactus?2

The model-view-controller design pattern is commonly used to separate the user
interface from the actual data being presented. This allows showing the same data in
multiple ways, e.g. with a table or a bar chart. In Qt, the view and controller objects are
combined into same class to simplify the framework [28]. This model/view architecture
is used in Kactus2 to display and edit lists, tables and tree structures. Especially the
summary tables in component editor module use this architecture to display lists of
objects and their attributes. Also, the library management module uses model/view
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architecture to display the library items to the user. Figure 8.5 depicts the model/view

architecture used in Qt.

Data
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Figure 8.5. The Qt model/view architecture.

In case of component editor the source of data is the underlying IP-XACT model parsed
from the XML file. The model class accesses the data to read information and write the
changes made by the user. Views retrieve data from the model class and show it to the
user. The sort proxy between model and view classes is optional (option a in the Figure)
and can be used to provide custom sorting operations. If the proxy class is missing then
the model is connected directly to view (option b). Custom delegate classes can be used
to render the data in a specific way to be shown in the view. When the data is edited, the
delegate communicates with the model to provide appropriate editors and to save the
data back to the model.

The model/view architecture is implemented by sub-classing Qt’s default
implementations. Figure 8.6 depicts the basic structure of the table editors within
component editor module.



QabstractTableModel

Fal

i

Model

+virtual rowyCount parent | Ghiodelindex 3 int{guery

+yirtual columnCourt parent © Chodelinde: 3 : irt{guery

+virtual datal index : Ghodelindes, role : kemBole ) O ariant{guery

+virtual headerDatal section © int, orientation © Criertation, role ; temBole ) SV ariart{guery
+yirtual flagsl index : Ghodelinde: 1 kemFlags{guery

+virtual setDatarl index : Chodelinde:, value : S ariant, role . temRole ) bool
+igalidd() : bool{guery |

+SLOT anddditemr index : Ghodelnde: ) woid

+SLOT onRemovetems index . Ghodelinde:x 1 woid

+SLOT ankovetem: ariginalPos @ Chodelinde:, neswPos - Ghiodelndex 1 woid
+2IGMNAL contertChanged()iguery

+SIGMAL etrorMeszagel mag . QString Houery

+SIGMNAL noticeMessagel mag © GSting 1ouery

1

R cView L _IQSurtFiIterPruxyMudel |

'|' s

EditableTableView

itk TABLE HEIGHT : int"const" = 4 00{readCnly
-deflmportExportPath_: CiString
-pressedPoint_ : GPoint
-add&ction_: GAction
-removedction_ : Gaction
-copyAction_: Gaction
-pasteiction_ : GAction
-clearAction_ : Gaction
-import&ction_ : GAction
-expart&ction_ o GAction
-temsDragoable_ : bool

77

|Q511r|edlteml]elegate

Fi

=

Delegate

+EditableTableiew parent : ChMidget"" )

+~EditablaTakleiew ()

+5SLOT sethemsDragoablel dragogable © bool ) ; woid

+SLOT onCSWExportl filePath - GString"const&"=05Stringl) 1 woid
+SLOT onCEYImport( filePath @ GString"const & =CString () ) woid
+SLOT setDefaultimportExportPathl path 0 GString"const&" 1 woid
ESIGHNAL addtem index ;. Ghiodelindex"const&" 1 woid

ESIGHAL removeteml index | Ghiodelndex"const&" 1 void
ESIGMAL movetem ariginalPos © Ghodelindex"const&", newPos | Okodelndex"consta" 3 woid
EmousetoveEvent| & ChlouszeEvent"" ) woid

#EkevPressEvent( event | OHeyEvert™" 1 woid
#EmouseloubleClickEvent( event | GhlouseEvent"*" 7 void
#mouzePressEvent event © GhlouseEvent"* 1 vaid
EmouseReleaseEvent event | ChouseEvent"" ) woid
#ocontexthenuEvent event | QContexthenuBEvent™" 1 void
-SLOT ondddaction) : woid

-SLOT onRemovedction) : woid

-SLOT onCopyAction) © woid

+=LOT onPastesction) : woid

+5SLOT anClearAction) © woid

-zetupictions) : woid

Figure 8.6. The implementation of table editors.
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The model classes inherit QAbstractTableModel which provides the default
implementation to provide model indexes to views. The following 7 functions are

implemented in sub-classes:

1. rowCount() obtains the number of rows to display in the table.
columnCount() obtains the number of columns to display in the table.
data() obtains the data for an item identified by a model index.
headerData() obtains the headers for the different columns of the table.
flags() is used by view to know how the data of an item can be handled.

setData() saves data of an item back to the model.

No gk~ ow

isValid() is used to know if the items in the model are in valid state.

The three slots of model are used to add, remove and relocate items stored in the model.
The signal contentChanged() is used to inform component editor that the underlying
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data structure has changed and in order for changes to take effect, editor should save the

changes. Other two signals are used to print errors and notifications to the message
console of Kactus2, if needed.

QSortFilterProxyModel acts between the model and view classes. Its purpose is the
sorting of items displayed in the view. By using this class, sorting of items can be
performed without modifying the original data structure. This class can be sub-classed
to provide custom implementation of the sorting. The original model class can also be
connected directly to the view to leave the intermediate sorter class out.

The delegate classes inherit QStyledltemDelegate and use the default implementation to
render the data. Sub-classes re-implement the following functions to provide data-
specific editors:

1. createEditor() constructs the correct editor and returns pointer to it. For
example, strings are often edited with a simple line editor but if the possible
options are limited to an enumerated list, a combo box can be used.

2. setEditorData() retrieves the current data from the model and sets it to the
editor.

3. setModelData() retrieves the data set in the editor and saves it to the model.

The commitAndCloseEditor() slot is used to commit the data from the sending editor
and to close the editor.

Editable table view is a general purpose view, which can be connected to model classes
implementing the QAbstractTableModel-abstract class. This view is used in all editors
within component editor where information is presented to the user in a table form, such
as ports summary.

The class contains different actions that are displayed to the user in the context menu of
the view. The table view contains handler for triggered()-signal of each action, see
Figure 8.7 for an example of the editable table view with the context menu.

N;me Data type Usage type Value Description
poinsss nontyped 16
disable_arp_g Add row Shift+Return ontyped 0
packet_len_g ke marElny ontyped 1000
source_ip_port_ Clear Del ontyped 6000
target_MAC_ad Copy Ctrl+C ontyped x"ACDCABBACDOL"
target_ip_addr_g Paste Ctrl+V ontyped  x"0A4000001"
target_ip_port_g Impart csv-file ontyped 5000

Export cov-file

Figure 8.7. An example screenshot of the table editor.

The setltemsDraggable() function can be used to enable or disable dragging of rows in
the view. Adding, removing and moving of a row, is informed to the connected model
by emitting one of the associated signals.

Table 8.1 lists the tables used in component editor module and the classes that
implement the previously mentioned roles in each case. EditableTableView is used as a
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view class in all cases, except in FilesEditor, where FilesView provides a custom add

functionality to choose a file in the file system. The class diagrams of the editors are
found in the appendices listed in the table.

Table 8.1. The table editors in IP-packaging.

Editor Model class Delegate class Class
diagram

Parameter group ParametersModel LineEditDelegate Appendix 1

box

File builders editor | FileBuildersModel FileBuildersDelegate Appendix 2

File sets editor FileSetsModel FileSetsDelegate Appendix 3

Files editor FilesModel FilesDelegate Appendix 4

Model parameter | ModelParameterModel | UsageDelegate Appendix 5

editor

Parameters editor | ParametersModel LineEditDelegate Appendix 6

Address spaces AddressSpacesModel | AddressSpaces-Delegate | Appendix 7

editor

Memory maps MemoryMapsModel MemoryMapsDelegate Appendix 8

editor

Memory map MemoryMapModel MemoryMapDelegate Appendix 9

editor

Address block AddressBlockModel AddressBlockDelegate Appendix 10

editor

Register editor RegisterTableModel RegisterDelegate Appendix 11

Views editor ViewsModel LineEditDelegate Appendix 12

Environment EnvldentifiersModel EnvldentifiersDelegate | Appendix 13

identifier editor

Ports editor PortsModel PortsDelegate Appendix 14

Bus interfaces BusinterfacesModel BuslinterfacesDelegate Appendix 15

editor

Channels editor ChannelsModel ChannelsDelegate Appendix 16

CPUs editor CpusModel CpusDelegate Appendix 17

Other clock drivers | OtherClockDrivers- OtherClockDrivers- Appendix 18

editor Model Delegate
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8.1.3 List manager

List manager, Figure 8.8, is the common editor used to display and edit a list of strings,
such as file types, within the editors. It is used as such, or as a base class when a more

specific functionality is needed.
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1
1

EditableListView

-pressedPoirt_: GPoint
-gddaction_: GAction
-removesction_ : Gaction

+EditableListyiew parent : Chidget"" )

+~Editablelist'iew()

FSIGMAL selectionChanged! index : GModelincdex:"consta" ) woid

FSIGNAL additeml index ; Ghiodelnde="const&" ) woid

FSIGNAL removeteml indesx : Ghodelnde:"const&" ) woid

#SIGHAL movetem originalPos : Ghodelindex"const&", newPos © GModelinde:"consta" 3 woid
FmouzetoveEvent! e GhiouseEyent™" ) void

#keyPressEventl event . CkeyEvert™" 1 void

#mouzeboubleClickEvert! event . GhouseEvent™" ) : void

#mouzePressEvent] event | OhouzeByvert™" ) woid

#mouzeReleaseEvent! event : GMouzeBwvert™" ) void

#contexthenuByent( event | GContexthenuEwert™" ) : void

FourrentChanged! current : Ghodelndex"consta", previous | GModelncdex"consta" ) void
-SLOT ondddActiond) : void

-SLOT onRemovedction() : woidd

— T

LiztManager

#model_: Listhanagerhocde""
#viewy_: Editablelizt\iew"s"

+~ListManager()

+zizel) : int{guery
ESIGNAL contertChanged) : void

+ListManager( tile  QString"const"=tr"List"), parent | SWdget"*"=0)

+nitializel tems . GStringlist"const&"=0StvingLizt() ) ; woid
+items() : GStringlist"const&"guery
+zetitems tems | GStringList"const&" ) © void

Figure 8.8. The class structure of list manager.

List manager follows the previously mentioned model/view architecture with the
exception that is uses the default delegate implementation for lists. List manager
contains two classes to contain the data and display it in the user interface.
ListManagerModel is the model class managing the item list to be displayed.
EditableListView is the view class displaying the items to the user and providing the
graphical user interface. The two classes are connected together via Qt’s signals and
slots mechanism. List manager provides interface to set and retrieve list of strings stored
in the model. Figure 8.9 displays the user interface of the list manager, where user is
editing a list of group identifiers for a file set.

sourceFiles
documentation
projectFiles

Add new
Remove

Figure 8.9. The list manager user interface.
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8.1.4 Name group editor

Name group editor, Figure 8.10, is used to edit the NameGroup struct, which contains
name, display name and description fields. It is used e.g. in the file set editor. This
editor is never used alone but as a member of a parent editor. For example, file set
editor forwards the file set model’s nameGroup struct to this editor. This way, the same
editor can be used in several places, thus providing a consistent GUI appearance for
users.

FC+H+Structs
HameGroup

+hame_ Cstring
+oizplayMame_ : QString
+description_ : &5tring

+MHameGraupl

+MameGroupl node : GDomMode"s" )

+MameSraupl name | GString"const” )

+MameGroupl ather | NameGroup"const&" )

+operstor = other | MameGroup"const&" 1 NameGroup"s"

1
1
HameGroupEditor

+haX EDITOR HEIGHT : int"const" = 150{readCnly b
-namezroup_ MameGroup" 2"

-nameEdit_: ClLineEdi

-displayhameEdit_ : GLineEdit

-descrigtionEdit_ : GPlainTexiEdit

+MameGroupEditor] nameGroup | MameGroup"&", parent | Cividget"*" title | GString"const&"=0String"Names"1 1
+~MameGroupEditar()

+getMarmer] . QEtring guery

+getDizplayMame]) . QString{oquery b

+getDescription : QString{guery

+izWalid() . bookguery

+35LOT refreshi) ; void

#EIGNAL contertChanged( : woid

-SLOT anMameChanged! neswhlatme ;| QString"const&" ) woid

-ELOT onDizplayMameChanged] newMame @ GString"consta" 3 - waid
-SLOT onDezcriptionChanged : woid

Figure 8.10. The structure of name group editor.

The underlying IP-XACT model is edited through a reference, this way the editor does
not need to know, to which element the struct belongs to, allowing very generic usage
of the editor. Name group editor provides functions to retrieve the data set for the editor
text fields through getter-functions. The isValid()-function can be used to check if the
editor is in valid state and refresh() slot can be used to update the contents of the editor
to match the data stored in the associated model. The three private slots listed last on the
class are handlers for changes in the editor when the user edits one of the editor fields.
Figure 8.11 displays the user interface of the name group editor.

