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1 Introduction

This document is part of the current release of the eMIPS system, and the primary
source of documentation for it. Its target is a researcher or developer that intends to use the
system in a practical setting. It describes how to install and use the hardware and software
tools that are required for developing and extending the system. It contains information about
the architecture and implementation of the system that is required when developing processor
Extensions. Other documents are available online and can be found at the eMIPS web page at
http://research.microsoft.com/research/EmbeddedSystems/eMIPS/emips.aspx.

The document is structured as follows. The rest of this section presents the motivations
for the eMIPS research project and its specific contributions to the state of the art in the field.
Section 2 describes how to procure and install the required hardware and software tools and
packages. Section 3 describes how to build and test a new processor image. Section 4
describes how to create, debug and optimize software applications for the eMIPS processor, to
run either standalone or under the provided RTOS. Section 5 describes the modules and
interfaces that constitute the implementation of eMIPS, as provided in the release. Section 6
describes in more details the interface between the fixed portion of the processor and the
dynamically changeable parts. Section 7 references the research that is most closely related to
eMIPS. Appendix A describes the example Extensions that are provided in the release to help
developers get started.

1.1 Motivations

Most of the modern microprocessors implement the Reduced Instruction Set Computer
architecture, or RISC, which is based on fixed instruction sets. Many different types of RISC
microprocessors populate the market based on these different sets of instructions including,
MIPS, ARM and PowerPC to name some of the more popular. These microprocessors are
realized in the form of application specific integrated circuits, or ASIC, made up of logic fixed at
design time that cannot be altered after the chip fabrication process is complete. When
designing instruction sets, computer engineers attempt to capture all the instructions
necessary to cover the largest space of potential applications, while keeping in mind factors
such as size, cost and power. This set of instructions forms the blue print for the instruction
set architecture, or ISA, to be implemented on the new microprocessor.

Despite all efforts, the quest for the ‘optimal fixed instruction set architecture’ is an
impossible one because the space of applications to which the designers apply general
purpose processors evolves constantly. In addition, the trends that govern this evolution shift
periodically in response to changes in consumer lifestyles and demands. For example, the
need to process more audio and video data has led to extensions for all of the above RISC
architectures. Therefore, the selection of instructions for a ‘general purpose’ microprocessor
designed to meet the demands of today’s market place may be ill equipped to handle the
applications of future markets. We can also argue that the quest for the ‘optimal general
purpose’ microprocessor for today’s market does not make sense anymore, especially in the
embedded market place.

In the embedded market, system designers work within the strictest constraints of size,
cost and power. The systems they design apply to a specialized and significantly reduced
space of potential applications. In this context, a ‘general purpose’ microprocessor is
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inefficient and under-utilized when the majority of applications never use a large subset of the
capabilities it provides. For instance, many embedded systems rarely if ever use floating point
operations but most ‘general purpose’ microprocessors include them. For these applications,
a popular solution is to use custom microprocessors with reduced instruction sets but with
customized instructions added specifically for the intended application space. This requires
redesigning the microprocessor architecture and fabricating custom microprocessors for each
of the desired application domains; still they suffer from the inflexibility previously discussed.
Therefore, manufacturers cannot offset the cost in design and fabrication of the new custom
chip if the market for the given application is not large enough. As demonstrated in this
discussion, the problem of this inflexible ‘general purpose’ microprocessor architecture
becomes a severe hindrance. What is needed in the embedded application space and
potentially in all areas of microprocessor hardware design is a new technology that can provide
for flexibility and customization, allowing the microprocessors to evolve with their target
markets at all stages of their life cycle.

The Field Programmable Gate Array, or FPGA, is a digital semiconductor device often
used for prototyping. Developers use FPGAs in prototyping for the ability to configure or
program their electrical interconnects to realize an expansive space of applications from glue
logic to application coprocessors. As the name indicates, developers are free to apply
modifications to the design implemented on the FPGA in the field, after deployment.
Developers synthesize the configurations from a hardware description language, like Verilog or
VHDL, for the targeted FPGA device. Eventually, the configuration file downloads to the chip
through an interface such as JTAG. This flexibility comes with a price. The configurable logic
of the FPGA experiences significantly lower performance than the modern ASIC. FPGAs,
currently are clocking at frequencies barely higher than 500 MHz, while ASICs are currently
clocking at frequencies over 3 GHz. Despite this limitation, FPGA technology has evolved to
the point where developers can implement fixed logic microprocessors with performance levels
competitive with their ASIC counterparts, especially in the embedded market. These future
microprocessors will have the advantage that they can be dynamically updated after
deployment to meet new demands. This approach to microprocessor design leads to a new
class of microprocessors termed the “dynamically extensible processor”.

Using modern FPGAs it is possible to partition the FPGA into multiple sections that can
reconfigure independently of each other. We can implement the dynamically extensible
processor using a section containing a standard fixed logic processor core with interconnects
to other sections, termed ‘Extensions’ that contain customized instructions and functionality
that loads, modifies and enables while the fixed logic continues to function without interruption.
In this way, the dynamically extensible processor, using a library of Extensions from which it
can draw, adapts to the changing application needs in the field. By using these dynamically
extensible processor cores, a “reconfigurable central processing unit” becomes possible. The
eMIPS project described in this document argues that such a device is feasible today and
proves this thesis by means of an example prototype implementation.

The standard RISC architecture lacks the infrastructure to allow for the kind of flexibility
and extensibility possible through the use of FPGAs. This new extensible instruction set
computer architecture provides this infrastructure. The FPGA is partitioned into fixed and
reconfigurable regions. The fixed logic region constitutes the base functionality of the
processor including security sensitive resources such as the system coprocessor and the
systems used by the microprocessor to control its configuration. The Extensions to the base
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processor make up the reconfigurable region of the FPGA. Alternatively, the fixed logic region
can be implemented using ASIC technology and only the reconfigurable region as an FPGA or
CPLD, with the added benefits of extra security, speed and reduced area. The eMIPS
architecture therefore provides the flexibility and adaptability lacking in the RISC architecture.

Extensions can take the form of new instructions developed to meet the changing
computing needs of the market. The Extensions can be thought of similarly to firmware
updates in other devices that load when applications requiring those updated instructions are
loaded or of added optional features such as floating point operations. In addition, Extensions
can implement optimized instructions that can take the place of blocks of code with the same
semantics. In the case of the optimized instructions, these instructions are added to the
software binaries immediately before the blocks they replace. If the ‘Extension’ associated
with that instruction has been configured to one of the available extension slots in the
reconfigurable region of the FPGA, the Extension executes the optimized instruction and the
block it replaced is skipped. Otherwise, the data path contained within the fixed region of the
FPGA interprets the optimized instruction as a NOP and the original block that is still in the
software binary executes normally. The Extension’s custom logic implements the block’s
functionality more efficiently than a sequence of instructions that reuses the same execution
units to perform the block’s function step by step. For this reason, the Extension executing the
same function as the block completes the operation faster. |If the block constitutes a large
enough percentage of the execution count of the application software the overall performance
on this microprocessor is significantly improved. The inclusion of these new instructions
requires minimal changes to software binaries, as little as adding the instructions immediately
before the blocks they replace.

The eMIPS architecture also addresses the waste associated with including functionality
in systems where they are never used. The Extensions of the eMIPS architecture do not load
when the microprocessor powers up. The fixed logic system only includes the minimum
functionality (system management, reconfiguration support, load, store, arithmetic and logical
functions), the Extensions provide any additional functions required by the applications running
on the microprocessor. For instance, the floating point co-processor or the media or vector co-
processors can be loaded only if and when software applications use them. When applications
do not require these functions the Extensions are not loaded, providing for potentially large
power savings because the unused Extension slots may have their clocking resources and
power disabled to reduce the power consumption. Area savings are also possible because not
all Extensions need to be present at all times, as is the case instead for an ASIC
implementation. This waste reduction may increase by dynamically loading and unloading not
only the co-processors but also the on-chip peripherals that are part of an embedded
microcomputer. Rather than including all possible peripherals in the ASIC we can load them on
an extensible processor as Extensions, again with power and area reductions.

Through the use of FPGA configuration technology, the eMIPS architecture addresses
the inflexibility, performance growth and waste of the modern RISC architecture. We have
realized the architecture in a working prototype, exposing the five stages of the base pipeline
to the dynamically loaded Extensions. We have implemented the dynamic loading of
Extensions leveraging the Partial Reconfiguration tools and processes provided with the
manufacturer’s synthesis tools. The flexibility and performance benefits of the architecture
have been demonstrated by patching the binaries of a number of software applications and
measuring the resulting speedups. We used several software systems, ranging from an object
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oriented real-time operating system for embedded applications, video games, and the
SPEC2000 benchmarks. We find that even very simple Extensions can easily achieve
speedups factors of 2x-3x over the original application binaries, using a very small number of
Extended Instructions per application.

The eMIPS system makes the following specific contributions to the state of the art.
eMIPS is the first realized workstation based entirely on a dynamically extensible processor
that is safe for general purpose, multi-user applications. By exposing the individual stages of
the data path, eMIPS allows optimizations not previously possible. This includes permitting
safe and coherent accesses to memory from within an Extension, optimizing multi-branched
blocks, and throwing precise and restartable exceptions from within an Extension.
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2 Tool Setup

Development for the eMIPS microprocessor system requires both hardware and
software tools due to its configuration capabilities. All the tools mentioned in this section are
available for download or purchase from their respective vendors. For hardware extension
development, the Xilinx ISE is used to synthesize and build the design for a target Xilinx
FPGA. This use of Xilinx FPGA tools and FPGAs is in no way an endorsement of these
product lines. The selection has been made based on the availability of the partial
reconfiguration feature in Xilinx FPGAs, which is required for the dynamic extension of the
eMIPS microprocessor system. Before you attempt to use the eMIPS microprocessor system
it is recommended that you familiarize yourself with the Partial Reconfiguration design flow
available for Xilinx FPGAs. In addition to the ISE, Xilinx PlanAhead is recommended for floor
planning but not required. Creating software to run on the eMIPS is the combination of a GCC
cross compiler for the MIPS instruction set, and of a set of additional tools specifically
developed for the eMIPS microprocessor and included in this release. Microsoft Giano is used
for identifying candidate basic blocks for hardware acceleration, and to estimate the theoretical
application performance improvements of potential extensions.

2.1 Before You Start

We will assume in the following that your development machine meets a few basic
requirements. You should have plenty of disk space available as some of the tools will require
quite a bit of it. If you install all of the tools you might need about 15GB, which is approximately
6 GB per install of the Xilinx ISE tools plus enough space for the other tools and project files.
We recommend that you use a state-of-the-art fast processor, because many of the tasks are
CPU-intensive. We recommend that you have at least 2 GB of fast RAM and preferably more;
you do not want the Xilinx place-and-route tools to start paging to disk.

The instructions assume that you will use the Windows XP operating system on your
development machine, preferably with the latest service pack installed. We have successfully
used both the Pro and the Server versions of Windows XP. Both the 32 bit and the 64 bit
versions worked for us. Previous versions of Windows (e.g. Win2k) might work but are
untested. The Xilinx tools are known not to work on Windows Vista, and we therefore
discourage you from trying to use it. Non-Windows operating systems might work, but are not
supported by the tool binaries provided in this distribution.

The eMIPS system as distributed in this release runs on the Xilinx ML401 development
board. You should be able to obtain one from your Xilinx representative or directly from the
Xilinx website (http://www.xilinx.com/onlinestore/index.htm). We assume that your board is
fully tested and operational.

2.2 Hardware Tools

The Xilinx ISE is the integrated development environment for the Xilinx FPGAs and
configurable logic products. At the time of this publication, Xilinx had release version 9.2i of
the ISE however, this version does not support partial reconfiguration. Support for this feature
is expected to return in future updates to version 9.2i. The most recent version that supports
partial reconfiguration is version 8.2i. For this reason it is recommend that all eMIPS users
select version 8.2i until Xilinx release a new, partial reconfiguration compatible version of the
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tools. Configuration files for the base system and some example extensions are provided in
the release and can be used as-is, without need for the ISE tools. However, to design, build
and use your own extensions with the eMIPS system you will require access to these tools.

A fully floor planned constraint file is provided in the release, but in some cases your
design needs might require that you change the initial floor planning. The constraint file can be
edited using a text editor to change the area and LOC constraints of the reconfigurable
regions, 10 and clock resources. Due to the rigid constraints imposed by the Partial
Reconfiguration design flow, it is recommended using Xilinx PlanAhead over text editing of the
constraint file. Xilinx PlanAhead also provides additional features such as DRC checking of
your floor plans and area estimation of the reconfigurable regions.

Development of designs using the eMIPS system architecture requires that you have at
least one and preferably two installations of the Xilinx ISE installed on your workstation. The
first install is a standard install of the Xilinx ISE 8.2i with the latest service packs and updates.
This install is used for initial system development and debugging. The second install is the
Xilinx ISE 8.2i, upgraded with service pack 1 and with the Partial Reconfiguration Tool overlay
installed. This second install is used to build any partial reconfiguration design, both for the
base processor and for the extensions. It is recommended that you first create non partial
reconfiguration versions of your designs, using the standard install, to explore and debug your
design. While the eMIPS project stresses the dynamic configurability feature, it is certainly
possible to stop here and to build non partial reconfigurable versions of the eMIPS system, e.g.
with fixed extensions included. Do not attempt to build non partial reconfiguration designs with
the install with the PR overlay applied. The install with the overlay has been specially setup for
partial reconfiguration and non partial reconfiguration design built with it cannot be guaranteed
to be correct.

In order for users to build a full eMIPS system including the partial reconfiguration
capability, they will require the Xilinx ISE 8.2i with the PR tools. The Xilinx ISE 8.2i with the PR
tools is also required to modify the eMIPS system. In order to modify the floor plan of the
eMIPS system, you modify the constraint file by hand in the Xilinx ISE text editor; however this
can be difficult and prone to error. For modifying the eMIPS floor plan it is recommended that
users install the Xilinx PlanAhead tool. For users that are not interested in the partial
reconfiguration feature and instead prefer a fully static implementation, the latest version of the
Xilinx ISE tools and service pack are the recommend choice. The latest version used in our
group is Xilinx ISE 8.2i service pack 3.

2.2.1 Xilinx ISE

The following instructions are for installing the Xilinx ISE 8.2i from the full version DVD.
If you use a different means of installing the tools (evaluation download, DVD, CD, server, etc)
your experience may differ. This procedure is for a standard version of the Xilinx ISE tools
without modification. This toolset is recommended for development of static designs that do
not utilize the partial reconfiguration feature. With this toolset it is possible to implement and
build eMIPS configurations that include static Extensions.

1. Insert the Xilinx ISE 8.2i DVD into the DVD drive tray
2. In a moment the following welcome screen should appear.
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Click ‘Next’.

The next screens you should see are the License Agreement screens.

Please read carefully the License Agreements. If you feel the terms of the ISE License
Agreement are acceptable to you and your organization, check the checkbox labeled “I
accept the terms of this software license” and click ‘Next’ for each.

The next screen you should see is the Registration ID Screen.
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Please enter your Registration ID in the fields provided. If you do not have a
Registration ID, you will need to obtain one from Xilinx before you can proceed.

When you are done entering the ID, please click ‘Next’.

The next screen you should see is the destination directory screen.
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10.Since you will be installing multiple installs of the Xilinx ISE for running both the
standard and partial reconfiguration design flows, it is recommended that you use a
unique directory name for each install. For this example we will be using “c:\Xilinx_std”.
Your selection may va

I8 Xilinx Seitware Installmiion - Select Destination Girectary
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11. After you have selected the destination directory for your Xilinx ISE install, please click
‘Next'.
12.The next screen you should see is the installation options screen.
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13.1t is recommended that you leave all the items in the list checked. After you reviewed

the options please click ‘Next'.
14.The next screen you should see is the update environment screen.
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15.This screen will help you setup the environment setting you require for running the Xilinx
ISE tools. It is recommended that you leave all of the items checked. After you have
reviewed the environment settings please click ‘Next'.

16. The next screen you should see is the begin installation screen
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17.You should see a listing of all the options you selected in the previous screens. Please

review these options to ensure they are correct. After you have reviewed the options
listed please click ‘Install’. If something is in error click ‘Back’ to return to the

appropriate screen and correct the option.
18.The next screen you should see is the installation progress screen.
on your system, between 30 to 90 minutes.

some time depending

EIIIIM Splbwrare Installation - Begin elalfatipn

JSE

This may take

Pilra i Inatlsi
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19. Wait for the installation to complete. Advertisements may vary.
20.A window labeled ‘set up’ will pop up momentarily.
21.A window labeled ‘Xilinx 8.2i Setup’ will appear

M Xilinx 8.2i Setup  [X]

@ Install has completed.
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22.Please click ‘OK’ and the window will close.
23.If you selected to install the download cable driver, a window labeled ‘Query’ should

appear. Otherwise skip to steE 26.

Setup has updated swstem files
and Windows musk be restarted,

Would vwou like to do that now?

| Yes | ’ Mo

24.If you are ready to update your system please click ‘Yes’. Otherwise remember to
restart you system before using the Xilinx ISE.

25.Restart your system.

26.0btain the latest service pack available for Xilinx ISE 8.2i from the Xilinx Download
Website (http://www.xilinx.com/xInx/xil sw_updates home.jsp). At the time of this
publication the latest service pack for Xilinx ISE 8.2i was service pack 3.

Fia EdR Yew  Fraice hel Hel

T mmath rotiery [1EE]e () P

27.Double click on the Service Pack installation file. (8_2_ 03i_win.exe for Xilinx ISE 8.2i
Service Pack 3) Your filenames may vary.
28.1f you are running Windows XP, the following window may appear.

18| Page


http://www.xilinx.com/xlnx/xil_sw_updates_home.jsp

DRAFT — DO NOT REPRODUCE

Open File - Security Warning

The publisher could not be verified. Are you sure you want to
run thiz software?

Mame: 8_2_03i_win.exe
Publizher:  Unknown Publizher
Type: Application

From: C:\xilinx Service Packs

Run ] [ Cancel

Always ask before opening this file

publizher. Y'ou should only run software from publishers you trust,

@ Thiz file does not have a valid digital signature that verifies it
How can | decide what software to run?

29.1t is safe to click ‘Run’ and continue installing the service pack. Please click ‘Run’ to
continue the service pack installation.

30.The service pack will begin extracting files needed for the update. Depending on your
system this may take several minutes.

WinZip Self-Extractor - 82 03i win.exe

Hiling ServicePack 8.2.03i

Fleaze wait while extracting the files needed
to ingtall ziling ServicePack 8.2.03i on vour
computer. Thiz may take a few moments. Cancel

il

I Unzipping 3= 1400a nph Abaut

31.The next screen you should see is the destination directory screen. The destination
directory listed by default should be the destination directory you previously used in
steps 13 through 15. In our case it is “c:\Xilinx_std”.

E:l'll"'-" Sl tware Invdallation - Selec Dessinatien Direclory
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32.Note that the directory listed here must match the directory of the Xilinx ISE 8.2i install
you wish to apply the service pack to.

33. It is recommended to uncheck the “Create Backup before installing update” checkbox in
order to conserve disk space. If you feel it necessary to revert back to the previous
version of the Xilinx ISE tools, you may uninstall it and perform a fresh install.

34.Review the destination directory and the “Create Backup before installing update”
checkbox and when they are both correct please click ‘Next'.

:l'lllrn Soltware Insdallalion - Solec Desgination Direclory

‘nekonme 1y the e Serece Pach inislision pogeae. Fhe nth dieplayesd i o coment
FILRD i, Wi deiwic fck well e appled s P oc i

L#E Sk B doocay e jiu wand tha solae folaied
il | s |
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e 5 o bwass | rotall o

Subetng i o, vl e s i o Iillu\.:dd.l il ade v by pewchng
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ot Thiz wall doubls B srvass of spacs iequved o s seeace pack
Tl o] & 52006 e, - AT
agdy v e
Vroderiwn s aned Pdani
Bt 3 Gl ]

35.The next screen you should see is the begin installation screen.

:l'lllrrl Sol tware Insdallation - Begim Insiallstion

Begin Invtaflabon
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36.You should see a listing of all the options you selected in the previous screens. Please
review these options to ensure they are correct. After you have reviewed the options
listed please click ‘Install’. If something is in error click ‘Back’ to return to the
appropriate screen and correct the option.

37.The next screen you should see is the installation progress screen. This may take
some time depending on your system, between 30 to 90 minutes.
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38. Wait for the installation to complete. Advertisements may vary.
39. A window labeled ‘set up’ will pop up momentarily.
40. A window labeled “Xilinx 8.2i Setup’ will appear

M Xilinx 8.2i Setup  [X]

@ Install has completed,

41.Please click ‘OK’ and the window will close.
42.Confirm the update finished correctly; launch the Xilinx ISE install you just updated.
43.Click Help->About.

44.An ‘About Project Navigator’ window should appear.

E= About Project Mavigator [EJ

l.ﬁ'% Project Navigator
Releaze VYersion: 8.2.03i

Apphcation Yersion: .34
Reqistration 1D: 0386547654834 767
Copyright [c] 1995-2006 =ilins, Inc.
All rights reserved,

45. Confirm the Application Version matches what you expect.
46.You may now begin using the Xilinx ISE 8.2i with the latest service pack for system
development and debugging on Xilinx FPGAs.
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2.2.1.1 Potential Errors

Between steps 24 and 25 if you have a previous install of the Xilinx ISE tools, it is
possible for the following window to appear. If your previous install of the Xilinx ISE is older
than the Xilinx ISE 8.2i, it is recommended that you overwrite the driver. Click the appropriate
button and the installation process should resume.

\F{) Setup has detected an existing version of the driver file
c:hilinee_skdibininblxPC4DRYR. SYS
in the system directary:
CWINDOWSsyskem3zidriversixPC4DR YR, SYS

Do wou wank ko overwrite this File (¥ilin: recommends that
woll overwrite this file)?

2.2.2 Xilinx ISE Partial Reconfiguration Tools

The following are the instructions for installing the Xilinx ISE for performing the Xilinx
Partial Reconfiguration Design Flow. These instructions are supplementary to those provided
by Xilinx at the Xilinx Partial Reconfiguration Early @ Access Lounge
(http://www.xilinx.com/support/prealounge/protected/index.htm). Please refer to the Xilinx
Documentation for any further assistance. This toolset is required to fully utilize all of the
features of the eMIPS system. This toolset is the Xilinx ISE updated to Service Pack 1 with
additional changes to all for use of the partial reconfiguration feature.

1. Obtain the Xilinx Partial Reconfiguration Tools overlay from the Xilinx Partial
Reconfiguration Early Access Lounge.

2. Follow steps 1 through 29 of Xilinx ISE to create a new install of the Xilinx ISE 8.2i in a
new destination directory. For this example use “c:\Xilinx_pr’.  Your destination
directory may vary.

3. Obtain Service Pack 1 for Xilinx ISE 8.2i from the Xilinx Partial Reconfiguration Early
Access Lounge.

4. Follow steps 31 through 45 of Xilinx ISE to install Service Pack 1 (8_2_01i_win.exe).
Your filenames may vary.

22| Page


http://www.xilinx.com/support/prealounge/protected/index.htm

DRAFT — DO NOT REPRODUCE

5. If you are running Windows XP, Right-click on the Xilinx Partial Reconfiguration Tools
overlay zip file and select ‘Extract all’.
6. The Extraction Wizard window should appear.
Extraction Wizard g|

Welcome to the
Compressed (zipped)
Folders Extraction
Wizard

The extraction wizard helps you copy files
from inside a ZIF archive.

To continue, click Mest.

[ Mext> |[ Cancel ]

7. Please click ‘Next’ to continue.
8. The next screen you should see is the destination selection screen. By default it will
have your current directory selected.
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Extraction Wizard

Select a Destination
Files inaade the ZIF archive vl be sxiracted io fhe location pou
choose

Select a loldat bo svbiact fles o
izt wall be eatiactad bo this gdeactan:

Etraciing

| « Back |I Heal » ]' Cancel ]

9. Click ‘Next’ to continue.

Extraction Wizard

Select a Destination
Files insade: e ZIF archive vl be ewiracted o fhe kocation pou L
chopre ~F

Select a loldat bo svbiact fles o
Fiiat wall be eatisctad bo this gactan:

Etraciing

[ hea> ] [ cancet |

10.You should see the progress bar begin to fill. This may take some time depending on
your system, between 10 to 15 minutes.
11.The next screen you should see is the extraction complete screen
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Extraction Wizard

Estsaction Complete
Files have been successhuly ssdracted from the 2P schive

Fles have been succesifuly sdiacted to the following
drechory,

C:\PastialFlow_B25_5

To see your exdracied files, chack the box balow

[ Show extiacted Hes

Preag linish lo confirue

| Fosh | [ Concet |

12.Please click ‘Finish’ to complete the application of the Xilinx Partial Reconfiguration
Tools

13. A folder containing this install of the Xilinx ISE should appear.

14.Open a command prompt to this new directory.

o | Visual Studio 2005 Command Prompl

Setting environment for using Microsoft Uisual Studio 2005 x86 tools. -
C:wPartialPlow_82i 53 _

15.Run the install script
a. Type: xilperl PRinstall.pl PRfiles.txt
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¢ ¥isual Studio 2005 Command Prompt
Setting environment for using Microsoft Uisual Studio 20805 86 tools. -
C:wPartialFlow _82i S>xilperl PRinstall.pl PRfiles.txt_
=

b. Press Enter.

c. Wait for the process to complete. You may disregard the warnings.

+ Visual Studio 2005 Command Prompt

F_ui?ing environment for using Microsoft Uisual Studio 2805 =86 tools. a
C:vPartialFlow 82i S>xilperl PRinstall.pl PRfiles.txt
Partial Reconfiguration 8.2.81_PR 5 installer (A5-87-2887)
| found version = §.21
found version = §.2.811

ENHING - Failed to create Jmckigg c:wXilinx_prsbinsntslib¥dh_DRC.d11_prePR.
c:Hilinx_prshin/nt-1 dh_DRC.d11 does not exist. Installer will use

PHRHIH.'I.— Failed to create back up c:sKilinx_prsbin/ntsLlibNgtNml.d1]l_prePR.
| r.:=\Hilinx_pr#hin!ntflit£9tl'hl.ﬂ.l.'l does not exizt. Inztaller will use P

WARMING — Failed to create back up c:xHilinx_pesbinsntslibPackUtil.dll_prePR.
PR 4L e Milinx_prsbinsntslibPackUtil.dl]l does not exist. Installer will use
e.

CanPartialFlow 821 5>

=
16. Confirm the update finished correctly; launch the Xilinx ISE install you just created.
17.Click Help->About.

18.An ‘About Project Navigator’ window should appear.
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E= About Project Navigator @

Project Navigator

Release Version: 8.2.01_PR_5
Application Version: 1.32
Registration |D: 0386547654834767
Copyright [c] 1995-2006 Xiling, Inc.
All nghits reserved.

19. Confirm the Application Version matches what you expect.
20.You may now begin using the Xlinx ISE 8.2i with the Partial Reconfiguration Tools for
building Partial Reconfiguration enabled designs on Xilinx FPGAs.

2.2.3 Xilinx PlanAhead

The following are the instructions for installing Xilinx PlanAhead, using the Evaluation
Version obtained with a download from the appropriate Xilinx PlanAhead website
(http://www.xilinx.com/ise/optional _prod/planahead.htm). If you use a different means of
installing the tools (DVD, CD, server, etc) your experience may differ. PlanAhead is a tool
used for floor planning and for performing design checking of partially reconfigurable designs.
If you do not plan to modify the floorplan of the eMIPS system you will not be required to have
PlanAhead installed. We provide a fully floorplanned constraint file for use in the build
process.

1. Obtain the Xilinx PlanAhead Evaluation Version software from Xilinx website

(http://www.xilinx.com/ise/optional Qrod/QIanahead.htmz.

D ST S p—

'f":: 15— o fi—  —

[

(SN Rt =00 Wl
¥
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2. Double-click on the Xilinx PlanAhead installation file (planahead-9.1.3-win32.exe).
3. If you are running Windows XP, the following window may appear.

Open File - Security Warning

The publisher could not be verified. Are you sure you want to
run thiz software?

Mame: planahead-9.1.3-win32.exe
Publizher:  Unknown Publizher

Type: Application

From: C:\xilinx Service Packs

Run ] [ Cancel

Always ask before opening this file

publizher. Y'ou should only run software from publishers you trust,

@ Thiz file does not have a valid digital signature that verifies it
How can | decide what software to run?

4. It is safe to click ‘Run’ and continue installing the software. Please click ‘Run’ to
continue the software installation.
5. In a moment the following welcome screen should appear

E* |nstatier

Welcome to the InstaliShield Wizard for PlanAhead
9.1.3

The insta#Shield Wizand vl irstal Pranshasd 2.1 3 an your computer
To eoalinus . choose Nest

Frarsdiesd 51,1

N, e

iRy 11K Cormisienaneed

IrvubaltERigid

6. Please click ‘Next’ to continue.
7. The next screen you should see is the End User License Agreement Screen.
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£ Instatier

Frages pesd the folowng license agrssment cansfdly

KILENI, INC.

END USER LICENSE AGREEMENT

al

=

aceepl e Brme ofthe Bcence Agraeran

1o not acoepd the terms of e license agresmant

inubaliErasid

8. Please read the End User License Agreement. If you feel the terms of the End User
License Agreement are acceptable to you and your organization, check the checkbox
labeled “I accept the terms of this software license” and click ‘Next.

2 imstaiisr |

Flexs= read the folowing license agresment carsfully

contamgomEn AL undarsaings o sgreRmants, witten o oral, egarding the |

F0OT 0333

2007084
4

5

acEepl e Brme oftha Bcenae agmeran

" 1do notacoepd the terms of e license agresment

InubaliERdsId

9. The next screen you should see is the destination directory screen.
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£ Instatier

Diraciory Mama
w DI

ivubaliErdaid

10.You may use the default directory for this install. After reviewing the destination
directory please click ‘Next’ to continue.
11.The next screen you should see is the option summary screen

E* |nstatler

Flexs= read the summary Fdormalion Descw

Planahead 9.1 0 wil be refaliad o Ihe Keirmang loealion
CHD

it tho following feadures:
Prardnand 913

e A hotal sizg:
G654 6B

[T [ BT

12.Review the options listed and if they are correct, please click ‘Next' to continue.
Otherwise click ‘Back’ to return to the previous screens and correct the errors.

13.The next screen you should see is the progress screen. This may take some time
depending on your system, between 15 to 30 minutes.
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£ Instatier

Instafling Flan&bead 813 Medse wail..

DN add. 1 himolartahead bad

| 1

ivubaliErdaid

14.Wait for the installation to complete.
15.The next screen you should see is the completion screen.

E* |nstatier

[ Cetyou wish jo resd T reddss nolas now™

[T Fugn Licensa Yeizad How?

(TR FETT

16.1f you have a license for Xilinx PlanAhead already you may check the checkbox labeled
‘Run License Wizard Now?'.

17.1f you have not already obtained a Xilinx PlanAhead license you may obtain one at the
Xilinx PlanAhead website (http://www.xilinx.com/ise/optional prod/planahead.htm).
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£ Instatier

[ Cooyoul wish fo rend e redddss nolas now™

[# Foun Licen=s Vaizard How?

inubaliErasid

18.After you have reviewed these options please click ‘Next’" to finish the software

installation.
19.The Xilinx PlanAhead FLEXIm License Wizard window should appear.

E Mankhead{TM] FLEXIm Licome Wizard

Pumnahead (TW) FLES Im Licenss Wizard
Coprrig 1 250- 1009, 20:001- 2007 Miline, i Al Rights Reserverd

hie wizsrd can be Wsed 1o propery instsll a licenae e for Flankhead (TH) on Windows
tian algo b2 usad o maneasy o suiomalicaly gte the licange manager dagmon
(it i 0 bo nun on this machno)

| e || Cancel

20.Please click ‘Next’ to continue.
21.The next screen you should see is the create license file screen.
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E PMlankhead{TM] FLEXEm Liconse Wizard
[

—— -
Haraeweould vouw ke b ¢ resde your icensas Ale? IE_M*ﬁﬂ:'- hd

L 1

Fraage oy aivd phEle e lifsnse vou'ss adened i bh Binbl 6L The e aied below

Ty the license il inbo This Do

|  Cancal

22.Your license should have come in the form of an email message. Please copy and
paste your email into the text box provided and click ‘Next'.
23.The next screen you should see is the server start up screen

E Mankhead{TM} FLEXIm Lioome Wizard

Doy wish o hawe Plandnesds Licénse Server sutomadcally staf?
W Yoz Mo
Do WL wish 1o stai the Licanss Deser Mow?

W es Mo

| Finigh Cancal

24 .Please select ‘yes’ on both items listed.

25. After reviewing your selections please click ‘Finish’ to complete the license setup.

26.The Xilinx PlanAhead FLEXIm License Wizard window will close and the next screen
you should see is the installation summary screen.
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£ Instatier

q .
@ .
f Frases nend the sumenafy rdormalion Desow

- 1 —_— This eecballEreeld Wizand has succeaafuly instaled Prardinand 910, Choose

inubaliErasid

27.Please click ‘Finish’ to complete the software installation

28.The installation window will close.

29.You may now begin using the Xlinx PlanAhead for floor planning Partial Reconfiguration
enabled designs on Xilinx FPGAs.

2.3 Software Tools

The amount of software tools required for developing programs for the eMIPS systems
depends on the complexity of the application. For simple programs and tests that exercise the
hardware extensions it suffices to use just the compiler toolset. All the eMIPS software test
binaries in this distribution were created using the standard GCC v4.2.0 distribution, plus the
Binutils package v2.17 and GDB v6.6. The BBTools package, provided in this distribution, is
useful for analyzing applications in more details, to patch binaries and to automatically
generate an Extension starting from a basic block of MIPS binary code. The Giano full-system
simulator is useful for profiling applications, and for developing and debugging Extensions
especially when used in concert with Modelsim. If you do not have an ML401 board you can
still develop and run your software using the Giano simulation of that board. The Microsoft
Invisible Computing RTOS is useful for developing more complex applications, especially
those that require real-time interactions with the environment, or access to file systems and
networking facilities.

2.3.1 Compiler

The eMIPS basic data path implements the MIPS-1 instruction set [10]. Any compiler
capable of targeting this ISA, for any programming language, is usable with eMIPS. The test
programs provided in this distribution are written in C and have been compiled using GCC. In
this section we show how to recreate this set of compiler tools. The instructions are for specific
versions of the tools. This does not mean they are better or worse than others, just that they
worked for us. The following instructions are for installing on Windows XP. There is a pre-built
set of GCC tools for eMIPS at http://xoomer.alice.it/giovanni_busonera/eMIPS/eMIPS.htm.
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2.3.1.1 Cygwin

The simplest way to compile GNU software is to create a Unix environment. There are
many that work under Windows, one that is easy to get and use is the Cygwin one. The site for
these tools is http://www.cygwin.com. We used version 1.5.24, but it should be ok to just use
the most recent one. When we tried to install on a Win64 machine it did not work, but we did
not investigate this problem. To get started, download and run the Setup.exe application from
http://www.cygwin.com/setup.exe. Create a new directory for it, such as c:/cygwin. Download
setup.exe in there and start it. This application is also used to get updates if you need them,
which is why you want to keep a copy locally. The following screen should popup, hit Next.

Cygwin Met Release Setup Program
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e mnnorend m vesllax o stmegesl pdsien Male
(LB TR et pin derved i
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Plasioe rofs Bl Cgwan conmit of & Lege nurmde of
peckagsy sparmeng mvks sty of popoesn 'We ok
il i bt ot o] pachages by dulaal Tou cir dhwies b
iy e mrey e i Lhe bt by e, e, o
Rk [k B0 B MCEILEY

E

Silup et velBen 17222
Copyight 20002007

The next screen is for the installation options, select the recommended ones and hit
Next.

- Cygeen Setup - Dheose Tretallaton irectbory
Setect Plool [natell Deechery E
Saslect thes cascioe whes wos want o notell Cpgen. Alm choome alew
ialalon paareline
Flook fineciog
|y 1
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F Wliles: FELTHMENCED] ¥ s/ binisy RECTIMVENDE D)
Cyean will be soplmbls o all i of Hi s amlatin dorem . ol Bes apened
Wi slen NOTE Tro o sequred | o by wede Fikes on dok, sellmanes
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bt e 05 /e
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The next few screens are for various installation options such as the location of
downloaded programs, proxy settings to connect to the Internet, and the choice of a download
site. Select the options that work for you. Eventually you should get to the following package
selection screen.
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~ Cygasin Sebep - Seleit Pacdkages

Select Packages
Swlact prach sgas inrelsl E

Cheep P G DE T Em Sew | Caisgay
Comgiay  Duard [T B 5 |G Fred.mpm =

H s i Cromtowa

B Base dr Dipfnad

B Fatatme £ Delo
B Dol & Ol

H Do i Dejouk

B B 0 Dok
Bl Graphas: i Dl

B nipmesr 47 Dl ot
1] | .

¥ Hde obiolsts o advwrsstaires pachsgs

caos [ ] _oen |

The list is fairly large and your selection can vary. The following list of packages is non-
minimal, but it is known to work.
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Baze

Base. Shells
Drevel

Dewvel

Devel

Base

Base

Base. Shellz
Math, Utilz
Drevel

Dremvel

Drevel

Litils

Baze

Lltils

Libs

Dewvel

Lltils

Base

Eaze, Doc
Baze

Devel, Doc, Interp
Baze

Dremvel

Baze, Interpreters
Dremvel

Drevel

Dewvel

Devel

Dewvel

Devel

Drevel

Base

Text

Baze

Text

Libs

Dratabasze
Database
Dioc, Interpreters, L
Dratabase, Libs
Libs

Libs

Libs

Libz

Libs

Libz

Libs

Libz

Baze
Interpreters
Drevel

Base, Doc, Spster
ingw

Mingw

Drevel, Libs
Dewvel
Interpreters, Perl
B ase, Spstem, Util:
Base

Baze

Base

Libs

Baze, Libs
Baze

Do, Text

Libs

Base
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77k
A7k

3k
203k
791k
35k

1k
916k
Bk
4315k
294k,
28k
407k,

2 365k,
116k
13k
703k
182k
1,363k
915k
28k
11k
453k
28k
617k
1k
3618k
2,958k
B3k
1,834k

3,958k
151k
1931k
B2k
79k
27k
623k
BBk
Sik
13k
B2k
20k
16k
17k
171k
162k
12k
a1k
14k
207k,
348k
197k
338k
27k
267k
11k
7,464k
90k
35k
133k
B36k.
1,854k
20k
197k
B3k
1,184k
3k

alternatives: & tool for managing package conflicts

ash: & Boume Shell [bindsh) work alike

autocon: Wrapper schipts for autoconf commands

autoconf2 1: Stable version of the automatic configure script builder
autoconf2 5: Development verzion of the automatic configure script builder
base-files: & set of important system configuration and setup fles
baze-pasewd: & script to set up initial pazswords and groups

bazh: The GHU Bourne Again SHell

be: The GHU numeric processing language and reverse polish calculator
binutilz: The GMU assembler, linker and binary utilities

bizon: A parser generator that iz compatible with YACC

byacc: The Berkeley LALR parser generatar

bzip2: A high-quality block-zorting file compressor - utilities

coreutils: GMU core utilities (includes fileutilz, sh-utils and testutilz)

cpio: A backup and archiving utility

crypt: Encryption/Decmption utility and library

cva Concurent Yersion System

cygutilz: A collection of gimple utilities

cygwin: The LM emulation engine

cygwin-doc: Cygwin-gpecific documentation, including man pages and User's Guide
editrights: Alter user rights and privileges

expat: XML parser library wiitten in C [development/documentation package)
findutilz: Utiities for finding files--find, xargs, locate, updatedb

flex: & fast lesical analyzer generator

gawk: GMU awk, a pattem scanning and processing language

gec: C compiler upgrade helper

gec-core: C compiler

aco-g++ C++ compiler

gec-mingw-core: Mingw32 support headers and libraries for GCC
gec-mingw-g++ Mingw32 support headers and libraries for GCC C++
goc-testsuite: GCC testsuite sources

gdb: The GNU Debugager

grep: Search and print textual input for lines which match a specified pattern
qroff: GHU troff test-farmatting swstem

gzip: The GMU compression utility

less: & file pager program, similar to more(1)

libbz2_1: Shared libraries for bzip2 [runtime)

libdbd. 2 The Sleepycat Berkeley DB Libray vd.1 - untime

libdbd.3: The Sleepycat Berkeley DB Library w4.3 - runtime

libexpatl: =ML parzer libram wiitten in C (runtime package)

libgdbm4: GHMU dbm database routines [runtime)

libicorw2: GMU character set conversion library and wtilities - untime (1]
libintlz: GMU Internationalization mntime library

libintl3: GMU Internationalization rntime library

libirtld: GMU Internationalization wntime librang

libncurses8: Libraries Far terminal handling [runtime]

libperel: Perl-Compatible Regular Expressions [runtime library)

libpoptl: Library for parsing cmdline parameters - runtime

libreadlinet: GMU readline and history libraries [runtime)

login: Sign an ta a system

md: GMU implementation of the traditional Unix macro proceszor.

make: The GMU version of the 'make’ utility

mar: Man, apropos and whatis

mingw-bzip2: [mingw version) of bzipZ, a high-quality block-zorting file compressor
mingw-libbz2_1: [mingw wersion) shared libranes for bzip2 [runtime)
mingw-runtime: MinG'w' Runtime

mktemp: Allows zafe temp file/dir creation fram shell scripts

peil: Larmy Wall's Practical Extracting and Report Language

rebase: Utilities for rebasing DLLs to load at alternate addresses

Tk Start congole programs with hidden congole

sed: The GHU zed stream editor

tar: & GMU file archiving pragram

teltk: TCLATE libraries

termcap: Compatibility package for old termcap-bazed programs
terminfo: D atabase for nourses-style terminal handling

tesinfo: Documentation system for on-ling information and printed output
w3Zapi Win32 4P| header and library import files

which: Displays where a particular pragram in your path is located
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Once all packages are downloaded and installed you should be able to start the bash
shell, which will create a window similar to the following.

