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ABSTRACT 

 

This thesis work explains the IP-XACT standard that is used to describe 

components and designs inside electronic systems in a language and vendor 

neutral way. The standard aims to accelerate and automate design and 

verification process by offering a practical solution for design reuse. A brief 

overview of the standard is presented with descriptions of its top level elements, 

history and recent new features. 

Available open source and commercial IP-XACT tools, their intended use and 

main features are listed. The level of support offered for SystemVerilog by the 

tools is inspected. Known limitations of the IP-XACT standard and practical 

challenges in building IP-XACT based design flow are discussed. This work 

documents a test project where IP-XACT methodology is applied to a legacy 

SystemVerilog design containing complex SystemVerilog interface connections 

and complicated configuration parameter definitions.  It was noted during the 

test project that problems related to the SystemVerilog Interfaces prevent 

hierarchical packaging of most IPs in the target design, make creation of new 

designs difficult and complicate the process of building a system map. 

Based on the results of the test project and other known SVI related limitations, 

a recommendation is given that the SVIs should be removed from the design or 

at least their usage needs to be limited in order to build a successful IP-XACT 

design flow. Configuration parameter definitions should also be simplified. A 

conclusion is made that the memory map related features of the IP-XACT can be 

used without any modifications to the SystemVerilog design. 

 

Key words: design reuse, design automation, standardization. 
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TIIVISTELMÄ 

 

Tässä diplomityössä tutustutaan IP-XACT -standardiin, jota käytetään 

kuvaamaan elektronisissa järjestelmissä olevia komponentteja ja toteutuksia 

kuvauskielestä ja valmistajasta riippumattomalla tavalla. Standardin tavoitteena 

on nopeuttaa ja automatisoida suunnittelua ja verifiointia tarjoamalla toimiva 

ratkaisu sähköisten järjestelmien rakenneosien uudelleen käytölle. 

Diplomityössä käydään läpi lyhyt yleiskuvaus IP-XACT standardista, sen 

pääelementeistä, historiasta sekä uusista ominaisuuksista. Työssä esitellään IP-

XACT -pohjaisen suunnitteluvuon vaiheet sekä niihin kuuluvat aktiviteetit 

pääpiirteissään. 

Tällä hetkellä tarjolla olevat kaupalliset IP-XACT -työkalut sekä avoimen 

lähdekoodin ohjelmistot ja niiden käyttötarkoitukset sekä tärkeimmät 

ominaisuudet käydään läpi. Työkaluissa tarkemman tarkastelun kohteena on 

tuki SystemVerilog-kovonkuvauskielelle. Työssä esitellään myös tiedossa olevat 

standardin rajoitteet ja IP-XACT -pohjaisen suunnitteluvuon toteutukseen 

liittyvät käytännön haasteet. Työssä dokumentoidaan testiprojekti, jossa IP-

XACT metodologiaa käytetään SystemVerilog-pohjaiseen toteutukseen, joka 

sisältään monimutkaisia SystemVerilog interface –liitäntöjä sekä 

parametrimäärittelyjä. Projektin aikana todettiin, että SystemVerilog interface -

liitännät estävät useiden komponenttien hierarkkisen paketoinnin, tekevät 

uusien toteutusten luomisesta hankalaa sekä systeemin muistikartan laatimisesta 

monimutkaista. 

Testiprojektin tulosten sekä muiden tiedossa olevien SystemVerilog interface 

–liitäntöjen käyttöön liittyvien rajoitusten perusteella todetaan, että ne tulisi 

poistaa kohdetoteutuksesta tai ainakin niiden käyttöä tulisi rajoittaa, jotta IP-

XACT -pohjaisen suunnitteluvuon rakentaminen onnistuisi. Myös 

parametrimäärittelyjä tulisi yksinkertaistaa. IP-XACT -standardin 

muistikarttoihin liittyvät ominaisuudet todetaan käyttökelpoisiksi myös ilman 

SystemVerilog-toteutukseen vaadittavia muutoksia. 

 

 

Avainsanat: standardisointi, suunnitteluautomaatio, verifiointi.  
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1. INTRODUCTION 

 

The system-on-chip (SoC) designs released by semiconductor companies are 

becoming more complex every year. The number of necessary features and supported 

protocols is increasing, which causes designs to contain a huge amount of different 

IPs. This in turn makes the design’s connectivity very complex, especially if several 

different bus protocols are used by the IPs. 

In order to reach a sufficient confidence level for a tape-out, the functionality and 

connections of each sub-system and IP have to be verified. Verification constitutes 

approximately 70% to 80 % of the total design effort and it is by far the most expensive 

part of the entire design flow in terms of cost and time [1].  Due to time-to-market 

constraints, the functional verification team does not have time to gain a deep 

understanding of the target design. Often the verification process takes longer than 

initially scheduled and planned tape-out dates are missed. According to a survey done 

by Synopsys in 2010, only 29% of recently released SoCs had no tape-out delays. [2] 

Design reuse is the key in handling the increasing design complexity and time-to-

market pressure. The competitive advantage of a SoC device is not provided by the 

bus infrastructure, UARTs, timers and bridges so it is not wise to spend a lot of time 

developing them if they can be sourced externally [3].  However, the reutilization of 

verified IP leads to more pins, more I/O, mixed analog and digital technologies as well 

as more power domains [4, p.45]. The integration process is prone to errors and 

requires test cases for verifying that the instantiated IP is still working as the design 

engineer intended [5] [1]. There is a chance that the externally sourced IP is not fully 

compatible with semiconductor company’s tool environment which is usually a mix 

of different commercial tools, company’s own tools and scripts. The IP might also use 

a slightly different bus interface and end up being connected incorrectly to the bus 

infrastructure. [2] 

Due to the lack of standardization of interfaces and concerns about configurability 

and quality, the design reuse has not provided the anticipated SoC design flow 

advances. There is also a need for regulated way of controlling the integration flow, 

automation and verification quality. The IP-XACT standard has been designed to 

address these issues by providing a tool-independent, standardized data exchange 

format to be used in flow automation and verification. It enables development of 

automated tooling by EDA vendors and has proven to be useful solution for IP 

reutilization. [3] [6] [7] [8] [9] [10] 

The IP-XACT standard uses meta-data to describe IP in a design language and tool 

neutral way. The standard aims to aid the delivery of compatible IP descriptions from 

multiple IP vendors, to improve the importing and exporting of complex IP to, from 

and between EDA tools and to improve the provision of EDA vendor-neutral IP 

creation and configuration scripts [11, p.vii]. The standard speeds up the software 

development and makes it possible to start it earlier in the design flow, thus providing 

a time-to-market advantage. [2] 

The goal of this thesis work is to study the IP-XACT standard and to find out how 

it can be applied in a SoC design environment where SystemVerilog is the main HDL 

[12]. The focus is on determining how well the currently available IP-XACT tools can 

package SystemVerilog based IPs into IP-XACT data. The SystemVerilog language 

contains many new features that are not available in older languages, such as Verilog 
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and VHDL, and the compatibility of these features with the IP-XACT standard is 

examined in this work.   

Chapter 2 gives an overview of the IP-XACT standard and its top level schema 

definitions. A short introduction is given on the XML language as a background 

information. A typical IP-XACT design environment is presented together with IP-

XACT features such as generators and the Tight Generator Interface. Vendor 

extensions and their role in the standard are explained and the history of the IP-XACT 

standard is briefly described. Some of the newest features of the standard are also 

discussed. 

Chapter 3 goes through the basics steps that are required for building an IP-XACT 

based system or entire SoC design flow. Activities associated with each stage of the 

flow are introduced. 

Chapter 4 goes through the list of IP-XACT tools that are currently available on the 

market. Intended use and the main features of each tool are presented with a focus on 

SystemVerilog related RTL import and generation capabilities. 

Chapter 5 discusses the known limitations of the IP-XACT standard and the 

challenges that need to be overcome while building a successful IP-XACT flow. 

Chapter 6 documents the experiments that were done and the challenges that were 

encountered while trying to use IP-XACT methodology on a legacy SystemVerilog 

design. Problematic SystemVerilog constructs and other issues are discussed in detail. 

Based on the received results in chapter 6, the chapter 7 proposes changes that are 

required to the legacy SystemVerilog design in order to make it compatible with the 

IP-XACT methodology.  This chapter explains how the IP-XACT can be used even if 

those changes are not done and gives some ideas for further research. 
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2. THE IP-XACT STANDARD 

 

The IP-XACT standard is an XML schema that uses standardized structure to describe 

components and designs of electronic systems in a language and vendor neutral way. 

The standard provides a set of semantic consistency rules for making sure that the IP-

XACT data processed by different tools conforms to the schema. It also defines an 

API called Tight Generator Interface (TGI), which different scripts can use to access 

the IP-XACT data. These scripts are referred to as generators and they can be used to 

create various output files related to verification or documentation, for example. The 

IP-XACT was initially specified by the SPIRIT consortium and is currently an IEEE 

standard developed by Accelera [2] [11]. The information presented here is based on 

the newest version of the standard released in 2014 and some of the new features are 

discussed in detail.  

 

2.1. IP-XACT Design Environment 

 

The IP-XACT specifies how to express and exchange information about design IP and 

its configuration. IP-XACT object descriptions are the core of the standard but it is 

also important to understand the context where they are used. Figure 1 provides 

foundation for understanding the concepts and limitations of the IP-XACT standard 

by showing the specification’s basic use model, the Design Environment. The DE is 

typically an IP-XACT solution provided by an EDA vendor. [11, p.2] 

 

 

Figure 1. The IP-XACT Design Environment. Bold objects are specified in the 

schema. 
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The DE coordinates a set of tools and IP through the creation and maintenance of IP-

XACT meta-data descriptions of the SoC so that its system design and implementation 

flows are efficiently enabled and reuse centric. The DE is able to import IP meta-data 

and modify it. It can perform IP integration and configuration actions using generators 

provided by an internal design tool or an external script, which is just invoked within 

the DE. The IP-XACT standard does not specify how the tools inside the DE interact 

with the imported IP-XACT data. However, external generators always use the TGI to 

access the meta-data. [11, pp.2-3] 

 

 

2.2. XML 

 

Understanding IP-XACT requires basic knowledge of the XML language. XML is 

used to structure, store and transport data in plain text format. The XML files 

themselves do not do anything. They just present data in a software and hardware 

independent way which makes them ideal for transporting data between incompatible 

systems or preserving data while upgrading to new systems. Hardware or software 

platform changes generally require large amounts of data to be converted and the 

incompatible data is often lost. XML solves these problems because the only required 

feature for applications handling XML files is text processing. [13] 

XML files consist of data elements wrapped in tags. The functional meaning of the 

tags depends on the nature of the application. The language itself has no predefined 

tags. The tags as well as their structure is completely determined by the user. They can 

be arranged according to an XML schema which is used to define a list legal tags and 

how they should be structured. It specifies which elements and attributes can appear 

in an XML file, which elements are child elements, the number and order of child 

elements and whether an element is empty or can include text. An XML schema also 

defines the data types of elements and attributes as well as their default and fixed 

values [13]. Figure 2 shows how IP-XACT register data is wrapped in tags in an XML 

file and the corresponding hierarchy tree for the contained data. IP-XACT tags are 

identified with “spirit:” prefix in the older versions of the standard and with “ipxact:” 

in the 2014 version. 
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                               Figure 2. IP-XACT register data in an XML file. 

 

 

2.3. Structure 

 

The IP-XACT schema has eight different top level schema definitions: bus definition, 

abstraction definition, component, design, abstractor, generator chain, design 

configuration and catalog. Objects created according to these definitions are 

referenced with VLNV identifier (Vendor, Library, Name and Version). This identifier 

is located in the header information of an IP-XACT description file and it can be used 

to reference one IP-XACT description to another [11, p.3]. Many of the schema 

definitions can be extended with vendor extensions that are used to provide any 

additional information that cannot be presented with the standard elements of the 

schema. 

 

 

2.3.1. Bus definition 

 

In IP-XACT, group of ports performing certain function is described by set of elements 

and attributes split across two descriptions: a bus definition and an abstraction 

definition. Typically, these descriptions are used to represent a standardized bus 

interface like APB or I2S but any collection of ports can be presented as a bus and 

abstraction definition. [11, p.25] 



 

 

13 

Bus definition contains the high-level attributes of an interface. It describes whether 

the master side of the interface can be directly connected to a slave interface or not. 

The bus definition determines if the interface is addressable, is an extension of some 

other interface or supports one-to-many connections and a broadcast feature. 

Maximum number of masters and slaves is also specified in the bus definition. Like 

almost all other descriptions in the schema, the bus definition has elements for textual 

description and parameters. [11, pp.26-27] 

 

 

2.3.2. Abstraction definition 

 

Abstraction definition describes the low-level attributes of a bus interface. It contains 

reference to the bus definition it represents and a list of logical ports that define the 

bus type. Port information includes names, directions and width of the ports. [11, 

pp.28-29] 

The are two types of ports in the IP-XACT: wire and transactional. Both can be 

described for both Master and Slave side of an interface. Wire port’s presence can be 

defined as mandatory, optional or illegal. Wire port also has width and direction 

information which can be in, out or inout. Transactional port carries information that 

is presented at a higher level of abstraction. It contains information about the service 

the transactional port either requires or provides. [11, pp.29-36] 

Bus definition and abstraction definition together allow grouping component’s 

physical ports to a meaningful known protocol. They are used to simplify connectivity, 

increase abstraction and present memory map information. Without bus interfaces a 

system memory map cannot be built. [14, p.22] 

There can be multiple abstraction definitions for the same bus definition. For 

example, a bus definition can have RTL abstraction and ESL abstraction. These 

abstractions are compatible in terms of protocol. [14, p.25] 

 

 

2.3.3. Component 

 

An IP-XACT component contains meta-data for an IP that belongs to a design. A 

component can be a processor, a peripheral module, a bus structure or any other IP 

block that can be instantiated in a design. Components can be static or configurable. 

Static components cannot be changed but configurable components contain at least 

one configurable element such as port width. Figure 3 shows IP-XACT component’s 

top level data elements and a few sub-objects for the most commonly used elements. 