Names
Name: vhdiSources

Display Name: HDL sources
Description:

VHDL sources of the component.

Figure 8.11. The name group editor user interface.
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8.2 General Editor

General Editor, Figure 8.12, is used to edit the general settings of a component, which
do not belong to any of the sub-elements. It displays the VLNV-identifier of the
component as well as the Kactus?2 attributes.

DescEditor

-m_descEdit | GPlainTextEdit""

+DescEditar] parent : GiMvidget"='=0)
+~DescEditor()

+zetDescription) desc : Q=tring"const 2" ) 0 void
+getDescription() | CString{guery

ASLOT contertChanged() © woid

KemEditor

1

ComponentPreviewBox

-h_: Librarylrterface""
-component_ : @SharedPointer=Component=
-zcene_ QGraphicsScens""

+~ComponentPreviewBox)

+setComponent! component : GSharedPointer=Component= ) ; woid
+updatePrevies (] woid

+temsEoundingRect() : GRectF{gquery |}

+ComponentPreviewBox b Libraryinterface"" )

+zetComponent winy ;. WLMY"constE" ) waid

1

1

GeneralEditor

-winvDisplayer _ o YLNY Displayer""
-gttributeEditor _ . Kactus AttributeEdior*"
-dezcEdtor_: DescEditor"
-previeswBox_ . ComponertPreview Box""

+~GeneralEditar)

+isWalid) : bool{guery

+refreshi) @ woid

-SLOT ondttributesChangel) @ woid
-ELOT onDescriptionChanger)  woid

+GeneralEditor] libHandler : Libraryinterface"", component © GEharedPointer=Component=, parent © Giidget"* =0

T11

VLHVDisplayer

1
1
KactusattributeEditor

-vendarLabel_: Glabel
HibraryLabel_ : Glabel
-namelabel_: Glakbel
-wersionLabel_: Glabel

-wendor_: Glabel

Hibrary_: Glakel

-natme_ Glakel

-wersion_: Gilakel

Hayout_ o Qridl sy ot
-compactlayout_ : GHEoxLayout™"

-prodHierLabel_: Glabel"*"
-prodHierCombo_  GComboBox"*"
-firmnesslabel_: Glakbel"*"
~firmnessCombo_; QComboBox""
-implementationLakel_: GlLakel"*"
-implementation® alue_ ;. Cillakel"*"

+~KactuzAttributeEditor)

+hide&ttributes( : woid

+zetiftributes( prodHier © ProductHierarchy, firmness : Firmness 1 woid
+zetimplementstion] implementation ; Implementation ) woid

+YLNYDisplayer] parent | Gidget"" viny  WLMNY"const&", compact | bool=falze ) +getProductHierarchy) . ProductHisrarchy fouery
+YLNYDisplayer] parent © Sicdget"*" winy ; WLANY"const*", compact @ bool=falze ) +getFitmness() ; Firmness{ouery

+YLNYDisplayer] parent | Gidget"*" )
+ LMV Dizplayver()

+2etV LN viny : YLRNY consts", compact : bool=falze ) woid

+zetPathi path : GString"const&" 1) woid

+KactusattributeEditor] parent | Chvidget"*" )
AcontertChanged( : waid
AproductHierarchyChanged) © woid

Figure 8.12. The structure of general editor.

GeneralEditor is a

container

KactusAttributeEditor, DescEditor

class which owns the VLNVDisplayer,
and ComponentPreviewBox. VLNVDisplayer

displays the component’s VLNV-identifier to the user along with the file path of the
component’s XML file. These settings are not editable and if the user wants to change
the VLNV then component must be saved as new component with different VLNV.

KactusAttributeEditor is used to display and edit the Kactus2 attributes of the
component, which are depicted in Chapter 2.3.3.2. The implementation attribute can’t
be edited but product hierarchy and firmness are editable. Changes in the editor emit
contentChanged()-signal which is connected to general editor’s onAttributesChange()-
slot to set the changes to the model.

DescEditor provides a text field to view and edit the free textual description of the
component. When description is edited, general editor’s onDescriptionChange()-slot
saves the changes to component.
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ComponentPreviewBox displays to the user, how the component appears when it is
instantiated in a design. It shows the different interfaces and possible ad hoc ports.
Figure 8.13 depicts the GUI classes of general editor.

—
ndor: TUT

Library: ip.hwp.interface VLNVDisplayer
MName: simple_udp_flood_example

Version: 1.0

Path:  D:fSWNwork/Funbase_IP_library/trunk/TUT fip.hwp.interface fudp

)
W

Product Hierarchy:
Firmness: Mutable -
Implementation:  HW ¢, 0 ¢y A ttributeEditor

escription

Connect to UDP/IP controller. Creates TX operations as quickly as
possible, Destination and padket size are configurable by using
QENETICs.

DescEditor

--------- simple_udp_flood exampl | - - - - - - -

€ Jink_up_outl Do~ - - - - - - - -

udp_ip_rx|

Figure 8.13. The GUI classes of general editor.
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8.3 File set editor

File set editor is used to edit a single file set of a component. It displays the detailed
settings of a file set and provides an editor to add and remove files contained in the file
set. Figure 8.14 displays the class diagram of file set editor.

LiztManager
GroupManager v

+Grouphdanager( title © GString"const"=tr("Group identifiers"), parent © GhAidget"*'=0 )
+~Grouphlanager)
+inttializel tems : GStringlist"consta"=05tringList() 1 © waid

1

DirListManager

“handler _: Librarylnter face""
—component_: GSharedPointer<Component=

+DirListhanager( title : @String"const", handler : Librarylnterface™" | componert © GSharedPointer=Component=, parent : GhMicdget""=0)
+~DirListhanager()
+inttialize tems | GStringlist"consta"=05tringList() 1 © waid

1
HameGroupEditor | ‘FileBuiIdersEditur ‘ |.temEa‘itar | |FilesEd'rtur |
1 1 1
1 1 1 1 1
FileSetEditor

-haselocation_ : GFielnfo
-fileSet_ : QSharedPoirter=FileSet=
-nameEditar _ : MameGroupEditar
-groups_ . Grouphanager
-fileBuilders_ : FileBuildersEditar
files_ : FilesEditar
-dependencies_ : DirLizthanager

+FileSetEditor] handler : Libraryinterface™", component © GSharedPointer=Component=, fileSet | QSharedPaointer=FileSet=, parent © GiMddget"" )
+~FileSetEditar)

+isWalid() : bool{gusry

+refrezhi)  woid

SSLOT onGroupsChangel) © void

-SLOT onDependenciesChange) - woid

Figure 8.14. The structure of file set editor.

File set editor, Figure 8.15, is a container which has 5 editors to edit different elements:

1. NameGroupEditor is used to edit the name and description of file set. Editor is
explained in Chapter 8.1.4.

2. FileBuildersEditor, Table 8.1, is used to assign build commands for different
file types.

3. FilesEditor, Table 8.1, is used to add and remove files contained in the file set.

4. GroupManager is used to edit the group identifiers of the file set. The editor
inherits ListManager depicted in Chapter 8.1.3. The sub-class uses the base class
functionality otherwise but provides suggestions for possible group identifier
names for the user to select, e.g. sourceFiles or documentation.

5. DirListManager is used to edit a list of directories on which the file set depends.
The editor inherits ListManager, which is depicted in Chapter 8.1.3.
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fTames N C
NameGroupEditor

Mame: hdiSources

Display MName:

Description:

Contains the source files for the component.

les . -

FilesEditor
File name File path File types Description ~ *

hibiv2_pkg.vhd vhd/hibiv2_pkg.vhd vhdlSource 1
Hibi_segment.vhd vhd/Hibi_segment.vhd vhdlSeurce

addr_data_demuxes.vhd vhd/addr_data_demuxes.vhd vhdlSource

addr_data_muxes.vhd vhd/addr_data_muxes.vhd vhdlSource

= Add Files

efault file build commands FiIeBuildersEditor

File‘type Command Flags Replace default flags
vhdlSource veom -quiet -check_synthesis -work hibi_mem_dma false
[ Double click to add a new item. ]
identifi dent directori = =

roup identifiers Groupi\lanager lependent directories DlrLlSt:\Tﬂ“ﬂcer
sourceFiles

Figure 8.15. The GUI classes of file set editor.

8.4 File editor

File editor is used to edit the details of a single file. Figure 8.16 shows the class diagram
of the file editor.

ListManager
2

DirListManager

-handler _: Librarylnterface""
-componert_ : G@SharedPointer=Component=

+DirListhanager title © G=tring"const”, handler © Libraryinterface", component : GSharedPointer=Component=, parent © ChAidget"*"=0 )
+~DirListhanager()

+initislizel tems : GStringList"const&"=GStringList() 7 woid

1

1
FileExtraTab

-dependencies_ : DirListhanager
-expotediames_ ListManager
-imageTypes_ : Lizthanager
-file_ : GSharedPoirter=File=

+FileExtraTakbi handler : Libraryinterface™", companent : G=haredPointer=Component=, file | GSharedPaoirter=File=, parent © CWAidget"*" )
+~FileExtraTabl)

+refreshi’) ; woid

+izvalic) ;. bool{gusry }

FIIGMNAL contertChangedn) : woid
-ELOT onDependenciesChanger) © woid
-SLOT onExportaChanger) : woid
-SLOT onlmage TypesChange() © woid
-SLOT onDefineChange() © wvoid

1
Rom Editor FileGeneralTab
T 1
1 1
FileEditor

“tabs_ GTakbWidget
-generalTab_: FileGeneralTakb
-extraTab_: FileExtraTab
-file_: GSharedPoirter<File=

+FileEditar] handler : Libraryinterface™", component : GSharedPointer=Component=, file . QSharedPointer=File=, parent ; GiAidget"*"'=0
+~FileEditor()

+izvalic) : bool{guesry }
+refreshi) | woid

Figure 8.16. The structure of file editor.
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The graphical user interface of file editor displays two tabs and they are also seen in the
class diagram: FileGeneralTab for general settings of a file and FileExtraTab for
external dependencies. FileGeneralTab is explained in Chapter 8.4.1.

FileExtraTab is container class which owns three editors. DirListManager inherits
ListManager which is depicted in Chapter 8.1.3. ExportedNames and imageTypes are
direct instances of ListManager.
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8.4.1 File general tab

File general tab, Figure 8.17, is used to edit the most often used elements of a single
file.

FileBuildCommand

-buildCammand_: BuildCommancd"*!
-command_: GlineEdit

-flagz_ : GiLineEdit
~teplaceDefault_: QCheckBox
Harget_ : TargethlameEdi
Hayout_ QGridlayout

+FileBuildCommand( parent ; Chvidget"" handler : Libraryinterface"" component | GSharedPoirter=Component=, file . GSharedPointer=File= )
+~FileBuildCommand()

+refresh(l; woid

#SIGHAL contertChanged() : waoid

-SLOT onCommandChanged(l : woid

-=LOT onFlagsChanged() © woid

-SLOT onTargetChanged?) © void

-zetupCommand( ;. woid

-zetupFlags) ; woid

-setupTarget() : woid

FileHameLineEdit

-handler: Libraryinterface"s"
-component_: QSharedPointer=Componenit=
-file_ : GEharedPointer=File=

+FileflamelineEdit parent : Ghidget"*", handler ; Libraryinterface™" component : QSharedPointer=Component=, file : GSharedPaointer=File=
+HsWalid() : hool{oguery

+~FileNameLineEdit()

+refreshl]) ; woid

#=IGHAL contertChanged() : woid

#mousePressEvent e . GhouseEvent™" ) woid

1

1
FileHameEditor

-nameEdit_: FileMameLineEdit
-file_ : @SharedPointer=File=

+FileMameEditar] parert | CiMidget"™ handler @ Librarylnterface™" | component | @SharedPoirter=Component=, file | GSharedPainter=File= )
+~FileMameEditar)

+HsWalid() : hool{oguery

+refresh() : woid

#SIGHAL contertChanged() : woid

LiztManager FileGeneralEditor

v -file_: @SharedPointer=File=
-logicalMathe_ : GLineEdit
FileTypeEditor -logicalDetault _: QCheckBox

T - - -includeFile_: QCheckBox
-file_: @EharedPaointer =File= _axternsiDec,_ - QCheckBox

+FileTypeEditar; parent : Ghvidgst" | file | G@SharedPointer=Fils= ) -description_: GPlainTextEdit

+~FileTypeEditar)) f = . [F— : :
+intializet tems : BStringList"const&"=GStingList() ) : woid e o (pjarerft - et ™", file - @SharedPointer=File= )

:raggtlgr(;(-)\'m\gid +refreshi : waoid
st alic() '.baal{query} ASIGHNAL cortertChanged() : woid
) -SLOT onLogicalMameChanged() : woid
1 -SLOT onincludeFileChanged() : waid

-SLOT onExternalDecChanced() ; woid
-SLOT onDescriptionChanged() © woid

1

1 1 1
FileGeneralTab

-file_ : GEharedPointer=File=
-nameEditar_ : FileMameEditar
-generalEditor_: FileGeneralEditar
-fileTypeEditar_: FileTypeEditar
-buildCommand_ : FileBuildCommand

+FileGenetalTabl handler : Libraryinterface™", component : Q@SharedPointer=Component=, file : QSharedPointer=File=, parent ;| GWidget™" ) 1
+~FiletzeneralTaki)

+refresh() : woid

HaWalicd() : bool{ouery |

ASIGHAL contertChanged) : woid
-SLOT onFileTypesChanged(]) ; woid

Figure 8.17. The structure of file general tab.