=

[ 0] ]

our group is currently "mkpasswd". This indicates that

he setc/passud (and possihly setc/group? files should he rebuilt.
ee the man pagesz for mkpaszswd and mkgroup then. for example. run
kpasswud -1 [-d]1 > setc/passud

kgroup -1 [-dl1 > Setc/group

ote that the —-d switch is necessary for domain users.

androf @mzr—-build2 ™

2.3.1.2 GCC

The reference site for GCC is http://gcc.gnu.org. You can download a compressed
archive file of the sources from the site ftp://ftp.gnu.org/, or one of its mirror sites (e.g. chose
the one closest to your location). Move to the gnu/gcc/gcc-4.2.0 sub-directory and retrieve the
file gcc-4.2.0.tar.bz2. Uncompress this file using the BZIP2 utility, the command is “bzip2 —d
gcc-4.2.0.tar.bz2”.

= /cygdrive,/c/cygwin

ruxr—xr—x 1 Adninistrators mkpassuwd 44857527 Dec 18 15:27 goe-4.2.8.tar.he2

androf Pnsr-build? Acygdrivesc/cyguin
bzip2 -d gocc—4.2.8.tar.hz2

androfBmzr-build2 Acygdrivesc/cyguin

1s —
otal 294232
ruxr—xr—x 1 Adninistrators mkpassuwd 381291528 Dec 18 15:27 gec—4.2.8.tar

androf @msr—build2 Acygdrive/c/cyguin

- =

Use the TAR utility to extract the files, the command is “tar xf gcc-4.2.0.tar”. This will take
some time, there are many files. Eventually the sources should be in the newly created
directory gcc-4.2.0.

= fcygdrive,/c/cygwin

‘total 294232
ruxr—xr—x 1 Adninistrators mkpassuwd 381291520 Dec 18 15:27 gcc-4.2 . B.tar

androfBmsr-build? Acygdrivesc/cuyguin
tar xf gecc—4.2.08.tar

lsandrof@fmspr—build2 Acygdrive/c/cyguin
1z -
otal 294232
ruxr—xpr—x+ 25 sandrof mkpassud B May 13 2007 gcc—4.2.8
PUXP—XP—X 1 Administrators mkpasswd 3812915208 Dec 16 15:27 gec—4.2.8.tar

androf@mspr—build2 Acygdrive/c/cyguin

- [

Detailed installation instructions for GCC are at http://gcc.gnu.org/install/ and we will not
repeat them here. You want to target a generic MIPS ELF machine, e.g. configure GCC with
arguments like the following:

configure --prefix=/emips --with-divide=breaks --enable-languages=c,c++ --target=mips-

elf
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The most recent versions of the configure utility are capable of configuring multiple
packages at once. You might want to first retrieve Binutils and GDB before you run it. After you
have configured all packages, a single make command should build everything for you.

2.3.1.3 Binutils

You can download a compressed archive file of the Binutils package from the site
ftp://ftp.gnu.org/, or one of its mirror sites (e.g. chose the one closest to your location). Move to
the binutils sub-directory and retrieve the file binutils-2.17.tar.bz2. Uncompress and unpack
this file as before, using BZIP2 and TAR. Notice that you want to move to the gcc-4.2.0
directory above before you unpack.

2.3.1.4 GDB

You can download a compressed archive file of the GDB debugger from the site
ftp://ftp.gnu.org/, or one of its mirror sites (e.g. chose the one closest to your location). Move to
the gdb sub-directory and retrieve the file gdb-6.6.tar.bz2. Uncompress and unpack this file as
before, using BZIP2 and TAR. Notice that you want to move to the gcc-4.2.0 directory above
before you unpack.

There is one source change that is necessary before you build GDB. For some reason,
the default release assumes that the MIPS processor has hardware support for breakpoints,
which is not (entirely) true for eMIPS. To reinstate software breakpoints edit the file gdb/mips-
tdep.c and add the following statement at line 5154

set_gdbarch_software_single_step (gdbarch, mips_software_single_step);

There might be better ways to achieve this effect, but we did not investigate them. If you
use eBug with watchpoints enabled you might not need to apply this change.

Once you are done building everything you should have the following binaries:

addr2line.exe
ar.exe
as.exe
ccl.exe
cclplus.exe
collect-Id.exe
collect2.exe
cpp.exe
cxxfilt.exe
gt++.exe
gcc.exe
gcov-dump.exe
gcov.exe
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gdb.exe
Id.exe
nm.exe
objcopy.exe
objdump.exe
ranlib.exe
readelf.exe
size.exe
strings.exe
strip.exe

You can install them in other places, but the script for building the hardware tests assume
that you have them in your MMLITE_SDK directory, under the tools sub-directory, as follows:

¢\ |Command Prompt
swgnupdir sMMLitePublicstoolssemipsshin
Uolume in drive E is data
Uolume Serial Number is FC6C-428C
Directory of E:sMMLitePubhlicstoolssemipsshin
/12,2087 @1:19 PH <DIR> . —
?-12,2087 @1:19 PH <DIR> .
6-12,2087 @3:58 PM 2,982,828 addr2line.exe
6-12,2087 @3:58 PM 1,.916.885 ar.exe
6-12,2007 @3:58 PH 2,892,317 as.exe
6-12/2007 B@3:58 PH 14,531,685 ccl.exe
6-12/2007 B@3:59 PH 16,848,746 cclplus.exe
6-12/2007 B@3:59 PH 2,594,757 collect—1d.exe
B6-12,2087 @3:59 PH 428,968 collect2.exe
B6-12,2087 @3:59 PH 542,239 cpp.exe
6122087 B3:59 PM 1,989,142 cxxfilt.exe
p4.-86 2087 12:43 PH 128,320 cygexpat—@8.d11
P6/12,2887 @3:59 PH 1,873,811 cygwini.dll
P6 /28,2087 @1:17 PH 4,264 emips.x
bs12-2007 B@3:59 PH 543,247 g++.exe
B6-12,2087 @3:59 PH 538,585 gcc.exe
PG -12 72087 B@3:59 PM 89.333 gocov—dump.exe
B6-12,2087 @3:59 PH 215,800 gcov.exe
B7/-27,2087 B@9:13 AM 8.981.520 gdb.exe
6-12/2087 @A3:59 PM 2,594,757 1d.exe
6-12/2007 B@3:59 PH 2,855,577 nm.exe
6 12,2007 @3:59 PH 2,508,167 objcopy.exe
6-12,2087 Q3:59 PM 2.738.568 objdunp.exe
6-12,2087 Q3:59 PM 1,918,341 ranlib.exe
6-12,2007 @3:59 PH 718,500 readelf .exe
6-12/2007 B@3:59 PH 1,.871.585 size.exe
6-12-2087 @3:59 PH 1,869,151 strings.exe
6-12/2087 @A3:59 PM 2,508,167 strip.exe
b6 /20,2087 @1:34 PH 416 vssver.scc

27 Filecs) 74,857.520 bytes

2 Dirds)> 165.045.284_ 864 hytesz free
Thgnw ﬂ

The cyg*.dll files come from the cygwin package, they are needed to run these binaries
from within the regular Windows environment (e.g. in a CMD window). The emips.x link script
file is included in this release.

2.3.2 The BBTools Package

The Basic Block Tools, or BBTools, are included in this distribution, in the archive file
bbtools.zip. You should install these binaries in a location where they will be reachable from a
CMD or Visual Studio command shell. This can be a directory (that you can write to) that is
already on your PATH environment variable, or modify that variable to add your new directory
(see section 3.1.1 for how to modify environment variables under Windows). The tools have
been compiled with VCS8.
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1. Extract the files from the archive. Right-click on the “bbtools.zip” zip file and select

‘Extract all’.

2. The Extraction Wizard window should appear.

Extraction Wizard x|

Welcome to the
Compressed (zipped)
Folders Extraction
Wizard

The extraction wizard helps you copy files
from ingide a ZIP archive.

To continue, click Mext.

Cancel |

3. Please click ‘Next’ to continue.

4. The next screen you should see is the destination selection screen.

By default it will

have your current directory selected. Change it to some other location; we will use the

folder “c:\eMIPS_Tests” in these instructions.

Extraction Wizard |

Select a Destination S
Files inside the ZIP archive will be extracted to the location you

choose.

Select a folderto extract files to.
Files will be extracted to this directory:

cieMIPS_Tests|
Browse... |
Password... |

Extracting...

< Back Mext > Cancel

5. Click ‘Next’ to continue.
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T x

Select a Destination T
Files inside the ZIP archive will be extracted to the location you

choose.

Select a folder to extract files to.
Files will be extracted to this directony:

JCeMIPS _Tests
Browse. . |
Bassiword... |
Exracting...

< Back Next > Cancel |

6. You should see the progress bar begin to fill.
7. The next screen you should see is the extraction complete screen

Extraction Wizard x|

Exdraction Complete —
Files have been successfully extracted from the ZIF archive.

Files have been successfully extracted to the following
directory:

CheMIPS_Tests
To see your extracted files, check the box below:

Press finish to continus.

To help protect your computer, some files wene blocked.
Why are files blocked, and how can | open them?

<gack [ Fmsh | Cancel |

8. Please click ‘Finish’ to complete the extraction of the BBTools files.
9. The Folder containing the test programs should appear. It should contain twenty-four
files, as follows:

42 |Page



DRAFT — DO NOT REPRODUCE

@ C:\eMIPS_Tests B E |
File Edit Yiew Favarites Tools Help | ;ﬂ'

o Back - £ - ¥ | - Search Folders | - | @ Folder Sync

Address | CAeMIPS_Tests =B

Mame = | Size | Type | Date Modified | Attributes |
File and Folder Tasks A ﬁbbcatexe 17KE  Application 12/11/2007 3:42PM A
j Make & rew Folder ‘ﬂ bbeat.exe.manifest 1KE MAMIFEST File 12/11)2007 342 PM A
FIbbdump.exe 21 KB Application 12/11)2007 342 PM A
2] CﬂSh this Folder to the [%] bbdurp.exe.marifest 1KE MAMIFEST File 12/11/2007 342PM A
(7 Share this Folder Ebbfind.exe 24 KB Application 12/11}2007 3:42PM A
‘ﬂ bbfind. exe.manifest 1KE MAMIFEST File 12}11}2007 3:42 PM A
Ebbmatch.exe 18KE Application 12/11/2007 3:42PM A
Other Places 2 ‘ﬂ bbmatch.exe.manifest 1KE  MAMIFEST File 12/11/2007 3:42PM A
FIbbmerge.exe 18 KE  Application 12/11)2007 342 PM A
e Local Disk (C1) [%) bbmerge. exe.manifest 1KE MAMIFEST File 12/11/2007 3:42PM A
D My Documents [Fbbrevrite.exe 19KE  Application 12/11)2007 3:42PM A
_i’ My Computer ‘ﬂ bbrewrite.exe.manifest 1KE MAMIFEST File 12/11}2007 3:42PM A
‘3 My Hebwiork Places ‘ﬂ bbs.dil 212K Application Extension  12/11/2007 3:42PM A
‘ﬂ bbs.dll. manifest 1 KB MAMIFEST File 12/11/2007 3:42 PM A
[bbselect.xe Z0KE  Application 12/11)2007 342 PM A
Details ~ ‘ﬂ bbselect, exe.manifest 1KE  MAMIFEST File 12/11)2007 342 PM A
[Flbbsort.exe 13KE  Application 12/11)2007 3:42PM A
eMIP5_Tests [%) bbsort exe.marifest 1KE  MAMIFEST File 12/11/2007 3:42PM A
File FD'def _ [Fbbunig.exe 18KE  Application 12/11/2007 3:42PM &
?ftzg"DD?d'g"jg’?ma‘” December %) bbuniq.exe. manifest 1KB MAMIFEST File 12112007 342 FM &
e %] b, dl 37KE Application Extension  12/11/2007 3:42PM A
‘ﬂ bbw. dll. manifest 1KE MAMIFEST File 12/11/2007 3:42 PM A
Fmzv.exe 1G5 KE  Application 12/11)2007 342 PM A
‘ﬂ m2v.exe.manifest 1KE  MAMIFEST File 12/11)2007 3:42PM A

2.3.3 Giano

The latest release of the Giano simulator can be downloaded from the project’s web page
at http://research.microsoft.com/research/EmbeddedSystems/Giano/giano.aspx. The same
page contains the installation and test instructions, which we will not repeat here. In the tests
directory of the distribution there is a platform configuration file for the ML401 board. This is the
file you want to use for software simulations of eMIPS.

2.3.4 The RTOS

The latest release of the Microsoft Invisible Computing RTOS can be found at
http://research.microsoft.com/invisible, along with the installation and build instructions, which
we will not repeat here. You want a release with build number 112 or later. When building it,
you do not need to build for all processors (e.g. using the mkall script). You may build the x86-
release, at least for getting the most recent version of servers like SERPLEXD. You must build
the mips_gnu-release to get the eMIPS images. The command is

nmake —nologo TARGETCPU=mips TARGETTYPE=release TOOLS=gnu

You may build the debug version, using TARGETTYPE=debug. At the end of the build
process, you will find the new images in the build\mips_gnu\release\bin directory (or debug).
The image of the base RTOS for eMIPS on the ML401 board is called Ml.bin. Refer to section
3.5.1.3 for instructions on how to download it, flash it and test it.
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To test the newly built RTOS it is advisable to run the program alltests.exe. This program in
turn runs a number of minimal regression tests. There are a few additional tests that are
specific to the ML401 board in the tests\m/40x directory.
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3 Building the eMIPS System

There two ways the eMIPS microprocessor system can be built, using the tools installed
according to the instructions in the previous sections of this document. First, one can use the
standard Xilinx ISE to build a non partial reconfiguration version with a static Extension
instantiated. This is recommended for system development and debugging. The second is to
use the Xilinx Partial Reconfiguration tools to build a partially reconfigurable version of the
design with configurations for multiple Extensions. We will describe both procedures in the
following sections.

3.1 Common Tasks

The build procedures include some tasks that are common to all builds. The
corresponding procedures are described in this section and later referenced.

3.1.1 Changing the Environment to Non-PR Xilinx ISE

1. Right-click on ‘My Computer’ and select ‘Properties’.
2. The System Properties window will appear.
System Propariies Eﬂ

Sxsten Fmsboss Auomasio Lipdabes Hemaole
Eerii Crrgder Hars Hasbame= Pickenraed

Syran
Mrasofl Wiedces P
Prot=ssionsl
[ ! ¥y Viersars 2007
I § Sarvica Pack 7
A,

Flameres o

|

(i | Cance |

3. Select the ‘Advanced’ Tab.
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Sushe Flmshos Ao Lipdates Aemole
Ganaal Crompader Hams Hacbime= Achearwomt
Tidu praret s keggeed orai an Adeeadiatol b misks sl of Fese charges
Pratcim ae

‘Wiriad efecti. procedson sikedulng memnin wasg, s vl maieon

[ Setnz |
Lizer Fiofis
Deithfsp daiirgs valatid Lo pour kegen

| Sslinm |
Stastun are fevow)
Sysherm slaihup, Tertem lafurs, snd debugong inlomration

Fatbrge |
| Emvmrment Venshies | | Enu Reporing

-

4. Click ‘Environment Variables’.
5. The environment variables window will appear.

Environment Variables

User wariables For pittrman

Wariable Yalue

TP C:\Documents and Settingsipittmaniloc. ..

[ wew J[ et |[ oDekte |

System variables

Wariable Yalue A
AVENGIME CAPROGRA~IWCAYSHARED~1\SCANEN. .. —
CLASSPATH .iZ\Program FilesJavaljrel 6.0_014ib, ..
Com3pec CHWINDOW S sywstem3ziomd, exe
FP_NO_HOST_C... MO
TMOCULAN CH\Program Files\CAleTrust Antivirus A

[ e ][ Edit ][ Delete ]

[ Ok l[ Cancel ]

6. Locate the ‘XILINX' variable and click ‘Edit’.
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Environment Variables

User wariables For pittman

Variable Yalue
LM_LICENSE_FILE C:\license.dat;C:\Modeltech_xe_starter...
PATH CriModelkech_xe_starteriwin32eoem;C...
TEMP C:\Documents and SettingsipittmaniLoc. ..
THMP C\Documents and Settingsipittmaniloc,.,,

[ mwew J[ Edt ][ oDeee |

Syskem variables

Wariable Yalue b
TMP CHWINDOWS | TEMP

WIS0COMMTOOLS  CriProgram Files\Microsofk Wisual Studio. ..
YSIMTALLDIR C:\Pragram Files\Microsoft Yisual Studio &
windir CHWINDOWS

Ciilinz_pr

[ mwew J[ Edt ][ oDeee |

[ OK l[ Cancel ]

Yariable name: | WILIR |

YWariable value:

[ 04 H Cancel ]

8. Change the value of the variable to the location of the standard non-pr version of the
Xilinx ISE on your system. For this example, we will use “c:\Xilinx_std”

Edit System Variable

Yariable name: | HILIM |

Yariable value: | ciilin_skd| |

[ Ok H Cancel ]

9. After you have reviewed the variable value and the desired directory, please click ‘OK’.
The edit window will close.

10.Click ‘OK’ on the environment variable window. The environment variable window wiill
close.

11.Click ‘OK’ on the system properties window. The system properties window will close.
12.Some systems may require you to restart before continuing for the changes in the
variables to take effect. If that is required please do that now.

3.1.2 Changing the Environment to PR Xilinx ISE

1. Right-click on ‘My Computer’ and select ‘Properties’.
2. The System Properties window will appear.
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3. Select the ‘Advanced’ Tab.
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4. Click ‘Environment Variables’.

5. The environment variables window will appear.
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Environment Variables

User wariables For pittman

Wariable Yalue
PATH CriModelkech_xe_: et i Ha
TEMP C:\Documents and SettingsipittmaniLoc. ..
THMP C\Documents and Settingsipittmaniloc,.,,
[ mwew J[ Edt ][ oDeee |

Syskem variables

Wariable Yalue b
AVEMGIME CHPROGRA~1YCAISHARED~ 1 SCANEN, ., —
CLASSPATH iC\Program Filest Javaljrel .6.0_01Yib. ..
ComSpec CHWINDOW S\ sywstem32iomd. exe
FP_NO_HOST_C..y MO

TMOCULARN C:\Program Files\CAleTrust Antivirus ad

[ mwew J[ Edt ][ oDeee |

[ OK l[ Cancel ]

6. Locate the ‘XILINX  variable and click ‘Edit’.

Environment Variables

User wariables For pittman

Wariable Yalue
LM_LICENSE_FILE C:\license.dat;C:iModeltech_xe_starter..,
FATH C:\Modelkech_xe_starteriwindzZxoem;C...
TEMP C:\Documents and Settingsipittmaniloc. ..
TP Cii\Documents and SettingsipittmaniLoc, .,

[ wew J[ et |[ oekte |

System variables

Wariable Yalue

T™MP CHWINMDOWS TEMP

WIE0COMNTOOLS  Cii\Program Files\Microsofk Visual Studio...
YSIMTALLDIR Ct\Pragram Files\Microsoft Yisual Studio
windir CWINDOWS

AILIME 5

|

[ wew J[ et |[ oDekte |

[ K l[ Cancel ]

7. The variable edit window will appear.

Edit System Variable

Yariable name: | HILIRM |

Yariable value:

[ 0K, l [ Cancel ]

8. Change the value of the variable to the location of the standard pr version of the Xilinx
ISE on your system. For this example, we will use “c:\Xilinx_pr”
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Edit System Variable

Yariable name: | wILIN |

Yariable value: | cehilin_pr| |

[ Ok H Cancel ]

9. After you have reviewed the variable value and the desired directory, click ‘OK’. The
edit window will close.

10.Click ‘OK’ on the environment variable window. The environment variable window will
close.

11.Click ‘OK’ on the system properties window. The system properties window will close.

12.Some systems may require you to restart before continuing for the changes in the
variables to take effect. If that is required please do that now.

3.1.3 Set up the Project Directory

1. Download the file package from the Microsoft eMIPS website at
http://research.microsoft.com/research/EmbeddedSystems/eMIPS/emips.aspx.
2. Unzip the file package.

3. Create a project directory in a location with 200 MB or more of available space.

My FO Wes Faoowies Toolk D J|I.
Gos - B - (T 57 ek Fokdern | [T7] | ) P 3y

vﬂﬁ-

---------

4. Create a ‘Sources’ folder inside this project directory.
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5. Place all the source files from the file package in the ‘Sources’ folder in the project
directory.

=13
B P e Fpeds Bk e
Ooes - 3 (¥ 7 b 7 rokden | [T | ) ok e
o 1 CET P Seues = B
File andl Pty Tavks i | Tosmade | ] roswans
- —
Y P . Fr
W Futsish s e (vt == =
e | Extwmes ] o
e e i e L— -
| mraistin ) o
by [ i L— Nprr
('] sPEFS_Promct !
Y

I3 Piscwens e

:‘ Py Cwamas
ey P fsma P

6. Create a folder in the project directory called ‘Xilinx_PR_Bus_Macros’ for the Bus Macro
files.
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7. Obtain the Bus Macro files from the Xilinx Partial Reconfiguration Early Access Lounge

and place them in the ‘Xilinx_PR_Bus_Macros’ folder inside the project directo

8. Create a ‘Synthesis’ folder in the project directo

B a7 Projes

M B Yew Fraess ol g

Gos - B = (T 57 mwah - rokders | [T] | ) ok s
et | TS et

Fife and Foller Tasks L5 ,...--'II Soapres |__,_,II Switems

o Pk 1 P
1 fubiah st ke i1t
Wak

| s PR B Ao
i) Tt it b

by 1%

i Mymm il

L) Pt

j [T

Wy P b

9. Within the ‘Synthesis’ folder, create three subdirectories: Top, TISA and ExtensionO.
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3.1.4 Synthesize the Top Level Module

1. Start the install of the Xilinx ISE with the Xilinx Partial Reconfiurtion Tools Overlay.

ey T

2. Create a new ISE project.
a. Click File->New Project in the Menu.
b. The ‘New Project Wizard’ dialog window will appear.
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EE New Project Wizard - Create New Project E“E|E]

Enter a Marie and Lacation far the Praoject

Project Mame: Project Location

| I (]

Select the Type of Top-Level Source for the Project
TopLevel Source Type:

HOL v

c. Select the Top Level Synthesis folder as the project location and name the
project “Top’. Make sure the location corresponds to the folder created above.

ES New Project Wizard - Create New Project |Z||E|r5__<|

Enter a Mame and Location for the Project

Froject Mame: Froject Location

Top | |C:\eMIF'S_F'roiect\Synthesis\T op | E]

Select the Type of Top-Level Source for the Project

Top-Level Source Type:
HDL hd

< Back [ Mest » ] ’ LCancel ]

d. After you have reviewed the entries in the window, click ‘Next’ continue.
e. The ‘Device Properties’ screen should appear.
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ES New Project Wizard - Device Properties

Select the Device and Design Flaw far the Praject

FProperty Mame Walue

All

Virtexd
HOAVLH25
FFEES

-10

Praduct Categaory
Family

Device

Package

Speed

HOL
HST [WHDLMerilog)
Modelzim=<E Yerlog

Top-Level Source Type
Syntheziz Tool

Simulatar

Enable Enhanced Design Sumniary
O
O

Enable Meszage Filtering

Digplay Incremental Messages

£ 4<% %

<<

’ < Back MHest > l ’ Lancel ]

)

Enter the appropriate settings for your board setup in these fields. For the Xilinx

ML401 board, please use the settings in the table below. You may use other

synthesis tools other than the XST (Xilinx default) if you chose.

However, be

aware all of our experiments have used this tool and we cannot vouch for the

outcome of another tool.

Property Name Value
Product Category All

Family Virtex4
Device XC4VLX25
Package FF668
Speed -10
Top-Level Source Type HDL
Synthesis Tool XST (VHDL/Verilog)
Simulator NA

Enable Enhanced Design Summary NA

Enable Message Filtering NA
Display Incremental Messages NA

g. After you have reviewed the entries in the window, click ‘Next’ to continue.
h. The ‘Create New Source’ screen should appear.
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ES New Pro ject Wizard - Create New Source [ZII@[EI

Create a Mew Source

Source File Type

1 Bemove

Creating a new source to add ta the project iz optional. Only one new source can be created with the Mew Project ‘wizard.
Additional zources can be created and added to the project by using the "'Froject-> New Source” command.

Existing sources can be added on the next page.

’ < Back ” MHest > l ’ Lancel ]

i. Since you will not be creating any new sources at this time, click ‘Next’ to
continue.

j-  The ‘Add Existing Source’ screen should appear.

ES New Project Wizard - Add Existing Sources [ZII@[EI

Add Evisting Sources

Source File Copy to Project Add Source

Remave

Adding exizting sources iz optional. Additional zources can be added after the project iz created using the "'Project-»add
Source'' or "Project->Add Copy of Source' commands.

’ < Back ] I Mest > l ’ LCancel ]

k. Click the ‘Add Source’ Button.
I.  The ‘Select one or more files to add’ dialog should appear.
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Select one or more files to add
Look in: |E} Top j Iff( '
My Recent
Documents
@
Desktop
by I:;ocuments
M_I,I.Eomputer
M ypl;laectl.:vsork File mame: | ﬂ Open |
Files of type: |Source[".txt *whd *whdl v *.abl " abv * xco <ﬂ Cancel
m. Navigate the diang window to the eMIPS Top source directory.
B o pew Fpois o fok o W
uuu- = I 5 o | smarh Pokders | [T1]* | ) ol s
b R _beamet Soares 1 ol - .np

n. Select the files listed in the table below to be added to the project.

mm_-u—u;.»
i
IQ-._NH_\”
]
@“

eight files total.

There are

extension0_black box.v

lobuf4.v

lobuf16.v

lobuf32.v

MIPSPL_FPGAS3.v

top_dcm.v

bus_macros_pr.v

TISA black box.v

0. When you are done click ‘Open’.
p. The files you selected should be listed in the ‘Add Existing Source’ screen.
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g. Uncheck the ‘Copy to Project’ checkbox for each file.
ES New Project Wizard - Add Existing Sources

r.
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ES New Project Wizard - Add Existing Sources

Add Evisting Sources

Source File Copy to Project Add Source

MIPSPL_FPGA3.y
TISA_black_bos.w

1 top_dem. v I
2 bus_macros_pr.w
3 extenzionl_black_bosw
4 iobufd.y
5 | iobuflB.v
5 | iobuf32.y
7
g
g

Adding exizting sources iz optional. Additional zources can be added after the project iz created using the "'Project-»add
Source'' or "Project->Add Copy of Source' commands.

’ < Back ” MHest > l ’ Lancel ]

Add Evisting Sources

Source File Copy to Projec| | Add Source
top_dem.

bus_macros_pr.y
extenzionl_black_bosw
iobufd.v

iobuf1B.v

1obuf32 v
MIPSPL_FPGA3.y
TISA_black_bos.w

W00 e N e L) P
[

Adding exizting sources iz optional. Additional zources can be added after the project iz created using the "'Project-»add
Source'' or "Project->Add Copy of Source' commands.

’ < Back ] I Mest > l ’ LCancel ]

s. The ‘Project Summary’ screen should appear.

After you have reviewed the entries in the window, click ‘Next’ continue.
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ES New Project Wizard - Project Summary

Praject Mavigator will create a new project with the following specifications:

Project: ~
Project MNsme: Top
Project Path: C:4eMIPS_Project)3ynthesis\Top
Top Lewvel Source Type: HDL

Device:
Device Family: Virtexd
Device: Hodw1IKEaS
Package: 665
Speed: -10 B

3Iynthesis Tool: X3T (VHDL/Verilog)
Jimalator: Modelsim-XE VHDL

Enhanced Design Swmoary: enabled
Message Filtering: disabled

’ < Back ” Firizh ] [ LCancel ]

t. Click finish to complete the project setup.
u. The ‘New Project Wizard’ will close and a moment later the ‘Adding Source Files’
dialog should appear.

=1 Adding Source Files...

The faolloving allows pou o see the status of the source files being added to the
praject, and allows you ta specify the Design Wiew aszociation far sources which are
guccessfully added to the project.

Deszign Unit Azzociation i

inbuf16 Synthesizdmp +
(@) iobuf32.v

inbuf 32 Synthesizdmp +

@ MIPSPL_FPGAZ.v v

[ k. l ’ Cancel ] ’ Help ]

v. Click ‘OK’ to continue.
w. The new project will open in the Xilinx ISE Project Navigator.
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o | | e | i | s

3. The module’ MIPSPL_FPGA3’ should be set as the top module in the ‘Sources’ pane. If

not set it as the top module by right-clicking MIPSPL_FPGAS3 and selecting 'Set as Top
Module’.

4. In the ‘Sources’ Pane, select ‘MIPSPL_FPGA3'. Then select ‘Synthesize - XST’ in the
‘Processes’ pane.

LA A SDm = i EITIT o0
| e e : O Pt s

5. You may double-click on ‘Synthesize - XST’ or you may right click and select ‘Run’ to
start the synthesis process.
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4 EITIT o0
T Pt e

6. You should see a blue spinning icon appear by the ‘Synthesize - XST'. As the process

is performed some warnings and info messages will be displayed. Most of these are
expected.

7. Wait for the process to complete.

3.1.5 Add the Register File Blockram

1. Start inside your current Xilinx ISE Project.
2. Inthe ‘Sources’ pane, right-click and select ‘New Source’.
3. The ‘New Source Wizard’ dialog window should appear.
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E= New Source Wizard - Select Source Type

BihM File

&2 ChipScope Definition and Connection File

Q IP [Caregen & Architecture ‘Wizard)

8 MEM File

Implementation Constraints File

£+| Schematic File name:
State Diagram |

| Test Bench WaveFom

=| Uszer Document Location:

y 3:::23 r{d;dlu,_.limre |C:\eMIPS_Project'Synthesis\ TISA [ [..]

iy WHOL Module

WHDL Library

P |WHDOL Package

) WHOL Test Bench

Add to project

4. Select ‘IP (Corgen & Architecture Wizard)' from the pane on the left and enter the file
name ‘regdfileblock’. The Location box should indicate the location of your Xilinx ISE
Project. In this example it is in the TISA synthesis folder of the eMIPS Project Directory.

E= New Source Wizard - Select Source Type |Z||E|E|

BhM File
&2 ChipScope Definition and Connection File

Architecture 'wizard)

File name:

|legfileblock |

Location:

|C:\eMIPS_Project'Synthesis\ IS4 [ [..]

P |WHDL Package
gl WHOL Test Banch

Add to project

< Back [ Mest > l [ Cancel ]

5. After you have reviewed the entries in the window, click ‘Next’ to continue.
6. The ‘Select IP’ screen should appear.
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EE New Source Wizard - Select IP
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[ Automotive & Industrial

[ B asic Elements

(77 Communication & MNetwarking
[ Digital Signal Processing

[ 1FPGA Features and Design
[T Math Functions

[ Memories & Storage Elements
[[15tandard Bus Interfaces

| <Bak || Mew> | [ Cancel |

7. Select ‘Memories & Storage Elements\RAMs & ROMs\Dual Port Block Memory vX.X'.

EE New Source Wizard - Select IP

FEX

[ B asic Elements
(271 Communication & MNetwarking
[ Digital Signal Processing
[FPGA Features and Design
[T Math Functions
- 53 Memories & Storage Elements
[C7CaMs
[CAFIFOs
E-EIRAMs & ROMs
‘Q Block Memory Generatar +1.1
q Diigtributed Memom Generator »2.1
] Digtributed Memary v7.1
ﬂ‘ ual Part Block Memong w63
Q Single Port Block Memony w6.2
[T 5tandard Bus Interfaces

|

b

[ < Back ” Meut » ] [ LCancel

8. Click ‘Next’ to continue.
9. The ‘Summary’ screen should appear

. Click ‘Finish’ to continue.
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ES New Source Wizard - Summary

Project Mavigatar will create a new skeleton source with the following specifications:

Add to Project: Yes
Source Directory: E:\FPGANeMIP5\pga_sideleMIPS v Package\SynthesishTI54
Source Tupe: IP [Coregen & Architecture \Wizard)

Source Mame: regfileblock xco
Core Type: Dual Port Block Memary; Wersion: 5.3

| <Bak || Enish | [ Cancel |

10.The ‘Dual Port Block Memory’ configuration dialog should appear. This can take some

{ Fammetern | I Com Owarmew | 7] Crrtsct] 9 Wl Links
CHPE Dunl Podt Block Memary

Cartpoaunkiass  paoflatkics
Hamory s
vamp [16 waldRege | T Gemha [ Vv Rarge! 7 I6I0LE
wand | - Dapm B th

~ Porl A Dphons
Comgerabin [Flassd mmiimly [ Vil Gy [ i
Pivka M0 [FlArad sterairty [ Fesed Reiosa Wi [ MnFtead On'vaes
Pl B Opsars —
F.prdigarabon [} P davil Vi [ Wb oy P Coig
‘Wil Mas [EEL [ R Bips avie [ | din Apd Cn waes

| hewi Pageiola
| Owmminks Dulll_l: | |- Dula Shesl | | wWarnien infu I

11. Enter the properties in the table below into the window.

Component Name Redfileblock

Memory Size

Width A 32

Width B 32

Depth A 32

Depth B 32

Port A Options

Configuration Read Only
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Write Mode NA

Port B Options

Configuration Read And Write

Write Mode Read Before Write

[t P Hlach Masmiary
® Famvmeem | O Com Ovarew | 7] Crentact]| ] el Links
m{ _..'.]L'j". Diunl Post Block Memary
campoaniNaiE (gt
Bamnry Bis
WERA [0 validWange | TS0 DeshA [17 Viid Rerge! 18971077
waml [ = CapmB 13
— PorlA (iphong
Confgzraban (LT [ v iy E= R el
eivika b
— Frsl B Cpsars
Corigersbon [FiResadea ik [ Vo Oniy IR ok
wils Mlais [l W't [ Pl Dot #aitg. [ Fleard o Wi
| e Pagetofa
| gt | | oiswsas | [ Dassmeat | | swmenen |

12. After you have reviewed the entries in the window, click ‘Next’ to continue.

13.The next screen in the configuration dialog should appear.

[l Part Hlsch Mastisry

® Famvmeen | Com Ovarew | 7] Centact] ] el Links

Dlusal Post Block Memary

oL FE
— P A Qleipn (piiome
Tpnoan e I Enapte Pin 1" ERranfwarg Fing
Fespater Qghora ™ Ryt ngerin

- CaER R aiar
saiditonal Gulpu Fies Sages [ 2] [ 5T an i indistmbon of o mpissen

— Fin Prlariy
Bt Clars Edps [=!] Wiy B oigpa Tripoaisas 120 # g ke T
Wiris Enabia [F] aew bigh [T] A s
[ emam ][ e ] Fage 11
| | CRumins | | Dalu Shast | | wrmien i |

14.Enter the properties in the table below into the window.

Port A Design Options — Output Register Options

SINIT pin (sync. Initialization of output registers) | Yes
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4 Fammetern | Com Owsryew | 7] Crrtart| ] el Linke

o

Dunl Podt Block Memary
— P A Digsipn Cptioms
Tphonm P " Ewapie Pin I Hwran o g Ping
Fespeter Qb ™ Resgester ingerin

- Chyfnri Regniay Cyfare
| o Gutput Pis Gtvpe [ PUERT g e irdaiabion o i g [

[ |'|:|

~ Fin Frlariy
| #aie Clars By [=] ey E s Tripgsisie 15 # g b Tt
| =
| ‘ile Endbid [F] i bigh [T Are Lo
Wl aTaRIn Fie [Pl i gk ] Acive Lims
wBape || b | Fagedofs
| Gematile | | Dawmins | | Dala Shasl | | ‘wmrmien i I

15. After you have reviewed the entries in the window, click ‘Next’ to continue.

16. The next screen in the configuration dialog should appear.

Parr Hisch Mastiar i

T Fanmeim " Com Cvarew

T Centuel] T b Links
Dlusal Post Block Memary

o

— Port B Dange OEhb
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17.Enter the properties in the table below into the window.

Port B Design Options — Output Register Options

SINIT pin (sync. Initialization of output registers) | Yes
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4 Fammetern | Com Owsryew | 7] Crrtart| ] el Linke

G Disal Post Block Memary

— Pusl B Db Oghiem

Colimil Pins I Bhidds P I~ M ihisirg P

Faalsr Oghbng T ol gt

~ Caripii Aegsian Cunars

| Maaonal Gulu Pow Stages - [ 5]  ETIT 0 i niaamsion o R
i valum e [0

- Fin Py

| e Claca Edge =] Farg Enps Tnppese [ F ey Edge Trgoared

| ‘Aris Enabis (=] aine i [ e Lt
rlsirwaar Fis. [ A we b e o

 Primiiee Balechon

Fl tmtmis Fa dms

Elachec fsn 2t I

(Lsam J[ e Pags e

| Gematile | | Dawmins | | Dala Shasl | | ‘wmrmien i I

18. After you have reviewed the entries in the window, click ‘Next’ to continue.

19.The next screen in the configuration dialog should appear.

[aiad Paet Hlach Mastiar i

% Fapvmsien | T Com Ovarew | 7] Crrtas] Ty Wil Linky

KgCLRE Disal Post Block Memary

- EaTe iafis Mare Cgierm

Vaammigs
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T Lasd il Flie

Hevalve)

Pared

Aakbwin AR A

RSV PRI B

Brocke e

Farl & Rad Prpssine Lbery
PaiD Nead Piaskie Labirey

ETE Faged e

| fmminte | | Canmins | | Dalu Shast | | i o |

20.Click ‘Generate’ to finish building the core.

