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A real world application of IP-XACT for IP
packaging

Bridging the usability gap
Philip Todd, Dialog Semiconductor, Swindon, Engldigilip. Todd@diasemi.com)

Abstract— The IP-XACT format has been evolving for several yaa, initially administered by the Spirit
consortium and then through Accellera [1] to becomen IEEE standard in 2009 [2], then updated in 2014First
impressions are that it should be an essential IP edcription and cataloguing format for all IP.
This paper follows the author’s attempt to describean IP-based design using the IP-XACT format (followag the role
of component IP provider), describing some converdins that were followed to handle some more unconviéonal
constructs. The flow from initial block design enty, through code and IP-XACT auto-generation to IP-XACT
platform assembly is described.
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. INTRODUCTION

An IC design and development flow incorporatingdRET IP descriptions is described. For digital Hcore
set of features is captured in a spreadsheet. ddiss provides the starting point for an auto gerwarastep,
where outline RTL and verification (UVM) informatiois created, along with the IP-XACT elements. The
outline RTL and UVM must be completed by hand ta délde detailed “user code” functionality. The auto
generated IP-XACT description contains sufficieetail to be used directly by “platform assemblybl
which create a structural netlist and IP-XACT dagsi@n for sub-systems or a chip top level. Extratadata is
added to the IP-XACT information to assist in cagaling, search and exploration activities. Whereessary,
custom vendorExtension fields are created to supgperequired level of IP-XACT detail.

For analogue components a similar development lisygessible; in this case the block level desigriatata is
extracted from a Cadence Virtuoso environment uSikt-L scripts to create the IP-XACT description.

The platform assembly tool is required to suppdirofithe following: a digital only flow; an analog only
flow; a mixed signal flow with “digital on top”; eixed signal flow with “analogue on top”.

For the digital on top flow the analogue componexnts treated as black boxes in a digital assenfdy.the
analogue on top flow a symbol is required for edigital block and the assembled platform must bésted in
the Virtuoso environment.

II.  DESIGN ENTRY

A. Digital design capture

Initial design capture and configuration of theufes a hierarchical array structure in an Excedaspsheet. The
spreadsheet has separate sections for registeipdiests, interfaces and (optionally) I0s and isiola.
Information is not entered directly into the sprefaekt. Instead the designer creates a set of visusid files
that contain the design data and make standardstite calls to generate the spreadsheet entries.
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Figure 1: Digital design capture.

Importing visual basic files has a number of adagas over direct spreadsheet entry:

- textual description of functionality for better tasy tracking in SCMs, as opposed to a binary file.

- modularity. Repeated sub-functions can use the s#Bwe description, with variable substitution
giving unique register and pin names and registisets. This provides some protection from typos
and saves time.

- configurability. A module can be configured afthe tvBA import step to vary the number of instances
and perhaps other related parameters. Differengulesriants can be created this way from the same
imported module elements.

The design capture is now divided into 3 stageb-fanction VBA module coding and XLS import; pre-
configuration; expansion. The expansion stage tA#sVBA module functions to “flesh out” the sprehdet
with the configured design information. At the esfcexpansion the spreadsheet is fully populatedraady for
the code auto generation step.

A disadvantage of spreadsheet use for design enthat it only supports single user data entryisThay be a
greater problem for chip/system level design etitan for IP blocks, but it is largely mitigated adyy the use
of multiple VBA modules that can be individuallyded in isolation. The module import, pre-configioatand
expansion can be a final stage of the process.

B. Digital auto generation

The “Template Toolkit” tool (TT2) [3] is used to teact the datasheet information into a set of arayd then
populate the design files. Each TT2 “filter” scrimilds the template patterns for the required duggaotax and
expands these templates using the supplied arf@ayriation.

At the end of the auto generation step a compléefé Resign “shell”, including interfaces, registeasd

synchronisation, debounce and event circuitry é&ated, along with an IP-XACT description. A plackeleo is

left in the RTL for the user to manually add theecdunctionality of the block. If the spreadshetlater

changed, the auto generation process can be rerupdate the code (without changing the manualliedd

part).
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Figure 2: Digital auto generation.
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The auto generation step also creates a UVM vatifio shell for the design, including environmeegister
model/address maps, drivers, monitors and scordleaments, covergroups and a test harness. Tthéhisser
adds sequence and scoreboard code to test theag=RTL functionality.