FileNameEditor contains a line edit widget, which is used to set the relative file path to
the file. Line edit re-implements the mouse press event to open a dialog to select a file
in the file system. FileTypeEditor inherits ListManager, which is depicted in Chapter
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8.1.3. The sub-class is used to provide a list of suggestions for pre-defined file types

listed in the IP-XACT standard [6].

FileGeneralEditor contains several editors to set e.g. the description of the file.
FileBuildCommand contains line editors to set the file specific build command for the
file. Figure 8.18 shows the GUI classes of file general tab.

General settings | External dependencies and defines |

Fierameandpath  ileNameLineEdit
Name: vhd/fifo.vhd

_—

cned e fypes FileTvpeEditorx

vhdlSource
ivhdISource-87

[ Double click to add new item. }

Wl

General options
Logical name: hibi (] Only used as default

[T File is indude file [~ File contains external dedlarations
Description of the file:

FileGeneralEditor

-
T T R
Buld comman FileBuildCommand

Command: vcom

Flags: -check_synthesis -quiet -work work [] Replace default flags

Target file:

Figure 8.18. The GUI classes of file general tab.

8.5 Address space editor

Address space editor, Figure 8.19, is used to edit the details of a single address space. It
also contains a class to visualize the address space, and segments it contains to the user.
Chapter 6.6.1 explains the user interface and the purpose of each element.
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SegmentsModel SegmentProxy
-segments_ : Glizt=0SharedPointer=Segment=="&" =
+SegmentProxyl parent | GORect"™" )
+SegmentsModel] addrSpace . OSharedPointer=AddressSpaces, parent | Q0kbject™" ) +ZegmentProxy )
+~Segmentsiiocel) RleszThan( left . Ghodelndex"const&d", right © Ghodelinde:"constE" ) hoologuery
+roveCountl parent | Ghiodelindes"const&" =Cikadelinddex (1 ) int{guery
+columnCount( parent : Ghiodelindex"constE"=Chodelndex) 1 int{guery * 1 1

+datal index : Ghodelindex"const&”, role © int=Ct:DisplayRole ) - % ariant{guery
+headerDatal section @ int, arientation : Orientation, role : int=C 3 DisplayRole ) Gy ariant{gquery

+setlatal index : GModelindex"consts", value | O%ariant"consta", role : int=0t: EditRole ) ool 1
+lage( index : Ahodelndex"constd" ) kemFlags{guery EditableTableView
+HizWalid() : boal{guery | 1
+3LOT onAdditem( index . Ghodelndex"const&" ) void 1 1
+3LOT onRemovetteml index : Ghodelindesx"const&" ) : void
ESIGHAL contentChanged() : woid
ESIGHAL errotMessagel mag  GString "const&" ) woid{guery
RSIGHAL noticebdessagel msg : QStHng"constE" 1 void{guery 1
#SIGNAL segmentAdded] segrment : GiSharedPaointer=Segment= 1 woid LineEditDelegate
#SIGHAL segmentRemoved] segmentiame © GString"const&" ) woid
ESIGHNAL segmentRenamed] oldMame © CEtring'const&”, neywMame © QString"const&" ) woid 1
ESIGHNAL seamertChanged! segment | GSharedPointer=Segment= ) woid 1

SegmentEditor 1
-wiewy_ EditableTablehisw 1
-proxy_ . SegmentProsxy 1
-thodlel_: Segmentzhodel = 1

+SegmentEditor] addrSpace : GSharedPointer=AddressSpace=, parent : GWMNidget"" )

+~SegmentEditor() aC++Structs
+izWalid) : boaljguery
+refreshi) ; woid - BE
#SIGHAL contertChanged() : woid +name_: G5tring
RSIGMAL errartfessagel msy @ @String"const&" ) woid +offSet_: guintGd
#SIGHAL noticeMessagel msy © GShing"const&" ) void +rande_: ouirtGd
#SIGMAL segmertAdded] segment | GSharedPointer=Segment= 3 wvoid . - = — ——
#SIGHNAL segmentRemoved] segmenthlame | CString"constd" 1 ; vaid +ArEa( ML o @Str'l'l"g consﬂt& coffest quirtSd, rangs © quintss )
#SIGMAL segmentRenamed oldMame : QString"constd”, nevMame | QString"consta" ) void [ :?;:?éghe(raﬁ;?? g?gg&ogﬁ&“ S
RSIGNAL segmentChanged, segment | GSharedPoirter=Segment= ) woid 3 : ;i
= el =2 t ) +operatar =( other | Area"consta" 1 hool{guery

1

*

AddressSpaceGeneralEditor

-addrSpace_ QSharedPointer=AddressSpace=
-addrldnit_: GSpinBo:x

-wvicth_ : QSpinEiox

-range_ : MumberLineEdit

+AddressSpaceGeneralEditor] addrSpace | GSharedPoirter=AddressSpaces parent | GWWidget"" )
+~LAddressSpaceGeneralEdior)

+izWalid() - booljguery |

+refreshi) © void

ESIGHAL contentChanged) : waid

RSIGHNAL addressablelnitsChanged] units int ) wvoid

RSIGHMAL wicthChangeds width ; int ) : woid

#SIGHAL rangeChanged! range © GString"const&" ) woid

-SLOT ondddrUntChanged! nesyalue :int 1 woid 1
-SLOT onidthChanged nessdNdth © int ) void
-=LOT onRangeChanged! neswRange | QSting"const&" ) wvoid 1

1

AddrezzSpaceVisualizer

-hyteSize_ :int
-towdicith_ int
-byteCount_; quintEd
-segments_: Glist=treas

+AddreszSpaceVizualizer] parent ;. CiMidget™" )

+~AddressSpaceVisualizer)

+zetSeaments) addrSpace | QSharedPointer=AddressSpace:= ) void

+SLOT setByteSizel bitCount : int 1 woid

+3LOT setRow\Midth bitCount - int ) : waid

+SLOT setRangel byteCount © cuintGd ) i

+SLOT =etRangel range : GString"const&" ) woid

+SLOT addSeament( seament | GSharedPaointer=Segment:= ) woid

+SLOT removeSegment! segmentMarme ;: GString"constE" ) woid

+SLOT renameSegment oldMame : GString"const&", neswMame : GString"const&" ) void

+5LOT updateSeagment segment : GSharedPointer=Segment= ) : void

#pairntEvent( event | QPaintEvent™" ) void

-drawCenteredTextl painter : GOPairter"a" text | QString "constsd" | textCenterPoint : GPoint"consta" ) woid
-drawHeaders( painter . GPairter"3" ) GRect

-drawyHorizontallimiter( painter - GPainter"&", bounds : GRect"constd", legend : GString"const&" ) : void
-draweGrid( painter © GPainter"s", bounds - ORect"const&" ) woid

-drawSegments] painter | GPainter"&", bounds | GRect"const&”, columnCount © gquintB4, rowCount @ gquintg4 ) © woid
1 |1 |-zegmentareal bounds : GRect'consts”, stantAddress © quirtBd, endAddress © quint64, columnCount © quirtS4, rowCount © quintsd ) GRect{query

1
AddressSpaceEditor |

-addrSpace_ . QSharedPointer=4AddressSpace- 1

-nameEcditar_: MameGrougpEditar ;
-genetal_: AddressSpaceGeneralEdior *
-segments_ : SegrmentEditor
-parameterEditor_ . ParameterGroupBox

-wisualizer _: AddressSpaceyisualizer 3 HameGroupEditor
1

+AddressSpaceEditor] component ; GSharedPointer=Component= | addrSpace © GSharedPointer = AddressSpace= | parent ; CNidget"*"'=0)

+~fddressSpaceEditor)
+igialid() : bool{cuery | 1 3 ParameterGroupBox

+refreshi) ; woid

Figure 8.19. The structure of address space editor.
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Address space editor is a container for several editors of which 2 are generic editors:

1. NameGroupEditor sets the name and description of address space and is
explained in Chapter 8.1.4.
2. ParameterGroupBox, Table 8.1, edits the parameters of the address space.

SegmentEditor is an editor to add, remove and edit the segments inside an address
space. It follows the presented model/view architecture with some modifications.
SegmentEditor uses the EditableTableView as view class and SegmentsModel provides
the model functionality. The difference is the SegmentProxy which acts as the proxy
model between view and the original model to provide specific sorting functionality by
implementing lessthan()-function.

AddressSpaceGeneralEditor sets addressable unit size, range and width of the address
space. These qualities are also edited in address spaces editor, Table 8.1.

AddressSpaceVisualizer draws the address space on the screen for the user to view it. It
contains Area structs, which define the bounds of each segment. Visualizer is connected
to the general editor and segment editor to get updates of changes in them, so the
visualization can also be updated simultaneously. Figure 8.20 shows the GUI classes of
address space editor.

ames : e Taah
N-ame: instr_mem -
Display Name:
Description:
NameGroupEditor

e ———

—I
Ge""ﬁxddressSpacer.‘ueral]iditor
Addressable unitsize 8 S

Width of address block 32
Range of address block 2G

Segments - SegmentEditor
Name Offset Range Description
segmentl 00 128M
segment2 0:x8000000 512M
segment3 0x28000000 1G

[ Double click to add a new item. |

Parameters

Name Value Description

ParameterGroupBox AddressSpac¢Visualize

Figure 8.20. The GUI classes of address space editor.
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8.6 Field editor

Field editor is used to edit the details of a single bit field within a register. Figure 8.21
displays the structure of the editor.

EnumeratedValueDelegate

+EnumeratedalueDelegatel parent | GObject™" )

+~EnumeratedyalueDelegate)

+cresteEditor] parent : Chividget"*" | aption © QStyleCptioniewkem"const&", index : Ohodelinde:x"const&" 1 Sidget"*" {query b
+zetEditorDatal editor @ Chividaet"*" | index © Ghodelindex"const&" )0 void{guery

+zethodelDatal editor © Clvidget"", model | GAbstractiiemiiodel"", index | Ghlodelindex"constE" 3 waid{guery

-SLOT commit&ndCloseEdiar() ; void "B
! | suzes
EnumeratedyalueModel &

-figld_: @SharedPointer=Field= senumeration:
-enumialues_: Glist=CSharedPointer=Enumeratedy alue=="8" e
+Enumerstedtyaluetdadel field © GSharedPoirter=Field=, parent ; QObject"" ) EUZEE | AmE COLLIMM
+~Enumerstedaluetode) = sl E CoLUMA
+roweiount parent ; Ghlodelindex"const& "=ahodelindex() 1 intiouery USAEE COLUMRY
+oolumnCount] parent | Ghiodelnde:x:"const & "=akodelnde:x) ) © int{guery } COLUMM COUNT
+lagsl index : GModellndex"const&" 1 kemFlags{guery A
+headerDatal section : int, orientation : Crientation, role : int=Ci @ DisplayRole ) @V ariant{query
+datar index . GModellndex"const&", role :int=Gt::DisplayRole ) OVariant{guery 1
+zetDatal index ;| Ghiodelndex"const&", value | G ariant"const&", role | int=GCt EditRale ) bool Editable TableView
+HEWald) : bool{guery ;
+SLOT ondddiemn index : Ghodelindex"const&" 3 waid 1 [ * 1
+SL0OT onRemoveltemi index : Ghodellinde:x"const&" 1 woid |
#SIGHNAL contertChanged) © woid 5
ASIGNAL enumaddeds index - int ) © void R s ErErnxyhindel
EIGHNAL enumPemoved! index :int 1 void

Rom Editor

£

FieldEditor

-enumyiewy_: EditableTaklehisuw"*"
-enumProxy_  @SortFiterProxyhlode"*"

-enumilodel_ : Enumeratedyaluehodel"=" =
~wwriteConste_ : Write\ValueConstraintEditor "

+FigldEclitart field : G=haredPointer=Figld=, component : GSharedPointer<Component=, parent ; GiAidget"*'=0) ———
+~FielddEditor) 1
+isvalidl) : bool{guery b
+tefreshi)  woid

WriteVWalueConstraintEditor

-wyriteConstraint_ ;. GSharedPointerWrite'alueConstraint=
-noCanstrButton_ | GRadioButton”*"
~wwriteAsReadButon_ : GRadioButton"*"
-useEnumButton_ : CRadicButton"*"

-thinMaxButton_ : GRadicButton"*"

-minBiox_ ;. GSpinBox"*"

-maxBox_ ;. QSpinBox""

+iyrite v alueConstraintEditor] writeConstraint ; GSharedPoirterWrite alueConstraint=| title : GString"constd", parent ; GhWidget""
+40itealueConstraintEditor])

#SIGMNAL contentChanged) © woid

-SLOT onbloConstr( checked : baoal 1 woid

-SLOT onvititeAsRead! checked ; bool 1 : woid

-SLOT onUzeEnumi checked : bool 1 woid

-SLOT onbdinbdac checked : kool ) woid

-SLOT onhinChanged newyalue : int 3 woid

-SLOT onhaxChanged] nesalue ©int 1 woid

Figure 8.21. The structure of field editor.