The actual data object hierarchy is much more detailed. [11, p.41] 

IP-XACT components are divided into leaf and hierarchical components. Leaf 

components do not contain any other components. Hierarchical components have other 

sub components that in turn can contain other hierarchical or leaf components resulting 

in a deep hierarchy structure. An IP-XACT component doesn’t always need to include 

all the hierarchy levels that are found in the RTL or TLM source of the target IP. If a 

certain IP-XACT flow uses only the top level connectivity information of an IP, a leaf 

IP-XACT component generated for the top level of the IP has all the necessary meta-

data for that particular flow. Still, some IPs can be described only using hierarchical 

components. [11, p.41] 
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            Figure 3. Simplified view of the IP-XACT component’s data elements 

 

Components contain a list of all bus interfaces that can be connected to them. Bus 

interface maps component’s physical ports to the logical ports of an abstraction 

definition. There are three types of bus interfaces: master, slave and system. System 

interface allows specialized connections to a bus, such as external arbiters. [11, p.43] 

If a component contains a master interface, an address space element can be assigned 

to it. Address space is effectively programmer’s view of looking through a master 

interface. [11, p.60] 

Slave interfaces can be associated with memory map information. Memory maps 

describe component’s registers with all necessary details for software development 

and basic verification of the component including register dimensions, sizes, address 

offsets, bit fields, their bit offsets and enumerated values [15]. Available basic access 

types for registers and their bit fields are read-write, read-only, write-only, read-

writeOnce and writeOnce [11, pp.68-94]. Memory maps offer configurability through 

memory remaps that describe conditional and additional memory map elements [16, 

p.28]. Each memory remap refers to a remap state that is selected by a certain value of 

one of the component’s ports [17, p.18, p.61].  

IP-XACT has two constructs that are used to connect interfaces of standard 

components together: a channel and a bridge. These constructs are encapsulated into 

components. Bridge and channel components also provide information on addressing 

and data flow. A channel can represent a simple wiring interconnect or a more complex 

structure such as a bus. It encapsulates a bus infrastructure and allows transactions 
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initiated by a master interface to be completed by a slave interface. A channel may 

have multiple master interfaces connected to it and they see all slaves connected to the 

channel at same physical addresses. Only one master may initiate transactions at a 

time. A bus that has addresses that are simultaneously seen differently from different 

masters or a bus that allows transactions from different masters to be initiated 

simultaneously may not be presented as a channel. A bridge component must be used 

for such busses. [11, p.46] 

A bridge represents an interface between two separate busses, which may be of the 

same or different type. It has at least one master interface (onto the peripheral bus) and 

one slave interface (onto the main system bus) for different bus protocols and the  

bridge translates any signals between them. A bridge logically connects the master 

address spaces(s) to a slave memory map having two bus types on each side. Bridges 

can be transparent or opaque. In a transparent bridge, the address space on the bridged 

master bus interface is a decoded subset of the main address space, as seen through the 

bridge’s slave bus interface. The bridge relationship is opaque when the address space 

on the bridged master bus interface is not directly accessible to main address space, as 

seen from the bridge’s slave bus interface. [11, p.47] 

IP-XACT component’s model data contains all the physical ports of an IP, different 

views associated with the component and model parameters [11, p.95]. Views specify 

different representations of a component. For example, there can be RTL view and 

TLM view for the same IP. Additionally, the information about intended target 

environment for a specific view can be included in the view data. This is typically used 

to reference a certain tool. A hierarchical component always has at least two views: 

one for the component (containing  ports, parameters, memory description etc.) and 

one for the design (containing  instance and connection description) [4, p.48]. 

Common use case is a schematic viewer showing the component’s design view. Model 

parameters present the configurability of the component. The data format, acceptable 

values and type of resolution can be defined for the model parameters. Parameter 

values can be fixed, specified by the user or be dependent on another parameter. [15] 

IP-XACT components can have component generators that create a link to external 

tools or scripts that can be used to automatically configure the component, start 

simulation or other IP processing tasks. [15] 

Along with the HDL code, an IP usually has several other files related to it regarding 

specification, simulation, synthesis and layout. These files and their containing paths 

can be referenced in the file sets element of an IP-XACT component description. [15] 

 

 

2.3.4. Design 

 

Design IP-XACT file contains the description of a system or subsystem and includes 

all component instantiations and connections between them. It also contains 

configurations for all instantiated components. Component interconnections may be 

between interfaces or between ports on a component. Connections that are done port-

by-port basis are referred as adhoc connections in a design XML. A design description 

is analogous to a schematic of components. [11, p.137] 
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2.3.5. Abstractor 

 

Designs may have components using different modeling styles (e.g., TLM and RTL) 

and there may be interconnections between these components that use different 

abstraction of the same bus. To make such connections possible, an IP-XACT object 

called abstractor is needed. An abstractor takes in an abstraction definition and 

converts it into a different abstraction of the same bus definition. Abstractor shall 

contain only two interfaces. Unlike components, abstractors are not referenced from a 

design description, but instead they are referenced from a design configuration 

description. [11, p.149] 

 

 

2.3.6. Generator chain 

 

Generator chain contains a hierarchical list of generators and their execution order. 

Generators are discussed in detail in chapter 2.4. Generator chains may be included in 

other generator chain descriptions and they are critical for providing script-based 

support for SoC flow creation [11, p.4]. Entire design flow can be automated and 

presented with generator chains. The design environment that is used to launch a 

generator chain is responsible for understanding the semantics of the generator chain. 

[11, p.159]  

 

 

2.3.7. Design configuration 

 

Design configuration is a placeholder for additional configuration information of a 

design or generator chain description. It is used to support configuration of hierarchical 

designs, transferring designs between design environments and automating generator 

chain execution for a design by storing information that would otherwise have to be 

re-entered by the designer. [11, p.165] 

A design configuration contains values for parameters defined in generators within 

generator chains. It references the abstractors of a design and contains their 

configuration info that is needed for interconnections between the same bus types with 

different abstraction types. [11, p.165] 

A design configuration always applies to a single design but one design can have 

multiple design configurations. [11, p.165] 

 

 

2.3.8. Catalog 

 

Systems described with IP-XACT usually contain large number of files. All these files, 

their types and their locations can be referenced in a catalog file. Catalog description 

defines mapping from IP-XACT VLNV to the physical file in which the IP-XACT 

object is described. There are no limitations on the type or number of referenced files 

which enables catalogs to include other catalogs as well. [11, p.171]  

   This allows sorting different kinds of IP-XACT elements into their own categories 

in a project. For example, there may be a catalog for all IP components, another catalog 

for the bus and abstraction definitions and one more catalog for the design descriptions. 



 

 

17 

These catalogs are then referenced by a top level catalog that effectively contains all 

the necessary information to locate all project’s IP-XACT files. [18] 

 

 

2.4. Vendor extensions 

 

Most elements in the IP-XACT XML schema contain points where user-defined tags 

can be added. The information described using the tags that are not part of the official 

IP-XACT standard is called vendor extension. Vendor extensions make it possible to 

extend the standard in a structural manner with user-defined features while still 

keeping the XML data compatible with the standard [15]. Like all other objects in an 

IP-XACT file, the vendor extensions can be accessed through the TGI [2]. They can 

be used to present a specific tool feature or GUI related information, for example [19].  

Vendor extensions support the evolving nature of the standard. With each released 

version, the IP-XACT standard has received new features. However, after an official 

release of an IEEE standard it may take several years before a new version is ready to 

be released. Vendor extensions allow adding new features to the standard between the 

official version releases. Vendor extensions released by Accelera are called standard 

extensions and when needed, Accelera has provided them to support IP-XACT usage 

in areas not yet covered by the standard. Vendor extensions released by Accelera are 

meant to increase cross-company IP-XACT usage by giving a standardized way of 

presenting certain new features in emerging areas of design. Some examples of areas 

that have been covered by standard extensions are analog/mixed-signal, physical 

design planning, power, hardware dependent software and UVM [19] [2]. 

Development of standard extensions has received contributions from different projects 

and vendors, which highlights another benefit of the vendor extensions. Vendors can 

use them to propose new additions to the IP-XACT standard. Some of the proposed 

features can then become standard extensions released by Accelera. By becoming 

public information, the potential extensions to the standard can be tested and validated 

as other vendors are able to start using them as well. [2] 

 

2.5. Generators and the TGI 

 

Generators are executable objects that perform operations and process the IP-XACT 

data inside a design environment into something useful for the design [2]. Generators 

integrated within a design environment are referred to as internal generators. External 

generators are separate executables that are just invoked within an IP-XACT DE. 

Internal generators can access and modify a design environment’s IP-XACT meta-data 

by any method that is supported by the DE [11, p.4]. IP-XACT defines the Tight 

Generator Interface (TGI) that external scripts and applications can use to access the 

IP-XACT meta-data loaded into a design environment. The TGI enables accessing the 

IP-XACT data in DE-independent and generator-language-independent manner. 

Therefore, a generator running on two different design environments produces the 

same results [11, p.5]. [11, p.267] 

Generators have both read and write access to the IP-XACT data which allows them 

to perform various tasks including verifying a configuration of a subsystem, generating 

an address map or writing netlist representation of a subsystem in a target language 

such as Verilog or SystemC [11, p.267]. Generally, a generator performs one well-
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defined task like component configuration or C header generation. Individual 

generators are grouped into generator chains to perform more complex flows [13]. For 

example, design specific verification tests can be generated based on the design’s 

memory map [2]. 

TGI defines the method of communication between design environment and 

external generators, method of invocation and the API used to read the IP-XACT meta-

data in the design environment. Communication between design environment and an 

external generator is done by sending messages to each other using Simple Object 

Access Protocol (SOAP) standard. The SOAP provides a simple means for sending  

XML-format messages using Hypertext Transfer Protocol (HTTP) or other transport 

protocols. IP-XACT supports using HTTP or a file protocol. [11, p.5] 

Information for generator invocation can be stored in three different places in the 

IP-XACT XML schema: as a component generator, as an abstractor generator or as a 

generator that is part of a generator chain. TGI API defines the set of legal SOAP 

messages that can be sent and format of responses for a given request [11, p.267]. API 

commands are described in Java and they are divided into get, set, traversal and 

administrative commands [1] [11, p.269]. Get and set commands are used to access 

IP-XACT elements directly. Traversal commands return a list of elements for further 

manipulation and administrative commands control the operation of a generator (e.g. 

terminate communication) [11, p.270]. 

 

 

2.6. History of the standard 

 

The IP-XACT standard was initially specified and developed by SPIRIT consortium. 

The announcement of the consortium’s formation was given at Design Automation 

Conference 2003 after several months of discussion among the original steering 

committee companies including ARM, Cadence Design Systems, Mentor Graphics, 

Philips Semiconductors, STMicroelectronics and Synopsys [20]. The motivation for 

the formation of SPIRIT consortium came from the observation that the design of a 

complex SoC was getting significantly harder and building an IP-reuse solution to 

address this problem required an improved integration of multi-vendor design flows 

and better interoperability of reusable IP.  The first version of the standard became 

available for public download in December 2004 [20]. The initial major technology 

contribution came from Mentor Graphics [20] [3]. The version 1.0 included features 

for RTL assembly, but did not have support for hierarchical design creation. Hierarchy 

was introduced later with the version 1.2 [2]. 

SPIRIT consortium kept developing IP-XACT until it merged with Accelera in 2009 

[21]. During this time, ESL features were added to the standard with the version 1.4, 

which made it possible to present both RTL and ESL platforms using the same 

elements of the standard [2]. Version 1.5 improved the IP-XACT data model by adding 

more complete description of register data and address maps [2] [22]. The specification 

of this version was submitted to IEEE Standards Association for industry approval 

[23]. It was approved as IEEE standard 1685-2009 on December 9, 2009, and 

published on February 18, 2010 [24]. Free download of the standard became available 

in June 2010 [23]. In July 2010, the IP-XACT Schema Working Group was formed by 

Accelera to carry on the development of the standard [23]. Thanks to the work done 

by Accelera the previous standard version was superseded by the IEEE 1685-2014 

[24]. Today, the 2009 version is still the most widely supported version of the IP-
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XACT among EDA vendors and the support for new features introduced in the 2014 

version varies between different tools. 

 

 

2.7. New features in the IEEE 1685-2014 

 

The IEEE 1685-2014 brings several updates to the IP-XACT standard. The namespace 

was changed from “spirit” to “ipxact” since it was not appropriate anymore after 

SPIRIT consortium merged with Accelera. Parameter propagation through the design 

hierarchy was improved and parameter expression language was changed. New 

features include conditionality of elements and view-specific component port maps. 

Also, updates to the Semantic Consistency Rules were made and tool support was 

extended by improvements to the TGI. [25] 

In the 2009 IP-XACT version, parameters were defined for a component and their 

values were set when the component was instantiated in a design description. This 

allowed for one level of parameter propagation from a design description to a 

component instance. Vendor extensions had to be used to expand the parameter 

propagation. In the 2014 version, it is possible to define parameters on all top level 

elements including components, designs, design configurations, bus definitions and 

abstraction definitions. Parameters can still be defined with component instantiations 

but if a component is a hierarchical component, the design instantiated in that 

component can be parametrized as well and these design parameters can be 

expressions containing dependencies to the components parameters. This leads to full 

parameter value propagation throughout the whole design hierarchy and makes it 

possible to set all parameters at the top level of the design. [25] 

To support the usage of improved parameter propagation the newest IP-XACT 

standard changes the expression language used with parameters from XPATH to 

SystemVerilog. This makes handling of the parameters more end user friendly since 

HDL designers are typically more familiar with SystemVerilog than XPATH. The 

XPATH language was initially chosen for the standard since it allowed the parameter 

expressions to be design language neutral. [25] 

 The 2014 version standardizes conditional elements in the IP-XACT XML content.  

In the previous IP-XACT version, vendor extensions were used to present 

conditionality. Almost all elements in the newest schema can be conditioned with 

Boolean expressions. Depending on the configuration of a component, it can now have 

different ports, memory maps, file sets and bus interfaces based on the configuration 

parameter values. Boolean expression applied to a schema element also enables or 

disables all the child elements. Conditionality affects the Semantic Consistency Rules 

and requires more complicated rule checking in IP-XACT tools as some rules can only 

be verified after the Boolean expressions are resolved. For example, there can be a 

component description which has two registers that overlap only when both are present 

so their “IsPresent” values need to be resolved before the check for overlapping error 

can be done. [25] 

  The IEEE 1685-2014 improves component description’s port mapping features. 