A third part of the auto generation flow createadwss for use in applications software, developrwsitGUIs
and AMS simulations.

Finally an additional set of visual basic functicar® generated that can be imported into Microgédrd to
create interface and register sections of the defigumentation.

C. Analogue design capture

Design
Metadata

N

SKILL
scripts

Figure 3: Analogue IP-XACT generation flow.

Analogue design entry follows a Cadence Virtuodwestatic editing approach as used in previous desigs
an additional step, once the design is comple®KH.L script extracts key metadata from the dedigrary
and generates an IP-XACT description. This analdgu¥ACT description consist of a list of ports asoime
descriptive metadata carried as parameters imtldlel / instantiations/ componentinstantiation element.

I1l.  CREATING THEIP-XACT
A. IP-XACT extensibility

A feature of IP-XACT is its “extensibility”, so wihe a required feature has not yet been implemente¢le
standard syntax, gendorExtension can be added. Hooks for vendorExtensions are gedvat most points
throughout the IP-XACT hierarchy.

For this project, one goal of IP-XACT usage is émgin within the standard syntax as much as pessifdi
minimise the use of custom vendorExtensions. Cudtelts complicate the process of IP exchange batwe
vendors.

A subset of IP-XACT features is chosen for the édliption, with a set of common conventions useensure
compatibility across the IP database.

B. IP-XACT hierarchy

Each IP description is distributed across a nunobepnstituent XML files, each relating to a pautar feature.
Some of the files are referenced in multiple IPSC#alog XML file carries the information that links all of
these description together with the target IP medul
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Figure 4: Example catalog container structure

Figure 4 shows the selected IP cataloguing hieyarthe component and design information files amuged

in one catalog elementdtalog y), then this catalog and the bus definitions abstractions are referenced by a
second, top level catalogatalog x). This structure allows the separation of blaldsign specifics from the
global interface definitions. (for example in a idaswith multiple components there is no need foeed the
global xml elements in each IP reference, so oalgiog y would be used).

A further subdivision is made within the componeéescription to separate the core design informaitiom
additional eda tool and gui descriptors and verelgensions. Multiple xml files for a single compaohare
enabled by using a complex definition for the VERHI part of the VLNV descriptor. VERSION follows the
format

<viewType>:<versionMajor>.<versionMinor>

where<viewType> identifies which component part is being describte Vendor, Library and Name sections
of the VLNV are identical for each component part.

C. Component

The basic building block for IP packaging is tt@mponent element. The component describes the user (e.qg.
software or integrator) view of the IP, and althbulge standard declares all of the constituenspsstoptional,

a minimum common subset is chosen to give an adeglescription of the design:

Port lists: Themodel element contains a list of the IP block’s top lgsias, with a cross reference between the
name used in the design (RTL, netlist) and an abistiogical name (useful when accommodating slight
mismatches in naming when connecting signals betis). A list of the global bus interfaces (grags of
logical pins with related functionality) used byttP is also included.

Memory maps. In its simplest form the memory map is a listedisters, register access types and addresses in
the IP, as seen from the external world. Oftenngleimemory map view isn’t sufficient, as pin amdjister
settings can impact this external view. IP-XACToal§ for this with memory remapping.

Views and instantiations: In addition to physical port lists, the model rant of a component can include
multiple views and instantiations, which add more information about the componertt any lower level IP
connectivity.
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Figure 5: Example constituents of an IP-XACT congan

Other component elements are added to provide hatkshe design environment, as shown in Figure 5.

1) Memory maps and remapping
An example IP block contains one slave interfaak@massociategiemoryMap element. Within this there is an
addressBlock that includes all registers with their least riesire access type(the register superset), followed
by amemoryRemap addressBlock for each modified view of the registers.

A modified register view is defined as a subsethef full register list, possibly with a different@ess type to
the main memoryMap register definition, identifieg a combination of port and/or register field isgf$. This
is the memoryRemap definition.