FieldEditor is the container class, which owns the other classes and sets the layout for
the editor. It contains two different parts: one to set enumerated values for the bit field
and one to set constraints for write values.

Editor for enumerated values follows the model/view architecture depicted in Chapter
8.1.2, where EnumeratedValueModel implements the model class and
EnumeratedValueDelegate provides the delegate functionality.
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WriteValueConstraintEditor provides functionality to set write constraints e.g. by using
the listed enumerated values or setting minimum and maximum values. The editor
contains a handler slot for each GUI element such as onUseEnum(). Figure 8.22
displays the GUI classes of field editor.

Enumerated values

Enumeration name Value Usage
FOSC/2 00 read-write
FOSC/8 0l read-write
FOSC/32 10 read-write
Derived frem internal oscillator 11 read-write

| Double click to add a new item. l

EditableTableView |
Frite value constraints ]
WriteValueConstraintEditor
) Write as read
@ Use enumerated values
) Set minimum and maximum limits

Minimum

Maximum

Figure 8.22. The GUI classes of field editor.

8.7 View editor

View editor, Figure 8.23, provides functionality to edit the details of a single view. It
contains elements for both hierarchic and non-hierarchic views but changes its visual
appearance according to the view type.

HameGroupEditor | |ParameterGruupBux | |FileBuiIdersEditur | |Enuldent'rﬁerEditur | |FIatUiewGeneralTah | |Hierarch}rREﬂﬂﬁdget

1 1 1 1 1 1

KemEditor

L

ViewEditor

-libHandler_: Libraryinterface"*"
~viewy_  CiSharedPointer=\iew=
-nameEditor_ : MameGroupEditar
-viewy TypeSelector ;. QCamboBox
-envidertifier_ : EnviderntifierEditor
-stack_ . GStackedWidget
-flatElements_ : Chvidoet
-generalTab_: FlatViewGeneral Tab
-parameters_ . ParameterGroupBox
-fileBuilders_ : FileBuildersEditor
-hierarchyRef_: HierarchyRefMidget

+wiewEditor] component | GSharedPointer=Component=, view . GSharedPointer=iew= lihHandler : Librarylinterface™", parent | Ghidget"*'=0
+ienEclitor)

+HeWalid() : bool{guery

+refreshi) : void

-onStackChanger indesx : int 1 woid

-zetuplayout(l ; woid

Figure 8.23. The structure of view editor.

ViewEditor is the container class which owns the other classes and sets their layout in
the editor. It contains a combo box viewTypeSelector to select between hierarchical and
non-hierarchical views and adjusts the layout accordingly. The editor contains 6 editors:
1. NameGroupEditor edits the name and description of the view and is depicted in
Chapter 8.1.4.
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2. ParameterGroupBox, Table 8.1, edits the parameters of the view.

3. FileBuilderEditor, Table 8.1, defines file build commands for files referenced in
the view.

4. EnvldentifierEditor, Table 8.1, sets up environment identifiers for the view.

5. FlatViewGeneralTab modifies settings that are only included in non-hierarchical
views.

6. HierarchyRefWidget is used in hierarchical views to set the hierarchy reference
to a design or design configuration containing the hierarchical description of the
component. It only contains one instance of VLNVEditor and its class diagram is
therefore omitted.

Figure 8.24 shows the GUI classes of view editor.

fTiEn name and descripton
Name: ]

Display Name:

Description:

The flat view containing the compenent source files,

NameGroupEditor

\{

Environment identifiers

Lang’uage Tool Vender specific
vhdl Kactus2
EnvldentifierEditor
[ Double click to add a new item. l
————————————

Wiew type [non-hierard'nml -

language  VHDL [E] strict
viodel name

File set references

hdlSources

FlatViewGeneralTab

\l

Default file build commands

File’type Command Flags ‘place default fla

vhdlSource vcem -check_synthesis -quiet false

FileBuildersEditor

\{

Parameters

=
MName Value Description

view_param  value

ParameterGroupBox

Figure 8.24. The GUI classes of view editor..

Flat view general tab, Figure 8.25, is used to edit the details of a single non-hierarchical
view.
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ListManager

FileSetRefEditor

-component_ : GSharedPointer=Component=

+FileZetRefEditor] component | GSharedPointer=Component=, title : GString"const"=te"List™), parert © GWidget"*"'=07
+~FileSetRefEditor)
+initislizel tems ;| QStringlist"const&"=C=tringlist() )0 waoid

1

1

FlatViewGeneralTab

-component_ ;- C=haredPointersComponent=
EharedPaointer < \iew=
-language_ : GLineEdit

-languageStrict_ . GCheckBox
-thodelMame_ : GLineEdit

-filezetRefz_: FileSetRefEditar

vy

+FlatViewGeneralTabl component | G=haredPoirter=Component=, view : GSharedPaointer="iew:= parent ; Chtidget"" )
+~FlatiewGeneral Tabi)

+isvalid() - boal{guery

+refreshl) @ vaid

#SIGMAL errorMessagel magy @ QString"const&" Y void

#=IGMAL noticeMeszagel meg - GString"const&" 0 woid

ESIGMAL cortertChanged() : woid

-SLOT onLanguageChange : woid

-SLOT onbModeltameChangel neseblame © GString"const&" 1 woid

-SLOT anFilezetRetChange) © void

Figure 8.25. The structure of flat view general tab.

FlatViewGeneralTab is the container class, which contains editors to set the language
and model name elements of a view. It also contains an instance of FileSetRefEditor,
which is used to refer to the file sets of the component. FileSetRefEditor is a sub-class
of ListManager, which is depicted in Chapter 8.1.3, but it re-implements the initialize()-
function to provide a combo box to select among existing file sets.

8.8

Bus interface editor

Bus interface editor, Figure 8.26, contains two tabs to edit the details of a single bus
interface.

BusliGeneralTab KNemEditor BuslPortmapTab

1 T 1
1

1

BusinterfaceEditor

-busif_: @SharedPointer=Businterface=

dabs_ s GTabWidget

-general_ : BusfGeneralTab
-portmaps_  BuslfPortmapTak

+BusinterfaceEditor] ibHandler : Libraryinterface™", component : GSharedPointer=Component= | busif © GSharedPointer=Buzinterfaces=, parent ; Chvidget""'=07

+~BuszlrterfaceEditor)
+ishalid() : bool{guery
+refreshi’) : void

-SLOT onTabChange! index ; it 1 woid

Figure 8.26. The structure of bus interface editor.

The elements of a bus interface are divided into 2 categories:

1.

BuslfGeneralTab contains editors to set the general settings of a bus interface
and reference the used bus and abstraction definition. This editor is explained in

Chapter 8.8.1.
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2. BuslIfPortmapTab is used to specify, which ports are connected to the logical

signals defined in the abstraction definition assigned in the generals tab. This
editor is explained in Chapter 8.8.2.

8.8.1 Bus interface general settings

Bus interface general tab, Figure 8.27, provides functionality to set general settings,
such as name, type (master, slave, etc.) and VLNV references, of a single bus interface.

|AddressSpaceSelemnr ‘ ‘BridgesEd'rtur | |MemuryMap5&lec’tur | |InterfaceMndeSelectur
1
1 1 1 1
\ 1 1 1
BusHfinterfaceSystem | |Buslﬂnterfacelu'laster ‘ ‘Buslﬂn‘terfaceﬁlaue | |Buslﬂnterfacel'u'l5laue ‘ ‘Buslﬂn‘terfacel\llunitur ‘
2 2 1 1 1
1 1 1 1 1
InterfaceModeStack

-busit_: GSharedPointer=EBusintetface:=
-parent_ : BuslfGeneralTakb""

-mode_: Interfacedods

-master_: Buslfinterfacetaster

-glave_: Buslfinterfaceslave

-system_: BuslfinterfaceSystem
-mirroredilaster . BusliinterfaceMaszter
-mirraredslave_ : BuslfinterfacemSlave
-mirrored=ystem_ : BuslinterfaceSystem
-monitar_ : Buskfinterfaceianitar

HrterfaceModeStackl busif | GSharedPointer=Businterface=, companent © GSharedPointer=Companent=, handler : Librarylnterface™", parert : BuslfGeneralTak"" )
+~[nterfaceModeStack)

+refreshl] ; woid

+ELOT settdode mode : Interfacebode 1 void

#IGMNAL contertChanged() © vaid

BusifiGeneralDetails

-busit_: GSharedPointer=EBusintetface:=
-connReguired_ : QiCheckBox
-hitslnLau_ : &SpinBox

-endianness_ : QComboBox
-hitSteering_ : GComboBox

-hi i ; 1
gl e lisEnebica. : AcheckBox ParameterGroupBox | |HameGruupEdi‘tur | ‘U’LHUEdﬂnr ‘
+BusifGeneralDetails] busif | GSharedPointer=Businterface=, parent : CiMidget™" )

+~BuzifGenaralDetailz() 1 1 2

HEWalid() © booljgusry |

+refresh(] ; woid

#IIGNAL contertChanged() © vaid

#ZIGHNAL errordessage] meg ;. SString"constE" 1 woid{guery
#SIGMAL noticeMessagel mag | GOString"const&" ) void{guery |
-SLOT ondddressableUnitChanged( neswyalue ; int 1 woid
-SLOT anEndiannessChanged() | woidd

-SLOT onBitSteeringChanged() © woid

-SLOT onConnectionRecuiredChanged() : waicd 1 N 1 1 1

BuslfiGeneralTab

-busit_: GSharedPointer=EBusinterface:=
-rameEditar_ : MameGroupEditar
-busType_ : WLMNVEditor

-absType_  WLNWVEditar
-modeSelectar_: InterfacemModeSelector
-modeStack_: Interfacemodestack
-details_ : BusliGeneralDetails
-parameters_ : ParameterGroupBox
-libHandler_: Libraryinterface""

+BuzliGeneralTabl ibHandler : Libraryinterface"", busit ;| QSharedPointer=EBuslnterface=, component | GSharedPaoirter=Camponent=, parent ; GhMvidget"" )
+~BuslfGeneralTabi) 1
+sWalid() : booljguesry ¢

+refreshl] : woid

+etBusTypel) | YLMNS {gquery

+etfbaTypel) | WL [guery |

#ZIGMNAL contertChanged() © void

#SIGMNAL errarMessagel meg | AString"constE" 1 woidiguery
#ZIGHNAL noticeMessagel meg | GOString"const&" 1 void{guery }
-SLOT anBusTypeChanged() : void

-SLOT ondbsTypeChanged( ; void

-SLOT anModeChanged! made :© Interfacekode ) woid

Figure 8.27. The structure of bus interface’s general editor.
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BuslfGeneralTab contains 6 different editor types. Two instances of VLNVEditor are

used to specify a VLNV reference to a bus definition and abstraction definition objects
in the library. These objects define the qualities of a bus, which this interface promises
to fulfill. NameGroupEditor, depicted in Chapter 8.1.4, is used to edit the name and
description of the bus interface. ParameterGroupBox, listed in Table 8.1, is used to set
the interface-specific parameters. BuslfGeneralDetails contains a group of editors for
the general settings.

InterfaceModeStack contains five editors to edit the interface mode specific details of a
bus. Only one of these editors is visible at a time. InterfaceModeSelector is used to
select the interface mode and it is connected to the onModeChanged() slot in
BuslfGeneralTab, thus changing the visible editor on InterfaceModeStack. The possible
modes and their respective editors are shown in Table 8.2. Some editors are used to edit
both the normal and mirrored versions of interface modes.

Table 8.2. Interface modes and their editors.