Previously a component’s bus interface could reference only one bus type, one 

abstraction type and it contained information of how the logical ports listed in an 

abstraction definition were mapped to the physical ports of the component. The newest 

standard version allows having multiple types of abstraction in a component’s bus 

interface. For example, a component can have two views, TLM and RTL, and based 
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on the chosen representation, either the component’s TLM ports or RTL ports are 

connected to the same bus interface. This enables mixed RTL and TLM design where 

the same design description can be used to present both RTL and TLM versions of a 

system and the representation for each instantiated component and bus type is chosen 

with a design configuration description. [25] 

All in all, the improvements and new features added in IEEE 1685-2014 enable 

creation of parametrizable design hierarchies with conditional elements and mixed 

abstraction levels [25]. The new features in the 2014 version allow generating different 

platforms from configurable IP-XACT meta-data whereas previously this data has 

only been used to describe a platform with limited configurability. Practical usage of 

IP-XACT 2014 as platform generator is not well known yet. 
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3. APPLYING IP-XACT IN SOC DESIGN FLOW 

 

Using IP-XACT in a SoC design flow can be divided into three parts: IP packaging, 

platform assembly and output file generation. Simplified IP-XACT flow is shown in 

figure 4. The target design of these activities can be a whole SoC or just a certain part 

of it. IP-XACT tools provide features for performing all of these phases manually or 

creating an automated flow using generators and other scripts. 

 

 

                                         Figure 4. IP-XACT flow example 

 

 

3.1. IP Packaging 

 

The first step of building an IP-XACT based design flow is creating IP-XACT 

descriptions for all IPs that belong to the target design. It is recommendable to create 

bus definitions and abstraction definitions for all bus protocols present in the target 

design before creating any component descriptions so that the corresponding bus 

interfaces can be added to the IPs while creating their component descriptions.  

For externally sourced IPs, it is not always necessary to create IP-XACT component 

descriptions since IP providers may offer IP-XACT files with their IPs. Some common 

bus definitions are also provided by the owners of the protocol standards. For 

company’s own IPs in the target design, there are several ways to create the IP-XACT 

data. The slowest and the most error prone way of doing that is by writing the IP-

XACT descriptions using a text editor. A more practical approach is to utilizing an IP-

XACT enabled software tool [2]. Some tools offer an IP-XACT file editor that shows 
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the meta-data in a structural manner, which helps with the manual creation and editing 

of IP-XACT files [26, p.19].  

IP-XACT tools allow a few different input file formats to be used for generating 

corresponding IP-XACT files. For example, an Excel spreadsheet containing the 

memory map, interfaces and I/O signals of an IP can be used as a basis for creating a 

component description [18]. Template for such Excel spreadsheet can be provided by 

an IP-XACT tool or it can be generated based on an IP specification or documentation 

[27, p.40] [18]. Tools usually have TCL commands for all the actions used in IP-

XACT description generation, which makes it possible to use a TCL script to create 

IP-XACT descriptions for IPs and busses. 

The fastest and most straightforward way of creating IP-XACT files for existing 

HDL IPs is by using a packager. A packager is a tool that parses the HDL files of an 

IP or a subsystem and generates a reusable IP-XACT description based on it. 

Packagers are typically able to create two types of IP-XACT files: component 

descriptions containing the port and parameter information of an IP and design 

descriptions containing all the component instantiations and their connections [4, p. 

47] [26, p.21]. Advanced packagers are able to read a set of HDL files, analyze the 

RTL hierarchy and create component descriptions for all IPs and design descriptions 

for all hierarchy levels found in the files. The result of this kind of packaging process 

is a set of hierarchical IP-XACT components for the imported top level design and all 

the subsystems instantiated in it. Only the IPs on the lowest level of imported hierarchy 

are presented as leaf components. However, this approach should only be used in those 

situations where the design does not contain HDL-dependent features that cannot be 

natively represented in IP-XACT. IP-XACT is not a generic HDL editing tool, but a 

platform assembly methodology which does not handle low level implementation 

details. Expected flow is going from IP-XACT to HDL. Flow intending to go from 

HDL to IP-XACT is possible, but with many restrictions. 

Selection of the leaf and hierarchical components during the packaging process 

depends on the intended use of the IP-XACT flow. If the goal is to build a SoC from 

scratch, all individual IPs are first packaged as leaf components. The platform 

assembly features of an IP-XACT design environment tool are then used to build 

designs and hierarchical components for subsystems and eventually for the SoC top 

level using the packaged leaf components. If the IP-XACT flow is used to modify the 

top level RTL netlist of a SoC design, it is only required to package the top level as a 

hierarchical component that references a design description which has all the 

subsystems instantiated in it as leaf components. The IPs inside the imported 

subsystems do not need to be packaged. Packager tools have commands for selecting 

the top level and the lowest hierarchy level for the packaging process. The scope of 

the import process is also affected by the fact that when going down design in 

hierarchy, more behavioral and language specific statements that cannot be presented 

natively in IP-XACT are present. 

Sometimes it is necessary to package even a rather simple IP as a hierarchical 

component. Such situation might happen, for example, when the IP-XACT 

methodology is used to generate HDL code for a register bank based on the memory 

map information of a component description. If some of the memory map’s registers 

are located on different hierarchy levels of the IP and they are accessed through the 

same bus, packaging the IP as a leaf component will not provide enough information 

for the register bank generation. When the IP is packaged as a hierarchical component, 

it can have an internal system map and generators are able to create register bank HDL 
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code separately for the different parts of the IP-level system memory map. These HDL 

register banks can then be instantiated in different HDL files that describe different 

hierarchy levels of the IP. 

Packagers are able to capture the port and parameter meta-data of an IP quite 

accurately. Other information like memory maps, register descriptions, bus interfaces 

and different views (additional data files) generally need to be added manually to the 

component descriptions [2] [4, p.66]. IP-XACT design environment may provide a 

graphical interface for building component’s memory maps or the memory map can 

be defined using some other method like an excel spreadsheet, for example. An IP-

XACT component may have multiple memory maps, each of them associated with a 

bus interface connected to the component [11, p.68].  Additional information added to 

the component description may contain software and simulation views of the IP or data 

used to assist cataloguing, search and exploration activities [4, p.66] [18]. If a piece of 

essential information cannot be presented using IP-XACT standard data objects, 

vendor extension needs to be created for it [18]. 

Once all the IP meta-data is added to its IP-XACT component description, checkers 

can be used to verify the IP-XACT data. Checkers provided by an IP-XACT design 

environment make sure that components, designs and other IP-XACT XML 

descriptions are correct according to the SCR in terms of syntax, mandatory properties, 

content and the structure of the schema [3]. Tools may have their own checking rules 

as well. Verified components, bus definitions and abstraction definitions can be added 

to an IP-XACT catalog file. All IP-XACT components and bus definitions can then be 

imported into a new IP-XACT project or design environment by using the catalog file 

[26, p.21].   

 

 

3.2. Platform assembly 

 

Platform assembly involves building a design using packaged IP components and bus 

definitions or modifying existing design hierarchy in order to alter its RTL structure. 

IP-XACT methodology allows both top-down and bottom-up approaches when 

building a design. Bottom-up assembly is performed simply by building a design from 

scratch by adding packaged components to a design description, connecting them 

together and creating a hierarchical component that references the created design. This 

component can then be instantiated while creating a higher-level design description. 

Top-down approach is done by creating the design top level component, adding a 

design description reference to it and instantiating different components in that design 

description. New design description references can then be added to the instantiated 

components as well. [26, pp.21-23] 

Typical bottom-up design project starts by importing the IP-XACT component 

descriptions of all required IPs into the IP-XACT design environment. Components 

can be imported as IP-XACT files or as catalog files containing references to the 

component IP-XACT files. Additionally, all the bus definitions and abstraction 

definitions for bus protocols used with the components need to be imported. IP-XACT 

descriptions must be created for those IPs that do not already have them using the 

methods described in the previous chapter. 

An IP-XACT design environment intended for platform assembly operations 

usually provides a schematic editor allowing manipulation of graphical presentation 

of an IP-XACT design. Design creation includes adding components to it and 
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connecting them together using bus interfaces and adhoc connections. Component 

instantiation using a schematic editor is simply done by dragging and dropping them 

to the graphical view of a design. [4, p.281] [26, p. 52] 

IP-XACT tools provide several ways for creating bus interface and adhoc 

connections between instantiated components. To decrease the number of needed 

connections, it is recommended to map as many of the component ports as possible to 

bus interfaces, even if a certain set of ports does not represent a known bus protocol. 

All the signals of a bus interface are connected at the same time when it is connected 

to a component [4, p.48]. IP-XACT design environment may provide a tool for 

identifying which component ports can be mapped to a bus interface. The tool can then 

suggest creating a certain bus interface based on that information [4, pp.409-411]. 

Connections can be done using a connector tool in the schematic editor or using some 

other method such as a view that lists all the ports in the design and provides versatile 

filtering options (e.g., showing only ports of certain components and leaving out all 

connected ports) [26, p.77]. Connections can also be made using name matching. IP-

XACT bus definitions and consistent naming conventions for ports of different IPs 

minimize the number of needed rules for name matching [18]. Those component ports 

that need to be connected to signals on higher hierarchy levels can be exported to the 

design top level. Schematic editor may allow exporting all unconnected ports found in 

the design to the top level using just one command [4, p.268]. Top level ports can also 

be manually created. 

Instantiated components typically contain a lot of configurability. Some of the 

component’s model parameters can be assigned when instantiating the component but 

other may need to contain dependencies to other parameters on a higher level of the 

design hierarchy [14, pp.75-76]. Like the unconnected ports, these parameters can be 

exported to the design top level and they will become the model parameters of the 

hierarchical component that is created based on that design [26, p.138]. Their values 

are defined when the hierarchical component is instantiated in a higher-level design. 

Exporting parameters to the top level is also necessary when model parameter of a 

component affect other structures like bus interfaces in the design. For example, a 

component may have a model parameter called “data_bits”, which defines how many 

data bits a bus connected to the component shall have. The bit width of the connected 

bus needs to have a dependency to the components parameter. This is ensured by 

exporting the “data_bits” to the design top level and making all required parameters in 

the design’s bus interfaces and other components depend on the top level parameter 

[14, p.75-78].  

Platform assembly includes building a system memory map for the design by 

combining the individual memory maps defined for each instantiated component. In 

IP-XACT design, this is done with the bus and abstraction definitions and with the 

bridge and channel components. Bus infrastructure between master and slave 

interfaces can be presented with a channel and connections between different bussed 

can be presented using a bridge. The system map of a design shows how a master bus 

interface sees the memory maps of instantiated components.  Therefore, a system map 

always needs to have a master bus interface that accesses it. This master interface may 

belong to a component in the design or it may be formed by a set of ports at the design 

top level [17, p.63-71]. After all the connections and configurations have been made 

and system map has been created for the design, it can be used to generate a new IP-

XACT component description that contains reference to the created design description. 
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All exported ports and model parameters will be present in the generated component 

description. 

Creating a packaged IP-XACT view of a RTL design makes it possible to analyze 

the hierarchy and capture the specification of its architecture [4, p.45]. In addition to 

building new designs, platform assembly activities can be utilized to modify a 

packaged RTL design or manipulate design hierarchy in order to meet architectural 

and physical specifications [4, pp.45-46]. Schematic editor provided by an IP-XACT 

design environment can be used to resolve hierarchy related problems such as timing 

not being met properly, poor power performance or congestion [4, p.91]. Hierarchy 

manipulation actions may include cloning component instances, merging them 

together, adding new hierarchy levels or dissolving a certain hierarchy level [4, p.91]. 

Editing the graphical presentation of a system is just one way to perform the 

platform assembly actions. In addition to that, IP-XACT tools provide TCL commands 

for all design hierarchy creation and manipulation actions. Some tools automatically 

output all the used TCL commands to a console window. A TCL script containing the 

necessary commands for creation a certain design can be generated by creating the 

design using tool’s GUI and just copying the console output into a file [26, pp.158-

165]. Modifying the TCL script makes it easy to create different versions of the design. 

A generator script using the TGI can also be used to generate a system and create 

name-based connections [14, p.55-61]. Generators may use many different resources 

to automate the assembly process including signal names, existing IP-XACT fields, 

vendor extensions or external sources like CSV files. IP-XACT tools provide 

additional APIs that are built on top of the TGI and allow using other scripting 

languages like Python or Ruby as well [26, p.55]. 

During the platform assembly, SCR-based checkers and IP-XACT tool’s own 

checkers will validate all the created connections [26, pp.132-136]. They will report 

an error if a component is connected to a bus incorrectly or if there is a port direction 

mismatch. IP-XACT tools can also generate connectivity reports and statistics listing 

all the unconnected ports and interfaces, for example [14, pp.51-53]. Information 

acquired from the reports can be used to ensure the completion of a design. When the 

system map of a design is created, checkers will report if address spaces of different 

components happen to overlap [27, p.42]. After verifying the created or modified 

design with checkers, the design and all component and bus descriptions referenced 

from it can be saved as an IP-XACT catalog file listing the updated IP-XACT file 

paths [26, p.22]. 

 

 

3.3. Output File Generation 

 

Generators are able to create various output files based on the IP-XACT component 

and design descriptions. IP-XACT tools have integrated generators for the most 

common use cases and TGI based generators can be created for addressing design flow 

specific needs.  

Hierarchical component description and the design description referenced by it can 

be used to generate the RTL netlist of the system containing IP instantiations and signal 

connections between them [18]. Netlisters are typically able to generate 

implementation of a design in VHDL, Verilog and SystemC together with component 

header files in the same languages [4, p.361] [26, p.137] [14, p.61]. Netlists can be 

validated using simulation tools and checked into the versioning system [26, p.21].  
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Software header files describing register and bit field structures and their access 

functions can be generated for verification and software development from IP-XACT 

components’ memory maps and designs’ system maps. Other generation options for 

component’s memory map include register documentation and UVM register model 

creation. It is also possible to create register bank RTL code for a few bus protocols 

based on IP-XACT component’s memory map information. [28] 
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4. CURRENT MARKET STATUS 

 

Available IP-XACT tools include open source and commercial solutions. This chapter 

gives on overview of the tools and their main features. SystemVerilog related 

packaging and generation features are also discussed. Collectively the tools offer a lot 

better support for VHDL and Verilog than SystemVerilog. Development of the 

SystemVerilog support is ongoing and the tools that currently support SystemVerilog 

in some way still require some extra configurations to package or generate 

SystemVerilog files. Tools generally support IP-XACT standards up to IEEE 1685-

2009. Support for the new features introduced in the IEEE 1685-2014 standard is not 

very common. 

 

 

4.1. Gensys Assembly 

 

Originally developed by Atrenta, the GenSys Assembly is a design environment 

focused on platform assembly and RTL reconstruction using IP-XACT [4, p. 23]. 

Nowadays, the tool is developed by Synopsys after the company acquired Atrenta. 