3.1.6 Add the Register File Fifo.

1. Start inside a Xilinx ISE Project.

2. Inthe ‘Sources’ pane, right-click and select ‘New Source’.

3. The ‘New Source Wizard’ dialog window s

hould appear.
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E= New Source Wizard - Select Source Type

BihM File

&2 ChipScope Definition and Connection File

{] IP [Caregen & Architecture ‘Wizard)

8 MEM File

Implementation Constraints File

£+| Schematic File name:
State Diagram |

| Test Bench WaveFom

=| Uszer Document Location:

y 3:::23 r{d;dlu,_.limre |C:\eMIPS_Project'Synthesis\ TISA [ [..]

iy WHOL Module

WHDL Library

P |WHDOL Package

) WHOL Test Bench

Add to project

4. Select ‘IP (Corgen & Architecture Wizard)' from the pane on the left and enter the file
name ‘wrregfifo_fg’. The Location box should indicate the location of your Xilinx ISE
Project. In this example it is in the TISA synthesis folder of the eMIPS Project Directory.

E= New Source Wizard - Select Source Type |Z||E|E|

BhM File

&2 ChipScope Definition and Connection File
{I |P [Caregen & Architecture ‘Wizard)

8. MEM File

Implementation Constraints File

1| Schematic File name:
State Diagram

| Test Bench WaveFom
=| Uszer Document Location:
i x:::zg r{d;sdlu,_.liture |C:\eMIPS_Project'Synthesis\ IS4 [ [..]
"4y WHDL Module
WHDL Library

P |WHDL Package

) WHOL Test Bench

|wrregfif0_fg |

Add to project

< Back [ Mest > l [ Cancel ]

5. After you have reviewed the entries in the window, click ‘Next’ to continue.
6. The ‘Select IP’ screen should appear.
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EE New Source Wizard - Select IP

[ Automotive & Industrial

[ B asic Elements

(77 Communication & MNetwarking
[ Digital Signal Processing

[ 1FPGA Features and Design
[T Math Functions

[ Memories & Storage Elements
[[15tandard Bus Interfaces

[ < Back ” Mext » ] [ LCancel l
7. Select ‘Memories & Storage Elements\FIFOs\Fifo Generator vX.X'.

ES New Source Wizard - Select IP |Z||:|[z|

[T Automotive & Industrial
[[7Basic Elements
[T Communication & Metworking
[C71 Digital Signal Processing
[FPGA Features and Design
[IMath Functions
- E3 Memaries & Storage Elements
[CICAMs
=-EFFIFOs

*# Fifo Generator w2.3
[IRAMs & ROMs
[[15tandard Bus Interfaces

[ < Back ” Meut » ] [ LCancel

8. Click ‘Next’ to continue.
9. The ‘Summary’ screen should appear. Click ‘Finish’ to continue.
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ES New Source Wizard - Summary

Project Mavigatar will create a new skeleton source with the following specifications:

Add to Project: Yes
Source Directory: E:\FPGANeMIP5\pga_sideleMIPS v Package\SynthesishTI54
Source Tupe: IP [Coregen & Architecture \Wizard)

Source Mame: wiregfifo_fg.xco
Core Type: Fifo Generator; Yersion: 2.3

| <Bak || Enish | [ Cancel |

10.The ‘Fifo Generator’ configuration dialog should appear. This may take some time.

logtt 27 Fifo Gemerator v2.3

=
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% Cewraran Dk [CLT) Lubn 190

i Incapanchend Clock (0_COK wfCLE] Bloos RBH K =
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Inigpeestiend Dhoch p(RD_OU 'w_CLE] Bl FFO

(IR aupacd 1 [t a5 wits doia aalthel
121 Pt et ol T oo
[T b sl Vi £ FIFT) gt iy

=

L »

D Shas) Pt Lotee J{ P[] et ]
11. Enter the properties in the table below into the window.
Component Name wrregfifo_fg

FIFO Implementation

Read/Write Clock Domains Independent Clocks

Memory Type Block RAM
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fogtC P Fifo Generator v2.3
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12. After you have reviewed the entries in the window, click ‘Next’ to continue.
13.The next screen in the configuration dialog should appear.

[t SFY Fifo Generator v2.3

-
Frumi Vol

sl P ik

=
H

Pagn 36

oot J{ Heer J[ Bwn || e |

14.Enter the properties in the table below into the window.

Read Mode

Standard FIFO

Data Port Parameters

Write Width 84
Write Depth 16
Read Width 42
Read Depth 32
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Fifo Gemerator v2.3
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15. After you have reviewed the entries in the window, click ‘Next’ to continue.
16.The next screen in the configuration dialog should appear.

B §#a Geoeraior vk 0
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Fifo Generator v2.3
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17.Click ‘Next’ to Continue.

18.The next screen in the configuration dialog will appear.
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mpy
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19.Click ‘Next’ to Continue.

20.The next screen in the configuration dialog will appear.
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21.Click ‘Next’ to Continue.
22.The next screen in the ¢

onfiguration dialog should appear.
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legtC P Fifo Generator v2.3
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23.Click ‘Finish’ to complete generating the core.

3.1.7 Add the Bootloader Blockram

1. Start inside a Xilinx ISE Project.
2. Inthe ‘Sources’ pane, right-click and select ‘New Source’.
3. The ‘New Source Wizard’ dialog window should appear.

E= New Source Wizard) - Select Source Type |Z||E|E|

BhM File

€~ ChipScope Definition and Connection File
%] IP [Coregen & Architecturs \Wizard)

" MEM File

| Schematic File name:
State Diagram |

|Jzer Document Location:
| Werlog Madule - -

Verlog Test Firue [C:\eMIPS_Project\Synthesis\TISA [
4o WHDL Module

WHDL Library

P |WHDL Package
) WHOL Test Bench

Add to project

4. Select ‘IP (Corgen & Architecture Wizard)' from the pane on the left and enter the file
name ‘blockram_br’. The Location box should indicate the location of your Xilinx ISE
Project. In this example it is in the TISA synthesis folder of the eMIPS Project Directory.
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E= New Source Wizard - Select Source Type

BihM File

&2 ChipScope Definition and Connection File
Q |P [Caregen & Architecture ‘Wizard)
8 MEM File

Implementation Constraints File
£+| Schematic File name:
State Diagram
| Test Bench WaveFom |blockram_br |
|Jzer Docurment Location:
Y | Wenlog Module . -
Verlog Test Firure |C:\eMIPS_Project'Synthesis\ TISA [ [..]

iy WHOL Module
WHDL Library

P |WHDOL Package

) WHOL Test Bench

Add to project

< Back [ Mest » l [ Cancel ]

5. After you have reviewed the entries in the window, click ‘Next’ to continue.
6. The ‘Select IP’ screen should appear.

E= New Source Wizard - Select IP |Z||§I[zl

[ Automotive & Industrial
[[7Basic Elements

[T Communication & Metworking
[*71 Digital Signal Processing
[FPGA Features and Design
[T Math Functions

[IMemories & Storage Elements
[[75tandard Bus Interfaces

[ < Back ” Meut » ] [ LCancel ]

7. Select ‘Memories & Storage Elements\RAMs & ROMs\Single Port Block Memory vX.X.

75| Page



DRAFT — DO NOT REPRODUCE

EE New Source Wizard - Select IP

[ Basic Elements
(77 Communication & MNetwarking
(27 Digital Signal Processing
[IFPGA Features and Design
[IMath Functions
=3 Memaries & Storage Elements
[CICaMs
[CAFIFO:
- EFRAMs & ROMs
{: Block Memory Generator 1.1
] Digtributed Memory Gensrator v2.1
{; Distributed bemary v7.1
{: Diual Port Block tMemony «6.3

ale Part Block
[ 5tandard Bus Interfaces

4

<Back ||

|

Mext » ] [ LCancel

8. Click ‘Next’ to continue.

9. The ‘Summary’ screen should appear. Click ‘Finish’ to continue.

E= New Source Wizard - Summary

Project Mavigator will create a new skeleton source with the follawing specifications:

X

Add to Project: Yes
Source Directory: E:\FPGANeMIPS\ipga_sideleMIPSv] Package\SynthesishTISA
Source Tvpe: IP [Coregen & Architecture YWWizard)

Source Mame: blockram_br.xco
Core Twpe: Single Paort Block Meman; Yersion: B.2

[ < Back ”

Einizh ] [ LCancel

10.The ‘Single Port Block Memory’ configuration dialog should appear.
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Smgle Porl Binck Wemery

_: ParanaRs _'}_ G Cwviiwiaw| ) Contect | ) Web Links
B Single Port Biock Memony
fogC
Cartmon e Mame | Hockram_te
— PanC
& Misid Bnd Vil ol 1y |
Ny i
Wi ] Vel Renpa 1,256
D |256 Wk Rnge: 7 434580
Wile Wt
|_-'- RasAle'eil | Fead et Wile ki Blead OnWWie |
| Fagge 1 664
| corerste | [ Dmmes | [ comsnemt | | vesonem_ |

11. Enter the properties in the table below into the window.

Component Name

blockram_br

Memory Size

Width

32

Depth

128

Write Mode

12. After you have reviewed the entries in the window, click ‘Next’ to continue.

Read Before Write

Smgle Parl Binck Memaey

J Parameaians | ] Com Overview| ) Cantect| % Web Links

fagiC. P Single Port Block Memony

Camponent Hamm |biockram_be

Fan Canfguralim

B Aead snd Wil " Foaeed Onky

Nemony Sz

Widh I:I}_ Wil Manga 1 M6
Deh 1 Walid Ranpa: T 262144
Wil Wtk

| " R AReriie % |Fead Hefor Wrie " Mo Read Cn Wrie

Page 1 o4

[ earere | [[oemss | [ comshem | [ versonew. |

13.The next screen in the configuration dialog should appear.
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m‘f'%:'” Single Port Biock Memary
~ Primits Saliion
F Ciptimige far A I Gatart Fimiie
De-akan Cpbone
Cyril ol Fima: I Erablp P ™ Hanoarabang P
Feapitir Cphene T i piter gt

~ Ouiput Regekrpian

| Ak ibana | Carpe Pips Stages |0 w

T ST pairy [eme rwesd of aulpa | ieg imie g

Er_-.l Pagie 3 664

| corerste | [ Dmmes | [ comsnemt | | vesonem_ |

14.Click ‘Next’ to continue.
15.The next screen in the configuration dialog should appear.

 Pararmanrs | 7 Core Cemviaw) 7 Cantact| ) Wb Links|

m@fﬁ' Single Port Bioch Memory

e T
IV" L Dt Prich

1 P i by

Feiwe ClickEdge % Rimnp Edge Tripgeiad O Faling Edge Tripgorad
- 1 [

"tk Enaila # ArkeHigh  Aetwe Low
& ™ ar
Btk Page 3o
| cererste | | mismems | | pomsnen || versonom |

16.Click ‘Next’ to continue.

17.The next screen in the configuration dialog should appear.
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$ingle Porl Binck Memsry

3 Pararakans | 7 Com Cuveiviw]| 7 Conlect| ) Wb Links
SR Single Port Block Memany
fagC
Simabaion Nodel Dpbans
[mnﬂ o i A )
Inile Conmens
Ghabalinkyalu
[
I™ Lead nkFie
- Paned
Adreas PAdh T
Edccka Uar 1
Read Psine Lyl 1
P
[ carerse | [ oEme | [ comshen | [ veronmw. |

18. Enter the properties in the table below into the window.

Initial Contents

Load Init File Yes

<location of sources>\bram2.coe

Simpgle Porl Block Memary

3 Pararmabans | Com Cvendan| T Contt] 5wl Links

M{p‘[ Single Port Bleck Mamony

Edrra byl on Mosded Qiptians
[Mnﬂ

P i A A

Inile Sonanis
W20 bea | I it el
[
R Load nkFie

[t PP o e s o Bl Pl i e

— Infoemnatian Panel

Aok res s PAdh T
Bk Usad i

Read Pineling Lylarcy. 1

| vererste | | mimies | | comshet. | | vessmnom.. |

19. After you have reviewed the entries in the window, click ‘Generate’ to complete
generating the core.

3.1.8 Synthesize the Base Design (TISA)

1. Start the install of the Xilinx ISE with the Xilinx Partial Reconfiguration Tools Overlay.
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2. Create a new ISE project.

a. Click File->New Project in the Menu.

b. The ‘New Project Wizard’ dialog

ES New Project Wizard - Create New Project

Enter a Mame and Location for the Project

window will appear.

Project Mame: Project Location
I |[-]
Select the Tupe of Top-Level Source for the Project
TopLevel Source Tupe:
HOL b

c. Select the TISA Synthesis folder as the project location and name the project

‘TISA’. Make sure the “Project Location” property is as intended.
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ES|New Project Wizard - Create New Project

Enter a Mame and Location for the Project

Project Mame:

Project Location

T4

| [CAaMIPS_ProjectiSynthesis\TI54

Select the Type of Top-Level Source for the Project
Top-Level Source Type:

HOL

< Back [

Mest >

] [ LCancel

l

d. After you have reviewed the entries in the window, click ‘Next’ continue.
e. The ‘Device Properties’ screen should appear.

ES New Project Wizard - Device Properties

Select the Device and Design Flow for the Project

CoX)

Property Hame Y alue
Product Categony Al i
Farnily Wirtend w
Device HCALA2E v
FPackage FFEES w
Speed -10 “
Top-Level Source Type HOL
Synthesiz Tool #ST WHDLMerilog) w
Simulator M odelzim-<E Werlog w
Enable Enhanced Design Summary
Enable Mezzage Filtering Il
Dizplay Incremental Messages O

’ < Back ] [ Hest > l ’ Lancel

]

f. Enter the appropriate settings for your board setup in these fields. For the Xilinx
ML401 board, please use the settings in the table below. You may use other

synthesis tools other than the XST (Xilinx default) if you chose.

However, be

aware all of our experiments have used this tool and we cannot vouch for the

outcome of another tool.

Property Name Value
Product Category All

Family Virtex4
Device XC4VLX25
Package FF668
Speed -10
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Top-Level Source Type HDL

Synthesis Tool XST (VHDL/Verilog)
Simulator NA

Enable Enhanced Design Summary NA

Enable Message Filtering NA

Display Incremental Messages NA

g. After you have reviewed the entries in the window, click ‘Next’ continue.
h. The ‘Create New Source’ screen should appear.

ES New Project Wizard - Create New Source

Create a Mew Source

Source File Type

1 Femove

Creating a new source to add ta the project iz optional. Only one new source can be created with the Mew Project ‘wizard,
Additional zources can be created and added to the project by uzsing the "'Praject-> New Source” command.

Existing sources can be added on the next page.

’ < Back ] I Mest > l ’ LCancel ]

i. Since you will not be creating any new sources at this time, click ‘Next’ to
continue.
j-  The ‘Add Existing Source’ screen should appear.

ES New Project Wizard - Add Existing Sources

Add Ewisting Sources

Source File Copy to Praject Add Source

Bemove

Adding exizting sources iz optional. Additional zources can be added after the project iz created using the "'Project-»add
Source'' or "Project->Add Copy of Source' commands.

’ < Back ] I Hest > l ’ Lancel ]

k. Click the ‘Add Source’ Button.
I.  The ‘Select one or more files to add’ dialog should appear.
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Select one or more files to add @
Lok in: | £ TISA | = B
My Recent
Documents
=
[
Desktop
My Documents
4y Computer
tdy Metwork File name: | v Open
Flaces | J \—l
Files of type: |Source[".txt “whd *whdl v *.abl *.abv ".xco . sﬂ Cancel

m. Navigate the dialog window to the eMIPS TISA source directory.

B I Yew Fpoks  fod o

Foiders

Pl sl Pt Ravkn

e

.ﬂ.ﬁ.

-~

D lf’lnl_-. el v
Q il
e
=
@rmvrmn oy
m !T.anurd'r
B
=
=)

LY ek s
‘ Futshehy 4wy frbder i thm
War

b et e

&Aool

n. Select the files listed in the table below to be added to the project. There are a

total of

sixty-nine files.

adder.v address_translation.v alu.v

alu_full.v and.v blockram_controller.v
bsmux.v bytesel2.v clockmaster.v
coprocessorQ_sim.v data_align.v dataforward.v
datapathcontrol.v decode.v endianflip.v

equals.v execute.v fifo.v

flash_bridge.v flash controller.v flash interface.v
gpio_controller.v greaterthan.v hazard.v

instruction decode.v

instruction fetch.v

interrupt_controller.v

lessthan.v

memory_access.v

memory_arbiter.v

memory bus_front.v

memory controller.v

memory interface3.v

multiplier.v

mux.v

or.v
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pipeline arbiter.v

power management controller.v

registerblock.v

registerfile4.v

shift2.v

shift.v

signextend16_32.v

sram_bridge.v

sram_controller.v

sram interface.v

sysace bridge.v

sysace_controller.v

sysace_interface.v

timer_controller.v

TISA.v

tocp0.v todf.v toex.v
toext.v tohz.v toid.v
toif.v toma.v tomem.v
topa.v torg.v towb.v
usart_controller.v write _back.v Xor.v

lock.v

memory _management_unit.v

extension_controller.v

0. When you are done click ‘Open’.

p. The files you selected should be listed in the ‘Add Existing

ES New Project Wizard - Add Existing Sources

Add Existing Sources

Source File

Copy to Project

adder.v

=

aluw
alufull. v

and.w

bsrnue.w

L= N = S R A P

bytesel2 v

g clockmaster. v
10
11
12

data_align.v

datafonward. v

Adding existing sources iz ophional. Additional zources can be added after the project is created using the ''Project->Add

addresz_banslation. v

blockram_controller. «

coprocessorl_sim.y

HEEREEEEEEE

Source” or "Project-»Add Copy of Source” commands.

Source’ screen.

s Add Source

b

’ < Back

)l

Hest »

g. Uncheck the ‘Cop

Add Existing Sources

Source File
53 tohzv
B0 toid.w
B1 loif.y
62  toma.w
E3 | tomem.y
B4 lopaw
E5  torgw
BE  towb.w
BV | uzart_controller.y
B3 write_back.w
B3 waorw
70

Adding exizting sources iz optional. Additional zources can be added after the project is created uzing the "Project-»Add

Copy to Projec # Add Source

T

Source” or "Project-»Add Copy of Source” commands.

to Project’ checkbox for each file.
ES New Project Wizard - Add Existing Sources

Remove

b

|

Mest »

) (oo ]

r. After you have reviewed the entries in the window, click ‘Next’ continue.
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s. The ‘Project Summary’ screen should appear.

ES New Project Wizard - Project Summary |Z||E|r‘5__(|

Project Mavigator will create a new project with the following specifications:

Project: ~
Project Name: TISA
Project Path: C:4%eMIPZ_Project’i3ynthesisiTISL
Top Lewvel Source Type: HDL =

Device:
Device Family: Virtexd
Device: xodwlnas
Package: ff568
Speed: —-10

S3ynthesis Tool: XST (VHDL/Verilod)
Simulator: Modelsim-XE VHDL

Enhanced Design Swmnary: enabled

Message Filtering: disabled

’ < Back ” Firish ] [ LCancel ]

t. Click finish to complete the project setup.
u. The ‘New Project Wizard’ will close and a moment later the ‘Adding Source Files’
dialog should appear.

=1 Adding Source Files...

The following allows pou bo zee the status of the zource files being added to the
project, and allows you to specify the Design Wiew association for sources which are
succezsfully added to the project.

Deszign Unit Azzociation e
baudclk_generator |Synthesisx’|mp + Simulation W
O vrite_back. v
write_back |Synthesisx’|mp + Simulation W
O ®ar.y v

[ k. l ’ Cancel ] ’ Help

v. Click ‘OK’ to continue.
w. The new project will open in the Xilinx ISE Project Navigator.
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el Al e L

3. The module 'TISA’ should be set as the top module in the ‘Sources’ pane. If not set it
as the top module by right-clicking TISA and selecting 'Set as Top Module’.
4. Add the IP Core Modules
a. Add the Register File Blockram (see section 3.1.5).

o

b. Add the Regist

et L

er File Fifo (see section 3.1.6).
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c. Add the Bootloader Blockram $see section 3.1 .72.
F.”-::;-:l._:w:r::* L. = A uiE ST e e RIDRET-O8
= "

el I et L e

5. Set Synthesis Options

a. In the ‘Sources’ pane, select ‘TISA’. Then select ‘Synthesize - XST in the
‘Processes’ pane. Make sure to select the module and not the project icons.
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N A

b. Right-click on ‘Synthesize - XST’ and select ‘Properties’.

c. The ‘Synthesis Oﬁtions’ dialoc.; window should aﬁﬁear.

[
s |
Hid, [yimrs
e i LM

LrmaH miimby

e R

] mi m | (1 (R

[ J o [ ow |[ == ]

d. Set the values in the table below to the properties in this window.

Property Name Value
Optimization Goal Speed
Optimization Effort High
Use Synthesis Constraints File Yes

Synthesis Constraints File

<location of sources>\mips_base.xcf
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e. After you have reviewed the entries in the window, click ‘HDL Options’ in the
‘Category’ pane.

f. The ‘HDL OEtions’ dialoc.; window should aﬁﬁear.
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g. Set the values in the table below to the properties in this window.

Property Name

Value

FSM Encoding Algorithm

Gray
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h. After you have reviewed the entries in the window, click ‘Xilinx Specific Options’
in the ‘Category’ pane.

i. The ‘Xilinx Sgecific Oﬁtions’ diang window should aﬁﬁear.
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j- Set the values in the table below to the properties in this window.

Property Name Value

Add 1/O Buffers No
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k. After you have reviewed the entries in the window, click ‘OK’ to continue.
In the ‘Sources’ pane, select ‘TISA’. Then select ‘Synthesize - XST’ in the ‘Processes’
pane.

il el bt Ll

You may double-click on ‘Synthesize - XST or you may right click and select ‘Run’ to
start the synthesis process. This may take some time depending on your system,
between 30 to 90 minutes.
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8. You should see a blue spinning icon appear by the ‘Synthesize - XST'. As the process
is performed some warnings and info messages will be displayed. Most of these are
expected.

9. Wait for the process to complete.

3.1.9 Synthesize the Reconfigurable Region (Extension)

1. In the ‘Extension0’ synthesis folder, create a folder with the name of your Extension.
For the purposes of this example, we will use ‘mmldiv64’. Every time you create a new
Extension you will repeat this procedure.
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2. Start the install of the Xilinx ISE with the Xilinx Partial Reconfiurtion Tools Overlay.

- v .
N O | e | et | s

3. Create a new ISE project.
a. Click File->New Project in the Menu.
b. The ‘New Project Wizard’ dialog window will appear.
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EE New Project Wizard - Create New Project E“E|E]

Enter a Marie and Lacation far the Praoject

Project Mame: Project Location

| [

Select the Type of Top-Level Source for the Project
TopLevel Source Type:

HOL

Lancel

c. Select the synthesis folder you created for your Extension as the project location
and name the project after your Extension. (Ex. mmldiv64). Make sure the

“Project Location” property is as intended.
E=|New Project Wizard - Create New Project

Enter a Mame and Location for the Project

Project Mame: Project Location

E2X)

mrmldivE4 | |CoheMIPS_ProisctyS ythesis\E stersionimmldived | [

Select the Tupe of Top-Level Source for the Praject
Top-Level Source Type:

HOL ~
< Back I Hest > ] [ LCancel ]

a. After you have reviewed the entries in the window, click ‘Next’ continue.

b. The ‘Device Properties’ screen should appear.
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ES New Project Wizard - Device Properties

FProperty Mame
Praduct Categaory
Family

Device

Package

Speed

Syntheziz Tool

Simulatar

Select the Device and Design Flaw far the Praject

Y alue

All

Virtexd
HOAVLH25
FFEES

-10

Top-Level Source Type HOL

HST [WHDLMerilog)
Modelzim=<E Yerlog

Enable Enhanced Design Sumniary

£ 4<% %

<<

Enable Meszage Filtering O
Digplay Incremental Messages Il
e

l

c. Enter the appropriate settings for your board setup in these fields. For the Xilinx
ML401 board, please use the settings in the table below. You may use other

synthesis tools other than the XST (Xilinx default) if you chose.

However, be

aware all of our experiments have used this tool and we cannot vouch for the
outcome of another tool.

Property Name Value
Product Category All

Family Virtex4
Device XC4VLX25
Package FF668
Speed -10
Top-Level Source Type HDL
Synthesis Tool XST (VHDL/Verilog)
Simulator NA

Enable Enhanced Design Summary NA

Enable Message Filtering NA
Display Incremental Messages NA

d. After you have reviewed the entries in the window, click ‘Next’ continue.
e. The ‘Create New Source’ screen should appear.

95| Page




DRAFT — DO NOT REPRODUCE

ES New Pro ject Wizard - Create New Source [ZII@[EI

Create a Mew Source

Source File Type

1 Bemove

Creating a new source to add ta the project iz optional. Only one new source can be created with the Mew Project ‘wizard.
Additional zources can be created and added to the project by using the "'Froject-> New Source” command.

Existing sources can be added on the next page.

’ < Back ” MHest > l ’ Lancel ]

f. Since you will not be creating any new sources at this time, click ‘Next’ to
continue.

g. The ‘Add Existing Source’ screen should appear.

ES New Project Wizard - Add Existing Sources

o)X

Add Evisting Sources

Source File Copy to Project Add Source

Remave

Adding exizting sources iz optional. Additional zources can be added after the project iz created using the "'Project-»add
Source'' or "Project->Add Copy of Source' commands.

’ < Back ] I Mest > l ’ LCancel ]

h. Click the ‘Add Source’ Button.
i. The ‘Select one or more files to add’ dialog should appear.
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Files of type: ISource[".txt".vhd“.vhdl v ".abl " abv ".xco <;| Cancel al
j-  Navigate the diang window to the eMIPS mmldiv64 source directory.
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k. Select the files listed in the table below to be added to the project.

| extension0_mmlite_div64.v | mmlite_div64.v

| decode.v

I.  When you are done click ‘Open’.

m. The files you selected should be listed in the ‘Add Existing Source’ screen.
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ES New Project Wizard - Add Existing Sources

Add Existing Sources
Copy to Projec Add Sounce

Saurce File

decode. v

extenzion]_mmiite_divEd. v

ramlite_divEd.w

A

Adding existing sources iz optional. Additional zources can be added after the project is created uging the "Project-»&dd
Source or "Project->Add Copy of Source commands.

s )] |

LCancel ]

E= New Project Wizard - Add Existing Sources

Add Existing Sources
Copy to Projec Add Sounce

Saurce File

decode. v 1

extension]_mmiite_divEd. v O

O

ramlite_divEd.w

U SR

Adding existing sources iz optional. Additional zources can be added after the project is created uging the "Project-»&dd
Source” or "Project-»Add Copy of Source commands.

| [ Cancel ]

(o )5

0. After you have reviewed the entries in the window, click ‘Next’ continue.
p. The ‘Project Summary’ screen should appear.
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ES New Project Wizard - Project Summary

Praject Mavigator will create a new project with the following specifications:

Project: ~
Project Neame: moldived
Project Path: C:4eMIPS_Project)\Synthesis\ExtensionOimmldived
Top Lewvel Source Type: HDL

Device:
Device Family: Virtexd
Device: Hodw1IKEaS
Package: 665
Speed: -10

3Iynthesis Tool: X3T (VHDL/Verilog) -
Jimalator: Modelsim-XE VHDL

Enhanced Design Swmoary: enabled
Message Filtering: disabled

’ < Back ” Firizh ] [ LCancel ]

g. Click finish to complete the project setup.
r. The ‘New Project Wizard’ will close and a moment later the ‘Adding Source Files’
dialog should appear.

E Adding Source Files...

The falloving allows pou to see the status of the source files being added to the
praject, and allows you ta specify the Design Wiew aszociation far sources which are
successfully added to the project.

Design Unit Azsociation ™
_ﬂ Mo dezign unitz detected in file,
O extenzion_mmiite_dived. v B
extenzionl] |Synthesis.-’|mp + Simulation w
€D mmiite_divEd. v

[ k. l ’ Cancel ] ’ Help ]

s. Click ‘OK’ to continue.
t. The new project will open in the Xilinx ISE Project Navigator.
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4. The module’extension0’ should be set as the top module in the ‘Sources’ pane. If not
set it as the top module by right-clicking ‘extension0’ and selecting 'Set as Top Module’.
5. If your Extension includes IP Cores, Add the necessary IP Core Modules. In the case of
this example we have no IP Cores and no other module is needed.
6. Set Synthesis Options
a. In the ‘Sources’ pane, select ‘extension0’. Then select ‘Synthesize - XST’ in the
‘Processes’ pane.

- g Ml

b. Right-click on ‘Synthesize - XST' and select ‘Properties’.
c. The ‘Synthesis Options’ dialog window should appear.
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d. Set the values in the table below to the properties in this window.

Property Name Value
Optimization Goal Speed
Optimization Effort High
Use Synthesis Constraints File NA
Synthesis Constraints File NA

e. After you have reviewed the entries in the window, click ‘HDL Options’ in the
‘Category’ pane.
f. The ‘HDL Options’ dialog window should appear.
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g. Setthe values in the table below to the properties in this window.

Property Name Value

FSM Encoding Algorithm Gray
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h. After you have reviewed the entries in the window, click ‘Xilinx Specific Options’

in the ‘Category’ pane.
i. The ‘Xilinx Specific Options’ dialog window should appear.
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j. Set the values in the table below to the properties in this window.

Property Name Value

Add 1/O Buffers
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k. After you have reviewed the entries in the window, click ‘OK’ to continue.
7. In the ‘Sources’ pane, select ‘extension0’. Then select ‘Synthesize - XST’ in the
‘Processes’ pane.
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8. You may double-click on ‘Synthesize - XST’ or you may right click and select ‘Run’ to
start the synthesis process. This may take some time depending on your system,
between 30 to 90 minutes.
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9. You should see a blue spinning icon appear by the ‘Synthesize - XST’. As the process
is performed some warnings and info messages will be displayed. Most of these are
expected.

10. Wait for the process to complete.
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3.2 Building the Configuration Design Files and the Bit Files

3.2.1 Building the PR Version with the PR flow

The following instructions are for building the eMIPS microprocessor system using the
Xilinx Partial Reconfiguration tools. Any changes in the system sources will require all parts of
this process to be carried out for the system to work and the changes to be applied. This is the
final deliverable for a partially reconfigurable design. Out of this process will be both the full
and partial bit files for initializing the system at start up and for modifying it during run time.

If the Project is not yet made, Set up the Project Directory (see 3.1.3)
If not already done, Change Environment to PR Xilinx ISE (see 3.1.2)
Synthesize the Top Level Module (see 3.1.4)

Synthesize the Base Design (TISA) (see 3.1.8)

Synthesize the Reconfigurable Region (Extension) (see 3.1.9)
Create a build folder, called “eMIPS_PR?”, in the project directory.

Qh 0N =
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7. Build the Top Level Module
a. Inside the ‘eMIPS PR’ build folder create a ‘“Top’ folder.
- n
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b. Open a command prompt within this folder
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&+ Visual Studio 2005 Command Prompt

Setting environment for using Microsoft Uisuwal Studio 28085 x86 tools. "
C:~eMIPS_FProject ~eMIPS_FR\Top>

=

c. Generate the Top Level Netlist.

Type the command: “ngdbuild -uc ..<floorplanned ucf file> -sd ..<location
of Bus Macro files> -modular initial ..<Top Level Netlist>". In our case:
“ngdbuild -uc ..\..\Sources\Contraints\mips_fp.ucf -sd

.\..\Xilinx_ PR_Bus_Macros\V4\NMC -modular initial
.\..\Synthesis\Top\MIPSPL_FPGAS3.ngc”

&+ Visual Studio 2005 Command Prompt

Setting environment for using Microsoft Uisuwal Studio 2885 x86 tools.

C:%eMIPS_FProject~eMIPS_PR\Top>ngdbuild —uc

.
e ae swBourcessContraintssmips _fp.ucfk :j
—sd ..“..S\Hilinx_PR_Bus_Macros“\U4\MHMC —-modular initial ..~w..“Synthesis“Top~MIPSF
L_FPGA3 .ngc_

=
ii. Press Enter. Some warnings and info messages will appear. Most of
them are expected.
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&+ Visual Studio 2005 Command Prompt - ngdbuild -uc ..\..\Sources\Contraints\mips_fp.ucf -...

Setting environment for using Microsoft Uisuwal Studio 28085 x86 tools.

C:%eMIPS_FProject eMIPS_PR\Top>ngdbuild —uc ..%~..“Sources“Contraintsmips_fp.ucf :j

—sd ..%..“®ilinx_PR_Bus_Macros“~U4\NMC —-modular initial ..N..“Synthesis“Top~MIPSP
L_FPGA3 .ngc

Release 8.2.81i PR_ 2 - ngdbuild JTRE.I32
Copyright (c? 1995-2006 Xilinx. Inc. All rights reserved.

Command Line: ngdbuild —uwe ..>._.“Sources“Contraintssmips_fp.ucf —sd
. -ne.nBilinx_ PR_Bus_Macros \U4~NMC —modular initial
s sSyntheszissTop“MIPSPL_FPGA3 _ngc

Reading NGO file ’'C:/eMIPS_ProjectsSynthesis Top-MIPSPL_FPGA3.ngc’

iii. Wait for the process to complete.
e+ Visual Studio 2005 Command Prompt

drives no clock pins ﬂ

WARMING:NgdBuild:478 — clock net SY¥SCLKD1@ with clock driver sys~/BUFG_TMR drives

no clock pins

WARMING:NgdBuild:478 — clock net CLK_IN_PER_BUF with clock driver
sysBUFG_CLKPER drives no clock pins

Partition Implementation Status

Ho Partitions were found in this design.

MGDBUILD Design Results Summary:
Mumber of errors:
Mumber of warnings: 58

Writing NGDBUILD log file "MIPSPL_FPGA3.hld"... —J
NGDBUILD done.

Writing NGD file "MIPSPL_FPGA3.ngd"

C:%eMIPS_Project~eMIPS_PR-~Top> I
8. Build the Base Design (TISA)
a. Inside the ‘eMIPS_PR’ build folder create a ‘TISA’ folder
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b. Open a command prompt within this folder.
e+ Visual Studio 2005 Command Prompt

etting environment for using Microsoft Uizuwal Studio 2085 x86 tools.

C:weMIPS_Project~eMIPS_PR-~TISA>_

-

c. Generate the Base Netlist (TISA)
i. Make sure the constraint file ‘mips_fp.ucf is not ‘READ ONLY’ before you
begin this step. If it is, it will result in an error.
ii. Type the command: “ngdbuild -uc <floorplanned ucf file> -sd ..<location of
Bus Macro files> -sd <location of TISA synthesis files> -modular initial
<Top Level Netlist>". In our case:
“ngdbuild -uc ..\..\Sources\Contraints\mips_fp.ucf -sd
.\..\Xilinx_ PR_Bus_Macros\V4\NMC  -sd  ..\..\Synthesis\TISA  -modular initial
. \..\Synthesis\Top\MIPSPL_FPGA3.ngc”.
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&+ Visual Studio 2005 Command Prompt

Setting environment for using Microsoft Uisuwal Studio 28085 x86 tools.
C:~eMIPS_FProject~eMIPS_PRA\TISA2ngdbuild —uc ..w..“Sources“Contraintsmips_fp.ucf
—zd ..N..NHilinx PR_Bus MacrossU4SHNMC —sd ... .5SynthesissTISA —modular initial
oS sSSynthesissTopsMIPSPL_FPGA3 .ngc

=

iii. Press Enter. Some warnings and info messages will appear.
them are expected.

Most of

& Visual Studio 2005 Command Prompt - ngdbuild -uc ..\..\Sources\Contraints\mips_fp.ucf -

Setting environment for using Microsoft Uisuwal Studio 2885 x86 tools.

C:~eMIPS_FProject~eMIPS_PRA\TISA2ngdbuild —uc ..w..“Sources“Contraintsmips_fp.ucf
—sd ..M. SHilinx_PR_Bus_MacrossU4S\HNMC —sd ... .5“Synthesis“TISA —modulayr initial
..\..\Synthes1S\Tup\HIPSPL_PPGHB ngc

Releaze 8.2_681i_PR_2? - ngdbuild JTRS 132

Copyright <(c? 199520086 Xilinx,. Inc. All rights reserved.

Command Line: ngdbuild —uwe ..>»._.“Sources“Contraintssmips_fp.ucf —sd
s smilinx_PR_Bus_MacrossU4SMMG —sd ... .“\Synthesis“\TISA —modular initial
coneMSynthesissTop“MIPSPL_FPGA3 . ngc

Reading NGO file ‘C:reMIPS_ProjectsSynthesis Top-MIPSPL_FPGAJ.ngc’

iv. Wait for the process to complete.
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&+ Visual Studio 2005 Command Prompt

WARMING:NgdBuild:452 - logical net ]
‘mipssregssurbuf Avrbuf #/BUZ/prog_empty_thresh<2»’ has no driver
WARMING:NgdBuild:452 - logical net
‘mips-regssurbuf Avrbuf #/BUZ/prog_empty_thresh<i1>’ has no driver
WARMING:NgdBuild:452 - logical net
'mips-regssurbuf Avrbuf /BUZ/prog_empty_thresh<B>’ has no driver

Partition Implementation Status

Mo Partitions were found in this design.

NGDEBUILD Design Results Summary:
Mumber of errors: a _J
Humber of warnings: 32

Writing NGD file “MIPSPL_FPGA3.ngd" ...

Writing NGDBUILD log file "MIPSPL_FPGA3.h1ld"...

NGDBUILD done.

C:%eMIPS_Project~eMIPS_PR~TISA>_ il

d. Place/Map Base (TISA) Logic to FPGA hardware.
i. Type the following: “map -uc ..<floorplanned ucf file> -ol high -pr b
-xe ¢ <input file>". In out case:

‘map -uc ..\..\Sources\Contraints\mips_fp.ucf
MIPSPL_FPGA3.ngd".

ol high -pr b -timing

e+ Visual Studio 2005 Command Prompt

'mipssregssurbuf svurbuf #/BUZprog_empty_thresh<2>»’ has no driver ]

WARMING:NgdBuild:452 - logical net
'mipssregssurbuf svurbuf #/BUZ /prog_empty_thresh<i>*’ has no driver

WARMING:NgdBuild:452 - logical net
'mipssregssurbuf svurbuf #/BUZ2 /prog_empty_thresh<B8>’ has no driver

Partition Implementation Status

Ho Partitions were found in this design.

NGDBUILD Design Results Summary:
Mumber of errors: A
Mumber of warnings: 32 _J
Writing NGD file ""MIPSPL_FPGAZ._ngd' ...
Writing NGDBUILD log file "MIPSPL_FPGAZ.h1d"...
MGDBUILD done.

C:%eMIPS_ProjecteMIPS_PR:~TISA>map —uc ... .“Sources\Contraintssmips_fp.ucf —ol
high -pr b —timing —xe c¢ MIPSPL_FPGA3J_.ngd I

-timing

-Xe ¢C

ii. Press Enter. Some warnings and info messages will appear. Most of
them are expected. This may take some time depending on your system,

between 30 to 90 minutes.
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&+ Visual Studio 2005 Command Prompt - map -uc ..\..\Sources\Contraints\mips_fp.ucf -ol hi...
'mipssregssurbuf svurbuf #/BUZ2/prog_empty_thresh<B8>’ has no driver ]

Partition Implementation Status

Ho Partitions were found in this design.

MGDBUILD Design Results Summary:
Mumber of errors: A
Mumber of warnings: 32

Writing NGD file ""MIPSPL_FPGAZ._ngd' ... _J
Writing NGDBUILD log file "MIPSPL_FPGAZ._h1ld'...

MGDBUILD done.