Interface mode Used editor
MASTER BuslflnterfaceMaster
SLAVE BuslfinterfaceSlave
SYSTEM BuslfinterfaceSystem
MIRRORED MASTER BuslflnterfaceMaster
MIRRORED SLAVE BuslfinterfaceMSlave
MIRRORED SYSTEM BuslfinterfaceSystem
MONITOR BuslfInterfaceMonitor

Figure 8.28 shows the GUI classes of bus interface general settings.
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MName and description

Name: ddr2_ctrl_p
Display Mame:
Description:
NameGroupEditor
Bus definition Abstraction definition
vendor:  TUT vendor:  TUT

Library: i|:|.hwummmu‘-TL_\"-rEditor wp.communication
MName:  hibi_ip_r3.busdef Name:  hibi_ip_r3.absdef

Version: 2.0 Version: 2.0

interface mode [save [nterfaceModeSelector =

£

Memory map [mem_map - ]
Bridges
Master bus interface Opaque
hibi_pl
hibi_p2
InterfaceModeStack
General

Number of bits in least addressable unit 8 |
Endamess BusIfGeneralDetails
Bit steering + | [£] Enable

|:| Connection required

oParameters
Na’me Value Description
busif_param value
ParameterGroupBox

Figure 8.28. The GUI classes of bus interface general settings.

8.8.2 Bus interface port map settings

Bus interface port map tab, Figure 8.29, provides functionality to set the port maps of a
bus interface. It follows the model/view architecture with the exception that it contains
several different views and models.
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PortMapsModel

-husif_: Businterface™"

-potthaps_ : Glist=GSharedPointer=Porthlap=="4"
-proxy_ o GSortFiterPr oy bodel" ="

-camponent_ : GSharedPainter =Component=
-handler_: Libraryinterface""

-absDef_: GSharedPointer<AbstractionDefinition:=
-interfacemode_ : Interfacehode

+Porthdapsiadel] proxy | GEorFiterProxcyhiode", busif : Businterface"*", component © G=haredPointer=Component=, handler : Libraryinterface™" parent : GOhbject™" )
+~Porthapshodel()

+rowCount] parent : OModelndex"const&" =0hodelndex0) ) int{guery

+columnCount parent © Ghodelnde:"const&"=Ghadelnde::) ) int{ouery

+datal index : Ghodelndex"constd", role © irt=Ct:DizplayRole ) @\ariant{guery b

+headerDatal section : int, orientation : Crientstion, role : int=0Ct @ DisplayRole ) G%ariart{guery |

+zetDatal index | Ghlodelindex"const&”, value | Gvariant"const&”, role | int=Ct: EditRaole ) boal
+flags( index : GOhodelindex"consta" ) kemFlags{guery }

+ishalid() : booliouery b

+HogicalPorts() : @Stringlist{ouery

+physicalPorts) - GStringlist{guery

+oanCreatebap physicalPort : G@String"constd"| logicalPort © GString"const&" ) : bool{guery
+5LOT onRemovetems index | OModelnde:"consta" 1 waidd

+ELOT cresteiapl physicalPort © GString“"consta", logicalPort © QString " const&" ) waid
+SLOT onRestoretem( index | Ghiodelindex"const&" ) void

+5LOT setfbsTypel viny @ VLN 'const&", mode : Interfacebods 7 woid

AEIGMNAL contertChanged() ; woid

AEIGMNAL errortessagel msg . QString"const&" ) woid{guery

#SIGNAL noticeMessager msg : GString"constd" ) woidiguery

AEIGMNAL logicalRemoved( logicalMame | QString"consta" ) void{guery |

AEIGMAL physicalRemoved! physicalMame | QString"consta" 1 void{ouery

1 1
PortListVbdel

#list_: GEtringlist

+~PortListhiocel)

+rowvCount( parent | Ghlodelindex"const&"=Ciodelindex) ) © irt{guery

+oatal index | GModelndex"const&", role : int=Crt:: DisplayRole ) G ariant{ouery ;
+ vefreshi) L wold

+removeParts( portlist | GStringlist"const&" ) void

QSortFiterProxyModel |

#porthiapstodel_: Portapstodel""
—#porttlapstodel_: Porthapshode PortMapsView
+PorListtdodell portttapstodel : Porthapshode!™", parent : GOkject™" ) * 1

+removePort( port © GString"constE" ) woid

PhysListModel +SLOT addPort] porthlame : GOString"const&" 1 void LogicalListModel
N . . +ELOT removetem index : Ghiodelnde:"const&" ) woid i T wgn
EEEE S L Ro e S e panert > +SLOT removetems( indexes : GhiodelindexList"const&" ) : waid _g%g?-::g:{;mldbrﬁmmgface 1
1 1 +5LOT onboveltems( porthlames : GStringList"constd”, targetindex : Ghodelindex"constd" ) : woid e InterfaEéMode
FEIGNAL contertChangedl) @ void =
FEIGNAL errorMessagel meg ;. GStng " constE" 1 waid{guery 1
HSIGMAL noticeMessagel msg : OString"consta" ) woid{guery
PortListView
-startPos_ : GPoint
+Portlist'iew parent © Cidget"" )
T |+~PariListview) o
+etSelectedParts remaove o bool ) - QStringList
#SIGNAL removelttem( index : Ghodelindex"const&" ) woidiguery
* AEIGMNAL removetems] indexes | GhodelndexList"const&" ) void{guery | *
= " AEIGMAL movetems porthames | @Stringlistconsts”, targetindex | Ghodelindex"const&" ) 0 woidiguery | = ——
PhysListiiew ASIGNAL makeConnection physicals : GStringlist"const&", logicals | GStringList"consta" ) woid{guery} LogicalListView
— = #dragErterEvent event : G0ragErterEvent™" ) : vaid — =
+PhysList'iewd parent : Ghvidget"" ) #olragMoveEvents & . GDragMoveEvert™" ) void +Logicallistview( parent : ChMdget™" )
+~PhysListView() | |#mauseMaveEvent( evert | GMouseEvent™ ) : void +~LogicalListview() _
#oropEvert( event : G0ropEvent™" ) : void | [#mousePressEvert| evert : GhouseEvert™" ) : void #olropEvert evert ; QDropEyvert™" ) woid

-mode_ : Connectionhode
-potthiap_: GSharedPointer<Porthisgp-

1 -petfarmDragl) : void
7 BusifPortmapTab
1

-husif_: Businterface"s"
-component_ : GEharedPointer =Component=
HlibHandler _: Librarylnter face"*"
~thapProxy _ @SortFikerProsyidode!
-model_: Porthapsidocel

-viewy _ : Portfdapsiiew
logicalview _: Logicallist'issw
-lngicaldadel_: Logicallisthode!
-physicalview _: PhysListYiew
-phystodel_: PhysListhodel
-cleanButton_ : GPushButton
-connectButton_ : GPushButton
-one20neButton_ : GPushButton
-one2ianyButton_ : GPushBELUton

+BuzlfPortmapTabl libHandler © Libraryinterface"* component : GSharedPointer=Component=, busif | Businterface"" parent © Chvidget"" )
+~BuzlfPortmapTabi)

+ishalid() : bool{gusry |

+refresh() ; void

+zetAbsTypel vinw | WLMNY"const&", mode | Interfacebdode ) @ void

+SLOT onRemovel) : woid

AkeyPressEvent( event : QReyEvert"" 1 woid

AzhowEvent! event : QEhowEvent"*" ) : void

#SIGNAL contertChanged() © woidd

AEIGNAL errortessagel msg | GString"const&" ) voidiguery |

REIGNAL noticeMessagel meg . GString const&" ) woidiguery

-SLOT onRefreshi) : void

-SLOT onConnect() : woidd

-SLOT onConnectionModeChange() © void

-SLOT onhdakeConnections( physicals @ @Stringlist"consts", logicals @ @Stringlist"const&" )0 waoid
-setuplayoutl) : void

Figure 8.29. The structure of port map editor.

BuslfPortmapTab contains three different view-model pairs. Figure 8.30 displays the

different view classes in the graphical user interface of the editor.




General Part maps

1 to many 4 Clean up Connect
Logical ports Physical ports
ADDRESS data_in
WRITE_EMABLE addr_in
valid_out
LogicalListView I PhysListView
Logical | Logical Logical Physical  Physical Physical
left right narne name left right
0 0 COMM comm_out 0 0
Il] 0 READ_EMABLE re_out 0 0
3 B\T-‘i\ cIaVut 7
ortMapsView

Figure 8.30. The views in port maps editor.

LogicalListView is connected to the LogicalListModel that provides the logical signals
listed in the referenced abstraction definition. PhysListView is connected to the
PhysListModel which provides the ports listed in the component metadata (which
correspond to HDL ports). PortListView and PortListModel act as base classes and

provide most of the functionality needed to present a list of items.

PortMapsView is connected to the PortMapsModel which provides the port maps of the
interface. When the user creates a new port map it is added to the model and displayed
to the user.
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9 EVALUATION OF THE WORK

Kactus2 is released as open source software under GPL2 license. The open source
version of the Qt framework was used to provide a cross-platform design tool for
embedded MP-SoC. Table 9.1 lists the line and class counts of the presented modules
(the two topmost rows) and the whole project.

Table 9.1. The code statistics of Kactus2 v2.0.

Module LOC [C++] | Class count
Component editor 21108 156
(IP packaging module)

Library handler 7427 26
(Library management module)

IP-XACT data structures 25271 75
Design editor, software flow, etc. 49544 232
(omitted from this thesis)

Kactus? total 103 350 489

The IP-XACT data structures which are used to read and modify the IP-XACT XML
metadata are shown to give an example of the library complexity. Figure 9.1 displays
the development of the entire Kactus2 software since its first release in October 2011.

Code, Comments and Elank Lines

300k

200k October 20102
Code: 165,541

Comments: 57,126
Elanks: 35,539

]

2012

-

q];)ct'll Jan ‘12 ‘Apr'lZ Jul 12 ¢]Oct
|

il 2]

[

Figure 9.1. Total code development.

The graph is drawn since the start of the first release and therefore doesn’t start at 0
LOC. The development of the Kactus2 begun in June 2010. Also noticeable is the total
code count which differs from the total count in Table 9.1. The graph contains the total
code count including also other languages not related to the implementation and
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therefore not included in the table. Figure 9.2 displays the LOC development by

language.

LOC by Language

Zoom | Tyr

100k

S0k

October 2012
C++: B5,070
¥ML: 60,502

: 18,416
HTML: 1,117

. 285

0k,
2012

7[bou'l 1
|

Jan'1Z

Apr'lz

Jul'iz ot

=

Figure 9.2. Lines of code by language.

The Ohloh tool [29] used to draw the graph interprets the code header files (.h) as C-
code, which results in large amount of C-code. The code is actually C++ so by
combining the C++ and C-codes the total code count matches with the amount reported
on Table 9.1. The XML code comes from the example library of the project as well as
the documentation which is mostly UML-graphs saved in XML format. Also, a minor
part of the XML is contributed by the project files used. HTML is used in the context
sensitive help system in Kactus2. The help pages displayed are written in HTML to
provide better ability to modify the outlook of the pages compared to basic text files.
HTML also enables the use of pictures. Table 9.2 shows detailed statistics of the used

languages.

Table 9.2. Statistics of the used languages.

Language Breakdown

Language Code Lines
O 85,070
o 60,502

C 18416
. HTML 1117

M5IS 295

IDLFY- -

WAVYE/GDL

take A1
. shell scrigt 7

DOS batch script 5

Totals 165 541

Comment Lines
29585
8
27 493
0
28

Comment Ratio
25.8%
0.0%
59.9%
0.0%
8.7%

0.0%

15.3%
12.5%
0.0%

Blank Lines
21907
2
13541
1
55

20

12

1

0
35539

Total Lines  Total Percentage

136552 N [ 529%
eostz I o34%
soae0 L 1230%
e ]
wa [ ]

5 N I

1

s

s ]
258 206

0.4%
0.1%

0.0%

0.0%
0.0%
0.0%

As mentioned before, the C-code is actually the headers of the C++-classes, which
explains the large ratio of comments to code lines in the C-code section. The makefiles
and scripts shown in the table are related to the Linux release versions of Kactus2.
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Figure 9.3 displays the commit count to the SVN repository since the first release of

Kactus2. The average commit count per month is about 40 commits.
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Figure 9.3. Total commits per month.

9.1 Maintainability

The maintainability is an important factor and should be considered already in the
design process of the software. This has been considered in the presented modules as
well as the whole Kactus2 by trying to make the software as modular as possible. The
inheritance mechanism is used to encapsulate the common interfaces and services of the
classes. For example, the library management module has an abstract class
Librarylnterface as an interface class. If the implementation of the library management
should be changed, it is possible to simply write another class which implements the
interface and replace the current LibraryHandler-class.