Gensys Assembly allows importing and exporting of IP-XACT files, CSV files 

(Microsoft Excel) and TCL. It has a RTL packager that is able to read VHDL, Verilog 

and SystemVerilog files and create either a component description or a hierarchical 

design based on the parsed files [29]. The packager can read port and parameter 

information, package and include files as well as pre-processor macros like “`ifdef” 

[4, p.66]. Internally, the tool handles data using GenSys XML format that is a superset 

of IP-XACT [4, p.49]. 

Gensys Assembly can be used for architectural analysis and specification capture. 

Hierarchy modification features include removing and adding IPs, swapping an IP or 

memory block to another one, merging and dissolving hierarchy levels and creating 

connections using interfaces and user defined connection rules [29]. The tool offers 

drag-and-drop based schematic environment and a hierarchical view for the actions 

related to insertion of new RTL and restructuring of existing RTL. All actions done in 

the GUI can also be done by running the tool in batch mode [29]. The tool offers 

register and memory map management features that are accessible with a separate 

license. 

GenSys Assembly includes comprehensive connectivity checking and reports. It 

features a direct connection to the SpyGlass suite for a broad range of design analysis 

[30]. Generation capabilities of the tool include RTL generation for VHDL and 

Verilog but SystemVerilog is not yet supported. 

 

 

4.2. Magillem 

 

Magillem, a major contributing member of the Spirit/Accelera Consortium, offers a 

comprehensive front-end EDA environment (also called Magillem) for IP packaging, 

concurrent platform integration, netlist generation, flow execution and register 

management based on IP-XACT (IEEE 1685-2009 and previous versions). Some 

IEEE 1685-2014 features like the full parameter propagation is supported through 

vendor extensions. Magillem is strictly based on IP-XACT standard with no 

proprietary extensions, which enables the user to remain tool and vendor independent. 
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The tool suite is based on Eclipse environment, is Java-implemented and hence 

supports Windows and Linux platforms. Magillem is composed of extensive set of 

features that can be used to build a complete IP-XACT design flow. Some of the main 

features are discussed in detail below. [31, p.6] 

Magillem IP-XACT packager is an advanced component importer that supports 

VHDL, Verilog and SystemC files through the GUI and also SystemVerilog through 

TCL commands. The packager offers a scalable import process where the user can 

decide which RTL hierarchy levels will be imported. IP-XACT component and design 

descriptions are created simultaneously for all IPs and subsystems found in the 

imported set of files. Mixed language designs are supported and the packager is able 

to create a direct link to revision control systems such as CVS and SVN [32] [33]. In 

addition to RTL packaging, component translation to/from IP-XACT format can be 

done using CSV and Excel spreadsheets. Imported IP-XACT component data can be 

modified with IP-XACT editor showing all the IP-XACT data fields in a hierarchical 

manner. [34] 

Magillem Checker suite validates the imported IP-XACT data and creates 

notification as soon as an error is introduced to the IP-XACT data while performing 

component integration or IP-XACT data modification actions. Checker suite performs 

all syntax and semantic checks defined by the IP-XACT standard along with additional 

DRC and IP packaging checks. It supports custom check creation by the user and 

allows waiving certain checkers as well as setting their severity level. [35] 

Magillem Platform Assembly offers drag and drop based IP integration environment 

for building digital, analog or mixed-signal designs. The tool allows creating virtual 

hierarchies for the same design serving different steps of a SoC design flow (power 

domain, verification, software, abstraction level, etc.). Platform Assembly tool has 

Block Forge feature that is used to edit the interface of an IP and to update all 

references to the IP automatically when it is renamed. The tool offers several different 

ways for doing the connections between IPs. Signals can also be easily split or tied to 

a certain value. TCL and python APIs are provided for performing all the integration 

actions in batch mode [26, p.157-165]. Provided netlister is able to generate VHDL, 

SystemC and Verilog netlists for the created design. SystemVerilog is also supported 

through the Verilog netlister. [36] 

Magillem Register View allows generating and editing register and memory map 

information of leaf components using graphical presentation of the IP-XACT 

components’ memory map data. Memory maps can be imported using CSV, Excel, 

DITA, CMSIS and FrameMaker formats [37]. Magillem has extended basic register 

access types with numerous additional access types via vendor extensions and the user 

can also define custom specific access types for special registers [37]. Register View 

natively integrates generators to provide different types of output files based on leaf 

component’s memory map or design’s system map. Available generation options 

include C headers (registers addresses and bit fields, access functions and verification 

functions), Verilog and SystemVerilog register bank generator for AMBA, Avalon and 

OCP bus protocols, register documentation in doc and html formats, UVM register 

model in SystemVerilog and CMSIS SVD files for ARM Cortex-M microcontrollers. 

Magillem Register View includes Easy access API that can be used to access memory 

elements and change their values in an automated script-based flow. It uses the TGI 

and supports JAVA and TCL languages [28, p.42]. [28, pp.4-5] 

Other features of the Magillem include Design Life Management tool for concurrent 
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integration of IP-XACT platforms (integrate new IP versions automatically, design 

diff and merge), Sequence Editor for implementation of register sequence and 

generation of different output formats (C, e or UVM sequences) and Magillem 

Generator Studio for creating, debugging and executing of IP-XACT TGI generators 

or Magillem RTL API scripts. [31, p.7] 

 

 

4.3. CoreTools 

 

Synopsys CoreTools focuses on IP based design and verification. It is a family of three 

tools that are utilized in different phases of IP packaging and integration: coreBuilder, 

coreConsultant and coreAssembler. Figure 5 presents how the IP data flows through 

the coreTools. All tools feature step-by-step guided flow of actions in graphical mode 

and all the actions can also be completed in a script-based environment using TCL 

interface. CoreTools has built-in interfaces for others Synopsys tools including Design 

Compiler, Physical Compiler, Power Compiler, TetraMax, PrimeTime, Formality and 

VCS. [38]  

 

 

                           Figure 5. Design reuse flow with Synopsys coreTools 

 

CoreBuilder is a packaging tool that can capture IP meta-data as an IP-XACT 

component or as a coreKit, which is a file format used for data exchange between 

different coreTools. A coreKit contains the same information as an IP-XACT 

component and additional data including synthesis intent and verification 

environment. Some of the CoreTools features are only supported when using the 

coreKit flow.  [39, p.17] 

CoreBuilder supports packaging SystemVerilog IPs and mixed-language designs. It 

allows creating configuration menus for user configurable parameters of the packaged 

IP. This includes setting the parameter boundaries and their cross dependencies. The 

internal hierarchy of the packaged IP can be defined together with clocks, interfaces 

and port constraints. IP memory map and documentation can be included along with 

other views of the IP [38]. [40] 

CoreConsultant is a utility package for configuring, implementing and validating 

individual coreKits packaged with the coreBuilder [38]. It creates error-free 



 

 

30 

configurations for an IP using menus defined with the coreBuilder [41]. 

CoreConsultant generates configured HDL code for the IP and interacts with Synopsys 

synthesis tools in order to implement the IP [42, p.15]. CoreConsultant verifies the IP 

by invoking selected simulation tool with the verification environment included in the 

IP’s coreKit [42, p.16]. Other features of the tool include generating timing models 

using PrimeTime, setting DFT parameters, generating test vectors using TetraMax, 

formal verification, static timing analysis and finally generating IP-XACT XML for 

the coreKit [43, pp.20-21] [38]. 

CoreAssembler is similar to coreConsultant but it works at the subsystem level to 

perform platform assembly activities. It allows selecting which IPs constitute a 

subsystem, configuring individual IPs and their interfaces, verifying individual IPs 

with verification environment packaged with coreBuilder, creating connections 

between IPs and generating HDL code for the subsystem (Verilog, VHDL and 

SystemVerilog). The IP-based subsystem can also be synthesized and packaged for 

reuse [44]. Both coreKits and IP-XACT components can be integrated into a 

subsystem. If an IP integration does not require all the information that is gathered 

with coreBuilder packaging process, the unpackaged IP can be directly imported into 

the coreAssembler and instantiated in a design [44]. All coreTools support IP-XACT 

XML file generation according to the IEEE 1685-2014 version of the XML schema. 

 

 

4.4. Kactus2 

 

Kactus2 is an open source IP-XACT toolset for ASIC, FPGA and embedded systems 

design. It is developed by Tampere University of Technology and based on the IEEE 

1685-2014 supporting full parameter propagation and SystemVerilog format for 

parameters and expressions. [45] 

Kactus2 features component packager, design assembly and configuration along 

with generation of C headers and HDL files for the created designs [46]. VHDL and 

Verilog are supported in packaging and HDL file generation. Graphical interface is 

available for IP-XACT component creation and the HDL module headers for 

components can be generated. Memory designer is included for previewing memory 

maps and address spaces in design hierarchy. The tool allows packaging software into 

IP-XACT components, mapping them to hardware and generating makefiles that build 

executables with rules defined in IP-XACT components. [47] 

 

 

4.5. IDesignSpec 

 

Agnisys IDesignSpec can be used to create the specification of a design’s memory 

map and to generate various RTL, software header and documentation files based on 

it. It supports export and import of memory map specification in several formats 

including IP-XACT. The tool allows IP/SoC design architects and engineers to create 

specification in MS Word, Excel, LibreOffice, OpenOffice or in plain text. The 

specification is content aware and any conflict in address is checked and highlighted 

in the specification itself. Any changes done in the specification are automatically 

translated into the generated code. [48] 

IDesignSpec supports importing memory map information using several formats 

including IP-XACT (v1.5 and 1.4), SystemRDL, RALF, CSV, MS Excel, MS Word, 
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custom XML formats, FrameMaker and other formatted text files. Memory map 

specification can be exported in XRSL XML format, IP-XACT (2009 and 2014 

versions), SystemRDL and CMSIS SVD. [49] 

Based on the memory map information, synthesizable register RTL code and 

interfaces can be created for AXI, AHB, APB, Avalon, Wishbone, OCP-IP and I2C 

bus protocols. Generated RTL languages include Verilog, SystemVerilog, VHDL and 

SystemC [49]. C header and C++ class file generation is supported for firmware and 

device driver development [48]. Documentation files for the specification can be 

created in HTML, PDF and MS Word formats or graphically in SVG format [49].  

IDesignSpec can output comprehensive verification files that are based on UVM, 

OVM and VMM methodologies. It is able to automatically generate a UVM 

verification environment including bus agents, virtual sequencers, RTL, associated 

tests and an annotated verification plan [49]. The tool generates a UVM register model 

that covers all verification elements like covergroups, coverpoints, coverbins and 

illegal bins. User can create hierarchical paths for blocks, register files, registers, 

register arrays and memories. Constraint expressions are translated into covergroups 

and coverpoints, creating bins based on the expressions specified to achieve coverage 

driven verification. User-defined coverage code generation is also possible. [48] 

RTL generated by the IDesignSpec supports special registers like shadow register, 

RO-WO pair at the same address, aliased register, locked register, trigger-buffer 

register, indirect register, interrupt fields/registers, counters, fifo registers, paged 

registers and user defined registers [48]. Generated software may access registers with 

32 different access types [49]. The tool supports channelization, low-power RTL and 

back-door access as well [49]. Output files of the IDesignSpec can be customized using 

TCL commands or XSLT. Command line interface is provided for Linux, Windows 

and Mac platforms [49]. 

 

 

4.6. EDAUtils DesignPlayer 

 

EDAUtils DesignPlayer is a set of open source tools consisting of IP-XACT 1685 

Solution, Baya SoC Integration platform and collection of RTL utilities, translators 

and parsers [50]. The toolset can be used to package VHDL and Verilog IPs, modify 

packaged components using GUI or TCL shell, validate IP-XACT files and check 

consistency between IP-XACT component and its Verilog model. Component’s 

Memory map can be imported using Excel and CSV files. UVM model and C Model 

can be created for the memory map. [51] 

The Baya SoC integration platform can convert existing Verilog Subsystems and 

SoCs into IP-XACT designs and it comes with over 200 high level TCL commands 

intended for platform assembly. The integration platform offers rule-based 

connections for adhoc and interface connections and supports hierarchy manipulation 

actions including inserting, merging, flattening and removing hierarchy. The tool 

reports design maturity in terms of percentage of unconnected ports and provides an 

utility for comparing VHDL Entities and Verilog modules to an IP-XACT component 

to assess the impact on connectivity in case of a new IP release. Designs can be saved 

as VHDL, Verilog or IP-XACT. [52] 
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4.7. Other tools 

 

ARM Socrates System IP Tooling enables IP standardization, configuration and 

intelligent integration of subsystems and SoCs using rules, instructions and high-level 

integration macros. Connectivity information for designs created with the tool can be 

rendered into multiple formats such as IP-XACT, VHDL, Verilog, SystemVerilog, 

SystemC, Excel, Word etc. [53, p.10] 

Scineric Workspace is vendor independent IDE for FPGA design management. It 

manages designs as components described using IP-XACT standard. The tool uses file 

manager based approach towards managing designs. It features SVN and Git version 

control, import and export to many design formats, team settings, continuous 

integration tools and configuration packages for FPGA designs [54]. [55] 

Defacto STAR tool supports IP-XACT in IP packaging, integration, documentation 

and reuse. It includes customizable coherency checks between RTL and IP-XACT 

[56]. The tool is able to update RTL files (Verilog, VHDL and SystemVerilog) and 

generate IP-XACT descriptions for RTL block, IP or SoC. [57] 

Xilinx Vivado Design Suite can package IPs and their associated files into IP-XACT 

component descriptions together with XGUI TCL files for showing the IP 

customization GUI [58, p.69-70]. Vivado uses IP-XACT component’s “views” 

element for presenting different ways to consume the files of the IP. Different use cases 

for the files may  include separate synthesis scenarios for Verilog and VHDL and 

describing the component in GUI. The location of a certain IP in the Vivado’s IP 

catalog is stored as a vendor extension in the corresponding IP-XACT component. [59] 

Tanto is a python-based tool that reads IP-XACT Memory map information and 

generates UVM register models, C, HTML and RTL files based on it. [60] 

FuseSoc is an open source package manager and a set of build tools for HDL code 

[61]. It uses IP-XACT format in identifying different IP cores by VLNV identifier and 

uses file sets to list all files associated with the IP [62] [63]. 

Ipyxact is a python-based IP-XACT parser that creates python structures from 

parsed IP-XACT files. It is intended to make it easier to use IP-XACT files in a python 

application. [64] 
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5. IP-XACT LIMITATIONS AND CHALLENGES 

 

This chapter discusses known limitations of the IP-XACT standard and practical 

challenges that may occur while building a design flow based on the IP-XACT 

methodology. Solutions to different problems are also presented.  