C:%eMIPS_ProjecteMIPS_PR:~TISA>map —uc ... .“Sources\Contraintssmips_fp.ucf —ol
high -pr b —timing —xe c¢ MIPSPL_FPGA3J_.ngd

Release 8.2.81i PR 2 — Map JTRS.I32

Copyright (c? 1995-20806 Xilinx. Inc. All rights reserved.
Using target part “4uvlx2Lhff668-18'".

iii. Wait for the process to complete.

e+ Wisual Studio 2005 Command Prompt

#Gee NOTES below for an explanation of the effects of unrelated logic —J
Total Humber 4 input LUTs: 13,801 out of 21,584 b
Humber used as logic: 13 331
Mumber used as a route—thru: 460
Humber used as Shift registers: 18
Mumber of honded I0Bs: 145 out of 448 32%
Mumber of BUFG-BUFGCTRLs: 7 out of 32 21x%
Number used as BUFGs: 4
Number used as BUFGCTRLs: 3
Mumber of FIFO16~-RAMBl6s: % out of 72 b
Number used as FIFOlbs: a
Number used as RAMBlées: 5
Number of DCHM_ADUs: 2 out of 8 25
Mumber of PMCD=: 1 out of 4 25
Mumber of hard macros: 1
Total equivalent gate count for design ¢not including hard macros)>: 488,831
Additional JTAG gate count for I0Bs: 6.968
Peak Memory Usage: 683 HMB
Mapping completed. _J
See MAP report file "MIPSPL_FPGA3 .mrp' for details.
C:~eMIPS_ProjecteMIPS_PR~TISA> I~

e. Route the Base (TISA) Logic on the FPGA Hardware
i. Type the command: “par -w -uc <floorplanned ucf file> -ol high -pl high -rl
high -xe c <input file> <output file>" In our case:
“par -w -uc ..\..\Sources\Contraints\mips_fp.ucf -ol high -pl high -rl high -xe c
MIPSPL_FPGA3.ncd MIPSPL_FPGA3 _BASE ROUTED.ncd”
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&+ Wisual Studio 2005 Command Prompt

#Gee NOTES below for an explanation of the effects of unrelated logic ]
Total Humber 4 input LUTs: 13.881 out of 21.584 bdx
Mumber used as logic: 13.331
Mumber used as a route—thru: 460
Humber used as Shift registers: 18
Mumber of honded I0Bs: 145 out of 448 32x
Mumber of BUFG-BUFGCTRLs: 7 out of 32 21x%
Number used as BUFGs: 4
Number wuzed as BUFGCTRLs: 3
Mumber of FIFO16-RAMBl6s=: 5 out of 72 b
Number wuszed as FIFOl6s: a
Number uwuszed as RAMBl6=s: 5
Mumber of DCM_ADUs: 2 out of 8 25
Mumber of PMCD=: 1 out of 4 25

Mumber of hard macros:

Total equivalent gate count for design ¢not including hard macros>: 488,831
Additional JIAG gate count for I0Bs: 6,968

Peak Memory Usage: 683 MB

Mapping completed.
See MAP report file "MIPSPL_FPGA3 .mrp' for details.

C:~eMIPS_FProject ~eMIPS_PR\TISAZpar —w —uc ..%..“Bources~Contraintssmips_fp.ucf —
ol high —-pl high —»1l high —xe ¢ MIPSPL_FPGA3.ncd MIPSPL_FPGA3_BASE_ROUTED.ncd_. ™

ii. Press Enter. Some warnings and info messages will appear. Most of
them are expected. This may take some time depending on your system,
between 30 to 90 minutes.

e+ Visual Studio 2005 Command Prompt - par -w -uc ..\..\Sources\Contraints'mips_fp.ucf -ol ...

WARMING:Par:6%? — Option —pl overrides some effects of —ol.
WARMING:Par:6%? — Option —rl overrides some effects of —ol.
INFO:Par:338 -
Extra Effort Level "c"ontinue is not a runtime optimized effort level. It is
intended to he used for designs that are
not meeting timing but where the designer wvants the tools to continue iterati
ng on the design until no further design
speed improvements are possible. This can result in very long runtimes since
the tools will continue improving the
design even if the time specs can not be met. If you are looking for the best
possible design speed available from a
long but reasonable runtime use Extra Effort Level "n"ormal. It will stop it
erating on the design when the design
speed improvements have shrunk to the point that the time specs are not expec
ted to be met.

Physical GConstraints file: MIPSPL_FPGA3.pcf.
Logical Gonstraints file: ..~..“Sources:GContraintsmips_fp.ucf.

SEilinxnB.2splpr.

Loading device for application Rf_Device from file '4vlx25%_nph' in environment C:j

iii. Wait for the process to complete.
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are routed. IFf all signals are a
reported as completely routed above then the resultant design is as expected for
this flow. DRC may report these pins
as unrouted.

Total REAL time to PAR completion: 16 mins 4 secs
Total CPU time to PAR completion: 14 mins 44 secs

Peak Memory Usage: 621 HMB

Placer: Placement generated during map.
Routing: GCompleted — No errors found.
Timing: GCompleted — No errors found.
Mumber of error messages: @

MHumber of warning messages: 15

Mumber of info messages: 3

Writing design to file MIPSPL_FPGA3_BASE_ROUTED.ncd

PAR done? :‘
C:~eMIPS_FProject~eMIPS_PR~TISA>_ ~

9. Build the Reconfigurable Region (Extension)

a.

b.

Inside the ‘eMIPS PR’ build folder create an ‘ExtensionQ’ folder

B B Wew Froms  fol el g
- L - R LT Fokdern | [TT]+ | ) P e
LT P il R PR v Bl=

Piiw and Prirder Tavks | | s

3 ke . T
) Fubseh s frkder it
Har

A STt it

Inside the ‘ExtensionQ’ folder create a folder with the same name as your
Extension. For this example we will use ‘mmldiv64’.
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c. Open a command pompt within this folder.

cn | YWisual Studio 2005 Command Prompt

etting environment for using Microsoft Uizuwal Studio 2085 x86 tools.

C:~eMIPS_Project~eMIPS_PR:\ExtenzionB~mmldiv64>_

d. Copy the routing database from the Base Design Build.
i. Type the command: “copy ..\..\TISA\static.used arcs.exclude”
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Setting environment for using Microsoft Uisuwal Studio 28085 x86 tools.

C:eMIPS_FProject ~eMIPS_PRu\ExtensionB‘\mmldive4>copy
xc lude

e WTISANstatic .used arcs.e:j

ii. Press Enter.

iii. Wait for the process to complete
&+ Wisual Studio 2005 Command Prompt

Setting environment for using Microsoft Uisuwal Studio 2885 x86 tools.
C:eMIPS_FProject ~eMIPS_PRu\ExtensionB‘\mmldive4>copy
xc lude

1 file{s> copied.

C:~eMIPS_Project~eMIPS_PR:\ExtenzionB~mmldiv64>_

e WTISANstatic .used arcs.e:j

=

e. Generate the Reconfigurable Region Netlist (Extension)
i.

Type the command: “ngdbuild -uc <floorplanned ucf file> -sd <location of

Bus Macro files> -sd <location of Extension synthesis files> -modular

module -active extension0 <input file>". In our case:

“ngdbuild -uc ..\..\..\Sources\Contraints\mips_fp.ucf -sd ..\..\..\Xilinx_PR_Bus_Macros\V4\NMC

-sd ..\..\..\Synthesis\ExtensionO\mmldiv64 -modular module -active extensionQ
. \..\..\Synthesis\Top\MIPSPL_FPGA3.ngc”
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Setting environment for using Microsoft Uisuwal Studio 28085 x86 tools.
C:%eMIPS_FProject ~eMIPS_PRu\Extension@mmldiv64>copy ..~..“\TISANstatic.used arcs.e
o lude 1 file{s? copied.

C:%eMIPS_FProject ~eMIPS_PRu\Extension@smmldive4>ngdbuild —uc ....N..“Sources“Cont
raintsmips_fp.ucf —sd ..soowoSNEilinx_ PR_Bus _Macros“U4S~NMC —sd ..M. .. .N\Synthes

iz“Extenszion@~mmldiv64 —modular module —active extensionB ._.>..%~..“Synthesis>Top
~MIPSPL_FPGA3 .ngc_

||

ii. Press Enter. Some warnings and info messages will appear.
them are expected.

&+ Wisual Studio 2005 Command Prompt - ngdbuild -uc ..\ ASources\Contraintswnips_fp.uc...

Most of

Setting environment for using Microsoft Uisuwal Studio 2885 x86 tools.
C:%eMIPS_FProject ~eMIPS_PRu\Extension@mmldiv64>copy ..~..“\TISANstatic.used arcs.e
xc lude

1 file{s> copied.

C:%eMIP5_Project~eMIPS_PR:Extension@~mmldiv64>ngdbuild —uc .._“..N..“Sources~Cont
raintzssmips_fp.ucf —sd ... o ANEilinx_PR_Bus_Macros™U4~NMC —sd ..~..~..“Synthes
iz“Extenszion@~mmldiv64 —modular module —active extensionB ._.>..%~..“Synthesis>Top
~MIPSPL_FPGA3 .nyc

Release 8.2.81i_PR_2 - ngdbuild JTRS.I32

Copyright <(c?> 1995-2806 Hilinx. Inc. All rights reserved.

Command Line: ngdbuild —uwc ..»..%..“SourcessContraintssmips_fp.ucf —sd
camne M ABilinx_PR_Bus_Macros™U4SNHMC —sd ... .. .“Synthesis:ExtensionB@mmldivb4
—modular module —active extensionB . ... M. . “8ynthesis“Top“MIPSPL_FPGA3J_ngc

Reading NGO file ‘C:-eMIPS_Project-Synthesis Top-MIPSPL_FPGA3.ngc' ...

-

iii. Wait for the process to complete.
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drives no clock pins _J
WARMING:NgdBuild:478 — clock net SY¥YSCLKD1® with clock driver sys/BUFG_TMR drives

no clock pins
WARNING:NgdBuild:478 — clock net CLEK_IN_PER_BUF with clock driver
sys BUFG_CLKPER drives no clock pins

Partition Implementation Status

Mo Partitions were found in this design.

NGDEBUILD Design Results Summary:
Mumber of errops: a
Humber of warnings: 45 _J
Writing NGD file ""MIPSPL_FPGAZ._ngd' ...
MWriting NGDBUILD log file "MIPSPL_FPGAZ._h1ld'...

NGDBUILD done.

C:weMIPS_Project~eMIPS_PR-ExtensionB®~mmldiv64>_ JI5|

f. Place/Map the Reconfigurable Region (Extension) Logic to the FPGA hardware.
i. Type the command: “map -uc <floorplanned ucf file> -ol high -pr b -timing

-xe ¢ <input file>". In our case:
‘map -uc ..\..\..\Sources\Contraints\mips_fp.ucf -ol high -pr b -timing
MIPSPL_FPGA3.ngd”

e+ | Wisual Studio 2005 Command Prompt

WARMING:NgdBuild:478 — clock net SY¥YSCLKD1@ with clock driver sys~-BUFG_THMR driues;:
no clock pins

WARMING:NgdBuild:478 — clock net CLK_IN_PER_BUF with clock driver

sysBUFG_CLKPER drives no clock pins

Partition Implementation Status

Ho Partitions were found in this design.

NGDBUILD Design Results Summary:
Mumber of errors: A

Mumber of warnings: 45 _J
Writing NGD file ""MIPSPL_FPGAZ._ngd' ...

Writing NGDBUILD log file "MIPSPL_FPGAZ.h1d"...

NGDBUILD done.

C: \eHIPS_PruJect\eHIPS_PR\Extens1nnﬁ\mm1d1064}map —uc . -“ooNeosSourcessContraint
swmips_fp.ucf -0l high —pr b —timing —xe ¢ MIPSPL_FPGA3J .ngd_ _J

-Xe C

ii. Press Enter. Some warnings and info messages will appear. Most of
them are expected. This may take some time depending on your system,

between 30 to 90 minutes.
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&+ Wisual Studio 2005 Command Prompt - map -uc ..\..\ \Sources\Contraints\mips_fp.ucf -ol ...
sysBUFG_CLKPER drives no clock pins ]

Partition Implementation Status

Ho Partitions were found in this design.

MGDBUILD Design Results Summary:
Mumber of errors: A

Mumber of warnings: 45

Writing NGD file ""MIPSPL_FPGA3._ngd" ...

Writing NGDBUILD log file "MIPSPL_FPGA3._h1ld"...

NGDBUILD done. —J

C:%eMIPS_Project~eMIPS_PRuExtensionB mmldivb4>map —uc ..w..%..“SourcesContraint
smips_fp.ucf -0l high —pr b —timing —xe c¢ MIPSPL_FPGA3._ngd

elease B.2_@1i_PR_2 — Map JIRS.132

opyright <(c? 1995-2806 Hilinx. Inc. All rights reserved.

sing target part "dvlx25fFfe68-18".

iii. Wait for the process to complete.

e+ | Wisual Studio 2005 Command Prompt

Humber of occupied Slices: 886 out of 18,752 e ]
Humber of Slices containing only related logic: 886 out of 886 188:x
Humber of Slices containing unrelated logic: B out of 866 B

#Gee NOTES below for an explanation of the effects of unrelated logic
Total Humber 4 input LUTs: 1,551 out of 21,584 e

Mumber used as logic: 1.478

Mumber used as a route—thru: 53

Mumber of honded I0Bs: 145 out of 448 32x

Mumber of BUFG-BUFGCTRLs: 7 out of 32 21x%

Number used as BUFGs: 4
Number used as BUFGCTRLs: 3
Number of DCHM_ADUs: 2 out of 8 25
Mumber of PMCD=: 1 out of 4 25
Mumber of hard macros: 1
Total equivalent gate count for design ¢not including hard macros>: 16,267

Additional JTAG gate count for I0Bs: 6.968
Peak Memory Usage: 375 HMB

Mapping completed.
See MAP report file "MIPSPL_FPGA3 .mrp' for details. :j

C:%eMIPS_Project~eMIPS_PR“ExtensionBmmldivb64>_

g. Route the Reconfigurable Region (Extension) Logic on the FPGA hardware.
i. Type the command: “par -w -uc <floorplanned ucf file> -ol high -pl high -rl
high -xe c <input file> <output file>". In our case:
“par -w -uc ..\..\..\Sources\Contraints\mips_fp.ucf -ol high -pl high -rl high -xe ¢
MIPSPL_FPGA3.ncd MIPSPL_FPGA3_EXTO_MMLDIV64_ROUTED.ncd’
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Number of 8Slices containing unrelated logic: B out of 866 BZ—J
*Gee NOTES below for an explanation of the effects of unrelated logic
Total Humber 4 input LUTs: 1.551 out of 21.584 T
Mumber used as logic: 1.478
Mumber used as a route—thru: 53
Mumber of honded IQBs: 145 out of 448 32x
Mumber of BUFG-BUFGCTRLs: 7 out of 32 21
Number uszed as BUFGs: 4
Number wuzed as BUFGCTRLs: 3
Mumber of DCM_ADUs: 2 out of 8 25
Mumber of PMCD=: 1 out of 4 25
Mumber of hard macros: 1

Total equivalent gate count for design <not including hard macros>: 16,267
Additional JIAG gate count for I0Bs: 6,968
Peak Memory Usage:= 375 MB

Mapping completed.
See MAP report file "MIPSPL_FPGA3 .mrp' for details.

C:%eMIPS_FProject ~eMIPS_PRu\ExtensionBsmmldive4ddpar —w —uc ..%..%..“Sources“Contra
intssmips_fp.ucf —ol high —pl high —-»1 high —xe ¢ MIPSPL_FPGA3.ncd MIPSPL_FPGA3J_
EXTH_MMLDIVG64 _ROUTED.ncd_ %

ii. Press Enter. Some warnings and info messages will appear.

Most of

them are expected. This may take some time depending on your system,

between 30 to 90 minutes.

e | Yisual Studio 2005 Command Prompt - par -w -uc ..\..\..\Sources\Contraints\mips_fp.ucf -...

WARMING:Par:6%? — Option —pl overrides some effects of —ol.
WARMING:Par:6%? — Option —rl overrides some effects of —ol.
INFO:Par:338 -

Extra Effort Level "c"ontinue is not a runtime optimized effort level. It is
intended to he used for designs that are

not meeting timing but where the designer wvants the tools to continue iterati
ng on the design until no further design

speed improvements are possible. This can result in very long runtimes since
the tools will continue improving the

design even if the time specs can not be met. If you are looking for the best
possible design speed available from a

long but reasonable runtime use Extra Effort Level "n"ormal. It will stop it
erating on the design when the design
speed improvements have shrunk to the point that the time specs are not expec
ted to be met.

Physical GConstraints file: MIPSPL_FPGA3.pcf.
Logical Gonstraints file: ..»..%\..“Sources™Contraintsmips_fp.ucf.

SEilinxnB.2splpr.

Loading device for application Rf_Device from file '4vlx25%_nph' in environment C:j

iii. Wait for the process to complete.
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are routed. IFf all signals are a
reported as completely routed above then the resultant design is as expected for
this flow. DRC may report these pins
as unrouted.

Total REAL time to PAR completion: 7 mins 5 secs
Total CPU time to PAR completion: & minz 28 secs

Peak Memory Usage: 333 HMB

Placer: Placement generated during map.
Routing: GCompleted — No errors found.
Timing: GCompleted — No errors found.

Mumber of error messages: @
MHumber of warning messages: 476
Mumber of info messages: 3

Writing design to file MIPSPL_FPGA3_EXT@_MMLDIUG64_ROUTED.ncd

PAR done? :‘
C:weMIPS_Project~eMIPS_PR<ExtensionB®~mmldiv64> ~

h. Repeat steps 9.b though 9.g for any additional Extensions you wish to implement
for the ExtensionO slot.
10.Merge Base and Reconfigurable Region (TISA + Extension)
a. Inside the ‘eMIPS PR’ build folder create a ‘Merges’ folder.

Mo B Wew R Tk el L
- L - R LT Fokdern | [TT]+ | ) P e
LT Pl RIS PR v B=
- — —4
Poe e Pthar vk | v _JI TTe

3 sk .1
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b. Inside the ‘Merges’ folder create a folder with the same name as you Extension.
For this example we will use ‘mmldiv64’.
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c. Open a command prompt within this folder.
e+ | Wisual Studio 2005 Command Prompt

etting environment for using Microsoft Uizuwal Studio 2085 x86 tools.
C:~eMIP5_Project eMIPS_PR:Merges mmldiv64>_

-

d. Copy the Routed Base Design (TISA) to the Extension merge folder.

i. Type the command: “copy <Routed Base Design> <Routed Base
Design>". In our case:

copy ..\.\TISAMIPSPL_FPGA3_BASE_ROUTED.ncd MIPSPL_FPGA3_BASE_ROUTED.ncd
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Setting environment for using Microsoft Uisuwal Studio 28085 x86 tools. "
C:%eMIPS_FProject eMIPS_PR\Merges‘mmldive4>copy ..%..“TISANMIPSPL_FPGA3_BASE_ROUT
ED.ncd MIPSPL_FPGAZ_BASE ROUTED.ncd_

ii. Press Enter.

iii. Wait for the process to complete.
&+ Wisual Studio 2005 Command Prompt

Setting environment for using Microsoft Uisuwal Studio 2885 x86 tools.
C:weMIPE_Project~eMIPS_PR-Merges mmldiv64>copy

..\..\TISH\HIPSPL_FPGH3_BHSE_ROUT:j
ED.ncd MIPSPL_FPGA3_BASE_ROUTED.ncd
1 file{s> copied.

C:~eMIP5_Project eMIPS_PR:Merges mmldiv64>_

=
e. Copy the Routed Reconfigurable Region (Extension) to the Extension merge
folder.

i. Type the command: “copy <Routed Reconfigurable Region> <Routed
Reconfigurable Region>". In our case:

“copy ..\..\ExtensionO\mmidiv64\MIPSPL_FPGA3_EXT0_MMLDIV64_ROUTED.ncd
MIPSPL_FPGA3_EXTO MMLDIV64_ROUTED.ncd”
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Setting environment for using Microsoft Uisuwal Studio 28085 x86 tools.

C:weMIPE_Project~eMIPS_PR-Merges mmldiv64>copy ..\..\TISH\HIPSPL_FPGH3_BHSE_ROUT:j
ED.ncd MIPSPL_FPGAZ_BASE_ROUTED.ncd
1 file{s? copied.

C:eMIPS_FProject ~eMIPS_PR\Merges‘mmldivb4>copy ..%..“Extension®mnldive4~MIPSPL_
FPGAZ_EXTA_MMLDIUV64_ROUTED.ncd MIPSPL_FPGA3_EXTA_MMLDIVG64 _ROUTED.ncd_

ii. Press Enter.

iii. Wait for the process to complete.
&+ Wisual Studio 2005 Command Prompt

Setting environment for using Microsoft Uisuwal Studio 2885 x86 tools.

C:weMIPE_Project~eMIPS_PR-Merges mmldiv64>copy ..\..\TISH\HIPSPL_FPGH3_BHSE_ROUT:j
ED.ncd MIPSPL_FPGA3_BASE_ROUTED.ncd
1 file{s> copied.

C:~eMIP5_Project~eMIPS_PR:Merges‘mmldiv64>copy ..~..“ExtensionBmmnldive4~MIPSPL_
FPGA3_ERTA_MMLDIUG64_ROUTED.ncd MIPSPL_FPGA3_EXTH_MHMLDIUG4_ROUTED.ncd
1 file{s> copied.

C:%eMIPS_Project~eMIPS_PR-Merges mmldive4d>_

=
f. Run the Verify Design Script.

i. Type the command: “PR_VERIFYDESIGN <Routed Base Design> <
Routed Reconfigurable Region>". In our case:

PR_VERIFYDESIGN MIPSPL_FPGA3_BASE_ROUTED.ncd MIPSPL_FPGA3_EXTO_MMLDI
V64 _ROUTED.ncd
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&+ Wisual Studio 2005 Command Prompt
Setting environment for using Microsoft Uisuwal Studio 28085 x86 tools. ji

C:%eMIPS_FProject eMIPS_PR\Merges‘mmldive4>copy ..%..“TISANMIPSPL_FPGA3_BASE_ROUT
ED.ncd MIPSPL_FPGAZ_BASE_ROUTED.ncd
1 file{s? copied.

C:eMIPS_FProject ~eMIPS_PR\Merges‘mmldivb4>copy ..%..“Extension®mnldive4~MIPSPL_
FPGA3_EXTA MMLDIV64_ROUTED.ncd MIPSPL_FPGA3_EWRTH_MMLDIV64 ROUTED.ncd
1 file{s> copied.

C:weMIPS_Project~eMIPS_PR<Mergesmmldiv64>PR_UERIFYDESIGN MIPSPL_FPGA3Z_BASE_ROUT
ED.ncd MIPSPL_FPGAZ_ERTA_MMLDIVUG64_ROUTED.ncd_

||

ii. Press Enter. This may take some time depending on your system,
between 15 to 30 minutes.

&+ Wisual Studio 2005 Command Prompt - PE_VERIFYDESIGH MIPSPL_FPGA3_BASE_ROUTED.n...

FPGA3_EXTA _MMLDIU64_ROUTED.ncd MIPSPL_FPGA3_EXTH_MMLDIU64 ROUTED.ncd -]
1 file{s? copied.

C:eMIPS_FProject~eMIPS_PR\Merges‘mmldiv64>PR_UERIFYDESIGN HIPSPL_PPGH3_BHSE_ROUT_J
ED.ncd MIPSPL_FPGAZ_EXTA_MMLDIVUG4_ROUTED.ncd

silperl = "C:sHilinx™B . 2splprsbinsntsxilperl”

verify = "C:xBilinx»8 . 2spliprshbinsntsPR_verifydesign.pl”

PR_verifydesign, version I-2.8
HILIME = C:xBilinoen8.2splpr

Executables to be used:
BITGEN: CisHilinynB . 2splpr~binsntsbitgen.exe
Bit stream generator.

DRC: CisMilinysB . 2Zsplpr~bins/ntsdrc.exe
Design Rules checker.
PERL: CisMilinxsB . 2splpr~binsntsxilperl.exe
Perl executabhle to run perl scripts.
MERGE: C:sBilinxs8. 23p1pr/h1n/nt/PR_mergedesign exe

Merges a static and dynamic des
output generated in log file HIPSPL_FPGH3_BHSE_ROUTED summary

Generate the bit stream for static design with hole.
DRC MIPSPL_FPGAZ2_BASE ROUTED.ncd

L =

iii. Wait for the process to complete.
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PERL: CisMilinxs8 . 2splpr~bins/ntsxilperl.exe ]
Perl executahle to run perl scripts.
MERGE: C:vKilinxs\8.2zplpr/bin/nt/PR_mergedesign.exe
Merges a static and dynamic design. _J
output generated in log file HIPSPL_FPGH3_BHSE_ROUTED summary

Generate the bit stream for static design with hole.
DRC MIPSPL_FPGAZ_BASE ROUTED.ncd
BITGEN MIPSPL_FPGAZ_BASE_ROUTED.ncd MIPSPL_FPGA3_BASE_ROUTED.hit —d -w

Merge design MIPSPL_FPGA3_BASE_ROUTED.ncd with design MIPSPL_FPGAZ_EXTA_MMLDIUG4
_ ROUTED.ncd

to generate MIPSPL_FPGA3_EXTA_MHMLDIUG64_ROUTED_full.ncd and MIPSPL_FPGA3_EXTH_MHL
DIU64_ROUTED _partial_ncd.

MERGEDES MIPSPL_FPGAZ_BASE_ROUTED.ncd MIPSPL_FPGAZ_EXTA_MMLDIUG4_ROUTED.ncd
BITGEN MIPSPL_FPGA3_EXTA_MMLDIUG64_ROUTED_partial.ncd MIPSPL_FPGAJ_EXTA_MMLDIU
b4_ROUTED_partial_bit —g ActiveReconfig:Yes —d —w —g Compress

DRC MIPSPL_FPGAZ_EXTA_MMLDIUG64_ROUTED_full.ncd

Generate the deltas file from the static Hole design.
Thisz is used to verify all frames are correctly writt

BITGEN —» MIPSPL_FPGA3_BASE ROUTED.bit MIPSPL_FPGH3_EHTB_MHLDIU64_ROUTED_fu11
-ncd MIPSPL_FPGA3_EXTA_MMLDIVG64_ROUTED full framediff.bhit -d -w
C:%eMIPS_FProject eMIPS_FR“Merges‘mmldived>_ JI5|

g. Run the Assemble Script.
i. Type the command: “PR_ASSEMBLE <Routed Base Design> <Routed
Reconfigurable Region>". In our case:

PR_ASSEMBLE MIPSPL_FPGA3_BASE_ROUTED.ncd MIPSPL_FPGA3_EXTO0_MMLDIV
64_ROUTED.ncd

e+ | Wisual Studio 2005 Command Prompt

Perl executabhle to run perl scripts. ]
MERGE: CisHilinxnB . 2splpr~bins/nt PR_mergedesign.exe

Merges a static and dynamic design.
output generated in log file HIPSPL_FPGHS_BHSE_ROUTED Summary _J

Generate the bit stream for static design with hole.
DRC MIPSPL_FPGA3_BASE ROUTED.ncd
BITGEN MIPSPL_FPGA3Z_BASE ROUTED.ncd MIPSPL_FPGA3_BASE_ROUTED.bit —-d -w

Merge design MIPSPL_FPGA3_BASE_ROUTED.ncd with design MIPSPL_FPGA3_EXTH_MMLDIUG64
_ ROUTED.ncd

to generate MIPSPL_FPGH3_EHTB_MHLDIU64_ROUTED_fu11 ncd and MIPSPL_FPGA3_EXTH_MML
DIV64_ROUTED partial.ncd

MERGEDES HIPSPL_FPGH3_BHSE_ROUTED ncd MIPSPL_FPGAZ_EXTA_MMLDIVG64_ROUTED.ncd
BITGEN MIPSPL_FPGA3_EXRTA_MHMLDIU64_ROUTED_partial.ncd MIPSPL_FPGA3_EXTA_MMLDIU
64 _ROUTED _partial.bhit —g ActiveBReconfig:Yes —d —w —g Compress

DRC MIPSPL_FPGA3_EXTH_MMLDIVG64_ROUTED_full.ncd

Generate the deltas file from the static Hole design.

This iz uwsed to verify all frames are correctly writt

BITGEN —»r HIPSPL_FPGH3_BHSE_BOUTED bit HIPSPL_FPGHS_EHTB_HHLDIUE4_ROUTED_fu11
-ncd MIPSPL_FPGA3_EXTA_MMLDIUG64_ROUTED_full_framediff.hit -d —w
C:=~eMIPS_Project eMIPS_PR Merges‘mmldiv64>PR_ASSEMELE MIPSPL_FPGA3Z_BASE_ROUTED.n
cd MIPSPL_FPGA3_EXTA_MMLDIUG64_ROUTED.ncd_ _J

ii. Press Enter. This may take some time depending on your system,
between 15 to 30 minutes.
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&+ Wisual Studio 2005 Command Prompt - PR_ASSEMBLE MIPSPL_FPGA3 BASE ROUTED.ncd MI...

cd MIPSPL_FPGA3_EXTO_MMLDIUG64_ROUTED.ncd -]
xilperl = "C:sNEilinxM\B.2splprshinsntsxilperl"
verify = "C:sHilinx\B.2splprsbinwnt“PR_assemble.pl"

PR_assemble, version I-2.0
RILINKE = C:sHilinx“\8.2splpr _J

Executables to be used.
ITGEN: C:nKilinxs8 . Zzplprshins/ntshitgen.exe
Bit stream generator.

DRG: C:nHilinxs8 . Z2splprsbinsnt/drc.exe
Design Rules checker.
PERL: C:nKilinxs8  Zsplprshinsntsxilperl._exe
Perl executable to run perl scripts.
MERGE: GCisKilinxsB . 2splprsbins/nt/PR_mergedesign.exe

Merges a static and dynamic design.
Output generated in log file MIPSPL_FPGAJ_BASE_ROUTED_assemble.summary

Phase 1: Merge in Design MIPSPL_FPGA3_EXTA_MMLDIVG64_ROUTED.
Merge design MIPSPL_FPGA3_BASE_ROUTED with design MIPSPL_FPGA3_EART@_MMLDIUG4_

ROUTED
Generating MIPSPL_FPGA3_EXTA_MMLDIUG64_ROUTED full.ncd and MIPSPL_FPGA3_E
ATA_MMLDIV64_ROUTED _partial.ncd.

L ||

iii. Wait for the process to complete.
e+ | Wisual Studio 2005 Command Prompt

Output generated in log file MIPSPL_FPGAJ_BASE_ROUTED_assemble.summary —J

Phase 1: Merge in Design MIPSPL_FPGA3_EXTA_MMLDIVG64_ROUTED.
Merge design MIPSPL_FPGA3_BASE_ROUTED with design MIPSPL_FPGA3_EART@_MMLDIUG4_

ROUTED
Generating MIPSPL_FPGA3_EXTA_MMLDIUG4_ROUTED _full.ncd and MIPSPL_FPGA3_E
ATA_MMLDIV64 _ROUTED partial.ncd.
DRC MIPSPL_FPGA3_EXTA_MMLDIV64 _ROUTED full.ncd
Eename MIPSPL_FPGA3_EXTA_MMLDIV64_ROUTED_full.ncd to MIPSPL_FPGA3_BASE_ROUTED
-nc

Phase 2: Generate final Bit Streams.

1 Rgname PRAtmpdir MIPSPL_FPGA3_BASE_ROUTED.ncd to MIPSPL_FPGA3_BASE_ROUTED ful
-nec

BITGEN MIPSPL_FPGAZ_BASE_ROUTED_full.ncd MIPSPL_FPGA3_BASE_ROUTED _full.hit -d

=

Phase 3: Generate Blanking Bit Streams.

MERGEDES MIPSPL_FPGA3_BASE_ROUTED.ncd Blanks

BITGEN —g ActiveReconfig:Yes phlock_extB@_blank.ncd pblock_extB_hlank.bhit —d -
w —g Compress

Assembly Complete.
C:%eMIPS_ProjecteMIPS_PR-Merges mmldivb4X>_ I

h. Repeat steps 70.b though 710.g for any additional Extensions you wish to
implement for the ExtensionO slot.
11.Get Configuration Bit Files.
12.Follow the ‘Verifying the Configuration Bit Files’ procedure (see 3.3) to determine if the
Extension has built correctly.

3.2.2 Building the NON-PR Version

The following are the instructions for building the eMIPS microprocessor system without
the partial reconfiguration feature, using the Xilinx ISE. By doing this you will not be able to
use partial bit files to modify this design during runtime and the Extension instantiated will be
static. This build is good for preliminary design and testing without the added complication of
the PR flow. It is also recommend if you do not plan to use the PR feature at all and just want
a static processor design.
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1. If the Project is not yet made, Set up the Project Directory (see 3.1.3)

2. If not already done, Change the Environment to NON-PR Xilinx ISE (see 3.1.1)

3. Create a build folder, ‘eMIPS NONPR’, in the project directo

= _Projeci o] =]

B EX e Fools fek
G- © 3 et v | [~ | 1 e
» B

4. Start the NON-PR install of the Xilinx ISE of choice.

= ENDW a= J

W o i | e | e | it

5. Create a new ISE project.
a. Click File->New Project in the Menu.
b. The ‘New Project Wizard’ dialog window will appear.
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EE New Project Wizard - Create New Project E“E|E]

Enter a Marie and Lacation far the Praoject

Project Mame: Project Location

| [

Select the Type of Top-Level Source for the Project
TopLevel Source Type:

HOL

Lancel

c. Select the eMIPS_NONPR folder as the project location and name the project

‘eMIPS NONPR’. Make sure the “Project Location” is as intended.
FEx

E= New Project Wizard - Create New Project

Enter a Mame and Location for the Project

Froject Mame: Froject Location

ehIFS_NONFPR | |C:\eMIF‘S_F‘r0iect\eMIF'S_NDNF'H\

Select the Type of Top-Level Source for the Project

Top-Level Source Tupe:

HOL

| (oo

] ’ LCancel

]

d. After you have reviewed the entries in the window, click ‘Next’ to continue.

e. The ‘Device Properties’ screen should appear.
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ES New Project Wizard - Device Properties

Select the Device and Design Flaw far the Praject

Property Mame Yalue |
Praduct Categaory All “

Family ired w

Device HKOAWLH2E v

Package FFEES v

Speed -10 w

Top-Level Source Type HOL

Synthesis T ool #5T [WHDL erilog) -

Sirmulator Modelzim=<E Yerlog “

Enable Enhanced Design Sumniary

Enable Meszage Filtering O
Digplay Incremental Messages Il
= )] [ ]

f. Enter the appropriate settings for your board setup in these fields. For the Xilinx
ML401 board, please use the settings in the table below. You may use other
synthesis tools other than the XST (Xilinx default) if you chose. However, be
aware all of our experiments have used this tool and we cannot vouch for the
outcome of another tool.

Property Name Value
Product Category All

Family Virtex4
Device XC4VLX25
Package FF668
Speed -10
Top-Level Source Type HDL
Synthesis Tool XST (VHDL/Verilog)
Simulator NA

Enable Enhanced Design Summary NA

Enable Message Filtering NA
Display Incremental Messages NA

g. After you have reviewed the entries in the window, click ‘Next’ continue.
h. The ‘Create New Source’ screen should appear.
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ES New Pro ject Wizard - Create New Source [ZII@[EI

Create a Mew Source

Source File Type

1 Bemove

Creating a new source to add ta the project iz optional. Only one new source can be created with the Mew Project ‘wizard.
Additional zources can be created and added to the project by using the "'Froject-> New Source” command.

Existing sources can be added on the next page.

’ < Back ” MHest > l ’ Lancel ]

i. Since you will not be creating any new sources at this time, click ‘Next’ to
continue.

j-  The ‘Add Existing Source’ screen should appear.

ES New Project Wizard - Add Existing Sources [ZII@[EI

Add Evisting Sources

Source File Copy to Project Add Source

Remave

Adding exizting sources iz optional. Additional zources can be added after the project iz created using the "'Project-»add
Source'' or "Project->Add Copy of Source' commands.

’ < Back ] I Mest > l ’ LCancel ]

k. Click the ‘Add Source’ Button.
[.  The ‘Select one or more files to add’ dialog should appear.
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Select one or more files to add

My Recent
Documents

?i__

Desktop

=
b=
=]
o
8 y
5 \\,z
o
=
74

4y Computer

My Metwark,
Flaces

RIX
Lok in: | 3 eMIPS_NONPR -] =5 B2~
File name: || j Open |
Files of type: |Source[".txt *whd *whdl * v *.abl *.abv *xco * sﬂ Cancel

m. Navigate the dialog window to the eMIPS source directo%.

B Bl Vew Fools Ped o

Qe -

I _Ac

L COpers_ea ] Soaves

"" o | Smrch srirm T_I- 1 Pl S

-

uﬂ.ﬁ.

n. Select the files listed in the table below to be added to the project. There are a
total of seventy-eight files.

extension0 _mmlite div64.v | lobuf4.v lobuf16.v
lobuf32.v MIPSPL FPGA3.v top_dcm.v

bus macros nonpr.v TISA.v mmlite div64.v
adder.v address_translation.v alu.v

alu full.v and.v blockram controller.v
bsmux.v bytesel2.v clockmaster.v
coprocessorQ sim.v data_align.v dataforward.v
datapathcontrol.v decode.v endianflip.v
equals.v execute.v fifo.v
flash_bridge.v flash_controller.v flash_interface.v
gpio_controller.v greaterthan.v hazard.v

instruction decode.v

instruction_fetch.v

interrupt_controller.v
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lessthan.v memory access.v memory arbiter.v
memory bus_front.v memory_controller.v memory _interface3.v
multiplier.v MuXx.v or.v

pipeline arbiter.v power _management controller.v | registerblock.v
registerfile4.v shift2.v shift.v

signextend16_32.v

sram_bridge.v

sram_controller.v

sram _interface.v

sysace bridge.v

sysace_controller.v

sysace _interface.v timer_controller.v toex.v
tocp0.v todf.v toid.v
toext.v tohz.v tomem.v
toif.v toma.v towb.v
topa.v torg.v Xor.v
usart_controller.v write _back.v mips.ucf

lock.v

memory _management_unit.v

extension controller.v

o. When you are done click ‘Open’.

p. The files you selected should be listed in the ‘Add Existing

Source’ screen.

ES New Project Wizard - Add Existing Sources

1
2
3
4
5
g
7
g

3

10
1
12

Add Existing Sources

Source File

mips. Lot

Copy ta Project

=

extenzionl_mmiite_dived. v

=

mmiite_divEd. v

adder.v

address_tranzlation.w

alu.y
alu_full.w

and.w

blockram_controller. s

bsrnu. v
bytesel2.v

clockmaster.y

HEEEEEEEEE

Adding exizting gources iz optional. Additional zources can be added after the project is created uging the "Project-»Add
Source” or "Project-»Add Copy of Source” commands.

~ Add Source

W

[ < Back ][

Mest >

| [ Cancel

g. Uncheck the ‘Copy to Project’ checkbox for each file.
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ES New Project Wizard - Add Existing Sources

Add Existing Sources

Source File Copy to Projec Add Sounce

B8 lorgw O

B3 towb.w I
70 usart_controller.y ]

71 write_back.v I

T2 wony O

73 bus_macros_monpry ]

74 iobufd.v 1

75 iobuf1B.v ]

B iobuf32 ]

77 MIPSPL_FPGA3.w [ ]

78 top_dcmv ]

7 ~

Adding existing sources iz optional. Additional zources can be added after the project is created uging the "Project-»&dd
Source or "Project->Add Copy of Source commands.

’ < Back ” Mest > ] [ LCancel ]

r. After you have reviewed the entries in the window, click ‘Next’ continue.
s. The ‘Project Summary’ screen should appear.

ES New Project Wizard - Project Summary [ZII@[EI

Project Mavigator will create a new project with the following specifications:

Project: ~
Project Name: sHMIPS NONFR
Project Path: C:"eMIPZ Project'eMIPS_MNONFR
Top Lewvel Source Type: HDL

Device:
Device Family: Virtexd
Device: xodwlnas
Package: ff568
Speed: —-10

3ynthesis Tool: XST (VHDL/Verilog)
Simulator: Modelsim-XE WVHDL

Enhanced Design Swmmary: ensbled

Message Filtering: disasbled v

’ < Back ” Firizh ] ’ LCancel ]

t. Click finish to complete the project setup.
u. The ‘New Project Wizard’ will close and a moment later the ‘Adding Source Files’
dialog should appear.
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= Adding Source Files. ..

The following allows pou to see the status of the source files being added to the
project, and allows pou to specify the Design Yiew aszociation for zources which are
guccessfully added to the project.