In the component editor module, the same principle is used. ComponentEditor is a sub-
class of TabDocument, which is the base class for all editors in Kactus2, as explained in
Chapter 8. The basic structure of the component editor allows a developer to add a new
element to be edited very easily. The tree items in the navigation tree handle the tree
operations, and all the developer needs to do is to write the element-specific
functionalities. In Kactus2, the basic structure of the component editor has been used in
other editors as well, and only the visible tree structure has been re-written.

The use of signals and slots in Kactus2 improves the modularity of the software, thus
improving maintainability. Two modules can be connected to each other without either
of them being aware of this. As long as the parameters of the signal and slot don’t
change, it is possible to change either module.

Although the modules presented in this thesis have clear interfaces, which they use to
communicate with the rest of the software, when looking inside the modules there is
chance for improvement. As mentioned in Chapter 4.1, the development process has
been very agile and the requirements have changed several times during the
implementation. This has caused some ad hoc style code fixes to be written, which
make maintenance harder. The component editor is currently in a fairly good state



103
because some requirements forced re-writing of the editor almost completely. When

writing the new implementation, the new and old requirements were taken into account
to design a better architecture for the editor.

However, in the library management module there are several inter-dependencies,
which make the code hard to maintain and understand. The main reason for this has
been the introduction of several new object types and their categorization. The Kactus2
attributes are not part of the original IP-XACT standard [6] and were therefore not
planned in the original design of the library management module. Also the data to be
shown in the library views has changed and one separate search view was rejected after
implementation of the library search functionality. The code has been restructured
during the project to keep the situation under control but at some point it may become
necessary to re-design the library management module, at least the library views part,
which is shown to the user. This would also allow development of some new features to
the library management module.

One issue in the maintainability of the component editor module in the future is the
possible new versions of IP-XACT. Currently the data structures used to view and edit
the IP-XACT metadata follow the IP-XACT 1685 XML structure very tightly. If the
data structures change, this requires much work also on the component editor. All sub-
editors of the component editor module, as well as the navigation tree are dependent on
the data structures. This hasn’t been an issue so far since no new versions of IP-XACT
standard have been released during 2 years of development and there hasn’t been need
to support the old versions. Also, if support for several different versions is needed
simultaneously then it wouldn’t be reasonable to have their own editor modules but to
use the same editor for all standard versions.

The solution to this problem could be the separation of the data structures from the
parsing and writing code. This way Kactus2 would use its internal data structures no
matter how, or in what format, it would be written on the disk. This would also enable
the use of a data base as the library storage instead of the disk. Each different metadata
version would have its own parsing and writing code, which would convert the data
from the internal data structures to the appropriate form. Now the user could use the
same editors to manipulate the metadata and simply select the format for the data to
save. Parsers could also be added as plug-ins to allow use of other metadata types. For
example, an Altera QSys project could be imported to Kactus2 and then be saved as an
IP-XACT file.

A common problem when developing the software is to keep the documentation up to
date with the implementation code. To ease this problem, the comments in the Kactus2
code have been written using the Doxygen notation [30]. This enables the automated
generation of software documentation, such as method descriptions, at any time. Of
course this requires the comments in the code lines to be up to date and precise, but this
would be a reasonable requirement in a software project anyway. The use of Doxygen
notation doesn’t fully solve the need for other documentation, such as UML diagrams,
but this eases the burden of maintaining the documentation in an agile software process.
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9.2  Usability

The graphical outlook of Kactus2 is quite unique when compared to the other design
tools in the same category. This can be an opportunity but also a disadvantage. The
fresh design aspect gives possibilities to explore new ways to do things but they must be
intuitive enough for users to feel comfortable with them. If the learning effort is too
high to start using the software, users will not adapt to the new methods. For this reason,
one of the goals in designing Kactus2 has been to keep the learning effort as low as
possible while still preserving the ability for users to do complicated things.

In the library management module, the library objects have icons which identify the
object type. This way it is easier for the user to understand the library structure and find
the desired objects. Also the different library views help. The user can choose which
view to use in each situation. The filter functionality was added, because in certain
situations it is not necessary to view e.g. software components when integrating a
hardware platform. This way the user is not strained with excessive information, which
helps focusing on the work at hand. When agreeing on the naming policies of the
library, it is possible to use the search functionality to limit the items to display very
efficiently. In any case, the search helps users to find correct objects in a large library.

In the component editor module, there are several aspects which are considered to make
the packaging tool easy to use. The navigation tree is designed to support the intuitive
way of starting at the top and moving downwards. The objects, which do not contain
references to other elements are aligned to the top of the tree, and when moving down
the tree, the objects on the top can be referred to. Figure 9.4 depicts the packaging order
in the tree.
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Figure 9.4. The packaging order in component editor.

m

Of course the tool does not force this order to be used and navigation back and forth
between elements is possible and likely. However, e.g. setting the files first helps the
user to get started with the basic settings and then advancing to the elements, which
describe the component in a more detailed way.
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Many of the sub-editors within component editor use the table editor interface. This is a

powerful way to manage large quantities of data in a single view. For example, the port
editor is likely to contain dozens of ports so displaying the data in an efficient way is
crucial. Also, in elements which require a more detailed editor, the table is used to set
the general settings of the elements so the user can perform the packaging in a sort of
top-down method, advancing to the detailed editors after the general settings.

Currently the address space editor is the only editor which provides a visualization of
the element being edited. The component editor has a specific space reserved for
visualization widgets in the GUI, explained in Chapter 8, but they have yet to be
implemented for the other element-types. These visualizations could be used to help
users to understand the current state of the component when editing, as well as the
effects of their actions in an intuitive way. Also a visualization tool could be used to
package e.g. the dependencies between files of the component.

The most important factor for usability in the component editor module is the
connection to the context sensitive help. When the user navigates through the different
sub-editors the help window reacts to this by changing the help view to match the active
editor. This way the user can understand the purpose of the different editor fields even
without knowing the details of the IP-XACT standard.

The use of Qt framework enables the graphical user interface to adapt to the visual style
of the different operating systems. This way Kactus2 provides a native outlook in each
operating system it supports. Figure 9.5 displays an example of the new object dialog in
Windows Vista and Windows XP. The same release version without any OS-specific
code is being run in both screenshots.
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Figure 9.5. The visual outlook in Vista and XP operating systems.

9.3 Testability

The main issue for the testability of Kactus2, as well as the presented modules, is the
lack of test plans and test documentation. The unit testing for the software has been
performed by the developers but no documentation of the tests has been written. The
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same problem applies for the integration and system level testing of the software. The

system testing has been performed using the exploratory testing approach which doesn’t
use predefined test cases [31]. However, some kind of documentation on tests that have
been executed would help locating the bugs and evaluating the maturity of the software.
Although the tests were not documented, the bug reports of the found defects were
saved and documented in a data base.

As mentioned previously in Chapter 4.1, the development process was very agile and
the requirements changed during the implementation phase. This caused a lot of re-
testing of the modules because one minor change in the code, especially in the library
management module, affected several parts of the software. Using the exploratory
approach demands a lot for the tester when re-testing the same module because the
temptation to skip certain features, which tester believes were not affected, is great.

The use of automated tests could greatly ease the burden of the testing process. Of
course the writing, and especially maintaining, of the automated tests causes much work
but when using agile development methods it can be justified because same tests need to
be run often. When there are several developers writing the code simultaneously and
committing the changes very frequently, as seen in the Figure 9.3, it is impossible to test
and verify all changes manually. One way to improve the testing process for Kactus2
could be to implement automated tests for the most basic elements of the software that
are no longer subject to rapid changes. For example, the interface of the library
management module has been stable for many releases. This way the routine tests could
be automated but the testing of new features could be left for exploratory testing, thus
easing the burden of maintaining the automated tests. As the software evolves and
matures, the amount of automated tests can be increased.

The modular structure of the software eases the testing, especially unit testing. The sub-
editors in the component editor module can be tested as separate pieces, which reduces
the complexity of the tests. Also the underlying IP-XACT data structures are modular
and it would be very simple to write automated tests for them. The library management
module could be tested by writing a script, which produces an example library. After
this, the library management module could be initialized to a known state through its
programmatic interface and certain queries and operations could be performed to the
library and their results be verified. This way the unit testing for the modules is quite
simple to implement. The most complex tests for the library management would
probably be related to the dependencies between the library objects.

The more difficult parts are the integration and system testing. The integration testing
can be done partly in code level but especially the system testing requires GUI tests,
which are much harder to automate. When there is no documentation on the desired
results of operations performed in the user interface, it is under the tester’s intuition to
decide which results are correct and which defects. So far the Kactus2 has been
developed and tested within the same development team and communication between
team members has been easy and fluent so this hasn’t caused any problems. However,
because the presented software has been released under open source license, it is
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possible to have outside contributors to the project in the future. In this case, it would be

reasonable to start documenting the correct behavior in different use cases. Also the use
of automated tests would help verifying the commits from third party contributors.
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10 CONCLUSIONS

This thesis presented the IP packaging and library management modules for the open
source Kactus2 IP-XACT design tool. Kactus2 was developed in C++ language using
the open source version of Qt cross-platform framework. The development has so far
taken 2 years for the entire software. The library management module consists about.
7.500 lines of code and the component editor module 21.000. The purpose of these
modules is to enable users to create IP-XACT metadata packages for IP-blocks and
manage the IP-library in an efficient way. The most important features of the library
management are the parsing and writing of the IP-XACT metadata, integrity checks of
the library objects and the dependency management between the library objects. For the
component editor module, the most important elements in the packaging process are the
files and interfaces of an IP-block. These enable the integration of the IP-block to larger
systems.

This Thesis explained the IP-XACT elements supported by Kactus2 as well as the
hardware related extensions to the standard. These extensions enable extending the
scope of the IP-XACT standard from IP and SoC level to product management and
facilitate the packaging of hardware related software, such as drivers, to the IP-blocks.
The different use cases of the library management were introduced and explained, as
well as the IP packaging process. The implementation details contained the UML-class
diagrams of the modules and some example sequence diagrams of the library
management use cases.

The possible improvements or changes in the future for the library management module
could be the support for databases and library overview report. The current file based
implementation requires the use of network drives or version control systems if the IP-
XACT libraries are used by several people. The database approach could ease the use of
libraries over network. However, the use of version control systems has its advantages
allowing the tracking of the changes to the documents. The use of databases would
probably scale better to very large libraries.

The reporting feature for the library management module could be used to get an
overview of the current library. Since the scope of IP-XACT has been extended from IP
and SoC level to products, it might be useful to get statistical analysis of the library or
products. The reports could include for example:

1. The component count and type (HW, SW, System).
The number of hardware bus definitions or software APIs.
How many component instances hierarchical components contain on average.
How many files a component contains on average.
How many different products, boards or chips the library supports.

oD
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This information could be used to measure the maturity and complexity of the products

and the whole library. For example, it would be possible to save the statistics daily to
generate a graph, depicting the progress of a product development.

The component editor module could be improved by adding a packaging wizard to
guide through the start of the packaging process. This wizard could contain a parser to
extract the data of the component’s interfaces from the top level VHDL or verilog file.
This way the component’s ports and model parameters could be automatically added to
the IP-XACT metadata. The same parser could be used to determine the dependencies
between the component’s files. This kind of automation would facilitate packaging of
large quantities of legacy IPs to IP-XACT format. Also, the previously mentioned
visualizations could be extended to several different elements, for example:
a) File dependencies could be visualized to the user in the file set editor.
b) Memory maps and their registers could be visualized to make the editing more
intuitive.
c) Channels between bus interfaces within component could show the connections
in hardware buses.
d) The bus interface summary could display which ports are mapped to which
interfaces.