 

 

5.1. Limitations of the standard 

 

The IP-XACT 1685-2009 standard does not have a concept of dynamic configuration 

and therefore is not able to handle highly configurable generic IPs [13] [2]. IP-XACT 

components may have different views for different needs of the design flow but within 

one view, component’s information like the number of ports is unambiguous. The 2014 

version of the IP-XACT standard solves this problem by introducing conditional 

elements to the schema but this feature is not implemented in tools yet. It will most 

likely take some time before tools offer support for conditional elements due to 

required changes to the checking procedure. From methodology point of view, there 

is also a big gap between describing a configured platform and describing a platform 

generator. With the current tools, this issue can be resolved by creating different 

component descriptions for the packaged IP (e.g. separate ASIC and FPGA 

descriptions) [65]. Due to this limitation, building a configurable tool and IP flow is 

not natively supported. Trying to implement over-generic HDL projects in IP-XACT 

as such will require lots of work developing vendor extensions to present the 

configurability. Even more work is required while building generators that are able to 

generate configured IP-XACT descriptions based on those vendor extensions [65] [2]. 

IP-XACT versions up to and including IEEE 1685-2009 do not support one-to-many 

connections in designs. Broadcast feature for interfaces was introduced in the newest 

version of the standard but it is not yet widely supported by the tools. Some EDA tools 

may allow one-to-many connections (with a warning) but this violates IP-XACT 

compliance when using the 2009 schema version. To solve this while complying with 

the schema, a virtual bridge or channel component can be inserted into an IP-XACT 

design to manage one-to-many connections. [2] 

IP-XACT does not natively support special register behaviors and only has five 

different basic access types for register bit fields [2]. Extra access types can be added 

with vendor extensions and tools offering memory map modification features usually 

contain a set of extended access types. These tools include generators that understand 

those extra access types and are able to create corresponding C functions for correctly 

performing read and write accesses for each type. Accelera also offers an alternate way 

of presenting components’ memory maps through SystemRDL standard. SystemRDL 

is a language for the design and delivery of registers to be used in IP blocks within 

electronic designs [66]. Some IP-XACT tools are able to import component’s memory 

maps in SystemRDL format. 
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5.2. Challenges in applying IP-XACT 

 

The IP-XACT standard does not ensure compatibility of bus and abstraction 

definitions from different vendors [65]. IP-XACT objects are referenced with VLNV 

identifiers that are defined when the IP-XACT objects are created. Bus definition 

misalignment can happen due to different teams or companies using different VLNV 

identifiers for the same bus protocol or same VLNV for different items [2]. This is also 

the case if a company creates own definitions for standardized bus protocols. Accelera 

offers bus definitions for a few common bus protocols to help with this issue [67]. 

Some owners of different bus protocols also offer their own bus definitions [63]. To 

decrease the chance of VLNV mismatch, generic bus definitions created by different 

teams should be centralized with in-house standardization in a company that utilizes 

IP-XACT [2].  

Another problem is incompatibility caused by updates to bus definitions. Mismatch 

happens if two VLNV identifiers are not identical. If an update is done to a bus 

definition and its version number is changed from 1.0 to 1.1, all components containing 

references to the version 1.0 of that bus definition will become incompatible with the 

updated bus definition even if the update was so minor that the updated bus would be 

backwards compatible with all existing connections [3]. This can be solved by using 

the same VLNV for those bus definition versions that are strictly compatible with the 

previous version. This requires mapping between bus definition version numbers in 

the versioning system and VLNV identifiers. 

When different teams inside a company are working on different parts of the IP-

XACT design flow, there is a possibility that separate IP-XACT descriptions 

addressing different needs of the design flow are created for the same IP. There can 

be, for example, one component description containing port and parameter information 

for RTL restructuring and a second one for C header generation containing the IP’s 

memory map and a third description containing all the additional info including file 

sets etc. To merge different IP-XACT files into one component description, a utility 

needs to be created for it. [2] 

To avoid integration issues caused by different schema versions, all IP-XACT files 

need to use the same schema version while performing platform assembly. Old schema 

versions can be upgraded to newer versions using XSLT scripts provided by Accelera 

[68]. 

There is also the general problem that re-generating HDL code based on the IP-

XACT data is problematic if the HDL code was manually fixed after the initial 

generation. Including the manually done fixes in coming HDL versions requires 

editing the IP-XACT components and designs. This can be challenging especially if 

the needed fixes cannot be presented using standard IP-XACT constructs. [65] 

To overcome limitations of the standard and to offer additional features, EDA 

vendors have developed vendor extensions and some tools even use a file format that 

is a super set of IP-XACT. While those tools use different data format to internally 

handle IP-XACT files, all additional information is usually converted into vendor 

extensions when IP-XACT files are generated. While vendor extensions make the IP-

XACT standard very flexible, they also complicate the process of IP exchange between 

vendors [18]. Vendor extension defined for one tool will not work with another tool. 

However, since they are just plain text, it is possible for EDA provider or user 

generator to take them into account. There is also a chance that different vendors end 
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up defining the exact same functionality in different ways using vendor extensions 

[63].  

 

 

5.3. Managing glue logic in legacy platforms 

 

In IP-XACT methodology, all SoC’s functionality is implemented inside individual 

components and designs just connect them together. Legacy HDL designs that already 

have this kind of structure will not cause any glue logic related problems while being 

transferred into IP-XACT based design flow. However, most legacy HDL projects 

contain varying amounts of behavioral code on all hierarchy levels of the design thus 

presenting challenges to the packager tools that are trying to create design descriptions 

by parsing the HDL files. Glue logic includes all the HDL constructs that are found on 

different hierarchy levels of a legacy HDL design and that are not structural code 

related to IP instantiations or their connections to other IPs. This behavioral code may 

contain registers, counters, combinational logic like if-else structures, signal 

assignments to other signals or default values, expressions used to align interfaces or 

concatenation of signals. Glue logic on higher levels of design hierarchy is problematic 

because IP-XACT has no mechanism for representing anything but structural RTL 

code in design descriptions.  

Glue logic handling depends on the used packaging tool. Some packagers are only 

capable of gathering the structural information and all behavioral code, for example, 

in a subsystem HDL file is ignored resulting in an incomplete IP-XACT design file. 

This problem can be solved by creating wrappers for IPs containing the behavioral 

logic that is related to them on a hierarchy level where they are instantiated. Creating 

such wrappers will slow down the creation of IP-XACT design descriptions but it will 

make the design fully compatible with the IP-XACT standard in terms of glue logic. 

However, this makes updating the IPs more complicated. Each IP may have a test 

environment for verifying fixes done to the IP and this test environment does not have 

all the functionality that is included in the IP’s wrapper created for the IP-XACT flow. 

Since an IP-XACT design integrates the IP’s wrapper and not the IP itself, there is a 

possibility for a situation where the IP’s wrapper is correctly integrated into the IP-

XACT design but the wrapper is no longer compatible with the updated IP. This kind 

of problem will go unnoticed in the IP-XACT flow and the functional errors caused 

by it will be seen only when RTL netlist is generated based on the IP-XACT design 

and verified using simulation tools. One solution is to verify updates to the IP with the 

wrapper but this will require modifications to the IP verification environment or a 

separate verification environment needs to be created for testing the wrapper. In 

addition to wrapper creation, all the behavioral code that is added into IP wrappers 

needs to be removed from legacy RTL netlists to make them purely structural. Once 

that is done, packager is able to correctly parse them and create IP-XACT designs. 

Sometimes legacy RTL netlists may need so many modifications that it might be more 

practical to discard them after all the behavioral logic has been added to IP wrappers, 

create IP-XACT designs inside a platform assembly tool using the IP wrappers and 

generate updated RTL netlists based on the IP-XACT designs. 

In order to avoid any glue logic related work during packaging of a legacy HDL 

design, advanced packagers have ways of handling the behavioral code. HDL design 

can be packaged into an XML format that is a super set of IP-XACT thus having 



 

 

36 

capability of presenting behavioral structures in RTL netlists. However, this approach 

is not IP-XACT compliant and the tools that use it are not able to export IP-XACT 

design files as long as the glue logic elements are present in the designs that are 

handled inside the tool using a different file format. Behavioral HDL structures can be 

presented using vendor extensions in IP-XACT design files but that is not practical 

solution due to vendor extension related exchangeability problems. 

The most advanced way of handling glue logic is by using a packager that is able to 

encapsulate all behavioral logic in a RTL netlist file into a separate IP-XACT 

component. Behavioral code lines are presented as parameters in the glue logic 

component. This component also contains ports for all the signals found in the glue 

logic and component model parameters for all parameters found in the behavioral 

code. Packager automatically instantiates the glue logic component in an IP-XACT 

design and creates the needed connections. An advanced packager like this needs to 

be accompanied by netlister that is able to understand the nature of the glue logic and 

will either instantiate the code lines inside the glue component into the generated RTL 

netlist or instantiate the component as a Verilog or SystemVerilog module or VHDL 

entity containing all the behavioral lines of HDL code. [34] 

Sometimes glue logic needs to be added to an IP-XACT design while performing 

platform assembly actions. Platform assembly tools have features that allow creating 

simple glue logic structures like signal assignments, multiplexers or inverters. Creating 

complex glue logic structures during platform assembly will require additional glue 

logic component descriptions. 

 

 

5.4. Ensuring high quality XML 

 

A whole SoC construction and verification flow can be built around IP-XACT 

methodology and automated using generators and other scripts that invoke execution 

of HDL simulators, synthesis tools, DFT tools, formal verification tools and any other 

flow specific EDA tooling. The information provided in a component XML 

description is used throughout the SoC design flow and cross referenced by multiple 

tools in the automated flow. However, when something goes wrong, finding the cause 

of the failure is difficult in highly automated design flow since the problems are 

typically observed long after the point of failure. That’s why it is essential for the 

component XML descriptions to be correct and complete providing all the necessary 

information that is used to automate well-defined tasks like configuration of inter-

dependent parameters, generation of top level wiring, insertion of test logic, generation 

of documentation, and creation of test software to perform register read and write tests. 

[3] 

Generation of large amounts of data by hand is not practical and would be very error 

prone when dealing with complex IPs containing lots of interdependent data. For this 

reason, the first step of creating high quality component XML files is to automate the 

packaging process as much as possible. Packagers generate IP-XACT data that is 

correct and consistent with the corresponding IP but they cannot create complete XML 

files solely based on the IP database. Excluding the simplest IPs, packaged component 

XML files will always require a certain degree of post-processing to make sure that 

they include all the information needed in different parts of the design flow. Post-
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processing generally consist of adding information that is not present in the HDL like 

bus interfaces, descriptions, documentation and related files. 

Sometimes packagers may be unable to gather all the port and parameter information 

due to complex expressions used in the HDL source files and the missing information 

needs to be manually added. While based on simple XML concepts, the IP-XACT 

contains complexities, which means that writing high quality XML requires good 

understanding and interpretation of the complete specification. Without sufficient 

level of IP-XACT knowledge, it may be tempting to rely on the output of the packager, 

which is dangerous. Packagers reduce the necessity for in-depth IP-XACT 

understanding when dealing with simple IPs. To complete the component description 

of a simple IP it is sufficient to know what to look for when editing the XML. However, 

this becomes more difficult when packaging complex IPs like CPUs. [3] 

The next step in ensuring high quality XML is making sure that the created XML 

files conform to the IP-XACT schema. Packagers usually validate the XML files 

automatically using the SCR. This is only the first level of IP-XACT validation and 

relying on the SCR-based checks alone will lead to quality problems during component 

integration. This is due to the fact that most of the information in the IP-XACT schema 

is optional. The representation of a component can be incomplete having missing 

parameters or ports but it will still pass all the SCR checks. Therefore, schema 

validation cannot be used as a meaningful completeness metric. Creating valid but 

minimal component XML descriptions will make it impossible to develop hardware, 

software, synthesis and verification flows that are available with complete XML 

descriptions. [3] 

 In order to identify any missing ports or parameters on an IP-XACT component, 

HDL netlist can be generated from it and compared to the source IP. The data fields of 

a component XML can be verified with custom checks. These checks may report 

missing default values for component’s ports or missing timing constraints for input 

pins. Custom checks can also create a warning if the XML contains references to non-

existent file paths or if one of the component’s bus interfaces is unknown. The use 

model of the IP-XACT files in a design flow will determine the amount of required 

additional checks. Vendor extension require their own checks as well. Custom checks 

should be accompanied by report generation, which assesses the information that is 

present in the XML description and the impact of any missing information on the used 

design flow. For example, reporting could create a notification if software generation 

flow is not possible for a certain component because one of the custom checks 

discovered that the component has a memory map containing no child elements. 

Notifications about new bus definition version being available for one of the 

component’s bus interfaces could also be included. [3] 

Correct and complete component XML does not guarantee correct functionality of 

the IP. Therefore, the component XML needs to be verified in system context 

throughout the integration process by making sure that the IP correctly connects and 

communicates with other IPs. Platform assembly tools provide simple system level 

checking by validating the design after each integration step and generating errors for 

incorrect connections. Flow testing is necessary to ensure that information is correctly 

extracted from component descriptions because this data may be needed to 

automatically configure infrastructure components such as bus matrix, interrupt 

controllers or bridges. The key challenges in component system testing are to ensure 

that all contributing parts of the component description (e.g. RTL and software views) 

are verified together and each component integrates and operates correctly. [3] 
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It is also challenging to keep the component XML updated while the IP evolves. 

This has to be done with a packaging tool since manually updating the XML files is 

not practical. However, since packagers are not able to generate all the data that is 

needed in different parts of a full design flow, packager tools need to understand that 

the component has been modified and allow incremental updates to an existing XML 

file. An optimal verification strategy should understand that a previously verified 

component has had minor updates applied and focus specifically on verification of 

those aspects that have changed. [3] 
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6. EXPERIMENTS AND RESULTS 

 

The goal of this thesis project was to find out how a legacy SystemVerilog HDL design 

needed to be changed in order to make it suitable for IP-XACT based design flow with 

the tools that are currently available. The project was carried out at Nordic 

Semiconductor using company’s own IPs. Building a complete IP-XACT design flow 

including automated IP packaging, platform assembly and output file generation was 

outside the scope of this project. Instead, the project focused on finding problems that 

could occur during different stages of the design flow. There was an emphasis on 

packaging related issues since having accurate IP-XACT component and design 

descriptions is the foundation that enables all the other parts of a successful IP-XACT 

based design flow. 