Dezign Unit Agzociation i
iobuf32 Synthesizd/mp +
) MIPSPL_FPGAT.Y
MIFPSPL_FPGA3Z Synthesizd/mp +
@ top_derm. v
I k. l ’ Cancel ] ’ Help ]
v. Click ‘OK’ to continue.

w. The new project

6. The module '"MIPSPL_FPGA3’ should be set as the top module in the ‘Sources’ pane. If

not set it as the top module by right-clicking MIPSPL_FPGAS3 and selecting 'Set as Top
Module’.

Add the IP Core Modules
a. Add the Register File Blockram (see 3.1.5)
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il - el e LR Ll
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c. Add the Bootloader Blockram (see 3.1.7).
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8. Set Synthesis Options
a. In the ‘Sources’ pane, select ‘MIPSPL_FPGAZ3’. Then select ‘Synthesize - XST’
in the ‘Processes’ pane. Make sure to select the module and not the project
icons.

- | i | v | i | i

b. Right-click on ‘Synthesize - XST’ and select ‘Properties’.
c. The ‘Synthesis Options’ dialog window should appear.
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d. Set the values in the table below to the properties in this window.

Property Name

Value

Optimization Goal

Speed

Optimization Effort

High

Use Synthesis Constraints File

Yes

Synthesis Constraints File
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e. After you have reviewed the entries in the window, click ‘HDL Options’ in the

‘Category’ pane.

f. The ‘HDL Options’ dialog window should appear.
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g. Setthe values in the table below to the properties in this window.

Property Name Value

FSM Encoding Algorithm Gray
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h. After you have reviewed the entries in the window, click ‘Xilinx Specific Options’

in the ‘Category’ pane.
i. The ‘Xilinx Specific Options’ dialog window should appear.
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j. Set the values in the table below to the properties in this window.

Property Name Value

Pack 1/0O Registers into |IOBs Yes
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k. After you have reviewed the entries in the window, click ‘OK’ to continue.
9. Set Implementation Options
a. Inthe ‘Sources’ pane, select ‘MIPSPL_FPGAS3’. Then select ‘Implement Design

in the ‘Processes’ pane. Make sure to select the module and not the project
icons.
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b. Right-click on ‘Implement Design’ and select ‘Properties’.
c. The ‘Implementation Options’ dialog window should appear.
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d. Click ‘Map Properties’ in the ‘Category’ pane.
e. The ‘Map Properties’ dialog window should appear.
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f. Set the values in the table below to the properties in this window.

Property Name

Value

Perform Timing-Driven Packing and
Placement

Yes

Map Effort Level

High

Extra Effort
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g. Click ‘Place & Route Properties’ in the ‘Category’ pane.

h. The ‘Place & Route Properties’ dialog window should appear.
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i. Setthe values in the table below to the properties in this window.

Property Name Value

Place & Route Effort Level (Overall) High

Placer Effort Level (Overrides Overall Level) High

Router Effort Level (Overrides Overall Level) | High

Extra Effort (Highest PAR level only) Continue on Impossible
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j- After you have reviewed the entries in the window, click ‘OK’ to continue.
10. Set Programming Options
a. In the ‘Sources’ pane, select ‘MIPSPL_FPGA3’. Then select ‘Generate Program

File’ in the ‘Processes’ pane. Make sure to select the module and not the project
icons.
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Ty

b. Right-click on ‘Generate Program Files’ and select ‘Properties’.

c. The ‘Program Options’ dialog window should appear.
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d. Click ‘Startup Options’ in the ‘Category’ pane.
e. The ‘Startup Options’ dialog window should appear.
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f. Set the values in the table below to the properties in this window.

Property Name Value
FPGA Start-Up Clock JTAG Clock
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g. After you have reviewed the entries in the window, click ‘OK’ to continue.

11.In the ‘Sources’ pane, select ‘MIPSPL_FPGA3’. Then select ‘Generate Program File’ in
the ‘Processes’ pane.
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12.You may double-click on ‘Generate Program File’ or you may right click and select ‘Run’
to start the build process. This may take some time depending on your system,
between 30 to 90 minutes.

— e | s | g ieisin

13.You should see a blue spinning icon appear by the ‘Generate Program File’. As the
process is performed some warnings and info messages will be displayed. Most of
these are expected.

14.Wait for the process to complete.
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3.3 Verifying the Configuration Bit Files.

The following are the instructions for running a simple test and determine if eMIPS loaded with
the mmldive4 extension is working correctly, and it is performing the configuration functions
correctly using the configuration bit files produced.

1. Open a command prompt in the location of your test files.

e+ Visual Studio 2005 Command Prompt
Setting environment for using Microsoft Uisuwal Studio 2085 x86 tools. ji

C:%eMIPE Tests>

[

2. Open the serplexd console to the eMIPS board by typing: “serplexd.exe —n —s —r”. We
are assuming that the serial cable to the ML401 “UART Host” port is working properly
and connected to the COM1 port on your PC. If you are using a different port specify it
explicitly to serplexd, e.g. “serplexd —n —s —r com3:”.
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&+ Wisual Studio 2005 Command Prompt

Setting environment for using Microsoft Uisuwal Studio 28085 x86 tools. ji

C:%eMIPS Tests>’serplexd.exe —n —s —p

3. Press Enter.

¢ Wisual Studio 2005 Command Prompt - serplexd.exe -n -5 -r

Setting environment for using Microsoft Uisuwal Studio 28085 x86 tools. ji

C:eMIPS Tests>serplexd.exe —n —s —p

Will NOT attempt to use the NIC

Will talk to a BigEndian client (mips.ppc....>
Will exchange un—encoded data ['raw’ model.
Console Thread ...

[

Turn on your ML401 board.

Flip the switches 1 and 2 on the GPIO DIP switches to the down position

Open the Xilinx IMPACT from the version of the Xilinx ISE with the PR Tools. You can
verify that you are using the correct version by looking at the version number on the
load splash screen.

7. The Xilinx ‘IMPACT Project’ dialog should appear.

o0k
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“| iMPACT Project X]

| want to

() }load most recent project: | emipsZ.ipf

vH Browsze. .. l

[] Load mast recent praject file when iMPACT starts

() create a new project [.ipf] |defau|t.ipf

| Browse. .

LCancel

8. Select ‘create a new project

= IMPACT Project

| want to

Oélnad most recent project | emipz2.ipf

| Browze...

[] Load mast recent praject file when iMPALT starts

(%) create a new project [.ipf) |defau|t.ipf

)

LCancel

9. Click ‘OK’ to continue.

10.The ‘Welcome to IMPACT’ dialog should appear.
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IWPACT - Wadcome 1o IRFFALT

sl ket o a080n A He bt beiea
(=1 Eanigure devicas uing Boursdas Soan FifagG]
Audisvaleally cofde! |0 b dalls Bl dhinbl) Boiidy Sean chan =
(7 Propate = FHOM Fis
(1 Prapats s Sapplmey ACE Fils
1) Progasie i Basirclaiy S i Pl

() Conbgum dawca:

11.Click ‘Finish’ to continue.
12.The ‘sysace’ object in the JTAG chain window should be highlighted in green, and the
‘Assign New Configuration File’ dialog should appear.

=" Assipn New Configuration File |'1| E|

Loak, in: |a o AilineB. 21 splprd v| - B 5
=. Chavitexd  [hfpga (Chardtex? ) spartansl () vitexe
) .backup  [Cbin IC5) fpga_compiler_i 1C5) qvirtex I symopsys  [C5) xa9500
150 xinstall [Cicadence ) fpoa_espress () qvirtex2 Chverilog  ([Chxal

) acect () chipviewer |5 fpgacore () qvirtexe Iy vhd [Cmbr

I acempm ) coregen Chanu [y smartmodel [ viewlog () xc180l
[y acr2 ) epld CISEexamples  [C0) spartan 15 virtex (%3000
) azpatan?  [hcorls Cjava [hspatan?  )witex2  [3)xc3000
| aspartanZe  [C5) data |y mentor [ChspartanZe  [S)vitesZp (T xc30001
[Chyaspatand  [C)doc Cymsg () spartand 15 virtend [Cyxe3100
) aspartande  [5) epld 1 grvirtex [Chspartande  |5) vitexd [Cxe3100
< |

File name: | | Open

IIV

File type: | All Design Files [* mpm * bad] v| Cancel

[ Cancel Al l l Bupazs l

13.Click ‘Bypass’ to continue.
14.The xcf32p’ object in the JTAG chain window should be highlighted in green, and the
‘Assign New Configuration File’ dialog should appear.
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= Assign New Configuration File

Lok in: |a Al 2_splprd v| = 5 EE
=. () avirtexd =i fpga [ grvirtex? [ spartansl ([ vitexe
O backup  [Ckin |0 fpga_compiler i [C5) quirtex [ svnopsys () #a9500:
125 winstall [Decadence  [[D)fpoa_express  [CDqwitex2  [werilog  [CD)w=af

I acect [ chipviewer |2 fpoacore () qvirtexe [ vhd [Cwbr

Iy acempm [ coregen hanu [Chsmartmodel [ viewlog () #c1 8wl
) aci2 ()cpld =) 1SEexamples (=) spartan 1) virtex (%3000
Chaspartan?  (Cher?s Chiava Chspartan?  [Shwites? () xc3000.
) azpartanZe () data 122 mentar [ChspatanZe ) witex2p () 30001
[Chaspatand  (Chdoc Chmsg [Chspartand  [Shvitesd  [Shxc00
[T aspartande  [C5) epld I grvirtex [Chspatande  |T5) vitexd [Cyxe3100
< |

File name: || | Open

IIV

File type: | All Design Files [* mcs " exo “isc * bad) v| Cancel

[ Cancel Al l l Bupass l

15.Click ‘Bypass’ to continue.
16.The ‘xc4vix25’ object in the JTAG chain window should be highlighted in green, and the
‘Assign New Configuration File’ dialog should appear.

= Assign New Configuration File

Loak, in: |a o Ailined. 21 splprd V| - &5 (3

. CDavitexd  [Cfpoga Cqreitex? ) spartansl () virtexe
I backup Cbin I fpga_compiler i [C5) quirtex I synopsys () #ad9500:
15 xinstall Cicadence ) fpga_express () quirtex2 |5 verilog [ mat

[ acect () chipviewer 15 fpgacare Chavitexe IS vhdl [ sbr
[Cacempm  [hcoregen I T)anu [ smartmodel 1) viewlog () %1 8w
I aci2 [Ccpld I 15E examples [ spartan |5 wirte [T =e3000
Chaspatan?  [C)es Chiava () spartan2 15 virtew2 [ #e3000
) aspartanZe (D) data |y mentor [Chspartan?e  [S)wvitexZp () »c30001
Chaspartan?  [C)doc [Camsg Chspartand  [Dhwitexd  ([ChxcH00
) azpartands [)epld T2 qrvirtex [hspatande  [)witexd () =300
< | >

loane| |
File type: | All Design Files [Fmcs *exo “isc "bad) v|

Cancel Al l l Bypass l

17.Navigate to the location of your bit files.
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= Assign New Configuration File

Look i | = cx/eMIPS_Project/eMIPS_PR/Merges/mmidivE4/ v| @ £
2. ;

5 PRéstmpdin

(5 PRtmpdir

mipspl_fpga3 base_routed_full. bit

mipspl_fpgad_est0_mldived_routed_partial. bit

philock_est]_blark bit

File hare: | | Open

File lype: | All Desgign Files [“.bit *.rbt * nky sz * bed]

- | Cancel

l Cancel Al ] [ Bupazs l

18.Select ‘mipspl_fpga3 base routed full.bit’.

-+ Assign New Configuration File

Look in: |a c/eMIPS_Project/eMIPS_PR/Merges/mmldive4/ vl =] ﬁ_‘ﬁ %
o.

(5 PRéstmpdin
(=) PRtmpdir

EI mipspl_fpgad_basze routed_full bit
mipzpl_fpgad_extd_mmldived_routed partial bit
phlack_ext_blark. bit

File: name: |mipspI_fpgaS_base_routed_full. bit | Open

File type: | All Dezign Files [".bit *.rbt * nky *izc " bzd) v| Cancel

l Cancel Al ] [ Bypazs ]

19.Click ‘Open’ to continue.

20.A ‘Warning’ dialog will appear notifying you that the IMPACT has converted the bit file to
a JtagClIk bitfile from the original configuration clock.

Warning

& WARMNIMNG:MPACT: 2257 - Startup Clock has been changed to 'JtagClk! in the bitstream skored in memaorsy,

but the ariginal bitskrean file remains unchanged.

21.Click ‘OK’ to continue.

22.The ‘xc95144xI' object in the JTAG chain window should be highlighted in green, and
the ‘Assign New Configuration File’ dialog should appear.
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= Assign New Configuration File

Look jn: |a o Ailined, 2 spl prd v | = cF =
= () avirtewd Cifpga 15 qrvirtes? () spartarsl [ virtexe

C)backup  (Dbin () fpga_compiler_i 1C5) quirtex [ svnopsys 100 »a9500,
L) .xinstal [Dicadence  [[Dfpga_express  ICDquitex2  (Diwvedlog 1) =af

|5 acect |5 chipviewer ([ fpoacaore 15 quirtexe [Chvhd ICsbr

5 acempm () coregen Cgnu [ smartmodel  [viewlog (53 #el Sl
) ac? (=) cpld () 15Eexamples |0 spartan () vittex [ +c3000
Chaspartan? [ erds Ciava [Chspartan?  [Dhvites? [0 »c3000,
LT aspartanZe  [C0) data L) menkor [C)spartanZe [ vitex2p |00 %c3000
[Chazpatand () doc [Cimsg [Chspatand  (Dhvitexd  [CHxc00
() aspartan3s [0 epld () qrvirtex [Chspartande () virtexh [Cyse3100
< |

File: name: || | Open

IIV

File: type: | All Design Files [*.mos *.exo *isc " bad) vl Cancel

’ Cancel All ] ’ Bypass ]

23.Click ‘Bypass’ to continue.
24.The ‘Assign New Configuration File’ dialog will close and the IMPACT tool is initialized.

P D P A ey G M e B
A RS LR O ®RE S

25.Right-click on the ‘xc4vIx25’ object and select ‘Program’
26.The ‘Programming Properties’ dialog should appear.
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Laveea,
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27.Click ‘OK’ to continue.
28.The ‘Programming Properties’ will close and you should see the ‘Progress Dialog’.

= Progress Dialog [75%]

E wecuting command...

29.When the configuration the is successful you should see the blue ‘Program Succeeded’
message.
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30.Look at the serplexd console and you should see an ‘I on the console. This is the
download leader byte, it is printed by the bootloader program to indicate it is ready for a
download over the serial line.

e+ Visual Studio 2005 Command Prompt - serplexd.exe -n -s -r

Setting environment for using Microsoft Uisuwal Studio 28085 x86 tools. ji

C:eMIPS Tests>serplexd.exe —n —s —p

Will NOT attempt to use the NIC

Will talk to a BigEndian client (mips.ppc....>
Will exchange un—encoded data ['raw’ model.
Console Thread

31.Close the serplexd console (hit *C).

&+ Wisual Studio 2005 Command Prompt

Setting environment for using Microsoft Uisuwal Studio 2885 x86 tools. ji

C:%eMIPS Tests’serplexd.exe —n —s —p

Will NOT attempt to use the NIC

Will talk to a BigEndian client {(mips.ppc....>
Will exchange un—encoded data ['raw’ model.
Conzole Thread

GC:%eMIPS Tests>»_

=

32.Type the following command: ‘download.exe com1: mmildiv64 test2.bin &&
serplexd.exe —n —s —r”. Potential errors: One user reported that under his VisualStudio
Command Prompt the pipe above did not work, whereas splitting the commands in two
command lines did work. Using the regular Windows CMD.EXE also fixed the problem.
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&+ Visual Studio 2005 Command Prompt

Setting environment for using Microsoft Uisuwal Studio 28085 x86 tools.

C:%eMIPS Tests>serplexd.exe —n —s —p :j
Will NOT attempt to use the NIC

Will talk to a BigEndian client (mips.ppc....>
Will exchange un—encoded data ['raw’ model.
Console Thread ...

C:%eMIPS Tests>download.exe coml: mmldive4_test2_hin && serplexd.exe —n —sz —»

33.Press Enter.

&+ Visual Studio 2005 Command Prompt - download.exe com1: mmldive4_test2.bin

Setting environment for using Microsoft Uisuwal Studio 2885 x86 tools.

C:%eMIPS Tests>serplexd.exe —n —s —p :j
Will NOT attempt to use the NIC

Will talk to a BigEndian client <(mips.ppc....>
Will exchange un—encoded data [‘raw’ model.
Console Thread ...

C:%eMIPS Tests>download.exe coml: mmldive4_test2_hin && serplexd.exe —n —sz —»

[

34.The Program will begin to download over the serial line.

35. After the download is complete the serplexd console will launch allowing you to see the
output of the program.
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e Visual Studio 2005 Command Prompt - serplexd.exe -n -s -r

Setting environment for using Microsoft Uisuwal Studio 2085 x86 tools.

G:%eMIPS Tests>serplexd.exe —n —3 —»

Will NOT attempt to use the HNIC

Will talk to a BigEndian client <mips.ppc....>
Will exchange un—encoded data ["raw’ model.
Console Thread ...

d complete, 18448 bhytes =zent

Will HOT attempt to use the NIC

Will talk to a BigEndian client {(mips.ppc....>»
Will exchange un—encoded data ["raw’ model.
Conzole Thread ...

HiMom! sp=80801858

GPFI0 = BEA0AAEA

MARK — RUNNING NON EXTENSION TEST

READY . ..

SET...

GOt e

DONE. ..

MARK — RUNNING BASELINE

READY . ..

SET...

GOt

DONE. ..

MARK — RUNNING EXTEMSION TEST

READY ...

SET...

GOt

DONE. ..

RESULTS

Errors = AEABAABRAE

MON EXTENSION TEST RESULTS
MOEXT START = AARAAARA . BRA2674h
NOEXT FINISH = BG0880084.84b5%f 3cc
MOEXT TIME = A4h3BcB1

BASELINE RESULTS
BASE START = AARAAARA . A4h85d432
BASE FINISH = HA000AEA . A%af£f833
BASE TIME = A4£79hA1

EATENSION TEST RESULTS
EXT START = #RBEARA . A%h2ale?
EXT FINISH = A3RBEARE . Bbe @1 hed
EXT TIME = A22d7al4

PERFORMANCE over base (basesext) = AEAREAAZ

PERFORMAMCE over original {noext-sext) = addnuna2

OUERHEAD over original <hasesnoext) = AagvnaA1

TEST PASSED SUCCESSFULLY 1

1
C:%eMIPS Tests>download.exe coml: mmldive4_test2.hin && serplexd.exe —n —s —»r

|~
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36. This represents that the Extension architecture loaded with the mmldiv64 extension has
completed the hardware test successfully. The accelerated code shows a factor of two

speed-up.

37.Right-click on the ‘xc4vIx25’ object and select ‘Assign New Configuration File’.
38.The xc4vIx25’ object in the JTAG chain window should be highlighted in green, and the

‘Assign New Configuration File’ dialog should appear.

Lok in: | £ mmidive4

= = o E-

) () PRAmpdir
35 IC5) PREmpdie

My Documents

4y Computer

My Recent mipspl_fpga3_base_rouked_full. bit
Documents mipspl_fpga3_ext0_mmldive4_routed_partial,bit
71' pblock_ext0_blank. bit
Desktop

My Metwark, File name:
Flaces
Files of type:

| =

|40l Desian Files [ bit * bt “rkp *isc “bsd) x|

Open |
Cancel

39.Select ‘pblock ext0 blank.bit’.

Files of type:

Assign New Configuration File @
Look in: [ (5 mmidive4 | £ B
! () PRAmpdir
33 IC5) PREmpdie
My Recent mipspl_fpga3_base_rouked_full. bit
Documents mipspl_fpga3_ext0_mmldivé4_routed_partial. bit
F‘[* % i
Desktop
My Documents
by Computer
My Network  File name: |phlock_ext0_blank.bit -l Open |
Places

| & Design Files [* bit “ bt * nkp “isc “bsd] v |

Cancel

40.Click ‘Open’ to continue.

41.The ‘Assign New Configuration File’ dialog will close.
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=88 eis

42.Right-click on t"i;e ‘xc4viIx25’ object and select ‘Program’

43.The ‘Programming ProEerties’ diaIO(.; should aﬁﬁear.

Lavegeay
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44.Click ‘OK’ to continue.
45.The ‘Programming Properties’ will close and you should see the ‘Progress Dialog’.

== Progress Dialog [[75%]

Executing command...

Cancel
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46.When the configuration is successful you should see the blue ‘Program Succeeded’
message.

47.Look at the sefﬁlexd console and you should see a few more ‘I's an the console. These
may be ignored.
48.Close the serplexd console and run the previous command again (see step 32).

&+ Wisual Studio 2005 Command Prompt - download.exe com1: mmldive4_test2.bin

NON ERTENSION TEST RESULIS _:J
NOEXT START = HEARRAAR . AARZ6 7 4h
NOEXT FINISH = ©80800600.084h5f3ce
NOEXT TIME = A4b38c81

BASELINE RESULTS
BASE START = ARARAAAA . A4bhB5d32 _J
BASE FINISH = ARBRAAA0 . A%af F 833
BASE TIME = A4f79hA1

EXTENSION TEST RESULIS
EXT START = AAARRAAA . A%h2ale?

EXT FIMISH = AABRABAA . Abe @l bed

EXT TIME = B822d47a84
PERFORMANCE over bhase (hasersext) = [G15 1516161515 1
PERFORMANCE over original Cnoextrext) = fEBBAAR2
OUERHEAD over original (hase~snoext) = BUBBEaA1

TEST PASSED SUCCESSFULLY 111
C:%eMIPS Tests>download.exe coml: mmldive4d_test2.bin && serplexd.exe —n -z —»p

=
49. After the download is complete the serplexd console will launch allowing you to see the
output of the program. You should see a crash.
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e Visual Studio 2005 Command Prompt - serplexd.exe -n -s -r
ARK — RUMNING HMON EXTEMSIONM TEST ]

OME. ..

ARK — RUNNING BASELINE
EADY ...

aught trap at pc=8AAA168%7c
aught trap at pc=800018%c
aught trap at pc=8A0010%7c
aught trap at pc=8000107%7c
aught trap at pc=8000160%c
aught trap at pc=8AAA160%7c
aught trap at pc=800018%c
aught trap at pc=8A0010%7c
aught trap at pc=8000107%7c
aught trap at pc=8000160%c
aught trap at pc=8AAA168%7c
aught trap at pc=8000160%7c
aught trap at pc=8AAA160%7c
aught trap at pc=8000107%7c
aught trap at pc=8000160%c
aught trap at pc=8AAA168%7c
aught trap at pc=8000160%7c
aught trap at pc=8AAA160%7c
aught trap at pc=800018%c
aught trap at pc=8A0010%7c
aught trap at pc=8000107%7c
aught trap at pc=8000160%c
aught trap at pc=8AAA160%7c
aught trap at pc=800018%c
aught trap at pc=8A0010%7c
aught trap at pc=8000107%7c
aught trap at pc=8000160%c
aught trap at pc=8AAA168%7c
aught trap at pc=8000160%7c
aught trap at pc=8AAA160%7c
aught trap at pc=8000107%7c
aught trap at pc=8000160%c
aught trap at pc=8AAA168%7c
aught trap at pc=8000160%7c
aught trap at pc=8AAA160%7c
aught trap at pc=800018%c
aught trap at pc=8A0010%7c
aught trap at pc=8000107%7c
aught trap at pc=8000160%c
aught trap at pc=8AAA168%7c
aught trap at pc=800018%c
aught trap at pc=8A0010%7c
aught trap at pc=8000107%7c
aught trap at pc=8000160%c
aught trap at pc=8AAA168%7c
aught trap at pc=8000160%7c
aught trap at pc=8AAA160%7c
aught trap at pc=800018%c
aught trap at pc=8000160%c
aught trap at pc=8AAA168%7c
aught trap at pc=8000160%7c
aught trap at pc=8AAA160%7c
aught trap at pc=800018%c
aught trap at pc=8A0010%7c
aught trap at pc=8000107%7c
aught trap at pc=8000160%c
aught trap at pc=8AAA168%7c
aught trap at pc=800018%c
aught trap at pc=8A0010%7c
aught trap at pc=8000107%7c
aught trap at pc=8000160%c
aught trap at pc=8AAA168%7c
aught trap at pc=8000160%7c
aught trap at pc=8AAA168%7c
ad a trap., our Extension is not loaded-enahled.

EST FAILED at Step=o 1_ hd
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50.Right-click on the ‘xc4vIx25’ object and select ‘Assign New Configuration File’
51.The xc4vIx25’ object in the JTAG chain window should be highlighted in green, and the
‘Assign New Configuration File’ dialog should appear.

Assign New Configuration File

Look in: | (2 mmidive4 | = B~
E |C5) PR Ampdie
! () PREmpdir
My Recent mipspl_fpga3_base_routed_full.bit
Demumss mipspl_fpga3_ext0_mmidive4_routed_partial. bit
@ pblack_ext0_blank. bit
Desktop
My Docurnents
y Computer
My Netwaork File name: || j Dpen |
Places

Filez of tppe:

|40 Design Files [ bit “ibt “rkp “isc "bsd] |

Cancel

52.Select ‘mipsp

| fpga3 ext0 mmldiv64 routed partial.bit’.

Assign New Configuration File

ds

Look in: | (2 mmidive4 | = B~
E |C5) PR Ampdie
! () PREmpdir
My Recent mipspl_fpga3_base_routed_full.bit
Documents | ey 0_mmidivé4_routed_partial,bit
@ pblack_ext0_blank. bit
Desktop
My Documents
y Computer

y Metwark File harme:

|mipspl_fpgaB_extD_mmIdiv84_r0uted_partial.bitj
Places

Open |
Cancel

Files of type:

|1l Design Files [ bit * bt “pkp *isc “bsd) |

53.Click ‘Open’ to continue.
54.The ‘Assign New Configuration File’ dialog will close.
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55.Right-click on t"i;e ‘xc4viIx25’ object and select ‘Program’

56.The ‘Programming ProEerties’ diaIO(.; should aﬁﬁear.

Lavegeay
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57.Click ‘OK’ to continue.
58.The ‘Programming Properties’ will close and you should see the ‘Progress Dialog’.

== Progress Dialog [[75%]

Executing command...

Cancel
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59.When the configuration is successful you should see the blue ‘Program Succeeded’
message.

60.Look at the sefBIexd console and you should see a few more ‘I's an the console. These
may be ignored.
61.Close the serplexd console and run the previous command again (see step 32).

&+ Wisual Studio 2005 Command Prompt - download.exe com1: mmldive4_test2.bin

aught trap at pc=8A80189c _:J

aught trap at pc=800018%c

aught trap at pc=800018%c

aught trap at pc=800A10%c

aught trap at pc=800A10%c

aught trap at pc=800A10%c

aught trap at pc=800A10%c

aught trap at pc=800A10%c

aught trap at pc=800A10%c

aught trap at pc=800010%c

aught trap at pc=800018%c

aught trap at pc=800018%c

aught trap at pc=800018%c

aught trap at pc=800018%c _J

aught trap at pc=800018%c

aught trap at pc=800018%c

aught trap at pc=800018%c

aught trap at pc=800018%c

aught trap at pc=800018%c

aught trap at pc=800018%c

aught trap at pc=800018%c

ad a trap. our Extension is not loaded-/enabhled.

EST FAILED at Step=o 111

:%eMIPS Tests download.exe coml: mmldiv64_test2.bin && serplexd.exe —n -z —p _J
-

62. After the download is complete the serplexd console will launch allowing you to see the
output of the program. The program should not crash and the correct results should be
displayed again.
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e Visual Studio 2005 Command Prompt - serplexd.exe -n -s -r

Caught trap at pc=800018%c ﬂ
Caught trap at pc=8A00160%c

Caught trap at pc=8AAA168%7c

Caught trap at pc=8880010%9c

Caught trap at pc=8A0010%7c

Caught trap at pc=8000107%7c

Caught trap at pc=8A00160%c

Caught trap at pc=8AAA168%7c

Caught trap at pc=8000160%c

Caught trap at pc=8AAA1H0%7c

Had a trap, our Extension iz not loaded- enabhled.

TEST FAILED at Step=o 111

C:~eMIPS Tests>download.exe coml: mmldiv64_testZ_hin && serplexd.exe —n —s —»
......................................................................... Downloa
d complete, 18448 hytes =zent

Will NOT attempt to use the HNIC

Will talk to a BigEndian client <mips.ppc....>

Will exchange un—encoded data ["raw’ model.

Console Thread ...

HiMom?! =p=8ABA1858

GPI0 = ABEBEBUA

MARK — RUNNING NON EXTENMSION TEST
READY . . .
SET...
GOt

DONE. ..

MARKE — RUNNING BASELINE
READY ...

SET...

Gotree

DONE. ..

MARKE — RUNNING EXRTENSION TEST
READY ...

SET...

GOttt

DOME. ..

RESULTS

Errors = HEABAABE

NON ERTENSION TEST RESULIS
NOEXT START = HEBB0EEA . ARA2674h b
NOEXT FINISH = A080800A.A4b5f3cc
NOEXT TIME = B4h38cB1

BASELINE RESULTS
BASE START = HEBA0EEA . A4h85cfd
BASE FIMISH = H98UAeHA . A2 af £ 7fe
BASE TIME = B4f792ha1

EXTENSION TEST RESULTS
EXT START = HERA0EAA . A7b2ale?
EXT FINISH = H38UAEHA . Bhe Bl hec
EXT TIME = B22d47a83

PERFORMANCE over base (baserext) = BAABEAAZ
PERFORMAMCE over original {noext-sext) = AABBBRA2
OUERHEAD over original Chasesnoext) = 5101515151515 08
TEST PASSED SUCCESSFULLY 1_ I~
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3.4 Generating the System ACE Compact Flash Image

1. In your PR build directory create a new folder called ‘SystemACE’ for your compact
flash image.

Bhe o B Vew Fooess Ped el g
Goss - 00 (T 57 b o | S ) ok
o |0 e et e v Bl
Irl'.'.
Lisc
Iwr
A

2. Start the Xilinx IMPACT from the PR tools install of the Xilinx ISE
3. The Xilinx IMPACT project dialog window should appear.

= iMPACT Project
| want to
@Elnad most recent projecti |mm.i|:|f v| [ Browse... ]
[] Load mast recent praject file when iMPACT starts
() create a new project [ipf] |defau|t.ipf | Browse...

4. Select the ‘create a new project (.ipf) option and save it to the ‘SystemACE’ folder in
your PR build directory. Name your project ‘emips_cf.
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= iMPACT Project

| want to

() load most recent project | . ipf | Browese...

[]iLoad most recent project file when iMPACT starts

(¥ create a new project [.ipf] |emips_c:f.ipf |

5. After you have reviewed the window click ‘OK’ to continue.
6. The Xilinx IMPACT Welcome dialog should appear.

IMPACT - Wiedcome 1o IMETAL T

Pz ot mn acRod Ao Hee el bejows
(=1 Coond g dawiosy whing Bourdsy Soan LITAG]
Autirashoally one 10 & Cabie sl sleriih BoueSaly 5t chan W
) Peogae 2 PROM File
3 Proapats & Spgiem ALE Fis
() Prmposis i Bounclais S Fim

(73 Conbgur dewicsts

Frsch ILM:—-:'|
7. Select ‘Prepare a System ACE file’ from the options available.
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MIPACT - Walcome 1o AL

Pt sabsot mn acson Ao e bl bejos
(1 Conlges dewiss wing Bourdsy-Soan LfaG)

) Progawe 3 PROM Fila
(51 Pragats n Sgiem ALK Fis
) Progsie o Boundary Scar Fis

(71 Conbpur dawcat

=]

8. After reviewing your selection click ‘Next’ to continue.
9. The Prepare System ACE Files dialog should appear.

AMPAET - Mrepare System ACL Tiles

| pemcafunsg R

(@) Hinioe

21 Topet

[ ofst || Mty | [ Conea |

10.Click ‘Next’ to continue.
11.The System ACE Compact Flash Size dialog should appear.
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iMIPACT - System ACL Coenpact [ lash Sizo

i, e ALE LF Sow
=3

Rtorve Space 1

1.5 M

|| by

| [ Comee ]

12.Click ‘Next’ to continue.

13.The System ACE Name And Location dialog

MPACT - System ACL Rame dnd Lacation

ey Lolectun Mo s Locsbon
Have Mga 8 Chavecien|  Lirdded

Lissisry | T WeMIPS_PropsefsMIPS_FRAS pelurdiZE",

should appear.

|

| [ Concel |

14.Name the image ‘emips_cf'.
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MIPACT - Systerm ACL Rame dnd Lacation

peoky Calechon Name 30 Losaton
v pian B kaimien| | evips_of
Lissalieit |CWeIPS_PiopseftabMIFS_FRAS pelarnddTE ' Bidwmin. |
[ cpsm |[ meis | [ Lwce |

15. After you have reviewed your entry, click ‘Next’ to continue.
16. The System ACE Configuration Address And Design dialog should appear.

MPACT - Systerm ACE Condigaratien Address And Besign ElEE

dispagn Crwshgunsbon fuddress snd [emon Warre Mas. 1 Ossacten]

[ Eenipuratios Adcean U] (e
[ Confguration Addbezs 1 o0
[ Conipumalar Addbezz 2
[ Coslipwation Adess 3
] Conhpuration dddess & =0
] Confipuration Addesr 5 e
] Covbguration Addmzr B 1
] Conlipastion Addass T e

[ efsk |[ Mtz | [ Conea |

17.Check each configuration address you wish to use and label them.
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IMIPACT - Systerm ALL Condigaratien Address And Design

dipgign Coshguasbon tidress- snd Design Harve Was. 1 Cmvacten|
] Conliguration Adcess | hl

[ Confgpration ez 1 o0

=] Conlpwalun Addbesy 2 mvikde£8

] Cosligwation Adess 3

[ Conhgeaion dddess £ 1=l

L] Configation Adbesr 5 v

u Conbguratior: Addmzr B 1o

[F] Conliguation Addheay T bz

[ cpsm |[ meds | [ Lwce |

18. After you have reviewed your entries, click ‘Next’ to continue.

19.The System ACE File Generation summary will appear.

(MIPACT - System ACL [z Gomeration Summary

i i i ol wildrvelan

Filn Typa Epcturg ACE CF Fim | aced

[revioe Diensdy 132 My
Frimmivud Space O
Tobal Uisshis Soacs 7.3 ity
Collacton Flass mrwga_el

et

in ]

1

2 il
1

'

5

E

T phari.

Clck Frweh” b gl acicing desncs Rles

20.Click ‘Finish’ to continue.

21.The Add Device dialog will appear.

Mow start assigning device file ko

Config Address: O

22.Click ‘OK’ to continue.
23.The Add Device File dialog will appear.
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Loak in: |E} SystemACE j

D

My Recent
Documents

?[':
Desktop
59
My Documents

4y Computer

My Metwark,
Flaces
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s

B cf E2-

File narme:

Files of type:

j Open |

|AII Design Files [*bit *.rbt " nky “izc * bsd)

ﬂ Cancel

D

My Recent
Documents

Desktop

-

My Documents

3N

by Computer

-

My Metwark
Places

~| & &k BE-

24 Navigate to the install directory of your Xilinx ISE with the PR tools.

Look i | ) 8.2splpr

. @chs @ qirkex @virtexZ @xt
125 xinskall =)data 125 qirtenz ) virtexzp )
|5 acecf )doc ) quirtee [Cvirtesd [—p
I25) acempm Siepld I25) smarkmodel ) virtexs )
@acrz @Fpga @spartan @virtexe @xt
|C5) aspartanz I=)fpga_compiler_i |5 spartanz |5 =ad500: )
@ aspartanze @Fpga_express @ spartanze @xaf @xt
|C5) aspartana IC)fpgacare |5) spartanz )b )
@aspartanSe @gnu @spartanSe @xclSVDD @xt
L0 avirtend | I5Eexamples IC5) spartard ) =c3000 )
@bin @java @synopsys @chDUDa @xt
D) cadence I)menkar ) verilog 1) =c300al [
|0 chipiewer Cimsg C)vhdl [C)xc3ton [—p
IC5) categen I grvirkes I5) vigwlog C)xc3100a [t
) cpld Cgrvirkexz |25 wirkes: C)xc3tonl [—p]
< >
File name: | j Open |
Files of type: |AII Dezign Files [* bit * bt * nky “isc * bad) ﬂ Cancel

25.Select the ‘xcfp’ directory and Navigate to the data subdirectory.

172 |Page



DRAFT — DO NOT REPRODUCE

Look ir: | ) data

~| & ® ek E-

D

My Recent
Documents

xcf08p_1532.bsd
*cF0Gp_fs48.bsd
«cfO8p_Fs48_1532.bsd
’r %cF0Bp_vodd.bsd
«cf08p_vod48 1532 bsd
Desktap xcf16p.bsd
. =] xcF16p_1532.bsd
</

xcF16p_Fs4d.bsd
My Documents

xcf16p_Fs48_1532.bsd

*cF16p_vo48.bsd

. wcF16p_vo48 1532 bsd
xcf32p.bsd

M_l,l.Elomputer xcFazp_1532.bsd

xcf32p_Fs4ad.bsd

wef32p_fs48_1532.bsd
wcf32p_wo48.bsd
wef32p_woda_1532.bsd

My Metwark, File name: |
Flaces

j Open |

Files of type:

|40l Desian Files [ bit * bt “rkp *isc “bsd) x|

Cancel

26.Select the xcf32p.bsd’ file.

Look i | | data

~| & &k BE-

. xcf0gp. bsd
@ xcf0Bp_1532.bsd
My Recent xcf05p_fs48.bsd
Documents «cfO8p_fs48_1532,bsd
@ xcf08p_vo48.bsd
«cf08p_vod48 1532 bsd
Desktop =) xcF16p.bsd
. xcf16p_1532.bsd
‘-j xcF16p_Fs4d.bsd
My Documents

wcF16p_Fs48_1532.bsd

*cF16p_vo48.bsd
by Computer

cf16p_vo43_1532.bsd

wef32p_fs48_1532.bsd
wcf32p_wo48.bsd
wef32p_woda_1532.bsd

xcf3zp_Fs48.bsd
My Metwark  File name: |:-ccf32p. bsd ﬂ Open |
Places

Files of type:

| & Design Files [* bit “ bt * nkp “isc “bsd] v |

Cancel

27.Click ‘Open’ to continue.
28.The Add Device dialog will appear.

= Add Device

would wou like to add another design file to

Config Address: 07

| Yes

J [

29.Click ‘Yes’ to continue.
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D

My Recent
Documents

F‘[‘_‘

Desktop

My Documents

4y Computer

My Metwark,

Flaces
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=l

B cf E2-

xcf0gp.bsd
«cfogp_1532.bsd
*cF0Gp_fs48.bsd

wef32p_fs48_1532.bsd
wcf32p_wo48.bsd
wef32p_woda_1532.bsd

«cfO8p_Fs48_1532.bsd
*cFOGp_vo48.bsd
«cf08p_vod48 1532 bsd
xcf16p.bsd
«cF16p_1532.bsd
xcF16p_Fs4d.bsd
«cF16p_Fs48_1532.bsd
*cF16p_vo48.bsd
wcF16p_vo48 1532 bsd
xcf32p.bsd
«cf32p_1532.bsd
xcf32p_Fs4ad.bsd

File name: || A

|40l Desian Files [ bit * bt “rkp *isc “bsd) x|

Files of type:

Open |
Cancel

30. Navigate to the location of the bit files you wish to include in this compact flash image.
Add Device K3

-

My Documents

by Computer

—

My Metwark
Places

Laak in: | 1= mmidivE4 j & i E-
53 (3 PREmpdir
My Recent mipspl_fpga3_base_rouked_full. bit
Documents mipspl_fpga3_ext0_mmldivé4_routed_partial. bit
@ pblock_ext0_blank. bit
Desktop

File narme:

Files of type:

=]

|AII Design Files [*bit *.rbt " nky “izc * bsd)

[~ |

Open |
Cancel

31.Select the desired bit file.
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Add Device ?IX

Loak in: |l'f) mmidivEd j & ck E-

r [C3)PRAtmpdir
;3 IC5) PREmpdie

My Recent mipspl_fpga3_base_routed_Full bit

Documents mipspl_fpga3_ext0_mmidive4_rouked_partial.bit
?I' phlock_ext0_blank. bit
Desktop

My Documents

4y Computer

Mypfilaectlgvsork File name: |mipspl_fpgaS_base_routed_full.bit j Open |
Files of type: |AII Dezign Files [* bit * bt * nky “isc * bad) ﬂ Cancel

32.Click ‘Open’ to continue.