Selection of the currently applicable memoryMap reemoryRemap is controlled by a combination of
remapSates andremapConditions elements. The remapConditions element is inclidetle standard vendor
extensions VE1.1 specification [1].

In general memoryRemap elements can be used tdifidesgister groupings, test mode and restrictedth
views of a register map.

When there are many registers to describe thetreanlbe a quite verbose description and a largé XM,
because the entire memory map must be repeatedafiit remap. (A more compact implementation would
allow remapping of only the subset of registerst thave a different view to the default memoryMap
description.)

vendorExtensions memoryMaps
Component
memoryMap
remapConditions addressBlock
remapState memoryRemap remapStates
NEEIRES 1 "™ (addressBlock ) |4 .| | remapState
. -
remapState memoryRemap
NameRef i "™ (addressBlock ) |41~ [remapState
>
L tomesror J S—
remapState o memoryRemap
NameRef T "™ (addressBlock ) [4~1--.| [remapState
>
Lonnee J S

Figure 6: memoryMap, memoryRemap, remapStatesemdpgConditions interaction within a Component.

a) remapStates

! least restrictive access type: for example R/Wéfregister appears as both read and write enableleast
one bus master. If the same register should agsesomething other than R/W in another view, thereenory
remap is required.
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remapStates define the port name and value assdoith the memoryRemap elements. There should be a
single remapState for each memoryRemap, but a r@m@p may contain multiple port/value pairs. The
remapState name must match ifweact: state entry of the associated memoryRemap.

b) remapConditions

remapConditions define register values associaiéd the memoryRemap elements. TisemapStateNameRef
entry links the remapState and memoryRemap eleneititsthe remapCondition. Each remapCondition can
include multiple register entries (there is nodiet¢solution — instead registealue andmask are used).

Example:
A component contains a single register with twidBecfg[2:0] and trim[3:0].

The following requirements have been specifiedtffier register fields, depending on the value of ptetnstr”
and “tvalid” and register field “tlock:

- cfg[2:0]: This field is visible and has R/W accéssmstr is ‘0’

- trim[3:0]: This field is visible and writeable ifdck is ‘0’ and either of tvalid or emstr is ‘1f flock is ‘1’
then the field is visible (but with read-only acgesnly when tvalid is ‘1’.

- tvalid and emstr shall not both be ‘1’ at the sdame.

There are five possible views of the register:

tvalid | enstr tlock |[cfg [trim
[2:0]|3:0]
Map RW| RW
Remap #1 0 0 X R'W
Remap #2 0 1 0 WO
Remap #3 0 1 1
Remap #4 1 0 1 R'W| RO

If none of the remap prerequisites are met thenléfieult memoryMap view is selected.

2) Registers
The IP-XACT registers are contained in addressBlpakich begin with base address and range infaomat
then add details for each register and registéd.figlost of the detailed information is placed hetfield
descriptions, with only name, description, addadtset and size required at the register level.
Field resets are made up of value/mask pairs anedetilypeRef (which relates the reset value to the source of
the reset) Multiple reset sources are permittedy destinction between power-on reset, hardwaresafiivare
reset responses is possible.
To provide verification hooks, the hierarchical tpab each register field is included in the accesuhes
element.
IP-XACT provides a number of modifiers to the fieldcess type, such awdifiedWriteValue andreadAction,
that allow register functionality to be accuratelgscribed. Where this is still not sufficient foritmg the
writeValueConstraint value is set to useEnumeragdaks and a set of enumerations is declared.
An example is a control register type. Each conteglister takes 2 bits — a master bus write gf <¥s the
control and a write of 4(clears it. Register reads always return 0001, (01, when the control is 1).
The IP-XACTenumeratedValues are coded as follows for the control register:

usage name value
write unchanged Qo
write reset 10
read-write set 0ol
read clear 00)

3) Quirky register handling
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Registerquirkyness becomes more apparent when trying to describe sdrttee register field options allowed
during the design entry stage. In some of thesescasstom vendorExtensions are required.