Some of these improvements have already been considered and designed to be
implemented in the future versions of Kactus2.
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APPENDIX 2: FILE BUILDERS EDITOR
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+3LOT onRemoveteml index : Ghodelndex"const&" 3 woid
EZIGRAL contertChanged?)  waoid 1
#IEIGMAL errorMessagel meg @ @String"const&" 1 void{guery
EIIGHAL noticeMeszagel m=g ;- GString"const&" ) void{guery |

FileBuildersEditor

-wiesy_ : EditableTakle'view:
-moddel_ : FileBuilderzhode|
-proxy o ASorFiterProxyhdodel

+FileBuildersEditar fileBuilders : CList=0=haredPointer=FileBuilder=="8", parent : Giidget"*" ttle | QString"const&"=tr"Detault file build commandz") 1
+~FileBuilderzEditor

+izalid() - boal{iguery |

+tefreshl) : vaid

#IIGHAL errorMessagel msg : GString"const&" 1 void

EZIGRAL noticedessagel msg - QString"const&" )0 vaoid

#EIGMAL contertChanged : woid
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FileSetsDelegate

+HAME COLLMM - int"const” = OfreadOnly ;

+DESC COLUMPN | int"const” = 1{readOnly |

+ZROUP COLUMPY : int"const" = 2readOnly

+LIST EDITOR MW HEIGHT @ int"const” = 100{readOnly ¢
+ISER DISPLAY ROLE : int"const" = Gt UserRole{readOnly
+SER EDIT ROLE : int"const" = Gt - UserRale + 1 {readCnly

+FileSetzDeleqater parent | GOkject""

+~FileSetsDelegate

+createEditor] parent ;. Chiidget"*" | option | QStyleOptioniewtem " const&", index | GModelndex"const&" ) 0 Gidget"*"{oquery
+zetEditarDatal editar @ GhWidget™", index | Ghodelindex"const&" 1 void{guery ¢

+zetModelDatal editor © SWidget"*", model © Gabstractiembode*" | index : Ghodelindex"const&" 1 waoid{guery

-=LOT commitAndCloseEditor() © woid

FileSetsModel

HCOLME COUNT ; int"const" = 3{readCnly |
+USER DISPLAY ROLE | int"const" = Gt @ UserRale{readOnly
+USER EDIT ROLE: int"const" = i @ UserRole + 1{readCnly } 1

-component_: QSharedPointer=Componernt=

-fileSets_: Glist=mSharedPointer=FileSet=="a" — EditableTableView

[
+FileSetsModel] component © G=haredPoirter=Camponent=, parent | GObject™" ) |
+~FileSetshadel)
+rovyCourt( parent | Chlodelndex"const& "=Gkodelindex) 1 © int{guery; |
+columnCount] parent : Ghdodelndex"const&"=Chkodelindex 3 - int{guery § |
+datar index : Ghiodelindex"constd", rale | int=C:DizplayRole ) @Y ariant{guery

+headetDatal section : int, orientation ;. Crientation, role © int=Gt 2 DisplayRole 1 OYariart{gquery =
+zetDatal index : Ghodelindex"const&", value © OMariart"constE", role © int=Ct:EditRole 7 bool QSortFilterProxyModel

+flagz( index : Ghiodelindex"consta" 1 kemFlags{guery

+isWalidi : booljguery

+2L 0T onddditemd index | Ghiodelindex"const&" 7 waoid
+3L 0T onRemovelteml index : Ghodelndex"const&" 1 void
#SIGHNAL contentChanged() © void

#SIGMAL fileSetAdded! index : int 3 : woid

#SIGMAL fileZetRemoved index ©int 1 woid

Xom Editor

i i

FileSetsEditor

+MAME COLUMPE WADTH © int"const" = 200{readOnly
+DESC COLURM WADTH : int"const” = S00{readCnly
-viewy: EditableTakletiew

-model_: Filezetzhodel

-proxy_: GSorFiterProxyidadel

.

1

+FileSet=Editar] companent © SSharedPoirter=Component=
+~FileZet=Editar)

+ishalidn ; kool guery

+makeChanges() | woid

+refreshi ; vwoid
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FilesModel

+USER DISPLAY ROLE : int"const" = G @ UserRale{resdOnly |
+USER EDIT ROLE : int"const" = G & UserRaole + 1{readOnly |
-handler_: Likrarylnterface""

-componert_: G=haredPointer<Componerit=

-fileSet_ . GSharedPoirter=FileSet=

files_ : QList=0SharedPointer=File=="&"

+FilezModel; handler : Libraryinterface™", component ;. QSharedPointer=Component=, fileSet . QSharedPointer=FileSet=, parent | GObject"" )
+~Fileshadel)

+rowiCount( parent : Ghodelndex"const& "=Chodelnddex) ) int{guery

+columnCount( parent | Ghodelnde:"const&"=0kodelnde= 1 1 ind{guery

+flagsl index : Ghodelindex"const&" 1 kemFlags{guery

+headerDatal zection ; int, arientation : Orientation, role : int=Gt 3 DisplayRole )1 OV ariantiguery
+olgtal index  Ghodelindex"const&", role : int=0t: DizplayRole ) SYariant{ouery

+zetDatal index : Ghlodelndex"consta", value | @V ariant"const&", role ; int=C:EditRale ) : boaol
+SLOT onddditem indes : GModelndex"const&", filePath ;. QString"const&" ) wvaid

+SLOT onRemovetem| index . Ohodelincde:"const&" ) woid

+SLOT onbMovetem( ariginalPos | Ghodelndex"const&", newPos | Ghodelnde:"const&" ) void
ASIGNAL cortentChanged() ; void

ASIGMAL filesdded! index ; int ) woid

ASIGMAL fileRemoved] index ; int ) woid

ASIGMAL fileMoved( source ; int, target : int ) woid

FilesDelegate

+USER DISPLAY ROLE : int"const" = Gt o UserRale{readCnly |
+USER EDIT ROLE : int"const" = Gt o UserRaole + 1{readOnly
+LIST EDITOR M HEIGHT : irt"const" = 100{readOnly

+FilesDelegatel parent : GObject"" )

+~FilesDelegater)

+createEditor( parent | SWidget™", option ;| SEtyleCption'iewitem "const&", index : OModelndex"const&d" ) GWidget"*"query
+setEditorDatal editor | SWVidget™", index | Ghodelindex"const&" ) © woid{guery }

+sethodelDatal editor | ShWidget"*”, model . G bstracttembode!"", index ; Ghlodelndex"const&" 1 void{guery

-SLOT commitdndCloseEditor() ; woid

1

EditableTableView

FilesView

-handler_: Librarylnter face""
-compaonent_: GSharedPointer=Componernt:= 1

+Filestiew handler @ Librarylnterface"" component : GSharedPointer=Componant= | parent | GMidget"* )
+~FilesView)

#SIGNAL additem index | Ghiodelndex"constd”, filePath © GString"const&" ) waid
#mouseDoubleClickEvent; event | GiouseEwent™" ) woid 1
1 |-SLOT ondddaction(] : woid 1 1

FilesEditor

-handler_: Librarylnterface""
-componert_: G=haredPointer<Componerit=
-fileSet_ . GSharedPointer=FileSet=

files_ : QList=0SharedPointer=File=="&"
-viewy: Filestisw

-model_: Filezhocdel

-addFilesButton_ : GPushButton

+FilezEditor] component | GSharedPointer=Component=, fileSet | GSharedPointer=FileSet=, handler ; Libraryinterface™", parent | Givicdget™" fitle © QString"constd"=tr("Files"] )
+~FilesEditar])

+HzYalid ) bookguery

+SLOT refreshi) : woicd

ASIGHNAL cortentChanged() ; void

ASIGMAL filesdded! indesx ; int ) woid

ASIGMAL fileRemoved] index ; int ) woid

ASIGMAL fileMoved! source ; int, target : int ) woid

-SLOT ondddFiles() : woid
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UzageDelegate

-uzagecolumn_; int

+lzagelelegatel usageColumn : int, parent : QObject"*"=0 ]
+~zagelelegatel)

+createEditor] parent | Chvidoget™*", option ;. GStyleOptionYiewtem"consta", index : Ghiodelndex"const&" 1 Cvidget™*"iquery }

+zetEditarDatal edibor : Chyidget"*", index : OModelindex"consts" 1 void{ouery

+zethiodelDatal editar @ GMidget"*", model | Gabstracttembodel™"| index - Ghlodelindex"const&" 1 waid{guery |

-SLOT commitAndCloseEditar() © waoid

ModelParameterModel

table_: Glist=0SharedPointer=ModelParameter=="5"

+hlodelParametertodel] compaonent ;| QSharedPointer=Component=, parent | Q0kbject"*"
+~ModelParameteridodel)

+roweCourtl parent : Ghodelndex"constE" =0Modelndex=1 ) int{guery

+columnicount] parent © Ghodelindex"consta"=Ckodellndex) ) int{guery

+datal index . Ghodellndex"const&", role | int=ct::DisplayRole ) G ariant{gquery
+headerDatal zection : int, arientation ; Orientation, role  inrt=Ct 2 DizplayRole 1 GV ariant{guery
+Hlagz( index : Ghodelndex"consts" ) temFlags{guery

+zetDatal index | Ghodelindex"const&", value | GYariant"consts", role  int=Gt; EditRole 1 boal
+igt'alid() ; bool{guery

+ZLOT anRemoveRowe rovy :int ) woid

+ZLOT anAddRow ) @ waid

+ZLOT anAdditem index | Ghiodelndex"const&" 1 woid

+=LOT onRemovetemi index : Ghiodelindex"const&" ) woid

ASIGHNAL contertChanged’ : woid

AZIGMAL errordessage] mag @ GString " const&" ) void{guery

AZIGMAL noticeMeszagel msg | C=tring"const&" 1 0 waid{guery

1

EditableTableView
*

QSortFikerProxyModel

RomEditor

T 1

ModelParameterEditor

-viewy _ ;. EditableTakbleiew |

-miodel_: ModelParametertodel

-proxy_: GzortFiterProceyhodel

1

_-.H

+hdodelParameterEditor] component © GSharedPointer=Component=, parent © GhAidoget""=01
+~ModelParameterEditar()

+isWalid) - bool{guery |

+refresh) ; void
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LineEditDelegate

+hdlrdlbdlIng EDITOR HEIGHT © int"const” = 20{readOnly

+LineEditDelegatel parent : GiObject"*" )

+~LineEditDelegatel

+createEditor] parent | GVidget"*", option : GStyvleCptionYiewtem"const&", index : Ghodellnde:x"const2" 1 CWMdget"*"{query
+zetEditorDatal editor @ Svidget"*", index : Ghodelndex"const&" 1 woid{guery +

+zetModelDatal editor @ ChMvidget"*", model : SAbstractiembodel"*" | index : Ghodelndex"const&" 7 woid{guery

-SLOT commit&AndClozeEditor() : woid

il

ParametersModel

-GLizt=tSharedPointer=Parameter= =& parameters_

+ParameterzMadel parameters ;. Glist=CSharedPoirter=Parameter=="&", parent . QOkject""

+~Farametersiodel

+rowvicaurt] parent | Gklodelindex"const&"=Gkodelinde=) ) int{guery |

+ColumnCount parent | Ghiodelindex"const & "=Ckodelndex( ) © int{guery

+datal index | Ghodellndex"const&", rale : int=Ct: DizplayRole 1 GV ariant]guery |

+headerDatal section : int, orientation . Crientation, role © int=C:DizplayvREale 1. @Y ariart{oquery

+zetDatal index . Ghodelindex"conzt&", value | CVariant"const&", role | int=Ctz EditRaole 1 boal |
I
I
1

1
7 |Editable Table View

1

+flagsl index : Chvlodelindex"consta" ) : temFlags{guery
+izhvalicd() . hool{guery

+ZLOT onAdditem index : Ghlodelndex"const&" ) woid
+ZLOT onRemoveltem index | Chiodelndex"consta" 70 void
+ZIGMAL contertChanged() -

+ZIGMAL errarbezzagel meg @ Q=tring"constE" ) i FroxyModel
+5IGMAL noticelessagel mag @ QString "const&" )

Rom Editor

T

ParametersEditor

-viewy_ . EditableTakle iewn:
-model_: Parameterziadel =
-proxy o GzonFiterProxy Model" ="

+ParametersEditor] component | GSharedPointer=Component=, parent ; GWidget"*"'=01 =
+~ParametersEditor)
+refreshll : void
+izhalid : booliguery |

RV BT JNICH
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senumerations AddressSpacesDelegate

Columns sLEEs

— —+iddressSpacesDelegatel parent | GOBject™" )
Eﬁgﬁfﬁf}u@gmmm +AddressSpacesDelegate)
WIDTH_COLUMM +cresteEditort parent ; GiAidget"" | option : GEtyleCption'iewltem"consta", index | Ghdodelndesx"consta" ) Chividget"*"{oquery }
RANGE_COLUMN slzm,  |reetEditorDatal editor : Qifidoet"*", index | Ghodelindex"constad" ) void{guery
DESCRIPTION CoLUMy = —,  |*SethodeiDatal edior : Giiidget™, model : QAbkstracttemodsl™", index | GModalindex"consta” ) vaidiguery )
COLUMM COOMT | [-SLOT commitAndClozeEditor) ; void

| 1 1
AddressSpacesModel
-addrSpaces_: Glist=CSharedPointers&ddrezsSpace=="8"
+&ddreszSpacesModell component © GSharedPointer=Component=, parent ; GObject"™" )
+AddressSpacesidadel)
+roweCourt] parert ; Ghiodellndesx"const& "=Chodelindex= ) 3 - int{guery *
+oolumniZount parent © Ghodelindex"consta"=0hModelnde=0 1 int{ouery . -
+ilags( index : GModeindex"constd" 1 temFlags{guery - EditableTableView
+headerDatal =ection : int, orientation : Orientation, role ; int=Ct  DizplayRole 1 Ovariant{guery ;|1 | I
+datal index : GModelindex"conztd”, role  int=Ct:DizplayRole 1 OV ariant{guery | 1
+aetDatal index | GModelndex"consts”, value | SVariant"const&”, role | int=Ct:EditRiale 1 bool -
+izwalicl: boakouery @SortFilterProxyModel
+5LOT onAddtem( index : GModelndex"const2" ) : void
+5LOT onRemovetem] index | GModelnde:x"const&" ) woid
EEIGMAL contertChanged) © waid 1
FEIGHAL addrEpacesdddedr index - int ) ; void 1
FEIGHAL addrSpaceRemoved index - int 1 woid
RomEditor
1 1
Y
AddressSpacesEditor