33. The Warning dialog will appear.

Warning

W AR MIMNG:MPACT: 2257 - Startup Clock has been changed to 'JtagClk! in the bitstream stared in memary,
bt the ariginal bitskream file remains unchanged.,

34 .Click ‘OK’ to continue.

35.The Add Device dialog will appear.

Wauld wau like ta add anather design file o

Config Address; 07

| Yes | ’ Mo

36.Click ‘Yes’ to continue.
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Add Device

Lok in: | £ mmidive4

= = o E-

! () PRAmpdir
;3 IC5) PREmpdie

My Documents

4y Computer

My Recent mipspl_fpga3_base_routed_full bit
Documents mipspl_fpga3_ext0_mmldive4_routed_partial,bit
FI' phlock_ext0_blank. bit
Desktop

My Metwark, File name: |
Flaces

j Open |

Files of type:

|40l Desian Files [ bit * bt “rkp *isc “bsd) x|

Cancel

37.Navigate to the install directory of your Xilinx ISE with the PR tools.

Look i | ) 8.2splpr

.| @chs
' 3 =)data
by Recant |5 acecf )doc

Documents

I25) acempm Siepld
@ C)acrz Cifpga
|C5) aspartanz =) Fpga_compiler_i

Desklop @ aspartanze @Fpga_express
: @ aspartan3 @Fpgacore
‘-j @ aspartan3e @gnu
L0 avirtend | I5Eexamples
My Documents Shtin Diava
- D) cadence I)menkar
I = |0 chipiewer Cimsg
o s IC5) categen I grvirkes
) cpld Cgrvirkexz

. <

My Metwork. File name: |
Places

Files of type:

| & Design Files [* bit “ bt * nkp “isc “bsd] v |

~| & &k BE-

@ qirkex @virtexZ @xt
@qvirtexZ @\-’irtepr @X(
@qvirtexe @virtex‘? @xt
I25) smarkmodel ) virtexs )
@ sparkan @virtexe @xt
|5) spartanz |5 =ad500: )
) spartanze C)xaf [—p
|5) spartanz )b )
@spartanSe @xclSVDD @xt
IC5) spartard ) =c3000 )
@synopsys @chDUDa @xt
) verilog 1) =c300al [
C)vhdl [C)xc3ton [—p
I5) vigwlog C)xc3100a [t
|25 wirkes: C)xc3tonl [—p]
| >

j Open |

Cancel

38. Select the xc9500xI’ directory and Navigate to the data subdirectory.
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Laak in: |l'f)data j " =¥ EE-

ﬁ =) xeomad_1532 bed

My Recent r9536x]_cs48.bsd
Documents xcO536x_csd8 1532 bsd
fr xC9538x]_pce4.bsd
«r9536x_pra4_1532.bsd
%9536 _v1.bsd
; «r9536xd_v1_1532.bsd
.-j *C9536x|_vq44.bsd
«r9536x_vqdd_1532.bsd
*09536x|_vq64.bsd
«r9536x_vqs4_1532.bsd

;jj;g %0957 2%, bsd

xc9572x_1532 bsd

Desktop

My Documents

%9572 cs48_1532.bsd

#e9572x)_ped4.bsd

%r9572%]_pra4_1532.bsd

«%r9572_tq100.bsd

%9572+ _tql00_1532.bsd

xc9572x]_wqd4.bsd

w9572 gt _1532. bsd

%0572 _wqad.bsd

%9572 wqed_1532. bsd

%c95 144, bsd
¥r95144x]_1532.bsd
%C95144x)_cs144,bsd

¥r95144x_cs144_1532.bsd

«r95144x]_bq100.bsd

%95144x)_tq100_1532.bsd

¥e95144x]_tqldd.bsc
wr95144x tql44 15
*¥C95255x].bsd

%c95288x]_1532.bsd
¥C95288x_bgzs6.bs
«r95288x_bg256_1c
*C95258x]_cs280. bse
x%c95288x]_cs280_15
*C95255x]_fo256.bst
x%c95288x_fg256_15
¥r95288x_pg20s.bs
%c95288x_pq205_1¢t
wr95288x]_tql44.bsc
«r95288x_tql44 15

*
j Open |

4y Computer -
%0957 2x]_cs48.bsd
e <
My Metwark, File name: |
Flaces
Files of type:

|AII Design Files [*bit *.rbt " nky “izc * bsd)

ﬂ Cancel

39. Select the xc95144xI tq100.bsd’ file.

Add Device

Look jr: | | data

~| & &k BE-

A %9536, bsd
ﬁ %r9536x_1532.bsd
My Recent r9536x]_cs48.bsd
Documents xcO536x_csd8 1532 bsd
@ *r9536x]_pc44.bsd
«r9536x_pra4_1532.bsd
%9536 _v1.bsd
; «r9536xd_v1_1532.bsd
—j *C9536x|_vq44.bsd
wr9536x_vq4d_1532.bsd
*09536x|_vq64.bsd
wr9536_vqe4_1532.bsd

;jjjg %0957 2%, bsd

xc9572x_1532 bsd

Desktop

My Documents

%9572 cs48_1532.bed

#e9572x)_ped4.bsd

%r9572%]_pra4_1532.bsd

%9572 tq100.bsd

%9572+ _tql00_1532.bsd

xc9572x]_wqd4.bsd

w9572 gt _1532. bsd

%0572 _wqad.bsd

%9572 wqed_1532. bsd

%c95 144, bisd
¥r95144x]_1532.bsd
%C95144x)_rs144, bsd

5d

95144xl_cs144_1532.bsd

:
%095144x)_bq100_1532.bsd

¥r95144x]_tqled.bsc
%c95144x]_tqldd 15
*%c95288x. bsd

%CUE288_1532 bsd
wr95288x_bg25e.bs
«r95288x_bg256_1c
*C95258x]_cs280. bse
«r95288x_cs280_15
*C95255x]_fo256.bst
«r95288% Fq256_15
¥C95288x_pqz0a.bs
«r95288%_pq208_1¢
*C95255x_tql44. bse
«r95288x_tql44_15

|sc951 44x1_tq1 00 bsd

k4
j Open |

by Computer -
xC9572x]_cs4d.bsd
- 3
My Metwark File name:
Places
Files of type:

|AII Design Files [*bit *.rbt " nky “izc * bsd)

ﬂ Cancel

X

40.Click ‘Open’ to continue.
41.The Add Device dialog will appear.

= Add Device

Config Address: 07

would wou like to add another design file to

| Yes

J [

42.Click ‘No’ to continue.

43.The Config Address dialog should appear.
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=~ Config Address - A... [3__(|
Adding device file ko

Config Address: 2

-
P ideaxeREE D wap v

— 888

[ Foigr

] o it
I-.- e
L —— e el g P |y g

45. After you have reviewed your configurationé. Right click on thé_compact flash icon on
the screen and select ‘Generate File’
46.The ACE File Generation Option dialog

== ACE File Generation Option

should appear.

Syztem Ace CF Active Callection

Total Collection Mumber: 1

Active Collection:

47.Click ‘OK’ to continue.
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| ry—
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48.The Xilinx IMPACT has generated a directory for your compact flash.

M B Wew Frvodss Tk el >
- L - R LT Fokdern | [TT]+ | ) P e

R | R P ke v Bl=

---------

49. Copy the contents of this directory to a compact flash card no larger than 32MB.

3.5 Testing
In addition to the minimal testing described above, this distribution provides a number of

other software images to test the build of the eMIPS system. These tests are classified in two
classes: (a) the stand-alone tests that can be downloaded and executed in RAM using the boot
loader and (b) the tests and programs that run under the Microsoft Invisible Computing
operating system, which are installed on the ML401 on-board linear FLASH chip.
Both sets of tests are contained in the archive file “eMIPS Tests.zip”. The following are the
instructions on how to unpack and execute both sets of tests.

1. Extract the files from the archive. Right-click on the “eMIPS Tests.zip” zip file and select

‘Extract all’.
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2. The Extraction Wizard window should appear.

Extraction Wizard x|

Welcome to the
Compressed (zipped)
Folders Extraction
Wizard

The extraction wizard helps you copy files
from ingide a ZIP archive.

To continue, click Mext.

Cancel |

3. Please click ‘Next’ to continue.

10.The next screen you should see is the destination selection screen.

By default it will

have your current directory selected. Change it to some other location; we will use the

folder “c:\eMIPS_Tests” in these instructions.

Extraction Wizard |

Select a Destination S
Files inside the ZIP archive will be extracted to the location you

choose.

Select a folderto extract files to.
Files will be extracted to this directory:
cieMIPS_Tests|

Browse... |
Password... |

Extracting...

< Back Mext > Cancel

11.Click ‘Next’ to continue.
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foxracionwaars = x
Select a Destination T
Files inside the ZIP archive will be extracted to the location you
choose.

Select a folder to extract files to.
Files will be extracted to this directony:
JCeMIPS _Tests

Browse. .

Bassiword...

il

Exracting...

<Back [ New> | cancel |

12.You should see the progress bar begin to fill. This may take some time depending on
your system, between 5 to 10 minutes.
13.The next screen you should see is the extraction complete screen

x
BExdraction Complete o
Files have been successfully extracted from the ZIP archive.

Files have been successfully extracted to the following
directory:

CeMIPS_Tests
To see your extracted files, check the box below:
7 & :

Press finish to continue.

To help protect your computer, some files wene blocked.
Why are files blocked, and how can | open them?

<gack [ Fmsh | cancel |

14.Please click ‘Finish’ to complete the extraction of the test files.
15.The Folder containing the test programs should appear. You can now run either the
stand-alone tests or the OS tests.
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3.5.1.1 Running the stand-alone tests

Each of the stand-alone tests will run and at the end of the execution will display one of
two strings: “TEST PASSED SUCCESSFULLY” for a successful completion or “TEST FAILED”
in case of failure. Each stand-alone test can be run individually, using the two provided utilities
DOWNLOAD.EXE and SERPLEXD.EXE. The tests can also be run in sequence, using the
provided utility WIN_TESTIT.EXE. The section “Verifying the Configuration Bit Files” shows
how to run an individual stand-alone test, in that case the test mmldive4_test2.bin. The
following stand-alone programs are provided and can be run in isolation:

ctimer.bin ctint.bin ext_test.bin
jf.bin mmldive4 test2.bin mneg.bin
neg1.bin pmt.bin shift.bin
snake.bin tdiv.bin tdiv2.bin
tdown.bin techo.bin tflash.bin
tgpio.bin thfs.bin thfs1.bin
thfs2.bin tint.bin tprintf.bin
treset.bin treturn.bin tsb.bin
tsysace.bin tth1.bin tthreads.bin
tusart.bin tusart1.bin

We will first run in isolation the test PMT.BIN, which looks at the I/O map of the eMIPS
system. We will assume, for illustration purposes, that the serial line link to the ML401 board is
now on “‘com3:” rather than “com1:” as previously assumed, to make clear where this optional
argument is used.

1. Open a command prompt in the test folder above

% | Command Prompt =1a] x|
C:eMIPS_Tests>_ ﬂ

2. Type the command: “download com3: pmt.bin && serplexd —n —r —s com3:”
3. The test is downloaded and executed, the output should be as follows:
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“|Command Prompt - serplexd.exe -n -r -s com3: =10l x|

C:=%eMIPS_Tests*download.exe comn3: pmt.hin && serplexd.exe —-n —» —s con3: :J

................................ Download complete,. 8@@8 huytes sent

Hill NOT attempt to use the HNIC

Will exchange un—encoded data ['raw’ model.

Will talk to a BigEndian client <{mips.ppc....>»

Console Thread ...

Peripheral Mapping Table, from the top at fffffffc

Pmt [AOBAROEA]: BOBABEE1L —— Address = BOOBOAOE Tay

Pmt [(AOBAARA1 1: fFfdBBBA2 — Address = fffdBOBA Tay
SRAMIBBBAABEA ] .AddresssAndTay = BREAEEE2
SRAMIBABAAAAA] . Control = BA1MEAHGA

Emt[BBBEBBB2]: fFfadpls —— Address = fffaB@@d Tag

AICI[ARAAAAAA].Tay = BOBOBAOS
AIC[AWAANAAA] . IrgStatus = BHABAAEA
AICI[ARBAAAEA] . IrqRawStatus = HRBEEOOA
AICI[AABAAAAA]. IrqEnable = DBBAOBOA
AIC[ANAAAARA ] . IrgEnableClear = BHABEAHA
AICI[AAB0AAEA]. [rqSoft = BOBEBAOA

Pmt [(AOAOAAA3 1: FEFBABAT? —— Address = FFFRO000 Tag = AABBAAAT? TIMER
TCIHANAANAR] . Tag = HABAABA?
TCIAAABAAAA] . Control = BBDBEEAA
TCIAAAAAAAA] . FreeRunning = HAAARAAAOANAAAAA
TCIHAWAAAAA ] . DownCounter HAIRBARNABHAERA
TCIAABABAAAA] . reserved (@] FEEEEELsE
TCIARAARARAA] .. reserved[1] = FFEFFEFF

Pmt [AOHOEAA4]1: FEf970006 — Address = FEF700U8 Tag = HABAAEAGC USART

USART [BO0AEA0AA].Tagy = BABBOEAG

USART [ARAAAAGA]. Control = B2eAAA5A

USART [BABAAABA ] . IntrEnable = B000AAHA

USART [BAAABEAOAA]. IntrDisable = DBBBOBEE

USART [AAAAAABA] . IntrMask = BAABOBAAA

USART [AAAAAAGA 1. Channe 1Status = HABHABAA

USART [BOAABAGOA 1. RxData = DABBROEE

USART [AOAARAOA] . TxData = FFEFFFFF

USART [H0BAAAAA 1. Baud = ABBAWAZY

USART [(BOAABAOA].Timeout = FEEFFFFF

USART [ARAARAOA ] . reserved[B] = FFEFFFFF

aeanaea1l PHT
HAvaarazZ2 SRAM

#88888a5S INTERRUPT _CONTROLLE

USART [B00ARAOA ] . reserved[l] = FFEFFFFF
USART [BO0AEA0A ] . reserved[2] = FEFEEFIT
USART [ARAAPAOA ] . reserved[3] = FFEFFFFF
USART [BAB0ARAOA ] . reserved[d4] = FFEFFFFF
USART [B00ABA0A ] . reserved[S] = FEFEEFIF

Pmt [(ARABAAAS 1: FIF6ABA? — Address = FEF6BAPA Tag = AABBABAA? GPIO
PIO[AABAAAAAA] . Tag = ABBABAAY
PIO[AABAAAEA].Enable = BBOBAAL f
PIO[AAAAAARA] . Disahle = fFFLFFffF
PIO[AAAAAAAA] . Direction = BHABAOHA
PIO[ABBOAAEA] . QutDisabhle = FEFFFEFF
PIO[AABAAAAAA].Pinlata = ABANAAAA
PIO[AABAAAAAA] . Pinlata = BEAHAAEA
PI0O[ABBOAAEA].ClearData = FEELFFET
PIO[AAAAAAAA].PinStatus = ABAAAARA
PIO[ABABAAAEA] . IntrStatus aeanaRaa

PI0O[ABBAAAEA]. IntrEnable 6101015 ]5] 51510 ]
PIO[AAAAAAAA] . IntrDisahle = ffFFEFEf
PIO[AABGAAEA] . IntrTrigger = B00BEBE0
PI0O[ABBOAABA] . reserved[B] = £EFFEFFT
PIO[AAAAAAAA] . reserved[l] = £fEfFFEFEF
PI0[ABB00ABA] . reserved[2] = £EFFEFFF

Pmt [ABB0BBB6 1: fffhBaAB4 —— Address = £fffhBEOA Tag
FLASH [AAAAAARA 1. AddresssAndTag = fRAAAAR4
FLASH [BBBABA0A].Control = BESHEA1L

Pmt [BBB0BBAY1: fFff58@0a —— Address = £ff50000 Tag
ACELARAAAARA] . Tagy = HRAAABAA
ACEL[ABBAAAEA] . Control = 4fB28106
ACE[@ABBAAAEA] . BUSMODEREG = BA880@181
ACELAAAAAAAA] . STATUS = 1515181A
ACE[ABB00A6A ] . ERRORREG = DABBAREE
ACE[ABBAAAAA ] . CFGLBAREG - BBBA0BOA
ACEL[AAAAAAAA 1 .MPULBAREG = BABAARAA
ACE[ABB00AEA] . VERSIONREG = B8806cHACc
ACE[ABBAAAAA].SECCNTCMDREG = A0B0E101
ACE[ABBAAAAA 1. CONTROLREG = #A8B0AA8A8
ACE[ABB00AEA]1.FATSTATREG = @880B06A
Emt[ﬂﬂﬂﬂﬂﬂﬂﬂ]: ffee@dll — Address = ffeeBBBB Tag = BBO0AB11 ESTENSION_CONTROLLE

Pmt [AABOBEE? 1: BOBBffff —— Address = HO0PEEO0 Tag g88ef f£f END_OF_TABLE
TEST PASSED SUCCESSFULLY1_ _1]

d880a88a4 FLASH

B880a88a SYSTEM_ACE
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3.5.1.2 Running all the stand-alone tests

The stand-alone tests can be run in sequence using the provided utility
WIN_TESTIT.EXE. This program contains a list of tests and their arguments, that are used by
the eMIPS developers to verify a new bitfile before running the OS tests.

1. Open a command prompt in the test folder

“ | Command Prompt =100 x|
C:seMIPS_Tests> ﬂ

Type the command: “win_testit com3:”
The program runs and downloads each of the tests in sequence, the initial output
should be as follows:

wn

¢4 Command Prompt - win_testit com3: o [m] 1

F
eMIPS_Tests>win_testit comd: :I
unning tests from DefaultTestsList

Running test ‘treset_hin’

....... Download complete, 1552 hytes sent
Initiating a system RESET..
EST PASSED SUCCESSFULLY1

Running test ‘tflash.bin’

........... Dowvnload complete. 2672 hytes sent
iMom? sp=80880a3Q
— FLASH —

ag=f B0BAEA1
ontrol=-008@8A1bL

athering Device Information
anufacturer GCode=870887600
evice Code=16881680

LASHI3 1=-080600000

TEST PASSED SUCCESSFULLY1
Running test ‘tsyszace._bin’

=
4. The tests will take some time to execute, between 10 and 15 minutes. The final output
should be as follows:
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%] Command Prompt o m]
o ' ;I
B i
E+[H = |
o H
B i
You lost on level B, zcore Be[K
Manna play againlynl?«[KnTEST PASSED SUCCESSFULLY1Ran 28 tests,. 28 pass B8 fail
C:\eMIPS_Tests>_ i
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3.5.1.3 Running the OS tests

The OS-level tests require the flashing of the bootable image ML.BIN and of the file
system image MLFS.FLP into the ML401 linear FLASH. The following sequence of procedures
will boot the OS via the boot loader, execute the provided utility STRATAFLASH.EXE to flash
those images, reboot the OS from flash and run a simple test.

1. Open a command prompt in the test folder

| Command Prompt =100 x|
C:seMIPS_Tests> ﬂ

2. Make sure the switches 1 and 2 on the GPIO DIP switches of the ML401 board are still
in the down position.

3. Type the command: “download com3: ml.bin && serplexd —n —s com3:”. Notice the
absence of the “-r” switch in the serplexd arguments.

| Command Prompt - download.exe com3: ml.bin -0 x|
] i J
i -
You lost on level B, score B+[K
Manna play againlyn1?+[KnTEST PASSED SUCCESSFULLY1Ran 20 tests. 28 pass @ fail
C:eMIPS_Testzsdownload.exe com3: ml.bin && serplexd.exe —n —s comd: J

4. The OS image is downloaded and starts to run, loading the first application program
(make sure the file TZK.COB has not been removed from the test folder). Once
initialization is complete the output should be as follows:

.| Command Prompt - serplerd.exe -n -s com3: 10| %]
ou lost on level B, score Be¢[K ﬂ

anna play againlyn1?«[KnTEST PASSED SUCCESSFULLY1Ran 28 tests, 28 pass B fail

»eMIPS_Tests»download.exe com3d: ml.bhin && serplexd.exe —n —s com3:

............... Dovnload complete, 65184 hytes sent
ill HOT attempt to use the NIC

ill talk to a BigEndian client {mips.ppc....>»
onsole Thread ...

s/init.tzk not found.

> =

5. Type a few simple commands to verify the command shell is working properly.
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% |Command Prompt - serplexd.exe -n -5 com3: =10 %]
eMIPS_Tests>download.exe com3: ml.bin && serplexd.exe —n -z con3d: ‘:J
vvevewvewv....Dounload complete, 65184 hytes sent 7
ill NOT attempt to use the NIC
i1l talk to a BigEndian client (mips.ppc....> _J
onzole Thread ...
s/1init.tzk not found.
Free Reserved Commit Used Maxlszed
958352 983272 983272 24928 3ps12 _J

6. At this point we want to flash the OS image to flash. Type the following command to the
shell: “strataflash.exe f0000000 fs\ml.bin 0 TWINCHIPS BUFFERED”. Please note that
the arguments are case-sensitive. After the program has been loaded over the serial
line the output is as follows:

% |Command Prompt - serplexd.exe -n -s com3: -0l x|
s Y
> memory J

Total Free Reserved Commit Used Maxlsed
83272 258352 283272 283272 24928 Jas12 —

» strataflash.exe FTABAAAAA fsml.hin @ TWINCHIPS BUFFERED

hecking FLASH (fARAAAAA

anuf acturerld: x89 Deviceld: x16

lash was recognized, type 2BF328

one of the sectors are locked.

re you sure you want to do this 7 _ ‘:J

“

7. Answer “y” to continue. The file is downloaded and flashed, progress is marked by
hash marks. When flashing is complete the output is as follows:

% |Command Prompt - serplexd.exe -n -s com3: -0l x|

anuf acturerld: x89 Deviceld: xi6
lash was recognized, type 28F3206
one of the sectors are locked.

re you sure you want to do this 7 y —l
LASHing file fssml.hin at offset B.

rasing sector B [offset xB]1 ...done.
PR HHHEHE T HHHHHHHHHHHHHHHHHHH U done .
yteSum=x3deeld (4858648,

- [

8. At this point the base OS image is flashed. Now we want to flash the file system image.
Type the following command: “strataflash.exe f0000000 fs\mifs.flp 80000 TWINCHIPS
BUFFERED”. Please note that the arguments are case-sensitive. After the program
has been loaded over the serial line the output is as follows:
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| Command Prompt - serplerd.exe -n -5 com3: -0 x|
rasing sector B [offset xB1 ...done. 'J
Hi i g e R R R R R R R R R R R R R R done .

yteSun=x3deeld (4858648 . -l

» strataflash.exe FAAABEAA fssmlfs.f1p 86@AA TWINCHIPS BUFFERED

hecking FLASH RBf AAAAEAA

anufacturerId: x89 Deviceld: xib

lash was recognized, type 28F328

one of the sectors are locked.

re you sure wou want to do this ? ,:J

“

9. Answer “y” to continue. The file is downloaded and flashed; progress is marked by
hash marks. This process should take between 5 and 10 minutes. When complete the
output is as follows:

4 |[Command Prompt - serplexd.exe -n -5 com3:

> strataflash.exe fOABAAAA fzmlfs.f1p 88AAA TWINCHIPS BUFFERED
hecking FLASH BfARABROA

anufacturerld: x89 Deviceld: x16

lash was recognized, type 28F328

one of the sectors are locked.

re you sure you want to do this ? vy

LASHing file fssmlfs.flp at offset BOBBAA.

rasing sector 2 [offset xBAAAA] ...done.
i R R R R R R R R R R R
R R S R R i
i R R R R R G R R R R R R
IR EE iR
rasing sector 3 [offset xcBBBB] .. _done.
R S R R i
i G R R R R R R R R R R R
R R S RS R s
i
rasing sector 4 [offset x188ABA]1 ...done.
i R R R R R R R R R R R
R R S R R i
i R R R R R G R R R R R R
IR EE iR
rasing sector 5 [offset x140880]1 .. _done.
R S R R i
i R R R R G R R R R R R R
g R R R Y done .

yteSum=x3A16fF8 (5A425848).

10. At this point both the OS image and the file system images have been flashed. To test
them please flip the switches 1 and 2 on the GPIO DIP switches of the ML401 board to
the UP position. Then hit the “CPU Reset” button of the ML401 board. The output is as
follows:

% |Command Prompt - serplexd.exe -n -5 com3: -0 x|

rasing sector 5 [offset x14808@]1 ...done. _J
FHEHE R R U EHEH
T G R R R R
it R R E R done.

yteSum=x3016ff8 (5A425848).
> GPI10=3

}S/init.tzk not found.

- =

11.You can type a few simple commands to test the basic functionality:
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= | Commmand Prompt - serplexrd.exe -n -5 com3: -0l x|
> GPI0=3 ﬂ
fzsinit.tzk not found.

» 1l.exe ™

Hamespace

vtahles=
COB»=
coml
serplexba
spfs=
serplex6d
serplexbc

1825482752 =sysace
stdin
stdout =
stderr
fox

» 1l.exe fs

Hamespace fs

28416 tzk.coh
8168 srB.exe
7?7?64 sernet.coh
5228 lsmodule.exe
123484 protocol.cob
776 11.exe
33928 sock.exe
16668 datetime.exe
13784 hostfstest.exe
8972 tokenizer.coh
18172 sax.coh
68768 http.cob
21696 soap.cob
212444 convert.coh
4268 tmp_heap.cob
13768 wsaddr.cob
28456 wsdiscov.cob
44832 wsman.coh
42612 cindh.coh
4188 cimsample.coh
4796 hasebd.coh
7268 sensor.coh
34412 planner.coh
18424 statistics.cob
3572 sampling.cob
38736 sntp.cob
25192 wsres.coh
18768 dssp.cob
18492 hostfs.cob
45248 ping.exe
168?26 calc.cob
11228 tsyzace.exe
4416 ext_test.exe
78 net.tzk
28848 strataflash.exe
62 flash_fs.tzk
26888 fatfstest.exe
24816 mmldived_ext.exe

- I

This concludes the basic OS level tests and the board is operational under the eMIPS
system.

The use of the DIP switches in software is as follows:
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Used by the eMIPS built-in bootloader. If read as “0” (DOWN position) the
bootloader downloads an image from the serial line into SRAM, then jumps to it.
You should use the DOWNLOAD.EXE utility to communicate with the bootloader.
If read as “1” (UP position) the bootloader jumps directly to the linear FLASH.
Used by the OS. If read as “0” (DOWN position) it uses the serial line exclusively
to communicate with the SERPLEXD.EXE utility and to access all executable
images and data remotely, over the serial line. If read as “1” (UP position) it looks
first at the linear FLASH for a filesystem image. The OS still enables the serial
line file system (“hostfs” protocol) using the name “srfs”.

3.5.1.4 Running the Web Server
This demo has the following pre-requisites:

A.

B.

C.

The OS image and the file system image should have been written to the linear
FLASH. See previous section for detailed instructions.

The VirtualPC NIC driver must have been installed on the Windows host
machine. You can either wuse the VirtualPC product from
http://www.microsoft.com/windows/products/winfamily/virtualpc/default. mspx
(recommended) or use just the virtual NIC driver from the Microsoft Invisible
Computing distribution at http://research.microsoft.com/invisible/  Look under
Source:src:drivers:net:packet:lib:i386: VMNetSrv.msi

Your network must be running a DHCP server capable of assigning IP addresses
to a previously unknown Ethernet address.

1. Open a command prompt in the test folder

 |Command Prompt =10 =l
C:eMIPS_Tests>_ ﬂ

2. Make sure the switches 1 and 2 on the GPIO DIP switches of the ML401 board are in
the up position, as they were left for instance by the previous test. Start the
SERPLEXD.EXE utility with the following command: “serplexd —s com3:”. Note that we

do not use either the “-r” nor the “-n” command arguments. You might optionally hit the
“CPU Reset” button to get a clean start. The output is as follows:
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.| Command Prompt - serplexd.exe -s com3: -0 x|

eMIPS_Testsrserplexd.exe —s com3: ﬂ
ill talk to a BigEndian client {mips.ppc....>
arning: UirtualPC Network driver has unexpected version (Actual: 28004, Expect
ed: 20006
Conzole Thread ...

> GPID=3
fzs/init.tzk not found.
>

[
A possible warning about an unexpected version of the driver can be ignored. Type the
following command: “source fs\net.tzk”. This might take some time, depending on the
traffic on your network. Your DHCP server should assign an IP address to the board
and the output is similar to this:

“ | Command Prompt - serplexd.exe -s com3; =10l %]

\eMIPS_Tests? ﬂ
»eMIPS_Testsserplexd.exe —3 com3:

ill talk to a BigEndian client <mips.ppc....>

arning: UirtualPC Metwork driver has unexpected version (Actual: 28884, Expect
ed: 20006
Console Thread ...

> GFI0=3
fz/init.tzk not found.
> source fswnet.tzk
dhcp_sub.c:Could not hind to file hostname.txt
Interface sr@ has IP address 172.31.41.212.
The DHCP information iz valid, our lease will expire in 345594 seconds.
The IP address 172.31.41.212 was leased from the DHCP Server 172_31.40.6
Default route through gateway 172.31_.48.1 with subnet mask 255.255.248.@
There are 3 DNS server(s?
239_.255_255 253
157.54.14.162
157.54.14.178
The domain name on this interface is “redmond.corp.microsoft.com’ _J

In our case, the board was assigned the IP address 172.31.41.212. Next we start the
http server, type the following command: “http.cob”. The output is as follows:

% | Command Prompt - serplexd.exe -s com3: -0 x|

> GPFI0=3 ﬂ
fz/init.tzk not found.
> source fswnet.tzk
dhcp_sub.c:Could not bhind to file hostname.txt
Interface sr@ has IP address 172.31.41.212.
The DHCP information is valid, our lease will expire in 345594 seconds.
The IP address 172.31.41.212 was leaszed from the DHCP Server 172.31.48.6
Default route through gateway 172.31.48.1 with subnet mask 255.255.248.8
There are 3 DHS serveris)

239_.255.255_253

157.54.14. 162

157.54.14.178
The domain name on this interface iz ‘redmond.corp.microsoft.com’
; http.coh

=

5. The http server is now operational. To test it, open a browser windows and point it to the

URL http://<board IP address> which in our case is http://172.31.41.212. The output
from the browser is as follows:
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2 MMLite - Microsoft Internet Explorer

S Back » = - @ A | @Search (3] Favorites @Media @ | %v S = _g .11

fddress |@http:ﬁ1?2.31.41.212x j PGo | Links

_[Of x|
File Edit ‘iew Favorites Tools  Help ﬁ
-

vtables
COB

coml

serplexba
stfs
serplextd

serplexéc
sysace

stdin
stdout
stderr
fs
510

B

/&) Done ’_ I_ I_ 4 Internet

3.5.1.5 Testing the CompactFlash card

This test assumes that a properly formatted CompactFlash card is inserted in the CF
connector on the ML401 board. The test is non-destructive; you can safely use the Xilinx CF
card that came with your board.

1. Open a command prompt in the test folder

= | Command Prompk =10l x|
CineMIPS_Tests> ﬂ

2. Make sure the switches 1 and 2 on the GPIO DIP switches of the ML401 board are in
the up position, as they were left for instance by the previous test. Start the
SERPLEXD.EXE utility with the following command: “serplexd —s —n com3:”. Note that

we do not use the “-r’ command argument. You might optionally hit the “CPU Reset”
button to get a clean start. The output is as follows:
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ommand Prompt - serplexd.exe -5 -n com3:

_|o| x|
eMIPS_Tests>serplexd.exe —s —n com3: ﬂ
ill talk to a BigEndian client {mips.ppc,...>»

ill HOT attempt to use the HNIC

onsole Theead ...

ill talk to a BigEndian client <mips.ppc....>» "
1ll HOT attempt to use the NIC
onsole Thread ...

s/init.tzk not found.
» start fatfstest.exe fat sysace
>

4. Test that the “fat” filesystem is present and look at the CF Card content. Type the
following commands in sequence: “Is” and “ll.exe fat\”. The output should be something
like the following:

[ [Command Prompt - serplexd.exe -s -n com3: =10l =]
start fatfstest.exe fat sysace al
. F

%HL
Ffatfotest .exe
> Ll.emxe Fath

Hampapace Fats

525 A4@4d_htm
203 arrow.gifl
2417 contents.htm
463 header.htmn
921654 image@l_bmp
9216542 imageBZ . bmnp
221654 dmageBdd _bmp
F21654 dimagedd.bnp
921654 dmageBdh .bmp
21654 imagedi . hap
221654 imageB@? _bmp
1328 index.hkhitm
13845 larvge . .htm
521 main.htm
S87 mypage . htm
ARE zimple  htm
I?7ETA sound.wav
239 wilinx_ays
m1-481 =
HILIHH~»
mmlite
Z6H1? ceMIPE . jpg
2881 neil. jp
2457 snndrn.ﬁpq
4 gJuh.j
ﬂhnr:¥?dpg
B1iWZ2 Brandon . g
2237 liu. jpg
F2WY omcar.jp
17388 aibineno
L ; Ecial .
bgﬁ.htn v
1571 deFault_ hitm
564 sng.htm
7123 phii Face.
i ace .
Y185 Enrrcn.dpgapg
5844 kavrlm. jpg
260% hong . Jpa
26848 Hishith. jpy

> =]
You can add files to the CF card; in our case we have added a few files for a simple web site.
Repeating the previous procedure we start the http server, and then we can look at the web

- deg
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site using the URL “http:/ /172.31.41.212/fat/default.htm”. The output from the browser might
be something like this:
3 eMIPS Web Server - Microsoft Internet Explorer o =]

File Edit ‘jew Favorites Tools  Help ﬁ
wBack v = - () A ‘ Qsearch [EFavortes FiMedia o4 | 2 S - o

heldvess | hitp:/{172.31.41.212/F2tdef aul. htm | @0 |Lnks > & -

ﬂ
Contents
eMIPE 15...
Brought to vou by,
DemoFest Booth 26! Eudos to..
Embedded Systems Group

WSE
ESG Web
eldIPS Web
Broleen Link:
=
€] C L BB Localintranet y

3.5.1.6 Testing an Extension using SystemACE

This test assumes that a properly formatted CompactFlash card is inserted in the CF
connector on the ML401 board. It further assumes that the partial bit file
pblock_ext0_blank.ace has been generated using the procedures described in section 3.4, and
located in slot number 4 of the CF card. The test is non-destructive, no file will be modified.

5. Open a command prompt in the test folder

| Command Prompk =]
C:seMIPS_Tests>_ ﬂ

6. Make sure the switches 1 and 2 on the GPIO DIP switches of the ML401 board are in
the UP position, as they were left for instance by the previous test. Start the
SERPLEXD.EXE utility with the following command: “serplexd —s —n com3:”. Note that
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we do not use the “r” command argument. You might optionally hit the “CPU Reset”
button to get a clean start. The output is as follows:

ommand Prompt - serplexd.exe -s -n com3: - |E||£|

eMIPS_Tests>serplexd.exe —s —n com3: ﬂ
ill talk to a BigEndian client {mips.ppc,...>»

ill HOT attempt to use the HNIC

onsole Theead ...

> GPI0=3
s/init.tzk not found.

> =
Type the following command: “start fatfstest.exe fat sysace”. The output is as follows,
there should be no error messages:

¢ | Command Prompt - serplexd.exe -s -n com3: - 0] x|

eMIPS_Tests>serplexd.exe —s —n com3: ﬂ
ill talk to a BigEndian client <mips.ppc....>» ==
1ll NOT attempt to use the NIC

s/init .tzk not found.
> start fatfstest.exe fat sysace
>

Check the content of the Xilinx configuration file on the CF card. Type the following
command: “type fat\xilinx.sys”. The output is something like this:
. |Command Prompt - serplexd.exe -s -n com3: -0 |

eMIPS_Testsrserplexd.exe —s —n comd:
ill talk to a BigEndian client {mips.ppc....>
111l HOT attempt to use the HIC

onsole Thread ...

s/init.tzk not found.

» start fatfstest.exe fat sysace
> type fat xilinx.sys
Automatically generated. PLEASE DO NOT MODIFY.
ir = ML481:

fgaddrd = hootload:

emips;

emips_pr;

emips_ext;
emips_ext_null;
sysmon ;

pacman ;

cpldflsh;

e
o
1]
=9
=9
L
whn
mnuwnuwnui

In our case the extension file is in slot number 4 (cfgaddr4), in the directory
ML401\emips_ext_null. Type the following command to ask the SystemACE to load the
ace file for the test: “tsysace.exe config4d”. The output is as follows:
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% |Command Prompt - serplexd.exe -5 -n com3: =10 x|
>

L[>

eMIPS_Testsirserplexd.exe - —n com3d:

ill talk to a BigEndian client {mips.ppc....>
ill NOT attempt to use the NIC

onsole Thread ...

> GPI0=3

s/init.tzk not found.

> start fatfstest.exe fat sysace

> type fatxilinx.sys

Automatically generated. PLEASE DO NOT MODIFY.

ir = ML481;

fgaddrf@ = hootload;

fgaddrl emips;

fgaddr2 enips_pr;

fgaddr3 emips_ext;

fgaddrd = enips_ext_null;

fgaddrh SYSmon ;

fgaddré pacman ;

fgaddr? = cpldflsh;

> tsysace.exe configd

sking SysaceBfff5A0AA to load configuration hitfile 4 from CFLASH
est PASSED ok. _J

>

10.Check that the red LED marked “Err” on the board is NOT lit. If it is lit there is an error
and the test failed.

11.Otherwise you can proceed to run the software that makes use of your extension, to
verify that your design works.
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4 Software Procedures

This section describes a number of procedures and tools that can be useful for software
development under the eMIPS system.

4.1 Building and running a standalone program

A standalone program is a program that is run immediately after the processor comes out
of reset, after the boot loader has initialized some on-chip peripherals. These programs are
usually hardware tests, such as those described in section 3.5.1.1, or an operating system
such as the Microsoft Invisible Computing RTOS.

To understand the exact conditions of the processor at the time the program receives
control it is recommended the user reads and understands the source of the boot loader
program. The source is in the file BramLoader\bram?2.s. Generally speaking, the processor will
be in the state of a cold reset and the peripherals will not be initialized. Some exceptions
include the GPIO, which the boot loader uses to decide how to boot (download or jump to
FLASH), the SRAM and FLASH controllers, and possibly the USART if the program has been
downloaded.

Standalone programs can be developed in assembly when necessary; examples are
provided in the tests folder. Most examples in the tests folder are actually written in C, using
the facilities provided in the print.{h,s} support file. Other useful header files are included in the
RTOS source tree, in the include\mips folder. They include the mips_asm.h file that defines
symbolic register names, macros for exported functions and debugging directives for assembly
codes. The file ml40x.h defines the register interfaces of the built-in peripherals and their
preferred locations.

Two simple scripts are provided to help create standalone programs, using the GCC
toolset. The script compile4.cmd is used to create a downloadable image starting from an
assembly source file.

1. Start a CMD or Visual Studio command window.

2. Set the environment variable MMLITE_SDK to point to the location of the RTOS
sources, augmented by the binaries of the GCC toolset (as described in section
2.3.1.4).