dig-dsn:field
type ‘ dlg-dsn:fieldType
T

dig-dsn:wrSnapField
type l xs:Name

dig-dsn:wrSnapExpression
type | ipxact:complexBaseExpression

[

dig-dsn:rdSnapField
type xs:Name

dig-dsn:connectExpression
type | ipxact:complexBaseExpression

[

dlg-dsn:connectSrc
type l dlg-dsn:connectSrcType
T

dig-dsn:connectSrcExpression
type | ipxact:complexBaseExpression

dlg-dsn:connectSrcPath
type ‘ dlg-dsn:connectSrcPathType

‘ipxact:accessHandIes

Figure 7: custom field vendorExtensions.

a) Write snapping

A write snap register can be viewed as a 2-stagelipe, where the master bus write access fillfitsestage
but the second stage output (to the design tadggtends on either a signal value or a write ackeasother
register field. Updates of multiple registers caeréfore be synchronised by using a common wris@ snaster
to control the update timing.

field write snapping: the snap control is triggered when another regifeld is written. The control field is
identified by thenrSnapField custom vendorExtension.

expression write snapping: this time the write snap control is a System\égrilexpression; the full RTL
expression is copied into the SnapExpressioncustom vendorExtension.

b) Read snapping

A read snap register is also used for synchrowisathis time the read value is updated only withenread snap
control field is read. Multiple status registers¢herefore be updated simultaneously (useful wssanpling a
timer value spread across multiple register addsessthe read snap field here being set to thé $égsficant

register of the timer). ThelSnapField custom vendorExtension is used.

¢) Register to pin output connections

Direct connections between register outputs andubeodins. This information is required in the IP-E&
description in case the output pin itself becoma®map state control or a status register sourgeakiin

7
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another module higher up in the hierarchy. Thef@lat assembly process would need to take this into
consideration when creating the combined memory/maagap tables. It also provides some white boxshiot
verification.

The custom vendorExtension ¢onnectExpression the HDL path to the register field output is allg
supplied in the accessHandles element, while thdar=xtension is any legal SystemVerilog syntaxtifer left
hand side of the assignment.

d) Pin to register input connections

A description of the input path from pin to stategisters is also needed. This time however trermiready-
made access handle for this side of the registecofplex vendorExtension is created to include kbth
access handle to the register input and the Systeiloy expression that drives it.

The custom vendorExtensions in this casecarsmectSrc, connectSrcPatlandconnectSrcExpression

4) Analog and exploration metadata and componentritiataons

The information extracted by SKILL script from tR@tuoso schematic consists of a set of moduléspand a
list of name value-pairs for the additional metad#tdditional information can also be added (fothbanalogue
and digital designs) to assist with later catalegrshing and design exploration tasks.

{ implementation implementation )
area estimate
change note methodology
<silicon version> @nctional group9 @nctlonal metnc§
functional metrics design kit otz
architecture
< package > <dependencies> <ower estlmates)

Figure 8: Example metadata parameters.

Component metadata <name><value> pairs are addegbasneters in a model / instantiations /
componentlnstantiation element.

Parameters can have thleoiceRef attribute. This is intended for use by generatmis where an interactive
value selection can be made from a selection @l legjues, but here it provides a hint of legalgpagter values
to a checker. Each choiceRef is a referencedmires element (in the component) that defines all ofldwal
values for this parameter name.

D. Interfaces

1) busDefinition and busAbstraction
IP-XACT bus interfaces are port groupings, splibia bus definition (high level information includi whether
the bus contains addressing information that reladea memoryMap element) and one or more abgiracti
definitions (providing low level information sucls anember logical port lists, widths and directiomslifferent
interface modes). There might be multiple abstoastie.g. RTL, TLM) for a bus.

The busDefinition and busAbstraction elements are used for any grouping of ports inomponent that
constitute a bus and include memory map (registecess controls. In some cases it is appropriatetfeer
ports that are related by some functional grouping.

Component elements ubaslnterfaces to connect logical ports of a busAbstraction te gysical ports of the
component and select the mode of the interfaceafhyalies (for example master or slave).