This chapter documents the SystemVerilog specific issues along with other 

encountered general problems. Even though the IP-XACT is a HDL-neutral standard, 

the HDL of a target legacy design matters during IP packaging. Packagers need to 

understand different HDL constructs found in the design files in order to generate IP-

XACT files correctly. Presenting SystemVerilog designs in IP-XACT is especially 

interesting since IP-XACT was intended to support mainly VHDL, Verilog and 

SystemC when it was initially specified in 2003. SystemVerilog was adopted as an 

IEEE standard in 2005 adding new features such as SystemVerilog interfaces (SVI), 

“enum”, “typedef” and C types enabling complex parameter definitions and 

dependencies between them [69]. 

During this thesis work, a few commercial and open source IP-XACT tools were 

tested. It is worth mentioning that these tools were used during the time period from 

November 2016 to April 2017 and that some of the documented problems were fixed 

by tool vendors during the process. By the time this report was finished there had been 

new releases of the tools potentially resolving some of the issues discussed here. 

 

 

6.1. The target design 

 

One of the Nordic Semiconductor’s designs, a broadband modem, was chosen as the 

target design for the IP-XACT methodology. The top level design hierarchy consists 

of three subsystems each containing numerous IPs on different hierarchy levels. Most 

of the IPs are Nordic’s own SystemVerilog modules but the design does have a few 

ARM IPs that come with IP-XACT component descriptions including bus interface 

information, ports, parameters and file sets. Each IP has its configuration parameters 

defined in a separate package file and some of the parameters have dependencies to 

other package files as well. Parameter definitions contain complex C-like structures 

including functions, enumerations, type conversions and type definitions. Parameters 

are included in IP’s module instantiation and some of the parameters propagate 

through several levels of hierarchy. 

All bus structures in the design are created using SVIs and the power and clocking 

system relies heavily on SVIs as well. Similarly to IPs, the SVIs have their 

configuration parameters defined in separate package files and those parameters are 

also highly interdependent. The SVIs are used at module boundaries and instantiated 

on different hierarchy levels. They have lots of different modport definitions (up to 

11), that declare a certain set of SVI signals as input and output depending on the 

required use case. The design has some preprocessor directives using global 
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parameters to define conditional ports and module instantiations for different versions 

of the design (e.g. FPGA). Preprocessor directives are also found in the SVIs where 

they are used to define optional signals. 

The initial plan was to package as many IPs in the target design as possible and then 

build subsystems and eventually the full broadband modem with the packaged IPs 

using the platform assembly features provided by different IP-XACT tools. As the last 

part of the project, different output files were supposed to be generated based on the 

created IP-XACT designs. Due to encountered issues, most of the work was eventually 

limited to packaging individual IPs into component descriptions and certain hierarchy 

levels into design descriptions. A big part of that was creating test IPs in order to track 

down the sources for problems discovered during packaging. 

 

 

6.2. Packaging problems 

 

Most of the IP packaging related work consisted of loading SystemVerilog files into a 

packaging tool and figuring out what caused the IP-XACT file generation to fail. Issues 

were debugged by editing the SV files and creating test case files to inspect the 

problems more closely. The IP-XACT generation failed mainly in two ways. 

Sometimes a packager completed the packaging process but reported errors or 

warnings about unsupported HDL constructs during the import, which led to missing 

elements in the created XML file. These cases were easier to debug especially when 

the packager tool logged all syntax errors and unsupported HDL constructs and stored 

the information in the generated XML file. Other times the packaging tools just aborted 

the whole import process providing no information for the reason of the failure. These 

cases were more time-consuming to resolve since they required manually removing 

suspicious SV constructs from the imported files until the error did not happen 

anymore and then creating test files to prove that a certain HDL construct had caused 

the error. There was no documentation on how the packager tools parsed the HDL 

files, which would have helped understanding why the packaging process had failed. 

Limiting the imported hierarchy levels during one packaging process decreased the 

number of errors and made debugging a bit easier. One tool offered pragmas that could 

be added to the HDL files to turn off parsing of certain problematic parts in order to 

avoid errors and to find problems. In other tools, editing out the code lines provided 

the same functionality. 

For a leaf IP-XACT component description, the packagers were generally able to 

gather imported module name, module language, file set reference list, ports, model 

parameters used in the module instantiation and parameters used in the module’s 

functional code. 

When an IP contains parameters that have many interdependencies and references 

to several package files, it is faster to set up the packaging using a tool that has a GUI. 

Adding all the required files to a packaging TCL script takes time due to typographical 

errors that happen when long file paths are written manually. This is the case especially 

when performing hierarchical packaging and the imported design contains many IPs 

and SVI definitions. Even if TCL scripts are the preferred way to import IPs, it is more 

practical to do the packaging processes first in the GUI and copy the automatically 

generated TCL script from the tool and modify it for different IPs. 
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6.2.1. SystemVerilog interfaces 

 

The IP-XACT standard does not have a native way of presenting SVI connections in 

design descriptions. The handling of SVIs during IP-XACT packaging varies between 

EDA vendors. Different companies using IP-XACT may also have their own way of 

presenting SVIs. Custom IP-XACT SVI representation requires developing netlisting 

and checking utilities that are SVI aware. Since SVIs have a close conceptual 

relationship to IP-XACT interfaces, they have been used to present SVIs in IP-XACT 

designs in previous projects [18]. 

Converting SVIs into IP-XACT interfaces during design packaging is the simplest 

way to deal with them but according to information received from one of the IP-XACT 

tool vendors there are differences between them, which makes it hard to perform such 

conversion without significant loss of connectivity information. IP-XACT interface 

(bus definition, bus abstraction and bus interface in components) is a set of wires going 

from one component to another component or to a design top level boundary. IP-

XACT interface signals are always connected to the physical ports of a component. 

SVI is much more than just a way of documenting connectivity provided by several 

signals. It may contain functions, tasks and other behavioral statements. It can be 

instantiated in a design with an instance name and its signals can be connected partially 

to one IP while other SVI signals can be connected to another IP or assigned directly 

to any signal in the design. SVI can be configured with parameters and it may have 

several modports with different ports mapped to them. Additionally, SVI consists of 

filesets, must be under versioning system, has documentation, needs to be tested and 

integrated within a PLM strategy. For these reasons, SVIs cannot be presented 

correctly as IP-XACT interfaces without lots of vendor extensions and other 

workarounds. Instead, SVIs should be presented as IP-XACT components. 

Only one of the used tools presented SVIs in this manner during packaging. One of 

the IP-XACT tools didn’t support the SVIs at all and just ignored them during IP 

packaging creating a component description that was otherwise correct in terms of 

connectivity but was completely missing the SVI signals. 

Another packaging tool converted the SVIs into IP-XACT interfaces by adding all 

SVI ports to the XML files of the component that the SVI was connected to. These 

physical ports were then associated with the logical ports of automatically generated 

bus/abstraction definition. This type of packaging led to incorrect port directions in 

packaged IP-XACT designs since SVI’s modports do not always have master to slave 

structure. The modports inside Nordic’s SVIs have unused dummy signals defined as 

inputs and once they were converted into IP-XACT components ports, IP-XACT 

tool’s checkers generated errors about nets without drivers. Since the IP-XACT 

methodology does not document the functionality of IPs, it has no way of knowing if 

a certain port is used or not. Therefore, a SVI signal with no driver seems like a clear 

error in an IP-XACT design. Errors were expected since the target design contained 

many SystemVerilog statements and structures that were listed in the tool 

documentation as unsupported HDL constructs. The list included generic SVIs with 

multiple modports, glue logic, tasks or functions in SVIs, arrays of SVIs and SVI 

configuration with parameters. All of these limitations can be explained by the way 

the tool handled SVIs during import since converting SVIs into IP-XACT interfaces 

makes it impossible to present those unsupported constructs. Additionally, the tool did 

not support SystemVerilog in RTL generation so it would not have made any sense to 

import SV specific HDL structures. However, the documentation also stated that the 
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known limitations were likely to be fixed in future releases of the tool, which would 

likely require abandoning the highly restrictive IP-XACT interface based SVI 

packaging.  

The tool, which preserved SVI connectivity information as accurately as possible, 

presented SVI instantiations in packaged IP-XACT designs as components and all 

connections to the instantiated SVI components were encapsulated into automatically 

generated glue logic modules. SVI related logic and direct connections to SVI signals 

were stored in the glue logic modules as parameters containing the code lines found in 

the HDL files. A SVI component created during the packaging process had one 

transactional port for each modport of the SVI. The transactional port that had the same 

name as the modport used in the packaged target RTL was connected to the glue logic 

module.  SVI declarations at component boundary were presented as transactional 

ports containing a name reference to the used modport. 

This type of SVI packaging allowed the SVIs to be presented at the boundary of IP-

XACT leaf components that were created packaging Nordic IPs. However, handling 

SVIs in hierarchical packaging was problematic due to two issues that aborted the 

packaging process in most cases when trying to create design descriptions. Figure 6 

shows the test case files that were created to find the SVI related errors. 

 

 

    Figure 6. Code lines 26 and 27 caused unexpected error in the packaging process 

 

Error 1 was encountered when a certain bit index of a multidimensional signal 

belonging to an SVI that was declared at the module’s header was assigned to a signal 

in the design. Error 2 was caused by the assignment of a certain bit index of an 

instantiated SVI’s signal to another signal in the design. These two errors prevented 

the hierarchical packaging of almost all Nordic’s IPs and subsystems. Additionally, 

they made discovering other SVI related issues difficult. Occasionally a construct 

similar to the one on the code line 27 in the figure 6 caused the packager to report that 

it could not find a certain port in the IP when the missing port was actually declared in 

a SVI that was instantiated on that hierarchy level. 
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6.2.2. Parameter definitions 

 

All selected tools understood Nordic Semiconductor’s way of using configuration 

parameters in SystemVerilog modules even though initially one of the packaging tools 

created the same parameter twice in the component XML. This generated checker 

errors because each parameter in an IP-XACT XML must have an unique “spirit:id” 

identifier and parameter names were used as this identifier. The packager stored 

parameters related to module instantiation as model parameters and parameters found 

in the functional code or I/O definitions as generic parameters. If a certain parameter 

in the module’s code was used in both parts, it ended up being generated twice. Figure 

6 shows test files that were created to debug the issue and also Nordic’s way of using 

parameters. “WIDTH” and “BITS” parameters were initially packaged twice resulting 

an erroneous XML file. The developer of the packaging tool quickly fixed this issue. 

 

 

Figure 7. Test files created to debug the “spirit:id” related error 

 

Gathering the values of complex parameter definitions was a challenge for the 

packaging tools. The “typedef enum int” structure presented in figure 8 was especially 

difficult since initially none of the packagers was able to import the structure. This was 

also true for other enumerated type definitions like the “typedef enum logic” that is 

frequently found in SV modules. This kind of definition is very common in Nordic’s 

package files and the issue was reported to one EDA vendor and fixed soon after that. 

Support for “$clog2” function was also added to one packager during this thesis 

project. Initially this function caused the packager to crash without any informative 

error message. 
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     Figure 8. Common parameter definition structure in Nordic’s package files 

 

The biggest parameter related problem was presenting parameters defined with 

functions in an XML file. Except for the newest version of the standard, IP-XACT 

uses XPATH language in parameter expressions. Packagers are not able to 

automatically import parameters defined with functions, which means that the 

corresponding XPATH expressions need to be manually created and added to the 

XML. This slows down the packaging especially if the user is not familiar with the 

XPATH syntax. Additionally, XPATH is not capable of expressing all functions that 

can be found in SystemVerilog package files. For example, basic type conversion to 

integer found on the last code line in the figure 8 is not possible with XPATH 

expressions. Having a packaging tool that supports the newest IP-XACT standard and 

uses SystemVerilog for parameter expressions would be very useful when trying to 

package IPs containing complex parameter definitions. 

 

 

6.2.3. Conditionality and preprocessor directives 

 

Global configuration parameters used in SV files with the preprocessor directives like 

´ifdef, ´else and ´endif are problematic for the IP-XACT packaging process. These 

parameters are usually not defined in the same files as SV modules and other 

configuration parameters yet they have a big role in defining the configurability of IPs. 

Global parameters are used to include additional ports, SVIs (figure 9) and generate 

blocks that may contain module instantiations. Including the parameters used with 

preprocessor statements can be difficult since they may be defined in files that cannot 

be parsed with IP-XACT packagers. For example, these parameters may be defined in 

a compilation file, which might contain all kinds of arguments and definitions that are 

used to control the compilation process. 

 

 

   Figure 9. SVI for FPGA version included with a corresponding global parameter 

 

The conditionality feature introduced in the 2014 version of the IP-XACT standard 

would solve this problem but currently the tools that use IP-XACT format to handle 

data don’t support it. Tools using a different file format may have some features 

partially supporting conditionality but may also require additional work to define 

preprocessor directives in a certain way that is understood by the packager. Some 
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packagers just ignore all the code lines under preprocessor directives if the definitions 

for parameters used with the preprocessor directives cannot be found in the list of files 

that was given to the packager. 

One packaging tool used interactive packaging process to define the parameters used 

with preprocessor directives. The packager gathered all of the undefined parameters 

into a menu that was presented to the user. The user could then define the parameters 

as true or false and the packager used this information to import the resolved HDL 

code. This feature still had some limitations since it did not support HDL constructs 

which had a module, “`define” or a SystemVerilog interface under an “ifdef” 

preprocessor directive. In addition, this kind of interactive packaging is not possible in 

a scripted flow. 

Based on the communication with one packaging tool developer it became clear that 

conditionality management during packaging is a difficult matter. In simple cases 

where the code lines between “´idef” and “´endif” are syntaxically consistent as in the 

figure 9, analyzing the code is simple. However, in some cases the content cannot be 

syntactically analysed unless the “ifdef” values are resolved first. Parsers typically 

operate at text level and have a preprocessing phase where all parameter replacements 

are made and the parsing is done on a configured HDL code with no conditions. The 

developer assumed that dealing with conditionality during import could be quite 

complex and even if it is possible, the results will be restricted to a very limited set of 

cases. A simpler solution would be to import the same platform with different 

configurations and when it is translated into IP-XACT, compute the differences 

between platforms to deduce the configurability impact and merge all platforms into 

one single configured platform.  

Even if the IP-XACT tools start supporting the IEEE 1685-2014 allowing 

conditional elements in many parts of the schema it will not mean that packaging 

generic IPs with lots of configurability becomes possible. Implementing a packager 

that can analyze the conditionality correctly is extremely difficult. For now, the best 

way to correctly import HDL constructs under preprocessor directives is to create 

additional file containing the values of all parameters that are used with “´ifdef” and 

include this file in the packaging. This may require several configuration files since 

the recommended methodology with the 2009 IP-XACT version is to create separate 

component description for each configuration of an IP. 