3. Run the script with your program name as argument, e.g. if your assembly source file is
MyProgram.s invoke the script with “compile4 MyProgram’.

| Command Prompk ==

Lo Ll flx

t:\eﬂlPS_Iests)set MMLITE_SDK=c :“\MMLitePublic

:~eMIPS_Tesztz>compiled MyProgram_
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The script will compile and list the content of the downloadable image. The results of the script
are two files. MyProgram.bin is the stripped image that can be downloaded via the boot loader
(or written to the linear FLASH). The file MyProgram is in the ELF file format and can be given
to other tools, such as the GDB debugger.

%% |Command Prompk -0l x|
: ael40018 s4.24C(z@>
1800f fee b 8A0ARVAA <start>

isassemhly of section .data:

aABBB48 <{_ data_start>:
0000048 - 083 ffedd Bx3f feBd

L Ix

ould Not Find C=eMIP5_Tests“MyProgram.hin

:neMIPS_Tests>c =»MMLitePublic~toolssemipsshinsobjcopy.exe —0 binary MyProgram H
Program.bin
:\eMIPS_Tests> =l

The script ¢_compile4.cmd is used to create a downloadable image starting from a C
source file, and an optional assembly source file.

1. Start a CMD or Visual Studio command window.

2. Set the environment variable MMLITE_SDK to point to the location of the RTOS
sources, augmented by the binaries of the GCC toolset (as described in section
2.3.1.4).

3. Run the script with your program name as argument, e.g. if your C source file is
MyProgram.c invoke the script with “compile4 MyProgram’.

=% |Command Prompt =10 x|

eMIPS_Tests>set MMLITE_SDK=c :»MMLitePublic il
neMIPS_Tests>c_compiled MyProgram

The script will compile and list the content of the downloadable image. The results of the script
are two files. MyProgram.bin is the stripped image that can be downloaded via the boot loader
(or written to the linear FLASH). The file MyProgram is in the ELF file format and can be given
to other tools, such as the GDB debugger.

198 |Page



DRAFT — DO NOT REPRODUCE

=% |Command Prompt -0l x|

C:<eMIPS_Tests>dir MyProgram= ;l
Uolume in drive C has no lahel.
Uolume Serial NHumber iz BBBA-BAABS

Directory of C:~eMIP5_Tests
12-20-2007 @3:5%p 15,452 MyProgram

12-28-2087 BA3:5%p 2,656 MyProgram.hin
B3 28,2087 1B8:16a 1.596 MyFProgram.c
12-,28-,2087 BA3:5%p 8.528 MyFProgram.o ="
12-28-2887 BA3:5%p 12,736 MyProgram.rel
12-28-2887 BA3:5%p 2,656 MyProgram.rel.bin
12-28,2087 B3:5%p 495 MyProgram.rel.nm
12-28,2087 BA3:5%p 3,792 MyProgram.rel.out
B6.-21-2086 BA3:48p 1,486 MyProgram.s
12-28-2087 B3:5%p 17.842 MyProgram.ss
18 File<s> 66,431 bytes
B Dir(s> 2.168.741,.888 bytes free
C:\eMIPS_Tests) d|

Additionally, the script will try to run the bbfind tool to create a patched executable image,
using the definitions of Extended Instructions in the file bbtools\patts.bbw. The results are in
the MyProgram.rel.* files. This step is optional and for illustration purposes, if not needed it can
be commented out from the script.

4.2 Building and running a program under the RTOS

Programs for eMIPS under the Microsoft Invisible Computing RTOS are no different than
other programs for the same RTOS on other platforms. Users familiar with other platforms,
such as the ARM EBG63 for instance, will notice the only change in the build procedures is in
the specification of the TARGETCPU variable. This section is for users that are not familiar
with the RTOS.

One way to create and build a simple program is to use the RTOS’ tests folder. This
folder contains a number of programs that can be used as examples for various functions. The
makefile in this directory includes the optional file private.mk that can be used to add to the list
of target programs built in this directory. Let us assume that your program will be in the file
MyProgram.c, and that its content is as follows:

#include <stdio.h>
int main(int argc, char **argv)

{
printf(“Hi MomI\n”);

}

The procedure for building the program is as follows:

1. Start a CMD or Visual Studio command window.
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. Set the environment variable MMLITE_SDK to point to the location of the RTOS
sources, augmented by the binaries of the GCC toolset (as described in section

2.3.1.4).

. Move to the tests folder in there.

o |Command Prompk

iNrset MMLITE_SDKE=c:\inw

:nJed c:sinustests
vinustestsr j

. Create afile called private.mk, with the following one-line content:

PRIVATE_TESTS=$(SYSTEM_DIR)\MyProgram.exe

o+ |Command Prompt

ninvstests>type con: > private.mk
RIVATE_TESTS=5C(SY¥STEM_DIR)“MyProgram.exe
Z

tninvstests> j

. Build the program with the following command line:

nmake -nologo TARGETCPU=mips TARGETTYPE=release TOOLS=gnu

o+ |Command Prompt M=l E3

tsinustests2type con: > private.mk
RIUATE_TESTS=5C(E¥STEM_DIR>“MyProgram.exe
Z

ssinustestsinmake —nologo TARGETCPU=mips TARGETTYPE=releasze TOOLS=gnu
ompiling MyProgram.c

ssinvstestssMyProgram.c: In function ‘main’:

ssinvstestssMyProgram.c:5: warning: control reaches end of non—void function
inking EXE c:sinvsbuildswmips_gnusre leazesbinsMyProgram.exe
ssinvsbuildsmips _gnusre leasesbinsMyProgram.rel

tninustests X j

The resulting file MyProgram.exe is left in the mips_gnu\release\bin folder under the build tree.

One simple way to execute your program is to install the RTOS in the ML401’s linear FLASH,
using the procedures described in section 3.5.1.3. Assuming the RTOS is installed and

functional on the ML401 board, use the following procedure.

6. Move to the build directory and start the SERPLEXD server to communicate with your

board:
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ommand Prompt - serplexd -n -s com1:

ompiling MyProgram.c
sinvstestssMyProgram.c: In function ‘main’:

sinuvstestss\MyProgram.c:5: warning: control reaches end of non—void function
inking EXE c:sinuvsbuildsmips_gnusreleasesbinsMyProgram.exe
ssinvshuildsmips _gnusee leaseshinsMyProgram.rel

ssinuvstestsred Sinvsbuildsmips _gnusreleaseshin

sinvshbuildsmips _gnusreleaseshin?serplexd —n —= coml:

ill NOT attempt to use the NIC

ill talk to a BigEndian client <{mips.ppc....>

onsole Thread ... j

7. The default file system is in FLASH, and it is visible under the “fs” folder. The remote file
system is visible under the “srfs” folder. The RTOS only executes programs from the fs
folder, so we need to rename the two. Type the following commands to the RTOS’ shell:

a. Infsflash

b. Insrfsfs

%% |Command Prompt - serplexd -s -n com3: =101
onsole Thread ... ‘:J

> 1=
tables
0B

oml
erplexba
rfs
erplexbd
erplexbc
ysace
tdin
tdout
tderr

s
> In fs flash
> 1ln srfs fs
> 1=

oml
erplexba
rfs
erplexbd
erplexbc
ysace
tdin
tdout
tderr

5
lash
>

8. Now you can invoke your program, using the full, case-sensitive file name:

= | Command Prompt - serplexd -s -n com3: -0l =|

> 1l.exe fz“MyProgram.exe ﬂ
3788 fF=“MyProgram.exe

)_HyPrngram.exe

To make changes and re-run your program you might want to use two separate windows, one
for building and one for running it. Repeat the steps 1-3 and 5 above to create a new window
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and re-compile your program. Move back to the previous window and run your program again.
Hint: the RTOS shell has a minimal command history buffer, you can use the Emacs-style *P
and *N keys to navigate it.

4.3 Debugging with eBug

The technical report on eBug [107] describes how to build and use this tool. Section
7.1.2 of the report shows the procedure for debugging with the ML401 board, using a
standalone program. Notice that a standalone program must enable the eBug Extension itself,
there is no RTOS to do it. There is a configuration file in this release that corresponds to the
one used at step 2 of the afore-mentioned procedure. It already contains eBug compiled-in and
you can find it in the eMIPS_Configurations.zip archive file; the version with eight watchpoints
is called mipspl_fpga3_ebughw8_routed_full.bit.

To debug under the RTOS you can use an identical procedure, but instead of
downloading your program you will start it from the command shell. Again, your program will
have to enable the eBug Extension by itself, because the RTOS is not aware of its presence.

A cleaner procedure is to create an SE image that contains your program and the eBug
Extension, as described in section 4.5. In this case the RTOS will be aware of the Extension
and it will enable it for you. Notice that eBug needs priority over the TISA, therefore the
command line for aceZse is

ace2se —PhD MyProgram.se MyProgram.exe eBug_hw8.ace

The “-PhD” option instructs the program to set the properties field of the hardware image to the
hexadecimal value OxD. This value corresponds to the bits of Figure 12, in the following way:

SE_HW_PRIVILEGED 0x00000001

SE_HW_PERIPHERAL 0x00000002
SE_HW_PRIORITY_MASK 0x0000000c
SE_HW_HIGH_PRIORITY 0x0000000c

4.4 Rebuilding the boot loader

Source and binary for the boot loader are included in this release. Should it become
necessary to rebuild the boot loader, use the following procedure.

1. Start a CMD or Visual Studio command window.

2. Set the environment variable MMLITE_SDK to point to the location of the RTOS
sources, augmented by the binaries of the GCC toolset (as described in section
2.3.1.4).
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3. Move to the Software\BramLoader folder in the release tree and compile the bin2coe
utility, if you have not done so already:

% |Command Prompt o ] 1|

neMIPS_Tests>set MMLITE_SDK=c:“MMLitePublic 3
:~eMIPS_Testz>cd Software~BramLoader

:neMIPS_Testszs \SoftwaresBramLoader>cl binZcoe.c
icrosoft <R> 32-hit CAC++ Optimizing Compiler Uersion 12_00.8168 for 850xB6
opyright (C» Microsoft Corp 1784-1998. All rights reserved.

inZcoe.c
icrosoft (R> Incremental Linker Uersion 6.80.8447
opyright (C> Microsoft Corp 1992-1998. All rights reserved.

% |Command Prompt =101 x]
r

out:bhinZcoe_.exe ﬂ
in2coe.ohj

neMIPS_Tests\SoftwaresBramLoader>compiled bhram2 ﬂ

The script creates and disassembles a binary image of the loader, creates and dumps a file
with the symbols for it, and in the last step it creates the coefficient file bram2.coe to be used to
initialize the boot loader’s blockram (see step 18 in section 3.1.7).

=% |Command Prompt o ]
BcHEBEA A _ehot 3

eMIPS _Tests Sof tware~BranLoader>binZcoe bram2_bin bram2_coe swap

:~eMIPS_TestsSof tware~BramLoader>_ j

4.5 Building an SE image that contains an Extension
Extensions can be loaded into the Extension slot in a number of ways:

1. Using the Impact utility, which is part of the Xilinx ISE
2. Using the System-ACE via the board’s DIP switches
3. Using the RTOS’ test program tsysace.exe

4. Using the RTOS tool ace2se and the RTOS’ loader
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In this section we describe how to use the aceZse tool to create Secure Executable, or SE
images, to be loaded by the RTOS’ system loader. The file format of an SE loadable image is
depicted in Figure 1.

Software Image Extension Image Security Signature | SE Header

(e.g. an ELF file) (e.g. an ACE file)

Figure 1: SE File Format

The first portion of the SE file is the software executable code, in our case for the eMIPS
processor. This is an un-modified ELF executable image, created using the tools and
procedures described in sections 2.3.1 and 4.2. Because it is at the beginning of the file,
existing tools for ELF images will work on an SE file too. The second portion of the file is the
Extension configuration bit file. In our case this is an ACE file, generated following the
procedure of section 3.4. The third and fourth portions of the file are created by the aceZse
tool.

Either of the first two portions could be missing. Even a file with both portions missing is still a
valid SE file, albeit a useless one. An SE file that contains only the Software Image will have
the added advantage, over a simple ELF file for instance, of a format-independent security
signature. Similarly for a file that only contains an Extension Image.

The RTOS’ loader for eMIPS recognizes and loads both a simple ELF image and an SE
image. If the SE image contains an Extension Image portion, this is loaded into the Extension
slot first. The Extension is however not enabled, not until the Software Image has been loaded.
If the file contains a Software Image portion, this is loaded in RAM and relocated. At this point
a new thread is created, which enables the extension and executes the Software Image.

To create an SE file that contains an Extension you need the Extension’s ACE file (say
MyEXxtension.ace) and your software application’s image file (MyProgram.exe).

1. Start a CMD or Visual Studio command window.

2. Set the environment variable MMLITE_SDK to point to the location of the RTOS
sources, augmented by the binaries of the GCC toolset (as described in section
2.3.1.4).

3. Move to the folder that contains the files MyExtension.ace and MyProgram.exe
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“ |Command Prompt =10l =l
E:\HHLitePuhlic\huild\mips_gnu\release\hin)dir My«

Uolume in drive E iz data
Uolume Serial MWumbher is FC6C—428C

L1

Directory of E:“\MMLitePublic“buildmips_gnusrelease“bhin

H1-19-.2887 B3:i6p 128,423 MyExtension.ace
12-17-2087 B3:86p 3.788 MyProgram.exe
12-,17-,28007 B3:86p 38.653 MyProgram.map
12-17-2087 B3:06p 272,594 MyProgram.rel
4 File¢s? 443 ,.4%8 hytes
B Dirds> 165.011,.577.368 bytes free

E:“MHMLitePublic:build“mips_gnusreleasesbin? :j

4. Type the following command:

%MMLITE _SDK%\tools\bin\ace2se MyProgram.se MyProgram.exe MyExtension.ace

o+ | Command Prompt
A Dirds)> 165.011.464.192 hytes free a

E:“MMLitePublic“build“mips_gnusreleasesbin>#MMLITE_SDKx“toolssbhinsace2se —PhD My
Program.se MyProgram.exe MyExtension.ace

E:“MMLitePublicxbuildsnips_gnusreleaseshin>dir My
Uolume in drive E is data
Uolume Serial Numher is FCaC-428C

Directory of E:sMMLitePublic:buildsmips_gnusreleaseshin

11192087 @3:16 PM 128,423 MyExtension.ace
12-17-2007 @3:86 FM 3,788 MyProgram.exe
12172087 B@3:06 PM 38.653 MyProgram.map
12-17-2687 @A3:B6 FH 272.594 MyProgram.rel
121772007 @4:31 FM 132,332 MyProgram.se

5 File<{s>» L75.798 hytes

@ Dirds)> 165,.811.464.192 hytez free

E:“MMLitePublicbuildsmips_gnusreleazeshini :J

The resulting file is the SE image MyProgram.se. To omit an image from the SE file you can
just give to ace2se the name of a non-existent file.

¢ |[Command Prompt

:sMMLitePublicbuildsmips_gnusreleasesbin»<MMLITE_SDKxS\toolsshin“ace2szse —PhD My .
Program.ze nothing MyExtension.ace
Could not open nothing for reading.

ARMING?* Could not read nothing. Using empty file.

E:“MMLitePublic“bhuildsmips_gnusreleaseshinXdir My
Uolume in drive E iz data
Uolume Serial Mumber is FCeC-428C

Directory of E:“MMLitePublic“:build“mips_gnusreleaseshbin

11-12-2007 A3:16 PM 128,423 MyExtenzion.ace
12-17-2007 B3:06 PM 3,788 MyProgram.exe
121772007 A3:86 PM 38,653 MyProgram.map
12-17-2087 B3:86 PHM 272,594 MyProgram.rel
12-17-2007 B4:37 PHM 128.524 MyProgram.se

5 Filecs) 571,982 hytes

B Dirds> 165.0827,954,688 hytes free

E:“\MMLitePublic“build“mips_gnusreleaseshin?_ ,:J
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4.6 Using the BBTools to profile a program

The BBTools can be used in conjunction with the Giano simulator to obtain accurate and
fine-grained profiling information about your program. The general idea is to first optimize the
program for best performance, using profiling and any other tools available. Once the program
runs at the best performance possible, use this procedure to identify the two-three basic blocks
that are executed most frequently. Then create an Extension that executes those blocks in
hardware and modify the original image inserting Extended Instructions that invoke the
Extension (see section 4.7 for how to do this). Note that the number of times a block is
executed is only one of the factors to take into account when selecting the blocks to optimize in
hardware. Other factors include but are not limited to: possible payoffs from better memory
access patterns, multi-block opportunities (e.g. small function inlining and other global
optimizations), and programs that exhibit distinct phases during execution.

This procedure assumes that your program runs under the RTOS. You also need a build
of Giano with basic block profiling support enabled (e.g. the conditional BBS_SUPPORT in the
mips_cpu.cpp module). Another way is to just build a debug version of Giano and use that.

When the RTOS executes your program, for instance MyProgram.exe, it notifies the
debugger of this. The simulator is able to intercept this notification and therefore is aware of
your program being executed, and at which address it resides in memory. The simulator then
looks for a file called MyProgram.exe.bbs in the current directory. If it is not found it will print a
message to this effect. If it is found, it loads the information in that file and keeps track of
instructions that enter a basic block. When there is a hit, the simulator updates the
corresponding DynamicReplicationCount counter. When the program terminates, the RTOS
sends a second notification. The simulator then writes back the updated counters in the
MyProgram.exe.bbs file. At this point you can use the other BBTools to dump, sort and inspect
the blocks with the highest DynamicReplicationCount values. Note that the simulator rewrites
the BBS file, you will want to keep a copy of the original for multiple experiments, e.g. one with
zeroes in the counters.

1. Start a CMD or Visual Studio command window.

2. Make sure the BBTools binaries are in your PATH environment variable and move to
the directory where your MyProgram.rel image is located. Notice that you need the
image before it is stripped, e.g. the REL file and not the EXE file.

3. Run the BBFIND tool. You might want to also create a file with the symbols from your
program, in this case we called it MyProgram.nm:

bbfind —b MyProgram.exe.bbs —s MyProgram.nm MyProgram.rel

4. Start Giano using the MI401.plx platform configuration file.
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5. Start the SERPLEXD console to talk to the simulation.

6. Run your program. The simulator should notify you that it found the BBS file for your
program at load time, and that it rewrote it when the program terminated.

7. Sort the BBS file according to the DynamicReplicationCount metric:
bbsort —r —dynamic MyProgram.exe.bbs MyProgram.out.bbs

8. Dump the sorted file on a text file, for later inspection with a text editor:
bbdump MyProgram.out.bbs MyProgram.nm

You will need a disassembly of your program, to reconcile the basic blocks with the C code
they came from. You can use the compiler's OBJDUMP utility for this, or pass an additional “v
1”7 argument to BBFIND at step 3.

If you plan to use the M2V compiler you will want to isolate the individual basic blocks that you
intend to optimize. You can use the BBSELECT tool for this, using the “-hash” option to select
the block of your interest:

bbselect —hash:X.Y.W.Z MyProgram.out.bbs MyBlock.bbs
You can then use the BBMATCH tool to create a skeleton BBW file for your extension:
bbmatch —c ignore MyBlock.bbs > MyBlock.bbw

The BBW file is also needed if you plan to create Extended Instructions for your Extension, see
section 4.7.

4.7 Adding Extended Instructions to an image

If you want to patch your program image with the Extended Instructions that invoke your
Extension you will need a BBW file that defines them. The BBFIND tool will use the basic block
patterns defined in the file and patch all occurrences of the blocks in the image. One BBW file
can contain multiple blocks, and even blocks for multiple processor architectures. Once you
have the BBW file (say MyBlocks.bbw), use the BBFIND tool to patch your image:

bbfind —m MyBlocks.bbw —b MyProgram.exe.bbs MyProgram.rel MyProgram.exe

You might have used the procedure at section 4.6 to create a number of separate BBS
files, one per each block of interest. To generate the skeleton BBW file with all your blocks in
it, you can first combine the BBS files into a single BBS file using the BBCAT tool, and then
use the BBMATCH tool on the combined BBS file:
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bbcat Block1.bbs Block2.bbs MyBlocks.bbs
bbcat MyBlocks.bbs Block3.bbs MyBlocks.bbs
repeat for all additional blocks

bbmatch —c ignore MyBlock.bbs > MyBlocks.bbw

Remember that you still need to select an opcode and an encoding for your Extended
Instructions, before you attempt to patch images.

4.8 Generating Extensions using the M2V compiler

The technical report on M2V [106] describes the M2V compiler in details. Section 5 of the
report shows how to invoke the tool. To be able to create an Extension with the M2V compiler
you will need to create first a BBW file that describes it. You can do this manually, with a text
editor, once you understand the format of the BBW file.

If your basic block can be found in an image you can use the BBTools instead. The first
step is to create a basic block database file (a BBS file) from your image, using the BBFIND
tool with the “-b” option. Next use the BBMATCH tool to create a BBW file from the BBS file,
using the “-c” option. Then edit the BBW file to isolate the block you want and to select an
encoding for your extended instruction. Finally, give the resulting file to M2V.

9. Start a CMD or Visual Studio command window.

10.Make sure the BBTools binaries are in your PATH environment variable and move to
the directory where your MyProgram.rel image is located. Notice that you need the
image before it is stripped, e.g. the REL file and not the EXE file.

11.Run the BBFIND tool:
bbfind —b MyProgram.exe.bbs MyProgram.rel
12.Run the BBMATCH tool:
bbmatch —c ignore MyProgram.exe.bbs > MyExtension.bbw

13.Edit the file MyExtension.bbw to isolate your basic block and to create an appropriate
encoding for the Extended Instruction for it.

14.Invoke the M2V compiler:

m2v MyExtension.bbw MyExtension.v
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Please be aware that the first version of the M2V compiler included in this release has
many and rather severe limitations.
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5 Architecture of the eMIPS System

The eMIPS processor is a ‘dynamically extensible microprocessor’ because it is based
on a new, extensible architecture. The architecture is extensible because it allows additional
logic to interface and interact with the basic data path at all stages of the pipeline. The
additional logic, which we term Extensions, can be loaded on-chip dynamically during
execution by the processor itself. The architecture therefore possesses the unique ability to
extend its own ISA at run-time.

Figure 2 presents a block diagram of the eMIPS processor organization. The pipeline
stages, general purpose register file and memory interface match those of a ‘classic’ RISC
CPU and are depicted in lighter color in the diagram. These pipeline stages constitute the
Trusted ISA or TISA, the core portion of the architecture that is required for initial operation
and to provide a base level of trust in the functioning of the processor. These blocks cannot be
removed or disabled and must be present at startup of the system. These blocks constitute
the fixed partition of the architecture and include all resources that are of a security sensitive
nature, such as the system coprocessor. The TISA also includes all the facilities for self-
extension, including instructions for loading, unloading, disabling and controlling the
unallocated Extension blocks in the microprocessor. At a functional level the pipeline blocks
operate similarly to the ‘classic’ CPU, except their interconnections with respect to each other
and other blocks differs. Their implementations differ as well and this will be explained later.

Memory
Coprocessor(
EMIPS Exception (ML, : Registers
Cache, Main
Handler) Memory)
TiISA L —

Instruction Execute

Decode

Instruction
Fetch

Writeback

Data Path

—__  Extensions

Figure 2: Block diagram of the eMIPS architecture.
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Figure 2 shows two sets of blocks labeled “Extensions”. These Extensions distinguish
the processor architecture from the established RISC architecture from which it is derived.
Through the Extensions the processor overcomes two major shortcomings of the RISC
architecture; inflexibility and inability to evolve with changing needs. Using the partial
reconfiguration design flow described in Section 5.2 the processor is partitioned into fixed and
reconfigurable regions. The TISA is included in the fixed region; the Extensions are included in
the reconfigurable regions and are interconnected with the TISA by means of the bus macros
described in Section 5.2. By implementing different Extensions for the reconfigurable regions,
it becomes possible to adapt the functionality of the processor. The processor may apply
these adaptations after deployment, dynamically while the applications continue executing.

Examples of possible Extensions include but are not limited to FPUs, Digital Signal
Processors, or DSP, Encryption Coprocessors, Vector Processors and the application specific
instructions. Using application execution profiling, engineers identify the Extended Instructions
and implement them as hardware modules synthesized for the target device. More than one
Extended Instruction might be included in a single Extension. A successful implementation of
an Extended Instruction runs in fewer clock cycles than the original instruction sequence it
replaces. If the instruction is executed a sufficient number of times, even a single clock cycle
reduction in execution could significantly improve performance.

The diagram of Figure 2 depicts two Extension blocks, however the current
implementation of the eMIPS system instantiates only one. Depending on space and other
limitations imposed by the physical chip, additional Extension slots could be made available in
the future.

5.1 Overview of Xilinx Virtex 4 and ML401 Board

The FPGA selected for the development and experimentation of eMIPS is the Xilinx
Virtex 4 product line. The Virtex series rates among the most powerful FPGA devices in the
market in terms of density, feature set and speeds. These FPGAs clock commonly at
frequencies of 100 MHz but the specifications indicate they could operate at much higher
frequencies, the specifications claim 500 MHz. These frequencies fall significantly short of
modern ASIC frequencies approaching multiple gigahertz but the FPGAs continue to grow in
speed with each new generation. The Virtex 4 high-end FPGAs come in three flavors denoted
by LX, SX and FX. Each flavor includes a set of special features to allow developers to select
an FPGA with the feature set that best fits their application domain. The Virtex 4 LX targets
logic design applications. For this reason, the Virtex 4 LX provides the largest number of
logical blocks for implementation. Given the floor planning requirements of partial
reconfiguration, having more logic area to work with is preferred.  Therefore, the
implementation of the eMIPS processor targets the Xilinx ML401 Evaluation board with the
Virtex LX25.[ 20 ] Use of the SX line is also an appealing prospect and, for instance, porting to
the corresponding ML402 board should be an easy project.
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e ]
Figure 3: Xilinx ML401 Evaluation Board with Virtex 4 LX25[ 20 ]

5.2 Overview of Xilinx Partial Reconfiguration

Xilinx has supported partial reconfiguration since its Virtex Il chip [ 14 ] and that feature
continues in the more modern Virtex 4 and Spartan Ill. The smallest reconfigurable unit of the
FPGA configuration fabric is called the ‘frame’. When partitioning the FPGA into different
independently reconfigurable and static regions the boundaries between these regions must
coincide with the boundaries of these ‘frames’. Multiple frames may be grouped together into
a single rectangular region. Regions cannot be smaller than a ‘frame’. In the Virtex 4, a
column of sixteen slices makes up the ‘frame’. In this way, each column of the Virtex 4
contains multiple frames. In the case of the LX25, which has 192 rows of slices, each column
contains twelve frames. This architecture provides the Virtex 4 the advantage of allowing for
rectangular regions in the form of tiles on the FPGA configuration fabric as opposed to strictly
columns as in the previous architectures.[ 5]

PRM_AD

Figure 4: Examples of partitioning of a Reconfigurable FPGA design.[5][ 14 ]

Hardware designers must also consider the routing of signals crossing the boundaries
of the various regions. Only the region containing the reconfigurable module changes when
reconfiguration occurs. The remaining configuration fabric remains unchanged. Therefore any
inconsistency from one configuration to the next will result in unpredictable results.

One potential inconsistency can occur when a signal crosses the module boundaries.
Consider for instance the case of a signal that crosses the boundary and in one configuration
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the signal routes through row four but the same signal is routed in row five in another
configuration. When the system undergoes reconfiguration, the signal will not line up on the
boundary where the reconfiguration occurred, therefore cutting the signal. To prevent this
inconsistency we can restrict the routing of such signals to fixed locations along the region
boundaries. This is done by routing the signals through a ‘bus macro’ or a hard pre-routed
macro positioned on the module boundary and by forcing the router program to route the
signal through a given location in each configuration. For the eMIPS processor, bus-macros
are placed between the interfaces of the fixed instruction set logic and the dynamic
Extensions.

Figure 5: Logical connections of signals crossing a region boundary.[ 5 ]

Xilinx provides LUT based ‘bus macros’ for all their products including the partial
reconfiguration feature. Xilinx ISE with the Partial Reconfiguration Tools takes the required
routing consistency a step further by recording the routing of all fixed logic that passes through
reconfigurable regions in a routing database. Xilinx ISE incorporates these routing patterns in
the place-and-route phase of compilation, so that the reconfigurable regions will maintain
consistency.

Figure 6: LUT Based Bus Macro.[ 5]

The partial reconfiguration design flow includes four phases as documented by Xilinx.
These phases are Design Entry, Initial Budgeting, Active Module, and Final Assembly. Full
details can be found in [5][ 13 ][ 14]. The following is a brief description of each phase:

1. Design Entry — This phase involves setting up the project by targeting the desired FPGA
device, decide on design partitioning and performing some design planning. Before
PlanAhead, this phase also included manually setting up the project directory structure.
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PlanAhead now handles this in project setup. In large projects including multiple
engineers, this phase is usually carried out by the team lead.

2. Initial Budgeting — In this phase the design engineers write the top level module and
implementation constraint files. The constraint files include information such as pin
assignments, area definitions, assignment of modules to areas and clocking constraints.
The top level module defines the ports of the design and instantiates all second level
modules and defines their interfaces to each other and to the system ports. This top level
should be minimal in its contents. There should be as little logic in this layer as possible
and contain only the modules that will be implemented at this layer. Any top level logic that
is present goes through place and route and this data is written to the routing database for
future use. In most cases, a team lead also carries out this phase.

3.  Active Module — Design engineers execute this phase of the design flow for each module
instantiated in the top level in parallel. The team lead assigns hardware designers to
implement the different modules using the interface outlined in the top level written in the
previous phase. In the case of reconfigurable modules, hardware designers implement two
or more versions of this module. In some cases, designers write module level constraints
into the implementation constraint file. The PlanAhead tool synthesizes each module
independently of the rest of the design and performs place and route within the region
designated for it while taking the contents of the routing database into account.

4. Final Assembly — This is the final phase of the design flow. In this phase, the team lead
collects the module implementation of each module from the hardware designers and uses
PlanAhead to integrate them together. The team lead creates a floor plan of the system for
each possible configuration or combination of modules. Using these floor plans PlanAhead
completes any additional place and route required and generates configurations files for the
desired default configuration and other files for the reconfigurable regions that change
dynamically.

For addition information and resources on the Xilinx Partial Reconfiguration Design

Flow refer to following:

e http://www.xilinx.com/support/prealounge/protected/index.htm
¢ http://www.xilinx.com/ise/optional_prod/planahead.htm
5.3 overview of Xilinx System ACE Configuration Solution

The System Advanced Configuration Environment, or System ACE [ 12 ], attempts to fill
a niche for pre-engineered configuration solutions of multiple FPGA systems. The system
applies to the eMIPS processor's need to control and modify its extensible configuration
architecture. System ACE works through the interaction of four interfaces: JTAG to host PC,
JTAG to FPGA, and Compact Flash & Control from Microprocessor or FPGA. Using the host
JTAG interface a configuration file can be downloaded manually to the system and used to
configure one or multiple FPGAs. This feature is excellent for debugging, it allows the
developer to download test configuration and run code before including the new configuration
in the system. When configuring the system from the host JTAG the System ACE reads the
bits stream on the host interface and transfers it to the system JTAG chain it controls. After
the configuration design completes and the system is ready for deployment, system controlled
configuration can be performed via a microcontroller or FPGA control. In the case of a single
FPGA system, like the eMIPS processor, the microcontroller interface can be integrated in the
FPGA to allow it to control its own configuration. The Compact Flash is a portable, permanent
storage device that stores the configuration files and inserts into a reader integrated with the
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System ACE. Using the control interface the FPGA or microcontroller can initiate configuration
of the system by selecting a configuration file stored in the Compact Flash that the System
ACE drives on the system JTAG chain. Alternatively, the microcontroller could store the
configuration data in RAM and send it to System ACE itself, using a different set of commands.
The System ACE also provides an interface similar to the IDE disk interface commonly found
on PCs to allow the microcontroller to read and write to the Compact Flash.

The System ACE controller interface provides a 3-bit configuration selection input to
allow the controller to select one of eight potential configurations. Note that the Compact Flash
can store more than eight configurations, as illustrated in Figure 7. The configurations are
grouped into sets of no more than eight and placed in directories on the Compact Flash. In the
root directory there exists a file called ‘xilinx.sys’. This file tells System ACE which directory
containing configuration files should be considered ‘active’. The controller can only use
configuration files from the ‘active’ directory. The ‘xilinx.sys’ file also assigns to each file the
numerical designation zero through seven for the configuration selection. To change which set
of configurations is considered active, one must change the assignment in the ‘xilinx.sys’ file.
System software can do this dynamically using the IDE interface to the Compact Flash.[ 12 ]
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Figure 7: System ACE File structure.[ 12 ]

5.4 Overview of the RISC CPU Organization

The eMIPS microprocessor system is derived from the MIPS RISC architecture and
thus includes most of the same components one would expect to find in a modern RISC
microprocessor. The eMIPS microprocessor is a five stage pipeline including the following
pipeline stages: Instruction Fetch (IF), Instruction Decode (ID), Instruction Execute (IE),
Memory Access (MA) and Writeback (WB). The functions of these stages are as follows:
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e Instruction Fetch (IF) — Update the program counter, or PC, and fetch the instruction
located in memory at the address stored in the PC.

e Instruction Decode (ID) — Using wired logic and LUTs, decode the instruction passed
from IF into control signals that control the remainder of the pipeline. Read any data
required by the instruction from the general purpose register file. Test branch
conditions and calculate the memory location of the next instruction to be executed.

e Instruction Execute (IE) — Using an Arithmetic Logic Unit, or ALU, and other special
purpose logic perform operations on data based on the control signals passed from ID.

e Memory Access (MA) — In case of a load or store instruction, the output of IE is used as
the memory location to be read from or written to. Otherwise, the output of IE is passed
through.

o Writeback (WB) — In the event a register in the general purpose register file is modified
by the instruction, the output of MA is written to the desired register.

In addition to this datapath the eMIPS microprocessor's Extension provides a parallel
execution path to the one represented by the EX, MA, and WB stages.

To realize greater throughput at a higher frequency, some microprocessor
implementations have utilized as many as eight pipeline stages. The deeper the pipeline is the
greater the overhead in the event of a branch event, hazards and exceptions on execution. To
further offset this overhead, microprocessor designers have developed a variety of features,
including branch predictors and speculated execution. These features have highly complex
implementations and exist beyond the current scope of the eMIPS project. For this reason, the
architecture of the eMIPS microprocessor omits these features and has just the basic five
pipeline stages.

5.5 eMIPS System Components
The following describes the different system modules that make up the eMIPS CPU

system implementation. Many of these will be recognizable by those familiar with a RISC CPU
organization. Other modules are new additions necessary to support eMIPS’ unique features.

5.5.1 Top Level Module

MIPSPL_FPGA (eMIPS)

MIPSPL_FPGA is the top level module of the eMIPS microprocessor system design. All
other components are sub-modules at some level in the design tree. All input/output pins are
defined here as well as the partitioning of the fixed portion of the design, the TISA, from the
reconfigurable Extensions.
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Figure 8: Design Hierarchy of the Top Level Module

5.5.2 Clocking and 10 Modules

TOP_DCM (sys)

TOP_DCM is responsible for all the global clocking resources of the eMIPS
microprocessor system. This module contains a Digital Clock Manager, or DCM, in series with
a PMCD. The DCM takes the source clock from a clock pin of the FPGA as input. The DCM
outputs a clock of the same frequency and one equal to that source clock divided by ten. In
the case of a 100 MHZ source clock, this produces 100 MHZ and 10 MHZ clocks respectively.
These clocks are inputted to the PMCD where their edges are aligned. The PMCD also
produces additional clocks based on the source frequency input. The PMCD produces clocks
with the source frequency divided by two, four, and eight, all with their edges aligned with the
source frequency clock and the ten-divided clock. The output of the PMCD that is of the
source frequency is inputted to the DCM as an internal feedback. Using the feedback, the
DCM uses phase shifting to minimize the slew of the clock. A second DCM is used in a similar
way to minimize the slew of the clock outputted to the on-board SRAM of the ML401 board
The module includes several global clock buffers (BUFG) to route the clocks throughout the
FPGA fabric.

IOBUF4 (mdatap_io)

IOBUF4 is a set of four IOBUF primitives wired together to form a four bit bidirectional
bus. This is for implementing bidirectional I/Os for the external chip interfaces. One instance
is used for the parity bits of the SRAM bus.

IOBUF16 (pdata_io)

IOBUF16 is a set of sixteen IOBUF primitives wired together to form a sixteen bit
bidirectional bus. This is for implementing bidirectional 1/0Os for the external chip interfaces.
One instance is used for the data bits of the System Ace bus.
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IOBUF32 (gpio_io, mdata_io)

IOBUF32 is a set of thirty-two IOBUF primitives wired together to form a thirty-two bit
bidirectional bus. This is for implementing bidirectional 1/0Os for the external chip interfaces.
One instance is used for the data bits of the shared SRAM and FLASH bus. Another one is
used for the GPIO.

5.5.3 Trusted ISA (TISA), Static Design Region

TISA (mips)

TISA encapsulates all the modules in the eMIPS microprocessor system that makes up
the Trusted ISA. These modules include the pipeline stages and the supporting logic as well
as the memory subsystem, including peripheral drivers and busses.

CLOCKMASTER (clkmas)

The CLOCKMASTER is responsible for synchronizing the eMIPS microprocessor
pipeline. The CLOCKMASTER generates the synchronizing pipeline clock used for piping
instructions through the pipeline. The CLOCKMASTER uses some logic to allow all pipeline
stages to complete their work before continuing. The CLOCKMASTER is also responsible for
announcing the system reset and generating a soft reset in response to a signal from the
system coprocessor zero.
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Figure 9: Design Hierarchy of the Trusted ISA
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TOPA (to_pa)
The TOPA module gathers all the signals required by the pipeline arbiter and routes
them to that region of the design.

PIPELINE_ARBITER (pa)

PIPELINE_ARBITER listens to the instruction decode blocks of the TISA and of the
Extensions to determine which, if any, of the available paths are able to decode the instruction
previously fetched. The PIPELINE_ARBITER is configured using register sixteen of the
system coprocessor zero, the Extension Control register. The Extension Control register is
partitioned into four eight-bit sets that each provides configuration information for a single
Extension slot. The least significant bit of the set is an active high enable bit allowing software
to enable or disable an instantiated Extension. The second bit is the load bit which rises when
an Extension slot is filled and remains high until it is unallocated. The third bit is the trap
enable bit. When this bit is high and a loaded Extension is disabled the PIPELINE will throw a
trap on that Extension’s instructions. Otherwise, if the trap bit is low, the Extended instructions
associated with that Extension will be treated as NOPs. Following the trap bit is a two bit
priority assignment used for arbitrating conflicts between the Extensions and the TISA. In the
case that neither the TISA nor any Extension recognizes an instruction the
PIPELINE_ARBITER signals a reserved instruction exception or trap. After arbitration is
complete the PIPELINE_ARBITER enables the winning data path.

TOIF (to_if)

The TOIF module gathers all signals required by the instruction fetch and routes them to
that region of the design. This module also multiplexes signals coming from the extension
region.

INSTRUCTION_FETCH (inf)

INSTRUCTION_FETCH is the first stage in the eMIPS microprocessor pipeline.
INSTRUCTION_FETCH maintains the current program counter, or PC, and updates it on each
positive edge of the pipeline clock. The INSTRUCTION_FETCH dispatches memory read
request to the memory interface to fetch instructions from memory. When the instruction
returns from the memory interface the INSTRUCTION_FETCH forwards that instruction to the
instruction decode phase.

TOID (to_id)

The TOID module gathers all signals required by the instruction decode and routes
them to that region of the design. This module also multiplexes signals coming from the
extension region.

INSTRUCTION_DECODE

INSTRUCTION_DECODE is the second stage in the eMIPS microprocessor pipeline.
INSTRUCTION_DECODE attempts to decode each instruction that is forwarded to it from
instruction fetch, in parallel with the loaded Extensions. In the first stage of the instruction
decode, the INSTRUCTION_DECODE and the Extension ID evaluate the instruction and if the
instruction is recognized by a decoder, that decoder will lower its Rl (Recognized Instruction)
signal to show it has recognized the instruction. Then the decode blocks wait to be enabled by
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the pipeline arbiter. If the INSTRUCTION_DECODE is enabled, it finishes decoding the
instruction into control signals for the remaining stages in the pipeline and forwards them to the
execution phase. Otherwise, the INSTRUCTION_DECODE forwards the signals that produce
a NOP in the pipeline.