2) SystemVerilog interfaces

SystemVerilog (SV) interfaces have a close con@pelationship to IP-XACT bus interfaces, but #act
mapping between the two isn't very well definedhivitthe current standard.

In this flow SV interfaces are described using mbimation of wire and transactional busAbstractions



2014

DESIGN AND VERIFICATION

DV LN

CONFERENCE AND EXHIBITION

Each transactional busAbstraction defines one midpbd one interface with the naming convention
svif:<if_name>.<modport_name>. There is a single transactional port, onSystepe tyith logicalName
<if_name>.<modport_name> and group<modport_name>.

All constituent interface ports are identified insangle wire busAbstraction. For each port the idnhd
direction is added to the logicalName and modpmtig name.

The transactional elements are sufficient to dbscplatform interconnect in IP-XACT designs, but thesign
auto-generation and checking tools need to be $ffate aware. For example, if a declared remapBat

member of an SV interface then it will not be visito the generator/checker unless the transadtiona

busAbstraction is cross-referenced into the wirgAlastraction and expanded.

IV. PLATFORM ASSEMBLY

The automatic platform assembly step involvesaliiticreating a top level IP-XACT catalog elememittlists
all of the constituent catalogs for the IP beingemsbled. A configuration file is also created tonptete the
baseAddress expression for each enclosed memorgdyagetting a parameter value), and add the togl |gort
list and any additional name-matching rules to heth the platform interconnect.

Using a combination of SystemVerilog interfaces/andavell-defined IP-XACT bus definitions can minisei
the number of extra rules that will be requiredkimg the connectivity step a relatively straightfard exercise
of (mostly) name matching.

The following is one example set of platform asslmbles and conventions that have been used:

- Atop level port list is read from the configuratitle.

- Some “standard” common connections are createdllft, e.g. clock, test interfaces, slave busrfate.

- Dedicated port to IP bus connections are found @mhected by name, with the naming conventign <
name>_<f typeid>_<instance>.

- Special rules for certain interface connection $yee applied, e.g. daisy-chaining. These might be

identified by naming convention or explicitly ingttonfiguration file.

- Internal IP to IP “sideband” signals are accumwalatea common SystemVerilog interface (“levels”jftw
individual modport definitions for each (reusingtiP module name as the modport name). A local IP
version of this interface exists in each IP modigéinition, with the same interface name but canitaj a
single modport. The new accumulated interface definis used in place of all of the individual 1&vel

interfaces. The modport signals in each connectedule must have matching names, so the instance

connection is simply made usingf shame>.<ip_name> sighal naming.

- Module to master “events” (interrupt flags) arewnalated in another SystemVerilog interface and ©Re
together (within the interface definition) to cread single event flag output port. Following thenesa
approach used for the sideband signals, there I® arersion of this events interface for each IRdaie

that outputs events, with a single modport in eathese IP interfaces are again replaced with the

accumulated top level version.
- Internal signal declarations are created for sifirgbrfaces used in assembly but not in the fsirt |

In addition to the automatically assembled regmmiser code area is reserved for manual additibasy are
required).
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Figure 9: Example IP platform structure (SV integaonnections shown).

The IP-XACT files for each IP must be read and pssed as part of the new top level design IP-XACT
description. IP level memoryRemap definitions canse complications when attempting to build thelésel,
so some manual intervention is occasionally reguioecomplete the process.

The output of platform assembly is a new moduldigtiéhcluding IP instantiations and interconnd®:;XACT
component descriptions with consolidated memory snapd port descriptions and all of the other auto-
generated file types required for an IP block.

V. CONCLUSIONS

A part-automated IP design entry, generation arsgrably flow is presented. Each step of the proégss
outlined, from register and pinout visual basicadiggion through template toolkit auto-expansiondefsign,
verification, IP-XACT and documentation files toetltataloguing and use of IP-XACT files in the dasig
hierarchy. At each stage the judicious use of comtemplates reduces the development cycle and casa
reusable IP structure.

The paper shows how IP-XACT descriptions can fortkeg part of an IP reuse methodology, but also that
continued development beyond the IEEE 1685-201dasel of the standard is expected, leading to extra
functionality and reducing the need for custom \wBEattensions.
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