 

 

6.2.4. Glue logic processing 

 

When packaging a legacy design into an IP-XACT design description, it is essential to 

use a packager that is able to automatically generate glue logic modules for all the 

statements and assignments that are not purely structural code. Figure 10 shows a few 

examples of SystemVerilog statements that are not natively supported by IP-XACT in 

design descriptions and therefore require a glue logic module. If a packaging tool is 

only able to parse purely structural HDL netlists, wrappers containing the glue logic 

must be created for all IPs and hierarchy levels upwards from the IP-level need to be 

rebuild without the glue logic. Automatic glue logic generation during design 

packaging does have its limitations though. 

During the thesis project a commonly occurring issue was that since generate blocks 

were diagnosed as glue logic by the packager all module instantiations under them 

ended up in the automatically generated glue logic components. This created a 
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simplified representation of the packaged design where all IPs under generate blocks 

were represented by a single glue logic component. This also made it impossible to do 

connectivity modification to the IP blocks inside the glue logic components or change 

their parameters during platform assembly. 

 

          

Figure 10. Common SystemVerilog statements not supported in IP-XACT design 

descriptions 

 

6.2.5. Multidimensional ports 

 

The 2014 IP-XACT schema supports packed and unpacked array ports for components 

but the most commonly used 2009 version does not. The tested packaging tools had 

different ways of coping with the multidimensional ports. One solution was converting 

the multidimensional arrays into one-dimensional arrays potentially containing a very 

big number of bits. Parametrized multidimensional ports and partial accesses to 

multidimensional ports were not supported with this packaging approach. Another 

packager stored multidimensional signals as linearized one-dimensional signals in IP-

XACT files, but also saved the dimension information in vendor extensions. This 

information was then used to present the multidimensional ports to the user in all GUI 

and scripting displays. 

The SystemVerilog Interface packaging problems are related to multidimensional 

ports since the SVIs in Nordic Semiconductor’s designs can be defined as arrays, 

which means that all signals in the SVI, except for single-bit signals, become 

multidimensional. 

 

 

6.3. Platform Assembly issues 

 

Broadband modem’s top hierarchy level was chosen as the target design for testing the 

platform assembly features of different tools. The SystemVerilog file describing the 

top level hierarchy contains approximately two thousand lines of RTL code 

instantiating three subsystems and some DFT related logic. The rest of the file consists 

of signal definitions, SVI instantiations and connections created by them. The goal of 

the project was to build the modem’s top level IP-XACT design description from 

scratch and create all the connections found in the SystemVerilog file with IP-XACT 

objects. Generally, it is not a good practice to create IP-XACT designs by trying to 

duplicate RTL structures inside IP-XACT design environments. In this project, such 
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approach was necessary in order to find SystemVerilog constructs that would be 

difficult to deal with using the features provided by different platform assembly tools.  

The three subsystems on broadband modem’s top level were packaged as leaf 

components and instantiated in an IP-XACT design using schematic viewer. Since the 

signal naming of subsystems’ ports was not very suitable for name-based connections, 

ports were connected manually in a list-based view that showed all ports in the design 

and allowed various filtering actions. All connections could not be created due to 

encountered issues but overall the process was a lot faster than writing the 

instantiations and connections in a RTL file. This process was done with two different 

tools that had different ways of handling SystemVerilog interfaces and 

multidimensional ports during packaging. 

The first tool presented multidimensional ports as one-dimensional arrays and 

converted SVIs into IP-XACT interfaces. Because of this, no assignments to SVI 

signals could be done during the platform assembly. Only point-to-point SVI 

connections could be presented in the IP-XACT design. Creating multidimensional 

ports was not possible either and since all packed arrays were converted into a single 

port, it was difficult to create connections that had the similar functionality as partial 

access to multidimensional ports and signals in SystemVerilog files. Figure 11 

illustrates some of the SystemVerilog statements that could not be presented in the IP-

XACT design with this tool. 

 

 

     Figure 11. SystemVerilog statements incompatible with the IP-XACT designs 

 

The second tool packaged multidimensional ports using vendor extensions and 

presented SVIs in packaged designs using components for instantiated SVIs and 

transactional ports for SVIs at component boundaries. All assignments to SVIs were 

stored in a glue logic module during packaging. Even though SVIs were supported 

during IP packaging (with the issues discussed earlier), creating SVI based connections 

during platform assembly was complicated and had limitations. SVI components could 

be instantiated in a design but it was difficult to create glue logic containing all 

connections to the SVIs. The platform assembly tool had a feature that allowed adding 

a glue logic component containing VHDL, Verilog or Boolean statements into the 
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design but since this feature did not support SystemVerilog it could not be used for 

creating assignments to SVI signals.  

There was still one undocumented way to add the SVI related behavioral logic by 

instantiating one of the glue logic components that were automatically generated 

during packaging in the design and modifying its parameter values to incorporate 

assignments to SVI signals. Those glue logic modules supported SystemVerilog 

syntax and were understood by the RTL netlister. However, this procedure required a 

lot of additional work. Ports needed to be added to the glue logic component for each 

signal that was associated with the SVI assignments. Additionally, these ports needed 

to be connect to other components in the design and the transactional port in the 

instantiated SVI component needed to be connected to the glue logic module. This 

approach was not flexible enough to present arrays of SVIs in an IP-XACT design. 

Theoretically that could be done by using customized IP-XACT components but the 

tool would not understand them during RTL netlist generation which means that 

additional generator would be needed to generate SVI array related RTL code. 

Additionally, Presenting SVI arrays in an IP-XACT design would bring many 

multidimensional ports to the design and the platform assembly tool did not support 

them well. 

Even though multidimensional ports were presented with vendor extensions in IP-

XACT components after packaging process, platform assembly utility did not have a 

feature that would have allowed adding new multidimensional ports to the components 

instantiated in the design. This prevented creating many assignments to the 

multidimensional signals of the SVIs. Additionally, the used connection feature 

handled packed arrays as one-bit signals thus not being able to create connections 

between multidimensional ports or partial assignments to them. 

IP-XACT standard’s conditionality limitations were experienced also during 

platform assembly. Since IP-XACT design is a documentation of a resolved platform 

and not a generic one, different design descriptions needed to be created for different 

versions of the design (ASIC and FPGA). 

 Due to limitations related to multidimensional ports, SVI signal assignments and 

arrays of SVIs, all the connections of broadband modem’s top level design could not 

be completed. Connection summary reported that 85% of all ports were fully assigned 

and the rest of them were partially assigned, not assigned or the connection was 

erroneous.  

 

 

6.4. Output file generation experiences 

 

Nordic Semiconductor uses XML based flow for generating IP and design html 

documentation, C header files and some RTL code. This is an in-house flow and since 

the XML format is not IP-XACT, there is no way to extend it further. One of the goals 

of the thesis work was to find out if the in-house flow could be replaced with IP-XACT 

based flow. 

Since presenting Nordic Semiconductor’s designs using IP-XACT design 

descriptions was problematic, there was no point trying to generate RTL netlist from 

them. The RTL netlisting capabilities of the few tools that supported SystemVerilog 

HDL generation were briefly tested using a simple design containing two IP 

instantiations and their connections. SystemVerilog module headers were also 

generated for a few packaged leaf components. Generally, SV files created by the IP-
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XACT tools were very similar to Verilog files with a few modification to make them 

SV compatible. 

All other file generation features available in different tools relied on IP-XACT 

components’ memory map information. In order to try them out, memory maps were 

added for a few packaged IPs. Based on that information, C headers and register access 

functions, register bank RTL code, register documentation and UVM register model 

were generated. C headers were successfully used in one of the broadband modem’s 

processor driven tests to access packaged IPs registers with a few minor modifications. 

Generated register bank RTL modules presented the registers found in the target IP 

and their connections to the bus infrastructure in a reusable form. Generated register 

banks were not tested because their integration to the modem’s IPs would have 

required major modifications. Still, they provided useful templates that could be used 

when building a new design and customized with scripts to match with the design’s 

coding conventions thus preventing lots of manual work. 

Output file generation for single IPs was straightforward but there was a big problem 

related to file generation for hierarchical components. In order to generate files like C 

headers and register documentation for a subsystem or a SoC design, there must be a 

system map in the corresponding IP-XACT design description. The system map is 

built by connecting together the individual memory maps of different IPs using IP-

XACT interfaces. In a SoC design where every bus connection is modeled using 

SystemVerilog interfaces, creating the system map is more complicated. IP-XACT 

interfaces need to be created over the transactional SVI ports. This makes it even 

harder to present complex SVI connections and their related glue logic in IP-XACT 

designs. For this reason, it is more practical to create a separate design description just 

for the system map related actions. This design is a simplified representation of the 

target design and cannot be used for netlist generation as it includes only those 

connectivity details that are needed for building the system map.  

Luckily, there was no need for manual creation of the separate design since one IP-

XACT tool provided a generator for creating system maps without having to bother 

thinking about bus interfaces or bridges. As an input, the generator only required a 

CSV file that contained the start and end addresses of all IPs in the system map, 

instance names and IP-XACT component references. The generator instantiated 

components in a design based on the CSV file and added a slave interface with 

different start and stop addresses to each component. Then it created a processor 

component with a master interface and connected it to other component’s slave 

interfaces via bridge. Figure 12 shows the format of CSV file that was given to the 

generator and the resulting design. A hierarchical component was created referencing 

the generated design and different output files could be generated based on that 

component. 
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 Figure 12. CSV file and system generated based on it. 

 

During this thesis work, memory maps were manually added to packaged IPs based 

on their documentation. This takes a lot of time and is prone to errors. For that reason, 

memory map definition should be an automated process. Ideally, it should be done 

using a script that reads an existing form of register documentation and creates IP-

XACT memory map using TCL commands or the TGI. Alternatively, the script could 

create a file format that is supported in defining memory maps by a certain IP-XACT 

tool. In Nordic’s case this should not be too complicated since the registers are already 

described using an in-house XML format and there are tools that can automatically 

convert the register documentation into object oriented database. This database could 

then be used to control a script that generates IP-XACT memory maps. 

Even though different IP-XACT tools have extended the basic register access types 

defined in the IP-XACT standard, they will not cover all possible register types and 

sometimes there may be a need to define additional access types using vendor 

extensions. This means that a generator understanding those vendor extensions needs 

to be developed if one wants to automatically generate correct C access functions or 

register bank RTL code. IP-XACT tools offer different APIs and TCL packages that 

generators can use to access the IP-XACT data but generator creation is still not a 

trivial task. For example, a TGI based generator, which just reads the memory maps 

of two different components, merges them together and creates CSV for the merged 

memory maps requires about 150-200 lines of code depending on the chosen scripting 

language. 
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The biggest advantage of using IP-XACT based register specification is the fact that 

when files like register bank RTL code, C headers and register documentation are 

generated from the same source there are no functional differences between the files 

and errors are minimized as long as the specification is correct. Checkers will catch 

the most common errors in register specification preventing issues like overlapping bit 

fields or overlapping address spaces of different IPs. 
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7. ANALYSIS OF RESULTS 

 

Trying to implement a legacy SystemVerilog design similar to Nordic 

Semiconductor’s broadband modem using IP-XACT methodology will create 

numerous problems as described in the chapter 6. Some of the issues are caused by the 

lack of support for SystemVerilog in different IP-XACT tools but ultimately the main 

reason for the problems is that the IP-XACT standard does not have a native way of 

presenting some of the SystemVerilog specific HDL constructs. Therefore, a legacy 

design like the broadband modem needs changes in order to make it compatible with 

the IP-XACT flow. In this chapter, suitable solutions for issues encountered during the 

thesis project are discussed. 

 

 

7.1. Overcoming SVI related problems 

 

The biggest incompatibility issues with the IP-XACT methodology during the thesis 

work were caused by broadband modem’s SystemVerilog interfaces. Since the IP-

XACT standard does not have a native support for SVIs, each EDA vendor handles 

them differently. The main idea of IP-XACT standard is to provide well-defined and 

unified specification for meta-data that represents the components and designs within 

an electronic system and to enable delivery of compatible IP descriptions from 

multiple IP vendors [11, p.vii]. Inconsistent SVI handling between different tools goes 

against this principle and makes it hard to use multiple IP-XACT tools since a certain 

way of SVI presentation will only work with one tool. 

During the thesis project, three different ways of dealing with the SVIs were 

observed: no support for SVIs, converting SVIs into IP-XACT interfaces and using 

components together with transactional ports to present SVIs. Converting SVIs into 

IP-XACT interfaces would allow presenting them in a form that is supported by all the 

tools but due to the fundamental differences between SVIs and IP-XACT interfaces, 

loss of information during the conversion would be unavoidable and changes to the 

design would be required. Component and transactional port based SVI presentation 

does the best job in preserving the functionality of SVIs. It is capable of presenting 

SVIs during packaging of leaf components or hierarchical components that contain 

simple SVI based connections. However, this kind of SVI presentation is not yet able 

to deal with the complicated SVI structures found in the broadband modem such as 

assignments to signals of an instantiated SVI, arrays of SVIs and connections between 

different (multidimensional) SVI signals. These limitations prevent the hierarchical 

packaging of almost all IPs in the broadband modem. 

Presenting SVIs as instantiated components during platform assembly requires 

many additional signals and manual edits to glue logic components in order to include 

all SVI related connections in them. Glue logic components are crucial when 

packaging legacy HDL designs but they also have major drawbacks. In IP-XACT 

design descriptions, bus interfaces and adhoc connections are used together with 

checking utilities to ensure that the connections between different components are 

correct-by-construction. Connections encapsulated into glue logic components are just 

lines of HDL code presented as parameters of the glue logic component. They are 

outside the scope of IP-XACT standardization and outside the reach of checkers. 

Therefore, manually adding SVI related connections or other HDL statements into glue 

logic modules is as prone to errors as editing RTL code. Since checkers will not catch 
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any errors in glue logic parameters, issues will be observed only after the RTL netlist 

has been generated from the design and used in simulations or other verification tasks. 

For this reason, relying on glue logic should be minimized during platform assembly. 

Another issue of using components and transactional ports to present SVIs is that it 

prevents having system map information in the same IP-XACT design that is used for 

RTL netlist generation when all bus structures in the target design are encapsulated 

into SVIs. Building the system map requires the creation of a separate design 

description which does not contain all the problematic connections to the SVIs. This 

might be impractical in some flows that prefer having a single source for both RTL 

netlist and software header generation. When two IP-XACT objects are used to 

describe the same design, discrepancies may develop between them as they are 

updated separately. 