-wieny_ EditableTableMiew 1

-thadel_: AddreszSpaceshadel

-proxy _ o GEorFiterProxyhadel = 1

+&ddressSpacesEditor] component : GSharedPointer=Component= 1
+~AddressEpacesEditor])

+ighalid() . boal{ouery b

+refresh) ; void
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MemoryMapsDelegate

+MemaryMapsDelegatel parent : G0bject"" )
+~hlemoryMapsDelenatel)

+createEditor] parent ;. Ghyidget"*", option | GStyleOptionyiewitem 'const&”, index . GModelndex"const&" 1 Widget"*" {queryy [

+zetEditorDatal editor © Sidget"*", index : GhModellndex"const2" ) void{guery
+zethiodelDatal editar - Cividget"*", model . GAbstracttembdodel"*" | index . Ohodelndex"const&" ) woid{guery }
-SLOT commitAndCloseEditar() © woid

1 |

—

MemoryMapsModel w‘*"—‘ﬂe»
-component_ : SSharedPointer=Component= senumeration:
-tmembdaps_: Glist=0SharedPointer=hbemoryhlap=="&" Column
+Memaryidapshodel] component | GSharedPointer=Component=, parent ; Gikject™" ) slzes |MAKE_COLUMN
+~hemaryMapshlodel() — = ALE_COLUMN
+rowCountl parent @ Gikodelnde:x"const& "=Ghiodelindex) 1 : int{guery DESC CoOLLMM
+oolumnCaunt; parent : Ghodelndex:"const & "=Ghdodelinde:xC) ) int{guery COLUMM COUMT
+flagz( index : Ghodelindex"const&" 1 kemFlags{guery i

+headetDatal section : int, orientation : Crientation, role © int=ct 2 DisplayRole 1 OV ariart{guery
+datar index ;. Ghodelindex"const&", role | int=Gt::DisplayRole b GV ariant{gquery

+zetDatal index : Ghodelndex"const&", value @ OWariant'constE", rale @ int=CfEditRale 7 bool
+igW'alid() : boal{guery

+3LOT onAddtemn index ;| Ghodelndex"const&" 7 waid

+5LOT anRemoveltemi index : Ghodelinde:"const&" 1 waid

1

MemoryMapsEditor

-viewy o EditableTableiewm"="
-proxy_ o QSorFiterProxyhodel ="
-mmodel_: Memoryhapsiade]"*"

+MemoryMapsEditor] component : GEharedPointer=Component=, parent ; ChVidget"*'=07
+=MemaryMapsEditar)

+ighalid() : boal{guery

+refreshi])  void

#SIGHNAL contentChangedi : woid I EditableTableView
ASIGHAL memaoryMapddded indes ; int 1 void 1 *
#SIGHNAL memoryMapRemoved| index : int 7 woid [ 1
. 1 I
fa=citor QSortFitterProxyModel
1
1
1 1 1
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MemoryMapDelegate

+emoryMapDelegatel parent : GObject™ )
+~hlemoryilaphelenste)

+cresteEditor] parent @ Cividget"*", option | G=tyleOptionViewtem"constE" | index | Ohadelindex"const&" 1 Gividget" " query "

+zetEditorDatal editor - Gividget"*" | index | Ahiodelindex"consta" 1 woid{ouery

+zethodelDatal editor © Gidget"*, model © GAbstractiemblodel"*", index . OModelindex"constd" 1 void{guery

-=LOT commitAndCloseEditar() © woid

1

MemoryMapModel

-memaryiap_ . G=haredPointer=kemaryilap=
-tems_: Clist=0=haredPoirter=hemaryMaptiems=="2"

+MemoryMapModel] memoryMap ;. GSharedPointer=MemoryMap=, parent ; GOkbject""
+~Memaoryhaphodel)

+roweCournt] parent | Ohodelindex"consta"=0kodelndex) ) int{guery

+columnicount parent @ GOhodelncdex"const&"=Ckodelnde:x(] ) int{guery

+flags( index : Ghodelindex"constE" ) kemFlags{guery

+headerDatal zection © int, arientation : Criertation, role : int=Crt = DisplayRole 1 Gvariant{ouery
+datal index | Ghodelndex"const&”, role © int=ir::DisplayRale ) GV ariant{guery

+zetDatal index : Ghodellndex"consts", value | @Variant"consts", rale | int=CtEditRole ) : boal
+izvalid() . bool{guery

+=L 0T onAdditemi index © Ghodelndex"consta" 1 woid

+=L 0T onRemovetem index ;. Ghviodellndex"const&" ) 0 woid

AIGHAL cortentChanged() © woid

AIGHAL temsdded] index ; int 1 void

AIGHAL temBemoved] index :int 1 woid

“lEe

lKUSE»

A

Enumeration:
Column

k3

SAGE_COLURMM

P& RE_COLLIRM
BASE_COLURR
RAMGE_COLLUMM
WADTH_COLLIRN
DESCRIPTICN_COLUMMN
ACCESS_CoOLUMM
WOLATILE_COLURRM
COLUMMN_COUNT

1

EditableTableView
*

QSortFilterProxyModel

1

KemEditor

T

MemoryMapEditor

-vigwy_: EditableTablehiewn"*"
-proxy_: @SortFiterProsyhodel"!
-model_: MemoryMaptlode"*"

+hiemoryhiapEditor] component | GEharedPointer=Component=, memaryhiap | G=haredPointer=hemoryblap=, parent © GMdget"*=0
+~hiemaryhapEditor))
+Hzalid() : boal{oguery
+refreshl]) ; woid
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AddressBlockDelegate
+&ddressElockDelegstel parent | GObject™" )
+~AddrezsBlockDelegatel)
+cregteEditor] parent | Chvidget"*", option ; OStyleCptioniewtem "consts", index | Ghodellndex"const&" 1 Chidget"*"{gquery
+setEditorDatal edibor © GWWidget"" | index : GModelindex"const&" ) void{guery
+aethodelDatal editor | OWidget"*, model . @Abstractiembodel"*", index ;. Ghodelndex"const&" 1 void{guery
-=LOT commitAndCloseEditor() © waid
! 1 1
EnUmerstion: |
Column | 1
MAME_COLLIMER wUsen i i
OFFSET_CoLUNN e — — . Editable TableView
SIZE_COLUMN |
DR COLUMM | 1
DESC_COLURMN
WOLATILE_COLUMM #UEEE - - - .
ACCESS, COLUMN _ — = GSortFilterProxYModel
RESET _WALLUE_COLUMB |
RESET _MASK _COLUMRM T4
COLUMM_COUMT |
| 1
AddressBlockModel
-addreszBlock_ . G=haredPaointer=AddrezsBlock=
-tems_ : Glist=@SharedPointer =Registerdodel=="5"
+&ddreszBlockModell addrezsElock | GSharedPointer=2AddreszsElock=, parent | QObject"" )
+~AddrezsBlockModel)
+roveCount, parent | Ghodelindex"const&"=Chiodelndex) 1 int{guery
+columnCount; parent © Ghkdodelindex"const&"=Chodelndex0) 1 int{guery
+ilags( index . Ghodellndex"consta" 1 temFlagsiguery
+headerDatal section | int, orientation : Crientation, rale © int=Ci o DisplayRale 1 GV ariant{guery |
+datal index | Ghodelndex"const&", rale © int=Ct::DisplayRaole 1 O ariart{guery
+zetDatal index | Ghiodelindex"const&", value © O%ariant"const&", role © int=CtEditRole ) : bool
+ishalid() : bool{guery
+5L0T ontdditem index : Ghodelnde:"const&" 1 woid
+5L0T onRemoveltems index ;. Ghodelndex"const&" 1 void
#oIGEMAL contertChanged() © woid
#SIGMAL itemidded] index ©int ) woid
EEIGHAL temRemoved] index : int 7 woid
1
Kemt Editor
ff‘ 1 1 1 1
AddressBlockEditor

-wiewy . EditableTakle'iew ="
-proxy . QzorFiterProcyhdode "=
-thodel_; AddressBlockiode"*"

+8ddressBlockEditor addressBlock : @SharedPointer=AddressBlock= |, component : GSharedPointer=Component=, parent ; Svidget"*'=0"
+~AddrezsBlockEditor))

+isalid() : bhool{guery

+refreshi) | woid
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RegisterDelegate

+RegisterDelegaterl parent | QObject"" )

+~FegizterDelegate)

+createEditor] parent : Chiidget"*", option | 2EtyleCptioniewtem " consts" | index | Ohodellindex"consta" 1 Ghidget"*" {query }
+zetEditorDatal editor ; Chividget™” | index . Ghodelindex"const&" ) : void{ouery

+zethodelDatal editor © Chvidget"*", model : SAbstractbemiode"*", index : Chlodelindex"const&" ) woid{query ¢

-SLOT cammitAndCloseEditar)  woid

FEnUMmeration: |
Column

MAKE_COLLIr L «LJE[IE» 1
DE=C_COLUMRM = =
OFFSET_COLUMN i " EditableTableView
WIDTH_COLUINR 1
WOLATILE oL | _ _ _

ACCESS _COLLIMM OSortFikerProxyiModel
MO0 WRITE_COLUMM EUIE
READ_ACTION _COLURMM —
TESTABLE_COLUNMRM | 1
TEST_CONSTR_COLLMM
COLUMMM_COUMT

Reqgister TableModel

-req . A=haredPoirter=Register=
-field=_ : Glist=CSharedPointer=Field=="5"

+RegisterTableModel] reg | GSharedPointer=Register=, parent | QObject"" )

+~Regizter TableModel)

+rowyCount parent | Shlodelndex"const& " =GModelndesx0 ) int{guery

+columnCourt; parent | Ohodelindex"constE =Ckodelindex() 1 int{ouery

+flagsr index ; Ghodelindex"const&" 1 kemFlags{guery

+headerDatal =ection : irt, arientation | Crientation, role © int=Cr - DisplayRaole 1 Cvariant{ouery
+datar index | Ghodelndex"const&", role | int=Ct:DizplayRole 1 GNariant{guery

+zetDatal index | Ohodelindex"constE" | value | O¥ariant"const&", role : int=0Ct:EditRole ) bool
+izWalid( : boal{guery

+ZLOT onddditemi index : Ghodelindex"const&" 7 woid

+SLOT onRemoveteml index © Ghodelindex"const&" 1 woid

AZIGHNAL contentChanged) : woid

ESIGMAL figldadded! index : int 7 woid

RZIGHNAL fisldRemoved! index ; int 1 woid

Kem Editor

zf.

ReqgisterEditor

-viewy _: EditableTable'iew"*"
-proxy_ o aSorFiterProxyhodel "=
-model_: Register Takbledode]"*"

+RegisterEditor reg | GSharedPointer=Fegizter=, component | GSharedPointer=Component=, parent ; Ghiidget"*"=0 1
+~RegisterEditar()

+izWalid( : boal{guery

+refreshi’ ; void
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LineEditDelegate

AhAIbIRALIR EOITOR HEIGHT @ int"const” = 20{readColy

+LineEditDelegate] parent : GObject"™" )
+~LineEditDelegater)

+createEditor] parent © Svidget"*", option : SStyleOptioniewtem"constd", index . Ghlodelndex"const&" 1 Svidget"*" guery

+zetEditorDatal editor ;. CWMidget"*" | index | Gklodelindex"const&" 1 woid{guery

+zethodelDatal editor © Cividget"*", model © SAbstracttembdode!"" | index . Ohodelindex"const&" ) void{guery

-SLOT commitAndCloseEditor) : woid

ViewsModel

-companent_ . Q=haredPointer=Componert=
-wiesvs  Cllist=0=haredPaoirter =\iew=="8"

+iesvshlodel] component | GsharedPointer=Component=, parent : @0bject™" )
+~Yiewwzhladel)

+rowyCount( parent ;. Ghodelindex"const&"=Ckodellndex) 1 int{gquery
+columnCourt] parent | Ghodelindex"const&" =Chiodelindex 1 ) - int{ouery
+Hlagz( index | Ghodellndex"consts" 1 temFlags{guery

+hegderDatal section : int, arientstion | Crientation, robe @ int=Crt 2 DisplayRole 1 G ariant{guery
1
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