TOEX (to_ex)

The TOEX module gathers all signals required by the execute phase and routes them to
that region of the design. This module also multiplexes signals coming from the extension
region.

EXECUTE (ex)

EXECUTE is the third stage in the eMIPS microprocessor pipeline. EXECUTE is
passed control signals and operand data from the instruction decode phase of the pipeline.
Using the control signals EXECUTE performs operations on the operand data using its
arithmetic logic unit, or ALU, and other logic including a multiplier, divider, shifters and muxes.
By the end of this phase, the Execute has produced a result that is either a data result that will
be written to the register file, or an effective address for a memory transaction.

TOMA (to_ma)

The TOMA module gathers all signals required by the memory access phase and routes
them to that region of the design. This module also multiplexes signals coming from the
extension region. This multiplexing is also used when an instruction in the Extension slot
intends to reenter the TISA execution path at the memory access phase.

MEMORY_ACCESS (ma)

MEMORY_ACCESS is the fourth stage in the eMIPS microprocessor pipeline.
MEMORY_ACCESS is passed control signals and data from the execution phase of the
pipeline. In the case of a memory related instruction, MEMORY_ACCESS uses the result from
the execution phase as the effective address of a memory transaction. In the case of a write,
the MEMORY_ACCESS dispatches a request to write the data passed from the execution
phase into the effective address location. For a read, the MEMORY_ACCESS dispatches a
read request. When the read request returns, MEMORY_ACCESS then passes the data
returned to the writeback phase of the pipeline, to be written to the destination register. For
non memory related instructions, the MEMORY_ACCESS passes the signals through to the
writeback phase of execution.

TOWB (to_wb)

The TOWB module gathers all signals required by the writeback phase and routes them
to that region of the design. This module also multiplexes signals coming from the Extension
region. This multiplexing is also used when an instruction in the extension intends to reenter
the TISA execution path at the writeback phase.

WRITE_BACK (wb)

WRITE_BACK is the fifth and final stage in the eMIPS microprocessor pipeline.
WRITE_BACK is passed control signals and data from the memory access phase of the
pipeline. In most cases, WRITE_BACK will be given data and a destination register number
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where that data is to be written. The WRITE_BACK will then dispatch a write request to the
intended general purpose register file. In other cases, such as a memory write, the
WRITE_BACK module does nothing. All instructions are considered to have been committed
after they finish the WRITE_BACK.

TOEXT (to_ext)
The TOEXT module gathers all signals required by the Extension interface and routes
them to that region of the design. Section 6 describes this interface in details.

TODF (to_df)
The TODF module gathers all signals required by the data forward unit and routes them
to that region of the design.

DATAFORWARD (df)

DATAFORWARD is a module found in most RISC pipelines and used to deal with data
hazards. DATAFORWARD monitors the source and destination register numbers of the
instructions in each of the eMIPS pipeline stages. Using these, the logic DATAFORWARD
identifies data dependencies in the pipeline and controls a pair of muxes in the instruction
decode and execution phases of the pipeline to forward intermediate data from the memory
access and writeback phases as needed.

TOHZ (to_hz)
The TOHZ module gathers all signals required by the hazard unit and routes them to
that region of the design.

HAZARD (hz)

HAZARD is a module found in most RISC pipelines and used to deal with control and
data hazards. HAZARD monitors the control signals of the pipeline to identify control and data
hazards. If the logic in HAZARD identifies a hazard condition, it stalls the pipeline at the
instruction decode phase of the pipeline until the hazard condition has been alleviated.
Potential hazards include, requiring data from a memory read for a branch test or reading from
a multiply unit data register before it is finished with its current operation.

TORG (to_rg)

The TORG module gathers all signals required by the general purpose register file and
routes them to that region of the design. This module also multiplexes signals coming from the
Extension region.

REGISTERFILE (regs)

REGISTERFILE is a collection of thirty-two general purpose registers that are used to
store operand data for the instructions executed on the eMIPS microprocessor. The standard
MIPS microprocessor register file has two read ports for reading operand data in parallel and a
single write port. Due to the increased data requirements of Extensions, the REGISTERFILE
for eMIPS has been implemented with four read ports and two write ports for increased
throughput. The current implementation experiences a maximum read latency of 40 ns and a
maximum write latency of 70 ns from the Extension.
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TOCPO (to_cp0)

The TOCPO module gathers all signals required by the system coprocessor and routes
them to that region of the design. This module also multiplexes signals coming from the
extension region.

COPROCESSORO (cp0)

COPROCESSORO is the system coprocessor and the exception handler included in the
standard MIPS microprocessor architecture. COPROCESSORO controls the CPU state of the
eMIPS microprocessor and handles incoming exceptions and interrupts. The
COPROCESSOR allows for software handling of exceptions and interrupts and recovery
through recording of the CPU context in these events for software processing.

TOMEM (to_mem)

The TOMEM module gathers all signals required by the memory interface and routes
them to that region of the design. This module also multiplexes signals coming from the
Extension region.

LOCK (lk)

The LOCK module detects the insertion of Extension peripherals. LOCK presents a
serial interface to a key inside the Extension peripheral, using the PRESENT output signal of
the Extension interface. After the Extension peripheral is loaded into the slot and the clock is
activated the Extension peripheral begins sending a bit stream called the key value. The
LOCK module compares this bit stream to the system key and if it matches, LOCK asserts the
PRESENT bit for that Extension slot in the extension controller. When this occurs, the
peripheral discovery and configuration process begins in system software. If there is no match
the PRESENT bit is not asserted. The key inside of the Extension must continue sending the
key bit stream until its LD bit is asserted. The LD is asserted the PRESENT output must be
held high until the Extension peripheral is unloaded. When this occurs, LOCK lowers the
PRESENT bit in the Extension controller and the peripheral removal process reclaims the
system resources from the Extension peripheral.

5.5.4 Memory Subsystem Modules

MEMORY _INTERFACE (mem)

MEMORY _INTERFACE is the top level interface between the memory subsystem and
the eMIPS microprocessor pipeline. Like in the standard MIPS, the interface exposes two
ports: one for instruction fetching and one for memory accesses. Because the system has
actually only a single bus to memory the MEMORY _INTERFACE is broken into three parts.

MEMORY_ARBITER (ma)

MEMORY_ARBITER is the part of the memory interface that latches the incoming
memory requests, serializes them, and sends them to the memory bus. The
MEMORY_ARBITER gives higher priority to the instruction read memory transactions over any
data transaction.
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MEMORY_BUS_FRONT (mbf)

MEMORY_BUS_FRONT receives memory requests from the memory arbiter one at a
time, and generates the control signals to carry out the memory request on the memory
controller.

MEMORY_CONTROLLER (mc)

MEMORY_CONTROLLER combines all the on-chip peripherals and the peripheral
interfaces together on a single bus. Each peripheral listens to the address bus for the address
ranges assigned to it. If the peripheral recognizes an incoming address, it latches the control,
address and data when the start signal is raised. The peripheral acknowledges the request by
lowering its done signal. When the memory transaction is complete the peripheral raises the
done signal. In the case of a memory read, the data is valid with done is raised.

5.5.5 On-Chip Peripherals
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Figure 10: eMIPS Memory Bus

BLOCKRAM_CONTROLLER (brc)

BLOCKRAM_CONTROLLER interfaces the TISA to a small on-chip memory called a
BlockRAM. This BlockRAM contains the bootloader program, which is responsible for
initializing the eMIPS CPU at start up and after reset. The BlockRAM also contains the
Peripheral Mapping Table, or PMT, which represents the allocation of the eMIPS memory
space amongst the peripherals currently present in the system. The table is dynamically
maintained by system software and modified when loadable peripherals are loaded/unloaded
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in the Extension slot. The bootloader builds the PMT through a discovery process each time
the eMIPS CPU is initialized.

SRAM_CONTROLLER (sc)

SRAM_CONTROLLER interfaces the TISA to the ZBT SRAM available on the Xilinx
ML401 board. The application software running the eMIPS CPU is usually copied here from
either Flash or the USART and then executed.

FLASH_CONTROLLER (fc)

FLASH_CONTROLLER interfaces the TISA to the parallel Flash Memories on the Xilinx
ML401 Board. It is possible to store in Flash a binary image of an application for the eMIPS
system to run at start up. In the case of our experiments this has been a embedded operating
system called Microsoft Invisible Computing (see section 2.3).

USART_CONTROLLER (uc)

USART_CONTROLLER interfaces the TISA to a fully programmable, universal serial
asynchronous receiver/transmitter. The USART is used to download programs and to
communicate with the command console on the host PC.

SYSACE_CONTROLLER (sac)

SYSACE_CONTROLLER interfaces the TISA to the System ACE Configuration
Solution chipset available on the Xilinx ML401 Board. The System ACE provides an IDE like
disk interface to the Compact Flash card available on the Xilinx ML401. The System ACE acts
as a JTAG programmer to allow for dynamic reconfiguration of the eMIPS system.

GPIO_CONTROLLER (gpc)
GPIO_CONTROLLER interfaces the TISA to the switches, buttons, LEDs, and pins of
the Xilinx ML401 Board.

INTERRUPT_CONTROLLER (ic)
INTERRUPT_CONTROLLER supports programmable interrupts for the eMIPS system.

TIMER_CONTROLLER (tc)
TIMER_CONTROLLER interfaces two 64-bit counters to the TISA. One of the counters
is a 64-bit down counter and the other is a 64-bit free counter.

POWER_MANAGEMENT_CONTROLLER (pmc)
POWER_MANAGEMENT_CONTROLLER is a stub module for adding power
management in a later release.

EXTENSION CONTROLLER (ec)

EXTENSION CONTROLLER acts as a proxy to talk to the Extension peripheral’s Base
Address Translation registers, or BATs during the configuration phase after an Extension
peripheral is loaded and discovered. Through the EXTENSION CONTROLLER's interface the
peripheral’s address space, interrupt and privilege needs are determined by system software.
Then using this same interface the peripheral is assigned its address space and changed to a
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running state. After the system software has configured the Extension peripheral using this
interface, the Extension peripheral is allowed to carry out transactions on the memory bus.

5.5.6 Extensions, Reconfigurable Design Region

EXTENSIONO (ext0)

EXTENSIONO is an instantiation of an eMIPS Extension. This serves as a wrapper
module to define the Extension interface. It is also used if a user wants to insert an Extension
into the design for a static build. In this case the user Extension is instantiated inside of this
wrapper and connected to the appropriate signals. The EXTENSIONO includes interfaces to
the pipeline stages, register file, and memory.
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6 The eMIPS Extension Interface

The defining feature of the eMIPS system is its Extension interface, and the ability to
dynamically reconfigure the contents of the Extension slots during runtime. Users of the
eMIPS system may utilize the example extensions provided with this release to accelerate
their programs and extend the eMIPS basic functions. This section describes how to fully take
advantage of the eMIPS capabilities by letting users implement their own extensions. Four
topics are addressed: software control of the Extension slots, HDL coding of the interfaces,
interface protocols and design floor planning.

6.1 Extension Interface Control

The eMIPS Extension interface is controlled by the TISA through the system
coprocessor. The system coprocessor of the eMIPS system has been extended to include a
new register to control the Extension interface. This register is register 16 (sixteen) of the
system coprocessor register file. We will refer to it as the Extension Control Register.

EXT3 | EXT2 | EXT1 | EXTO

Figure 11: Extension Control Register (CPO register 16)

The Extension Control Register is a read/write register that is accessible through the
standard MIPS coprocessor interface instructions, namely MTCO and MFCO. The Extension
Control Register is divided into four eight-bit slices. Each slice controls the interface to a single
Extension slot, as indicated in Figure 11. Since the eMIPS System in this release only has a
single Extension slot, only the first eight bits of this register are relevant. Figure 12 provides
the layout of the Extension Control Register bits for each slice.

CLK PRIV | PER PR TR | LD | EN

Figure 12: Per Extension Slice of the Extension Control Register

The load bit, or LD, indicates that an image has been loaded in the Extension Slot and
is ready for use. When this bit is low, all communication with the Extension slot is switched off.
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The Extension slot cannot detect any signals from the TISA and cannot drive any signals
either. If the LD is high, the instruction decode bus becomes visible to the Extension and it
may attempt to request to execute the instructions that it recognizes. However, these requests
will be ignored unless the enable bit, or EN, is high. The transition of the LD bit from high to
low also asserts the reset signal to the Extension for a single PCLK cycle, unless the
Extension is a peripheral.

When the EN is low, all communication with the Extension slot is switched off, with the
exception of the instruction decode bus. This is to allow the Extension to still communicate
which instructions belong to it. If those instructions are not otherwise recognized by the TISA
the processor may trap with a Reserved Instruction exception. If the trap enable bit, or TR, is
low the processor will not trap and treat the instruction as a NOP. |If the TR is high, the
processor will trap. Raising the EN bit activates all of the Extension’s interfaces. This allows
the Extension to compete with the TISA for instruction execution.

It is possible that an instruction is recognized by multiple Extensions, or both by an
Extension and by the TISA. To deal with these cases, each Extension slot is assigned a
priority, defined by the two-bit field PR. In the case of a conflict, the Extension with the highest
priority will win the arbitration process. The TISA has a fixed priority of two (2’b10).

The CLK bit is similar in function to the LD bit in how it effects the Extension interfaces,
but it has additional uses. Like the LD bit, if the CLK bit is low all communication between the
Extension and TISA is disabled. Additionally, when the CLK bit is low the reset signal is
asserted, and a few clock cycles later the clock to the Extension is disabled. It is expected that
turning off the clock to an Extension will save power and/or allow the system to shut down
malfunctioning Extensions before unloading them. When the CLK bit is raised the reset signal
is deasserted and the clock to the Extension resumes. If the LD bit is still low the
communication to the TISA continues to be latched off except for the PRESENT signal from
the Extension, which is used for discovery during the Extension peripheral configuration.The
PER bit is a flag used to indicate that an Extension is a peripheral module in addition to, or in
place of, an execution path. With the eMIPS system it is possible to realize Extensions that
can be interfaced via memory transactions and occupy address space in the memory map, just
like the built-in peripheral devices. Examples of these modules are provided in the release and
include a timer and a USART (see Appendix A). When the PER bit is high the memory bus is
exposed to the Extension to allow it to respond to read and write transactions that match its
assigned address space. By setting the PER bit low the connections between the bus and the
Extension are latched off.

The PRIV bit is a flag used to indicate the level of trust the operating system places on
the Extension image that is occupying this slot. By default the system does not trust the
Extension and the PRIV is low. In this state all interactions with the TISA are controlled by the
pipeline arbiter and the Extension can do nothing without first requesting permission from the
pipeline arbiter. If the PRIV bit is set, this indicates that the system has full trust in the image
that is occupying that slot. Currently, this allows the monitoring ports in the Extension interface
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to be opened to allow the Extension to monitor memory and register traffic. Other applications
of the level of trust are planned for future releases.

6.2 HDL Coding of Interfaces

A good place to start the extension design is the HDL code for the extensions that are
provided in this release. The interface ports and their definitions can be found in the
‘extension0_black_box.v’ file provided in the ‘Sources’ package. When looking at the ports in
the module definition it is noticeable that many ports have different uses at different times
during the extension execution. This was done to reduce the number of signals required to
cross the reconfigurable boundary in the design and to reduce the number of bus macros that
must be placed to cross the boundary.

The recommended way to implement an Extension is to make a copy of the file
‘extension0_black_box.v’ that contains the Extension0 wrapper and to rename it appropriately.
Then an instance of the new extension is instantiated within this wrapper. This approach has
the additional benefit of minimizing code changes to the base system, e.g. in case the user
extension is used in a static build. An example of this scheme is provided in the release in the
following files:

Wrapper file Implementation file
extension0_mmldiv64.v mml_dive4.v

6.3 Interface Protocols

This section describes the Extension interface protocols that might be required for an
Extension to interact with the TISA, the eMIPS standard pipeline. Simple Extensions will not
need all of these interfaces. More complex Extensions can utilize several interfaces to execute
their functions. These include interfaces to the register file, memory and pipeline stages.

6.3.1 Instruction Decode/Arbitration Protocol

This interface to the pipeline is likely to be included in most every extension a user will
ever write. In order for an extension to access the pipeline resources and to interact with the
pipeline, it must request and obtain access to these resources. This entails going through an
arbitration process with potentially competing Extensions, and possibly the TISA. The most
common example is the case of an extension recognizing an instruction and requesting to take
over execution of that the instruction. Figure 13 illustrates the interaction between the pipeline
arbiter and the Extension during the instruction decode phase. The Extension is requesting to
execute the instruction and wins arbitration.
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Figure 13: Instruction Decode/Arbitration Protocol

STALL

On the rising edge of the pipeline clock, PCLK, the program counter, PC, and the
instruction itself will be presented to the instruction decode logic of the TISA. If the Extension’s
load bit in the system coprocessor is enabled, the Extension will also see the program counter
and the current instruction. If the Extension recognizes the instruction it lowers its recognized
instruction signal, RI, and keeps it low until the next positive edge of the PCLK. This is when
the next instruction in the pipeline will be presented to the Extension and the TISA. The
arbitration process begins after the Extension lowers its Rl signal. The pipeline arbiter takes
the RI signals from the TISA and from each Extension and based on the priority stored in the
Extension Control Register, it decides which available path will execute the instruction. If the
Extension wins arbitration, the pipeline arbiter will drive high the Extensions enable port, EN,
until the next positive edge of PCLK (see Figure 13). During the next PCLK cycle, if the
Extension requires multiple clocks or resources such as register or memory values, the
Extension must raise its acknowledge signal, ACK, to request them from the pipeline arbiter.
After the Extension asserts its ACK signal the pipeline arbiter responds by raising the grant
signal, GR, for that Extension. At this point the paths to the pipeline registers and memory are
switched to the Extension and the pipeline is stalled. The pipeline arbiter remembers which
Extension it enabled during the last cycle and only responds to an ACK signal from that
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Extension. The GR signal will remain high as long as the ACK signal is high. The ACK signal
should be lowered after the positive edge of the PCLK cycle, before the Extension releases
control of the pipeline. The GR will lower after the next positive edge of PCLK and the pipeline
will resume as shown in Figure 14.
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Figure 14: Resuming the Pipeline

HIO

|
|
I
]
I
|
|
|
\ !
|
1
.
|
|
|
|
|
]
1
1

When an instruction is assigned to the Extension, a NOP instruction replaces that
instruction in the TISA pipeline. In certain cases it may instead be desirable to allow the TISA
to execute the instruction normally, while the Extension performs some other operation in
parallel (e.g. monitoring, profiling activities). In these cases the Extension must raise its
Passive/Parallel Instruction, or PI, signal. The instruction is then piped to the execution phase
of the TISA (instead of a NOP) but the Extension can still request pipeline resources and stall
the pipeline like in the previous case. This is depicted in Figure 15.
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Figure 15: Instruction Decode/Arbitration Protocol for Passive/Parallel Operation
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6.3.2 Register File Interface

The register file interface allows the Extension to read from and write to the general
purpose register file. The TISA pipeline utilizes two read ports and one write port like the
standard MIPS pipeline. It is expected that the Extension logic will usually provide a higher
degree of parallelism than the TISA. To reduce the register data latency resulting from multiple
register fetches, the Extension register file interface expands the number of ports to four read
ports and two write ports. To minimize the number of bus macros and the signals crossing the
reconfigurable boundary, two ports in the interface function both as read and write ports. Ports
one and two can be used as read ports or write ports, depending on the state of their
REGWRITEX signals. Ports three and four are dedicated read ports.

For a register read from the Extension there is currently a four-clock-cycle latency, but
this value might be reduced in a future release. Figure 16 shows the protocol for a register
read operation. After the Extension’s GR signal has been raised by the pipeline arbiter, the
Extension may assert a register number on the read port and the data will be available after
four clock cycles of the system clock, CLK. The data will remain on the data side of the port
for up to four clock cycles, unless the register number is changed on the port.
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Figure 16: Register Read Interface

Write operations to the register file can be expedited if the Extension uses a write-and-
forget approach. The Extension does not actually write to the register file directly, but rather to
a FIFO buffer that writes its contents to the register file. It takes a single clock cycle for the
Extension to write a register to the FIFO. Then some clock cycles later the FIFO writes that
value to the register file. The current latency from the moment the Extension writes to the
FIFO to the moment the FIFO writes to the register file is five to seven CLK cycles. The write
register protocol is depicted in

Figure 17.

Before the Extension can write to the register file it must wait for the GR signal and the
REGRDY signals to be both high. REGRDY high indicates that the FIFO is available and the
Extension can write to it. In addition to REGRDY, the Extension must also obey the REGFULL
and REGEMPTY signals. These signals indicate the current state of the FIFO, e.g. whether it
is full or empty respectively. After all these conditions are met, the Extension can assert the
register number and the data on one of the write ports. Then the Extension raises the
REGWRITEX signal associated with that port for a single CLK cycle. This completes the write
to the FIFO and the REGEMPTY signal will lower (if it is not already low). The Extension may
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continue to write to the buffer from both write ports until the REGRDY signal is de-asserted. If
this is due to the buffer being full, the REGFULL signal will assert at this time as well.
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Figure 17: Write Register Interface

6.3.3 Memory Interface

The Extension can access the system memory and perform load and store operations.
Currently the pipeline clock, or PCLK, and the memory subsystem are synchronized to each
other. This method allows for at most one instruction fetch, data transaction, and instruction
commit per PCLK cycle. It is used to simplify the flow of the pipeline for debugging. Future
work will decouple these operations to reduce the effects of memory latency on performance.
The memory interface is designed to capture memory requests on the falling edge of PCLK.
To ensure that the signals are settled and have plenty of time to propagate across the logic of
the FPGA, it recommended asserting the signals on the memory interface on the rising edge of
the PCLK.

Figure 18 shows the protocol for a memory read. The Extension must assert the memory
address and the output enable signal, or MOE, on the rising edge of PCLK. These signals
must hold until the falling edge of PCLK. The additional control signals (BLS, HLS, RNL) are
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not necessary in case of a read, because the system always performs word loads regardless
of the setting of these signals. The Extension will receive an acknowledgement that the
memory read request was received by the memory interface when the MDATA VLD signal
falls. The signal MDATA_VLD will remain low until the memory read is complete and the data
appears on the MDATA_IN bus. PCLK remains low until all memory requests from the system
have been serviced, including instruction fetch, data memory transaction and extension
memory transaction. After the falling edge of PCLK, the Extension must lower the MOE signal
and may remove the address from the interface. The Extension must wait until the
MDATA_VLD signal goes high again before capturing the data on the MDATA _IN bus. Shortly
after the MDATA_VLD signal raises so will PCLK. The data will remain valid on the bus until
the next falling edge of the PCLK. The Extension may initiate another memory transaction
during the next PCLK cycle.
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Figure 18: Memory Read Operation

Figure 19 shows the protocol for a memory write transaction. The Extension must assert
the memory address, the data and the memory write enable signal, or MWE, on the rising
edge of PCLK. The additional control signals BLS, HLS and RNL are used for byte, half word
and unaligned stores. For non-word stores, all data must be aligned to the least significant
side of the word. These signals must hold until the falling edge of PCLK. The Extension will
receive an acknowledgement that the memory write request was received by the memory
interface when the MDATA_VLD signal falls. MDATA_VLD will remain low until the memory
read is complete and the data appears on the MDATA _IN bus. PCLK remains low until all
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memory requests from the system have been serviced, including instruction fetch, data
memory transaction and extension memory transaction. For a memory write the Extension
does not need the data returned from the transaction and MDATA_VLD may be ignored after it
falls. The Extension may initiate another memory transaction during the next PCLK cycle.
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Figure 19: Memory Write Operation

6.3.4 Program Counter/Instruction Fetch

Extensions can modify the program counter, or PC, as a result of executing an
instruction. This is needed, for instance, when optimizing basic blocks, because they all
include a conditional branch. Other types of Extension may also require the ability to modify
the PC.

Figure 20 shows the protocol for updating the PC. The signal PCNEXT indicates that the
Extension wants to modify the PC. It should be raised while the GR signal is high and the
pipeline is stalled. On the falling edge of PCLK, the Extension raises PCNEXT and asserts the
new PC value on the EXTADD bus. The signals must hold until the rising edge of PCLK. The
PC is always modified on the rising edge of PCLK. PCNEXT switches the multiplexer that
routes the new PC to the PC register and enables the PC write.
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Figure 20: Extension PC update

6.3.5 Pipeline Re-Entry

In the previous sections we have shown how to carry out all the register and memory
transactions on the Extension interfaces while the TISA pipeline is stalled. Stalling of the
pipeline is required for all Extended instructions that take more than two cycles to complete.
Sometimes an Extension only requires a single memory access or register writeback. In these
cases it is not necessary to stall the pipeline because the resources in the TISA are sufficient
to complete the execution. This optimization could reduce the latency by a whole pipeline
clock, or PCLK, cycle. To use this optimization, the Extension interface provides for reentering
the pipeline at either the memory access phase, or MA, or the writeback phase, or WB. The
ports used to assert the pipeline signals for writing to the pipeline registers are multiplexed with
other signals to reduce the number of bus macros and signals crossing the reconfigurable
boundary. The pipeline reentry process takes place the on PCLK cycle before the pipeline
resumes, when the Extension is releasing the pipeline resources.

Figure 21 shows the protocol for reentering the pipeline at MA. The Extension must
lower the ACK signal in the last PCLK cycle before the pipeline resumes and after the positive
edge of PCLK (see also Section 6.3.1). By now the data that will be written to the MA pipeline
stage should be driven on the Extension interface ports. The table below provides the signal
definitions.

Extension Port Memory Access Pipeline Signal
RDREG2[0] REGWRITE_EX

RDREG2[1] MEMTOREG_EX

WRDATA1 ALURESULT_EX

RDREG1 WRREG_EX

RDREG4[2] RNL_EX

Driven high (1’b1) BRANCH_EX

EXTADD PC_EX
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Driven low (1'b0) EXTNOP_EX
WRDATA2 REG2DATA_EX
RDREG4[3] BLS_EX
RDREG4[1] MEMREAD_EX
RDREG4[0] MEMWRITE_EX
RDREG4[4] HLS_EX
RDREG2[4] MEXT_EX
RDREG2[3] LC_EX

On the next negative edge of PCLK, the Extension must raise the Reenter at Memory Access
signal, or REMA. While the GR signal is still high for the Extension, REMA will switch the
multiplexers that route to the MA pipeline stage from the execute phase ports to the Extension
interface ports. The pipeline registers latch on the rising edge of PCLK. After the positive
edge of PCLK, the Extension must lower REMA and it may remove the pipeline data from the
Extension ports. By this time the Extension GR will have been lowered and the pipeline has
resumed.
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Figure 21: Reenter TISA Pipeline at Memory Access

Figure 22 shows the protocol for reentering the TISA pipeline at WB. The procedure is
similar to the MA case. In the last PCLK cycle before the pipeline resumes, the Extension
must lower its ACK signal after the positive edge of PCLK (see also Section 6.3.1). By now
the data that will be written to the WB pipeline register should be driven on the Extension
interface ports. The table below provides the signal definitions.
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Extension Port Writeback Pipeline Signal
RDREG2[0] REGWRITE_MA
RDREG2[1] MEMTOREG_MA
WRDATA1 ALURESULT_MA
RDREG1 WRREG_MA
RDREGA4[2] RNL_MA

Driven high (1’b1) BRANCH_MA
EXTADD PC_MA

Driven low (1°’b0) EXTNOP_MA
WRDATAZ2 DMDATAOUT_MA
RDREGA4([3] BHLS_MA
RDREG4[1:0] DMADD_MA

On the next negative edge of the PCLK, the Extension must raise the Reenter at Writeback
signal, or REWB. While the GR signal is still high for the Extension, REWB will switch the
multiplexers that route to the WB pipeline stage from the memory access phase ports to the
Extension interface ports. The pipeline registers latch on the rising edge of PCLK. After the
positive edge of PCLK, the Extension must lower REWB and it may remove the pipeline data
from the Extension ports. By this time the Extension GR will have been lowered and the
pipeline has resumed.
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Figure 22: Reenter TISA Pipeline at Writeback
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6.4 Design Floor planning

Users that perform advanced experiments with eMIPS may need to modify the
Extension interface to suit their application. For instance, any modification that alters the
number of ports, the size of ports or the direction of ports will require that the entire eMIPS
system be re-floor-planned. A constraint file with floor planned constraints is provided in the
release. Figure 23 is a graphical representation of the current eMIPS floor plan generated by
Xilinx PlanAhead. The long purple rectangle on the left side of the FPGA is the reconfigurable
region containing the Extension.

Figure 23: eMIPS Floor Plan

Since the eMIPS system is a dynamically reconfigurable design and the Extension is a
reconfigurable region within it, all the signals that cross from the Extension to the rest of the
design must pass through a Bus Macro. The only exception to this rule are clock signals.
Changing the Extension interface ports may require changing the connectivity of the Bus
Macros and possibly adding or removing Bus Macros. All the Bus Macros must be constrained
to positions along the region boundary. Figure 24 provides a close up of the Bus Macros in the
eMIPS system, represented by the small orange squares.
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Figure 24: Close up of eMIPS Floor Plan with Bus Macros

The placement of the Bus Macros can be changed graphically using Xilinx PlanAhead
or manually using a text editor. For instructions on how to use Xilinx PlanAhead, see the
documentation available at the ‘Xilinx Partial Reconfiguration Early Access Lounge’ at
http://www.xilinx.com/support/prealounge/protected/index.ntm. To assign the Bus Macros
locations manually, the procedure is to use a text editor to enter a LOC constraint for each Bus
Macro in the provided implementation constraint file (*.ucf). There are some rules for the
placement of Bus Macros. The Bus Macro must evenly straddle the edge of the reconfigurable
region. Also, the Bus Macro is a hard macro that is two by four slices large. For this reason
the x-coordinate must be a number divisible by four and the y-coordinate a number divisible by
two. The following is an example of a bus macro LOC constraint: ‘INST "bmiObm0" LOC =
SLICE_X12Y164; .

As the Extension designs grow in complexity, we may exhaust the limited chip
resources available in the Extension region. Chip area as a whole is a highly limited resource.
The baseline eMIPS system currently utilizes about 80% of the area of the Virtex 4 LX25
device available on the ML401 board. The Extension area is about 12% of the total. For this
reason, we do not recommend increasing the size of the reconfigurable region, unless all other
methods to fit the design into the space provided have been exhausted. To change the
reconfigurable region dimensions graphically we recommend using Xilinx PlanAhead. To
change the reconfigurable region dimensions manually, a user can change the existing AREA
GROUP constraints for the reconfigurable region in the provided floor-planned implementation
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constraint file (*.ucf). The AREA GROUP RANGE constraints must include all of the slices,
blockrams, fifos and dsp48s within the rectangular region for the Extension.
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Appendix A: Example eMIPS Extensions

The following is a brief discussion of the example Extensions provided with the release.
These examples are meant to be a primer for those seeking to develop their own Extensions.
The collection includes working examples of all the Extension protocols and interfaces. The
example Extensions are listed below:

1. mmildiv64 — Hardware Extension for accelerating a software 64-bit division

2. loadreturn — Hardware Extension for implementing the return from function code
sequence.

3. timer — Example of an Extension peripheral realizing an additional timer

4. usart — Example of an Extension peripheral realizing an additional USART
5. eBUG HW 2 — Software Debug Extension with two hardware watchpoints
6. eBUG HW 8 — Software Debug Extension with eight hardware watchpoints

Developers may refer to these examples for assistance in developing new extensions.

mmldiv64

The mmldiv64 Extension accelerates the software implementation of the 64-bit division
used by the Microsoft Invisible Computing RTOS. A portion of the software routine uses a
series of instructions to perform a 128-bit shift-left-by-one operation across four registers.
Performing an operation of this kind on 32-bit hardware requires many instructions and is
inefficient. The mmldiv64 Extension accelerates this operation by reading the four registers
containing the operand data in parallel and loading them into a 128-bit shift register. After the
data is loaded in the Extension the shift takes a single clock cycle. Then the Extension writes
the new values of the registers back to the register file, two at a time using the available write
ports. This Extension is therefore useful to learn how to access to the register file.
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Figure 25: mmldiv64 shift 128-bit left logical

The mmldiv64 Extension also performs a conditional jump. After the 128-bit shift is
complete, the software basic block that the mmlidiv64 Extension replaces performs a
conditional branch based on the new values. The Extension performs the branch test after the
shift is performed. [f the test determines that a jump is required, the Extension calculates the
new PC and updates it in the instruction fetch unit using the PC update interface. If a branch is
not necessary, the Extension allows the execution to resume at the fall through PC. This
Extension is therefore useful to learn how to affect the control flow of the basic data path.

After the branch tests and the registers have been written back, the execution is
returned to the TISA data path at the writeback stage.

loadreturn

The loadreturn Extension implements the typical return-from-function code sequence.
This sequence includes three instructions that load the return address from the stack, update
the stack pointer and jump to the return address. The Extension performs these three
operations in a single Extended instruction. The loadreturn Extension reads the stack pointer
register, then uses it to read the return address from memory. Then the Extension updates the
stack pointer register using the immediate value. The Extension updates the PC to the value
of the return address before returning execution back to the TISA at the memory access stage.
This Extension is useful to learn how to perform read transactions on the memory interface.
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timer

The timer Extension is an example of an Extension Peripheral. This Extension uses the
peripheral hot-plug protocol to notify the operating system of its presence, and of its needs for
resources, including address space and interrupt. The Extension first sends the key serially
using its PRESENT output signal. If the key matches the key stored in the LOCK module, the
Extension Controller is notified of the presence of a new peripheral and the processor is
interrupted. The operating system takes over at this point and uses the interface of the
Extension Controller to configure the Extension peripheral, based on the requested resources
stored in the Extension’s BATs. After the Extension peripheral is configured it transitions from
the configuration to the run state, and from then on it runs like the other on-chip timer
peripheral until it is unloaded.

The timer Extension uses the memory and configuration interfaces to the memory bus
and two 64-bit counters based on the 100 MHZ system clock. One counter is a 64-bit down
counter and the other is a 64-bit free counter. If interrupts are enabled for this peripheral in the
interrupt controller module, software can use this peripheral to generate timing interrupts. The
software interface of the Extension is the same as the built-in timer peripheral.

This Extension is useful to learn how loadable on-chip peripherals are loaded and unloaded,
how they reply to memory transactions, and how they generate interrupts.

usart

The usart Extension is an example of an Extension Peripheral. This Extension uses the
peripheral hot-plug protocol to notify the operating system of its presence, and of its needs for
resources, including address space and interrupt. The Extension first sends the key serially
using its PRESENT output signal. If the key matches the key stored in the LOCK module, the
Extension Controller is notified of the presence of a new peripheral and the processor is
interrupted. The operating system takes over at this point and uses the interface of the
Extension Controller to configure the Extension peripheral, based on the requested resources
stored in the Extension’s BATs. After the Extension peripheral is configured it transitions from
the configuration to the run state, and from then on it runs like the other on-chip USART
peripheral until it is unloaded.

The usart Extension uses the memory and configuration interfaces to the memory bus
and a fixed baud USART. The current eMIPS processor design includes only a single
programmable USART. Using a Extension such as this one, software could utilize some
unused pins on the ML401 board to provide an additional USART as needed.

This Extension is useful to learn how loadable on-chip peripherals are loaded and unloaded,
how they reply to memory transactions, how they generate interrupts, and how they can
access /O pins on the FPGA fabric.
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eBUG HW 2

The eBUG HW 2 is a software debugging solution implemented using the eMIPS
Extension hardware. The Extension monitors the execution flow, and the register and memory
traffic contained within a software process. The Extension takes over execution of the BREAK
instruction, stalling the processor and initiating a debug session. The software developer can
interface with the processor using the GDB debug console to suspend, continue and monitor
memory and registers. Additionally, this version provides two hardware watchpoints for
monitoring the values of variables in the software program. eBug is described in [107].

This extension is useful to learn how to monitor and override instructions in the TISA, how to
read and write to the register file, how to read and write to memory, how to stall and resume
the processor, and how to implement a simple communication protocol.

eBUG HW 8

The eBUG HW 8 is a software debugging solution implemented using the eMIPS
Extension hardware. The Extension monitors the execution flow, and the register and memory
traffic contained within a software process. The Extension takes over execution of the BREAK
instruction, stalling the processor and initiating a debug session. The software developer can
interface with the processor using the GDB debug console to suspend, continue and monitor
memory and registers. Additionally, this version provides eight hardware watchpoints for
monitoring the values of variables in the software program. eBug is described in [107].

This extension is useful to learn how to monitor and override instructions in the TISA, how to
read and write to the register file, how to read and write to memory, how to stall and resume
the processor, and how to implement a simple communication protocol. This is the preferred
solution for debugging software on the eMIPS system.
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Appendix B: Build Scripts

The following are the commands for building the eMIPS Processor system using the
Xilinx Partial Reconfiguration Flow. These commands may be copied into batch files and
modified to ease the build process. The following build scripts are included in the release.

1. eMIPS_PR_Top.bat — Script for building the Top level module

2. eMIPS_PR_TISA.bat — Script for building the TISA (Fixed Region)

3. eMIPS_PR_Extension0_mmldiv64.bat — Script for building the Extension0
(Reconfigurable Region)

4. eMIPS_PR_Extension0_mmldiv64_merge.bat — Script for merging the TISA and
Extension0 (Generates full and partial bit files)

eMIPS PR _Top.bat

ngdbuild -uc ..\..\Sources\Contraints\mips fp.ucf -sd ..\..\Xilinx PR Bus Macros\V4\NMC -modular initial
..\..\Synthesis\Top\MIPSPL FPGA3.ngc

eMIPS_PR_TISA.bat

ngdbuild -uc ..\..\Sources\Contraints\mips fp.ucf -sd ..\..\Xilinx PR Bus Macros\V4\NMC -sd
..\..\Synthesis\TISA -modular initial ..\..\Synthesis\Top\MIPSPL FPGA3.ngc

map -uc ..\..\Sources\Contraints\mips fp.ucf -ol high -pr b -timing -xe ¢ MIPSPL FPGA3.ngd

par -w -uc ..\..\Sources\Contraints\mips fp.ucf -ol high -pl high -rl high -xe ¢ MIPSPL FPGA3.ncd
MIPSPL FPGA3 BASE ROUTED.ncd B B

eMIPS_PR_Extension0_mmldiv64.bat

copy ..\..\TISA\static.used arcs.exclude

ngdbuild -uc ..\..\..\Sources\Contraints\mips fp.ucf -sd ..\..\..\Xilinx PR Bus Macros\V4\NMC -sd
..\..\..\Synthesis\Extension0\mmldiv64 -modular module -active extension0
..\..\..\Synthesis\Top\MIPSPL FPGA3.ngc

map -uc ..\..\..\Sources\Contraints\mips fp.ucf -ol high -pr b -timing -xe c MIPSPL FPGA3.ngd

par -w -uc ..\..\..\Sources\Contraints\mips fp.ucf -ol high -pl high -rl high -xe ¢ MIPSPL FPGA3.ncd
MIPSPI, FPGA3 EXTO MMLDIV64 ROUTED.ncd

eMIPS_PR_Extension0_mmldiv64_merge.bat

copy ..\..\TISA\MIPSPL FPGA3 BASE ROUTED.ncd MIPSPL_FPGA3_BASE ROUTED.ncd
copy ..\..\Extension0\mmldiv64\MIPSPL FPGA3 EXTO0 MMLDIV64 ROUTED.ncd
MIPSPL FPGA3 EXTO0 MMLDIV64 ROUTED.ncd B B
call PR _VERIFYDESIGN MIPSPL FPGA3_BASE_ROUTED.ncd MIPSPL_FPGA3 EXTO_MMLDIV64 ROUTED.ncd
call PR _ASSEMBLE MIPSPL FPGA3 BASE ROUTED.ncd MIPSPL FPGA3 EXTO MMLDIV64 ROUTED.ncd
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