In order to build successful IP-XACT flow for Nordic’s broadband modem, the SVIs 

should be removed completely. Another option would be to simplify the SVI 

connections so much that the current level of tool support for the SVIs could deal with 

them but this solution would not solve the SVI related interoperability problems. Since 

changes would be needed on most hierarchy levels of the broadband modem anyway, 

it makes no sense to keep HDL constructs that are not natively supported by the IP-

XACT and rely heavily on glue logic breaking the correct-by-construction principle. 

Additionally, SVIs require lots of manual work to make them comply with the IP-

XACT flow and complicate the process of creating a system map for a design. While 

removing the SVIs, multidimensional ports should also be divided into one-

dimensional ports since they are not natively supported by the 2009 IP-XACT version 

and will cause problems during platform assembly with most tools. This issue will 

likely be fixed during the next few years as the tools start supporting the 2014 IP-

XACT standard. 

 

 

7.2. Parameter packaging and signal naming 

 

When packaging a single IP into a leaf component, the main challenge was gathering 

all the parameter values correctly. Values for parameters defined with functions need 

to be manually added by creating equivalent XPATH expressions for the functions. 

Since XPATH is not capable of presenting all SystemVerilog expressions, parameter 

functions should be simplified or changed to resolved values, which would require 

changes to the configuration practice in a design containing many parameter 

interdependencies. Presenting complex SystemVerilog parameter definitions within 

the IP-XACT will become a lot easier as soon as the tools start using SystemVerilog 

as the expression language instead of XPATH. Still the change of expression language 

will not solve all parameter related difficulties and some modifications will be needed 

because the IP-XACT 2014 expression language is a subset of SystemVerilog. The 

standard documentation has a list of supported and unsupported SystemVerilog 

operators as well as information about the limitations and changes of IP-XACT 

expression language compared to the SystemVerilog [11, p.263]. 

One optional but very useful change to the broadband modem would be changing 

the signal naming more suitable for creation of rule-based connections on the highest 

levels of the design hierarchy. Graphical schematic viewer is a good tool for 

performing the platform assembly actions while learning the basics of IP-XACT but it 

is not feasible for creating the connections in a complex design containing hundreds 
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of ports. With a consistent port naming policy, connecting components together during 

platform assembly could be done using a few rules and automating this process with 

scripts would be a lot simpler. 

 

 

7.3. Memory maps 

 

Building an IP-XACT flow for rapid prototyping, RTL modification and RTL 

generation has its challenges when the target is a legacy SystemVerilog design. 

However, the IP-XACT can be used to present the memory maps and register 

information of IPs without any changes to the target design. An IP-XACT tool that is 

able to process register information and generate various output files based on that 

information would be suitable for companies that want to start using IP-XACT but do 

not want to deal with the RTL modification related difficulties.  

Of the tools mentioned in chapter 4, the Agnisys IDesignSpec seems the most 

suitable for this kind of use as it focuses purely on the specification of a design’s 

memory map. Alternatively, a tool capable of performing both RTL and memory map 

modifications could be used. The IDesignSpec was not tested during this thesis project 

since the focus was on prototyping, RTL modification and RTL generation capabilities 

of IP-XACT. For this reason, the work done during this thesis project is not enough to 

determine if it would be worth it to replace the in-house XML based documentation 

flow at Nordic Semiconductor with  IP-XACT based flow. The biggest advantages of 

IP-XACT based flow are various file generators available in different tools, support 

for creation of custom generators in form of TCL packages and APIs and the automatic 

checking utilities for memory map specifications. The determining factor would be the 

amount of work that is needed to convert the in-house XML database into IP-XACT 

XML database. In this sense, the IDesignSpec looks promising because it claims to 

support importing of custom XML formats.  
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8. DISCUSSION 

 

The goal of this thesis work was to find out how SystemVerilog based HDL platform 

could be managed with IP-XACT methodology and to examine how well IP-XACT 

tools could handle SystemVerilog HDL constructs in packaging. This goal was 

achieved. 

The results show that the IP-XACT standard is not yet capable of handling complex 

SystemVerilog concepts in IP packaging. The IP-XACT 2014 is a big step towards 

maturity in terms of SystemVerilog support because it changes expression language 

from XPATH to SystemVerilog and adds native support for multidimensional ports 

and signals. Additionally, conditional elements in the schema make it possible to 

present highly configurable and parametrized SystemVerilog IPs in IP-XACT without 

having to rely on vendor extensions. Still, the newest standard does not provide a clear 

way of handling the SystemVerilog interfaces in IP packaging and platform assembly. 

It will take time before the IP-XACT starts natively supporting the SVIs. Based on 

correspondence with one of the EDA vendors, the Accelera IP-XACT working group 

is currently refining the presentation of SystemVerilog constructs with IP-XACT. This 

can also be observed from the IEEE 1685-2014 standard documentation. While 

discussing IPs that may be presented using IP-XACT, the documentation lists 

SystemVerilog as a possible language for TLM descriptions and not as language for 

fixed HDL descriptions. Only VHDL and Verilog are listed as HDL languages for a 

design object [11, p.5]. This would indicate that the IP-XACT working group is aware 

of the SystemVerilog related limitations and for that reason does not want to claim yet 

that SystemVerilog is supported to the same degree as the other two older HDLs. 

The improved SystemVerilog support in the IP-XACT 2014 is great but more 

important factor for a company that is thinking about adopting the IP-XACT 

methodology is the SV support of different IP-XACT tools. When the target design of 

the IP-XACT flow contains mainly SystemVerilog code, the number of viable IP-

XACT tools is small as most of the tools support only Verilog and VHDL. The tools 

that support SystemVerilog have very limited documentation on which of its features 

are supported and which are not. Most of the code examples in tool manuals and user 

guides are either in VHDL or Verilog. However, recent release notes of different tools 

mention SystemVerilog related features very frequently, which indicates that the 

support for SystemVerilog is improving. All of the new SV features are not yet 

documented in user guides, though. The number of tools supporting the SystemVerilog 

will likely keep increasing as the tools start using the newest version of the IP-XACT. 

The transition from one IP-XACT version to another will take time for EDA 

vendors, which can be seen from the current level of support for the 2014 IP-XACT 

version. After almost three years, most of the IP-XACT tools are still using the older 

2009 version and if some of the new features in IP-XACT 2014 are supported, that is 

done through vendor extensions. This is understandable since IP-XACT seems to be 

more difficult than easy to adopt for EDA vendors based on the survey done in 2010 

by the former CTO of Duolog, nowadays a distinguished engineer at ARM being 

responsible for high-level solution architecture of Socrates tooling [70] [71] [72]. 

Most of the IP-XACT tools mentioned in the chapter 4 that supported 

SystemVerilog were tested during this project. The most notable one that had to be left 

out was the ARM Socrates IP Tooling since evaluation license could not be acquired 

for it. The results presented in this work should therefore provide a quite reliable 

overview on the issues that may occur while managing SystemVerilog HDL platforms 
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using IP-XACT methodology. Based on the correspondence with the IP-XACT tool 

vendors, many companies using SystemVerilog have been able to adopt the IP-XACT 

methodology, overcome the limitations of the standard and see quick benefits. Until 

now, there has been very limited amounts of public information on what changes this 

process would require to the target design. There is also no documentation on how to 

present SV specific HDL constructs in IP-XACT except for one paper that was 

published during Design and Verification Conference and Exhibition 2014 [18]. It has 

a short description of a custom way of handling the SVIs that included using a 

combination of wire and transactional bus definitions together with a naming 

convention that stores the modports, bus widths and directions in signal names. 

The scope of the required changes determines the adoption cost of the IP-XACT. In 

Nordic Semiconductor’s case, the cost would be high since it would require rebuilding 

of all the connections that are currently done with the SVIs and figuring out how to 

present the design’s configurability without complex parameter definitions and 

interdependencies. Additionally, the designers responsible for performing these 

modifications should acquire a sufficient knowledge of IP-XACT and its complexities. 

It should be noted that the adoption cost of IP-XACT would probably be a lot lower 

for other companies that use SystemVerilog than it would be for Nordic. Based on two 

observations, other companies do not seem to use the SVIs as extensively as Nordic 

Semiconductor. The company has had SVI related problems with other tool flows as 

well. In addition, one IP-XACT tool vendor mentioned that they have not previously 

encountered customers using arrays of SVIs. 

In the future, conditional and highly parametrized generic IPs and SVIs will likely 

become more common. Therefore, the IP-XACT standard should fully support such 

design practices and not vice versa. The usage of SVIs will increase as the number of 

companies using UVM based verification keeps growing. Since the UVM verification 

environment requires the bus connections to be presented as SVIs, it makes sense to 

connect different IPs in the design using SVIs as well. For this reason, the IP-XACT 

should have a full native support for all kinds of SVIs. 

For a semiconductor company, the IP-XACT is potentially a very powerful tool but 

it is still just one tool in the company’s toolbox. It is hard to justify starting to use the 

IP-XACT if it means that the design flow needs to be changed so dramatically that 

problems are encountered with other tools that the company may have been using for 

years. If adopting IP-XACT means removing SVIs from the design, developing a 

different configuration strategy and figuring out how to adjust all the currently used 

tools to the new design flow, the required chances will be too much for most 

companies. This is especially the case if the advantages of IP-XACT are not fully 

understood, which requires a certain level of knowledge on the standard itself. 

This thesis work focused mainly on RTL modification and generation capabilities 

of the IP-XACT. Only a fraction of the total time of the project was dedicated to 

register specifications and memory map related features of the IP-XACT. Therefore, 

more research related to those features could be carried out. In Nordic Semiconductors 

case, it is safe to say that the IP-XACT will likely not be used for RTL modification 

in the near future so the most logical step would be to evaluate the iDesignSpec tool.  

Using the IP-XACT to process memory maps would provide knowledge of the 

standard and make it easier to transition into full IP-XACT based design flow when 

the standard and the IP-XACT tools eventually offer same level of support for 

SystemVerilog and its features as they currently do for VHDL and Verilog. 
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The biggest incompatibility problem between SystemVerilog designs and the IP-

XACT standard is the lack of native support for SystemVerilog interfaces and the 

resulting immature handling of SVIs in IP-XACT tools. SVI related issues and their 

inconsistent usage in different tools will not be solved before Accelera IP-XACT 

working group specifies how the SVIs should be presented within the standard. Native 

support for SVIs could be added in the next version of the IP-XACT standard, or 

Accelera could release standard extensions showing the recommended way of 

handling the SVIs. However, native support for SVIs is very difficult to implement 

and would require big changes to the schema. Because the IP-XACT interfaces carry 

the addressing information of a system, it would be logical to present SVIs with them.  

To achieve this, major reworks of bus abstraction and bus definition descriptions 

would be needed to make them much more than just a documentation of a point-to-

point connection created by a set of wires. Changes would be required to the schemas 

of component description and design description as well. 

When gathering feedback for this thesis work from IP-XACT tool vendors, it was 

revealed that the transactional port and component based SVI presentation is currently 

being reviewed by the Accelera and has a high chance of being accepted. This is 

probably the best way to go right now since this SVI presentation is already able to 

handle the most common SVI connections. Support for SVIs will start getting better 

as soon as there is one approved way of handling them in IP-XACT tools. The SVI 

support will likely mature over time and eventually be able to cope with complex SVIs 

connections and arrays of SVIs thanks to the standard’s flexibility and vendor 

extensions. This approach is definitely faster than reforming bus and abstraction 

definitions and other parts of the schema. Building a system map for designs that have 

SVIs will require some extra work, though. 
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9. SUMMARY 

 

This thesis work gives information about the IP-XACT standard and how it can be 

used to manage a legacy SystemVerilog HDL design. Known limitations of the IP-

XACT standard and challenges in applying the IP-XACT methodology are presented. 

Problematic SystemVerilog HDL constructs are discussed and recommendations are 

given for changes to the design in order to make it compatible with the IP-XACT 

methodology. 

The IP-XACT standard is an XML schema that uses standardized structure to 

describe components and designs of electronic systems in a language and vendor 

neutral way. The standard is developed by Accelera. It has seven top level schema 

definitions: bus definition, abstraction definition, component, design, abstractor, 

generator chain, design configuration and catalog. The standard provides semantic 

consistency rules for checking IP-XACT XML files and defines the Tight Generator 

Interface that is used by generators to access the IP-XACT data fields and produce 

various files based on that information. The standard is extensible with vendor 

extensions, which are used to present any information that is not natively supported. 

Applying IP-XACT methodology in a SoC design flow has three phases: IP 

packaging, platform assembly and output file generation. IP packaging includes 

creating IP-XACT component descriptions for each individual IP in the target design, 

creating design descriptions for existing RTL netlists, defining bus and abstraction 

definitions and adding bus interfaces to packaged components. Platform assembly 

actions focus on modification of design hierarchy, building new designs using the 

packaged IPs, automating the creation of connections between different IPs and 

creating a system memory map. Based on the new or modified design, RTL netlist can 

be generated. The system map of a design or the memory maps of different IPs can be 

used to generate various output files including register documentation, C headers and 

register bank RTL code. 

Currently available open source and commercial IP-XACT tools and their main 

features are described in this document. Generally, the tools offer better support for 

VHDL and Verilog than they do for SystemVerilog. Most of the tools use IP-XACT 

schema version from 2009. 

During this thesis work, IP-XACT methodology was applied to a SystemVerilog 

HDL platform containing lots of SystemVerilog interfaces and complex configuration 

parameter definitions. Packaging of leaf components and designs containing only 

simple SVI based connections was fairly successful even though packaging had issues 

with parameters that were defined using functions. SVI related problems prevented 

hierarchical packaging of most IPs and creating connections using SVIs was difficult 

during the platform assembly. SVIs also limited the system map creation possibilities. 

Output files were generated based on memory map information without major issues. 

It was concluded that the IP-XACT standard is not yet capable of handling complex 

SystemVerilog concepts like the SVIs without major issues. It will take a long time 

before SVIs are fully supported by the IP-XACT and therefore at least the most 

complex and problematic SVI structures should be removed from the design. 

Removing SVIs completely would be the most logical solution since every IP-XACT 

tool vendor handles them differently. Configuration parameter definitions should also 

be simplified. Another conclusion was that these changes to the target design are not 

needed if the IP-XACT is utilized exclusively for file generation based on memory 

map information and modification of register specifications. 
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